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October 12, 2003
I'd like to start thinking more about economics, so I've decided to write a sort of diary on the subject.
I'm starting with a strong feeling that the world is screwed up in a bunch of closely linked ways. There seems to be a
growing concentration of economic power in the hands of organizations and people that aren't concerned with justice:
multinational corporations, big investors, the Bush administration, and so on. The institutions that rein in these
tendencies seem to weakening. For example, at least in the United States it seems that most successful political
campaigns are so dependent on fundraising that the winning candidate winds up beholden to the folks who gave him the
money. And this has all sorts of side-effects worldwide: big agricultural subsidies which wind up devastating the
economies of poorer countries, rejection of the Kyoto Accord and other measures to reduce pollution and CO2 emission
because they would hurt the petroleum/automobile industry, and so on.
Of course, the world has always been screwed up, so one might ask: what's the big deal? I'm not such an optimist that I
think things will ever be fine and dandy. In fact, people seem so inherently messed up - myself included - that in some
ways it makes more sense to simply get used to it and focus attention on more pleasant things.
However, there are some qualitatively new features to the current situation. Most importantly, we are currently amid a
major extinction of plant and animal species, one which will probably rank right up there with the Permian and
Cretaceous extinctions - but caused by humans rather than an asteroid impact (or whatever it really was). Many species
are already gone, and many more are going fast. More than the usual miseries that humanity brings on itself, this will
mean an irreversible loss of precious information. And what's particularly bizarre is that this is happening right when
people are figuring out the mysteries of the genome. Unless we do something quick, we will awaken to the immense
value of something such as a tiger, a lemur or an orangutan right after we've managed to kill them all off.
There are a few conclusions I draw from this. First of all, if we don't change how economics and politics are done, quite
soon, we will ruin the world in a quite permanent way. Second of all, there's something inherently shortsighted about
how business is being done now. We don't have adequate mechanisms to ensure decisions take into account the true
value of something like the continued existence of a species or an undisturbed ecosystem, or the true cost of something
like polluting the air or destroying an Antarctic ice shelf. In the lingo of economics, these are currently just
"externalities" - not part of the balance sheet.
So, I'd like to see if some new ideas on economics and politics could help do something about this.
A lot of people have thought about this stuff, and I need to learn more about what they've thought. However, I want to
avoid getting pulled into the game of drawing up plans for a more just economy without paying attention to the
immense forces that are arrayed against the implementation of such plans. In other words, I want to keep my eye on
realpolitik.
In particular, I want to understand how economic forces corrupt the discipline of economics, turning it away from an
effort to understand and improve things, towards being a tool for the powerful to gain more power.
For example, I want to understand how the "rational agent" that I learned about in my university course in economics the imaginary person who is always "maximizing his utility" - oversimplifies the behavior of actual living breathing
human beings. And I want to understand how this oversimplification plays into the hands of those who have much to
gain from the current economic system: how it legitimizes unjust actions.
And I'd really like to see how we could change things a bit - to find some points of leverage where pressure can be
applied in an effective way.

Among other things, I want to start by compiling some references that I've found enlightening. Here are a few:
Amartya Sen, Rationality and Freedom, The Belknap Press, Cambridge, Massachusetts, 2002.
This is a wonderful book that would take a long time to summarize. Amartya Sen won the Nobel prize for his work on
economics, and it's easy to see why. I'll just mention one thing here: his criticism of "rational choice theory", for
example his attack on such underlying assumptions as these:
Self-centered welfare: A person's welfare depends only on her own consumption and other features of the richness of
her life (without any sympathy or antipathy towards others, and without any procedural concern).
Self-welfare goal: A person's only goal is to maximize her own welfare.
Self-good choice: A person's choices must be based entirely on the pursuit of her own goals.
A reflective person need only state these assumptions to realize that they are either false or, by clever definition of
terms, true but only vacuously. However, many economic theories are based on these assumptions, treating them as both
true and non-vacuous. As Sen points out, this has the effect of treating people as "rational fools" who are unable to
sympathize with others, deliberately choose not to maximize their welfare, or cooperate in pursuing someone else's
goals. Policies and ideologies based on these assumptions have a debasing effect on our society: they tend to actually
make people into rational fools. People are always looking for a framework to justify their actions - a religion, one
might say - and rational choice theory based on the above assumptions is one of the particularly pernicious religions of
our time.
There's much more to say about this book, but I don't have time now.
Mary Poovey, Can numbers ensure honesty? Unrealistic expectations and the U.S. accounting scandal, Notices of
the American Mathematical Society, Vol. 50 No. 1 (January 2003), 27-35. Available online at
http://www.ams.org/notices/200301/200301-toc.html
It's unusual to see a hard-hitting piece of socioeconomic criticism in the Notices of the AMS; this comes from a talk
given at the August 22, 2002 International Congress of Mathematicians in Beijing. As a mathematician I'm particularly
interested in how numbers are used to legitimize activities by giving them a superficial appearance of objectivity, and
that's what Mary Poovey is talking about. Let me quote a bit:
Recent economic events in Asia, South America and the U.S. have made it clear that over the last twenty
years a new axis of power has emerged, which is now making itself felt all over the world. This axis runs
through large multinational corporations, many of which avoid national taxes by incorporating in tax
havens like Hong Kong. It runs through investment banks, through nongovernmental organizations like the
International Monetary Fund, through state and corporate pension funds, and through the wallets of
ordinary investors. This axis of financial power contributes to economic catastrophes like the 1998
meltdown in Japan and Argentina's default in 2001, and it leave its traces in the daily gyrations of stock
indices like the Dow Jones Industrials and London's Financial Times Stock Exchange 100 Index (the
FTSE). Intrinsically, this axis of power is neither good nor evil. In some countries, like China, it has helped
raise the nation's overall standard of living, and in others, like the U.S., it has allowed some people to retire
early or with more money than they ever dreamed possible. But it has also widened the gap worldwide
between rich and poor. It has led countries all over the globe to abandon their welfare societies in favor of a
U.S.-style shareholder culture, where basic services, like health care, are individual responsibilities. And, as
we saw in the spring of 2002, it has permitted - even encouraged - corporate crime on a scale that takes
one's breath away, not to mention the life savings of thousands of individual workers as well.
This new axis of financial power has many dimensions, many causes, and many effects. In this essay I will
be able to discuss only a small part of what one analyst has called "financialization" and I call the culture of
finance. Specifically, I will discuss some of the ways that the culture of finance uses numbers and

mathematics to reorganize the relationship between value and temporality.
[....]
The starting point for my discussion is an obvious historical observation: the emergent culture of finance
differs from an economy of production in that finance generates profit primarily through investment,
through moving and trading currencies, and through placing complex wagers that future prices will rise or
fall. This is in stark contrast to an economy of production, which generates profits by turning labor power
into products that are priced and exchanged in the market. [...] what we have seen in the U.S. since 1995 is
a change in the ratio between the wealth generated by production and the wealth generated by finance: in
1995 the sector composed of finance, insurance and real estate overtook the manufacturing sector in
America's gross national product. By the year 2000 this sector led manufacturing in profits. Not
incidentally, in the same year this sector also became one of the biggest donors to federal elections in the
U.S., and its representatives spent enormous sums of money lobbying Congress in Washington.
[....]
In the new culture of finance, value can be created without labor, agency is tranferred to an unstable
mixture of mathematical equations and beliefs, and responsibility for disasters is pinned on an individual (a
"bad apple") or simply dispersed as analysts blame their investor's losses on flawed computer programs or
unforseeable market forces.
The bulk of the article is a description of five financial instruments currently in use, and their dangers:
Day trading
Stock options
Mark to marketing accounting
Adjustment to bad debt reserve
Derivatives
October 13, 2003
I showed this diary to a friend and he said it was a bit rambling at the beginning... he also said he was more skeptical
than me about the possibility of doing anything about this stuff.
As for it being rambling, well, it is a diary after all. But I also looked at what I'd written and realized the discussion of
extinctions, collapsing ice shelves and the like may seem to many people like a digression from economics. To me it's
not; one of my main interests is the interaction of economy and ecology - two forms of housekeeping if you believe the
Greek root of the word - and how we might make the transition from being exploiters of the planet to stewards of the
planet. Or might not!
As for being skeptical, well, I'm skeptical too. I didn't feel like starting out this diary on a note of gloom and doom, but
I've certainly been pondering a lot of dark possibilities, and I actually do want to talk about them.
For starters, it's quite possible that intellectual theorizing about economics is unable to create changes that go strongly
against the existing trends. I read yesterday in Mary Poovey's article that in 2001 the total amount of derivatives sold
was 100 trillion dollars - more than the gross world product over the last millenium. What can anyone do against a
financial whirlwind like this? One might as well try to talk a hurricane into changing course. Maybe the language of
economics is simply not listened to unless one is describing a way for the rich to get richer - the Black-Shoales equation,
for example. Or listened to, but not heeded.
When I get really pessimistic about this sort of thing, I start thinking about how people are a tool for money to make
money, and imagine a future where just as single-celled organisms have completely merged to form multicellular
creatures, people have completely merged into corporations - a future in which it makes no more sense to analyze

what's going on in terms of the motives of individual people than it does to analyze the motion of my hand in terms of
the motives of individual cells. People unaffiliated with corporations may still exist, just as bacteria exist now, but they
just won't be the point of it all anymore - instead, it'll be these profit-maximizing entities interacting with each other that
count.
Of course, one could argue that this is already the case, or that it's all just a matter of interpretation. But I think most
reasonable people realize that Homo sapiens can't be the last word in evolution, and this naturally raises the question:
what's next? People talk about cockroaches taking over, or robots or or nanobots or cyborgs, but why not corporations?
So, here's how my favorite science fiction dystopia goes. (It's due in part to this same friend of mine.) After corporations
figure out how to mine the asteroids, a bunch of them will begin to spread through the solar system and beyond in the
form of self-reproducing machines. In a race to beat the competition, these machines will eventually devour entire stars
to power themselves so they can go at nearly the speed of light - and going this fast, they'll be unstoppable. Eventually
they'll spread outwards like a forest fire across the galaxy, crushing any life that happens to exist, leaving nothing but
ashes and waste in their wake... and if you ask why they must do this, the answer will be: because if they didn't,
something else would do it first.
See? I told you I could get gloomy about this stuff! But somehow that doesn't stop me from wanting to think about it;
I'm basically a happy fellow, so I'm not scared of a little gloom.
October 22, 2003
Here's an interesting article:
Chasing the dream: why don't rising incomes make everybody happier?, The Economist, August 9-15, 2003, p.
60.
This is an interesting article which shows how clueless traditional economic theory is about what makes people happy.
Let me quote some:
Everybody loves a fat pay rise. Yet over the past half-century, as developed economies have got much
richer, people do not seem to have become happier. Surveys suggest that, on average, people in America,
Europe and Japan are no more pleased with their lot than in the 1950s. This is curious, because at any given
time richer people say they are happier than poorer people do. For instance, 37% of the richest quarter of
Americans say they are "very happy", compared with only 16% of the poorest quarter. That might lead you
to expect that, as a country grows richer and incomes rise, rich and poor alike would become happier. Here
lies a paradox: an indvidual who becomes richer becomes happier; but when socieity as a whole grows
richer, nobody seems any more content.
In recent years, the study of "happiness" - as opposed to more conventional economic measures, such as
GDP per head - have attracted increased attention from economists. In a series of lectures earlier this year,
Richard Layard, and economics professor at the London School of Economics, reviewed the various
evidence from psychology, sociology and his own discipline to try to solve this paradox. One explanation is
"habituation": people adjust quickly to changes in living standards. So although improvements make them
happier, the effect fades rapidly. For instances, 30 years ago central heating was considered a luxury; today
it is viewed as essential.
A second and more important reason why more money does not automatically make everybody happier is
that people tend to compare their lot with that of others. [....] The implication of all this is that people's
efforts to make themselves happier by working harder in order to earn and spend more are partly selfdefeating: they may make more money, but because others do too, they do not get much happier. The
unhappiness that ones person's extra income, argues Lord Layard, is a form of pollution.
[....]

If government's ultimate goal is to maximise the well-being (i.e. "happiness") of society as a whole, then,
says Lord Layard, some highly controversial implications for public policy follow. Convention economic
theory argues that taxation distorts the choice between leisure and income. Taxes reduce the incentive to
work an extra hour rather than go home, or to put in extra effort in the hope of promotion. But Lord
Layard's argument implies that people have a tendency to work too much. Far from being distortionary,
taxes are therefore desirable. He suggests a marginal tax rate of 30% to deal with the "pollution" that one
person's extra income inflicts on others, and the same again for habituation. The total of 60% is a typical
European level of taxation (taking both direct and indreict taxes into account).
Shocking stuff for the pages of The Economist! But it raises all sorts of questions not mentioned in this article.
First, an obvious one. Should it be the goal of government to maximise the average happiness of its subjects? One can
argue for and against this. Opponents of high taxation rates would likely argue that depriving one person of his hardearned money is not justified by the fact that his wealth makes lots of people unhappy! However, since we are not
philosopher kings with the power to run the world as we see fit, it's not clear that it's worth spending much too time on
this question. Let's face it: it never has been the goal of any government to maximise the average happiness of its
subjects. It probably doesn't even make much sense to think of governments as having "goals"! But one can certainly try
to understand why there has been a constant governmental push for "economic growth" over the last century, even
though this hasn't made people happier on average. And, maybe knowing the answer to this will help us think of some
ways to improve things.
Here's another question, one I find more interesting. To what extent do people behave in a way that maximises their own
happiness - and under what circumstances? The answer is obviously very complicated. Any sort of theory that claims
people are rational agents constantly working to maximize their own happiness is, I claim, patent nonsense and an
unsound foundation for economics. And yet surely there is some tendency for people to try to make themselves happier
- at least sometimes.
I'd like to learn more about this. I'll start by reading the lectures Layard gave:
Richard Layard, Happiness: has social science a clue?, Lionel Robbins Memorial Lectures 2003, Centre for
Economic Performance, London School of Economics, available at http://cep.lse.ac.uk/layard/
Whoops... I gotta go home - time for dinner.

November 3, 2003
Those essays by Layard were interesting, and I could write a lot about them if I only had time! Alas, I'm way behind on
writing a paper about the use of category theory to untangle quantum quandaries - it was due several weeks ago for a
philosophy book edited by Steven French. I should even be writing it now.
So, I'll just quote some interesting email that Joseph G. Haubrich sent me - he's an economic consultant at the Federal
Reserve Bank of Cleveland. He brought this piece to my attention:
Joseph G. Haubrich, Risk Management and Financial Crises, Economic Commentary , available at
http://www.clevelandfed.org/research/Com2001/0201.htm
He also wrote:
What is the behavioral basis for economics? What difference will changing the rationality assumption
make? Without denying the often extreme calculating power assumed in many economics models, many
parts of economics are based on simpler, more robust assumptions. A classic paper is:
Gary Becker, Irrational behavior and economic theory, Journal of Political Economy 70, 1962, 1-13.

Even if people behave randomly, if something cost more, on average people must must buy less, since their
income won't go as far. A reflection assuming a bit more rationality is:
Donald N. McCloskey, The limits of expertise, The American Scholar, Summer 1988.
If $500 bills are on the sidewalk, people will pick them up. For an analysis of different psychological
assumptions still retaining this basic notion of arbitrage, look at this Nobel Prize winner's book:
George Akerlof, An Economic Theorist's Book of Tales: Essays that Entertain the Consequences of
New Assumptions in Economic Theory, Cambridge U. Press, Cambridge, 1984.
Finally, for more on the financial end, I recommend:
Nassim N. Taleb, Fooled by Randomness: the Hidden Role of Chance in Markets and in Life ,
Texere, New York, 2001.
At a minimum, I hope this list shows that the psychological assumptions behind economics have been part
of the economics discusssion for quite some time.
(All this expresses Haubrich's personal views, not the position of FRB Cleveland or the Federal Reserve System.)
For my 2004 diary, go here.
... it is important to reclaim for humanity the ground that has been taken from it by various arbitrarily narrow
formulations of the demands of rationality. - Amartya Sen
© 2003 John Baez
baez@math.removethis.ucr.andthis.edu
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Diary - 2004
John Baez
January 10, 2004
A small news item in the Los Angeles Times today:
Global Warming Study Warns of Extinctions
Global warming could doom hundreds of land plants and animals to extinction over the next 50 years by
marooning them in harsh, changed surroundings, scientists warn.
A new analysis enlisting scientists from 14 laboratories around the world found that more than one-third of
1,103 native species they studied could vanish or plunge to near-extinction by 2050.
The findings were published in the Jan. 8 issue of Nature.
Here's the article:
Chris D. Thomas et al, Extinction risk from climate change, Nature 427 (Jan. 8 2004) 145-148.
January 16, 2004
My local paper, the Riverside Press-Enterprise, notes that 2003 was the world's second hottest year on record, beaten
only by 2002. The five hottest years on record have all occured since 1997, and the ten hottest since 1990.
April 8, 2004
Darwinian evolution applies at many levels, but in a given situation some levels are more important than others. For
example, when single-celled organisms formed permanent colonies, there came a point - a not very precisely defined
point - when the survival of the colony became more important than the survival of the individual cells. Around this
point, we find it simpler to consider the whole colony as an organism than to consider it as a collection of organisms that
happen to be cooperating.
What does it mean to say that the survival of the whole colony is "more important" than that of the individual cells? This
is actually a tricky question. But I think there should be some sort of reasonable answer. Maybe it goes something like
this. The survival of an individual red blood cell (for example) is so dependent on the survival of its "host" that a
Darwinian explanation of what red blood cells do is simpler if we invoke the need for the host to reproduce than if we
think of the host as a mere "complicated trick for red blood cells to reproduce themselves". The idea here is that what is
"important" is that which helps us create a simple model of the situation.
One reason I'm interested in this issue is that evolution can be thought of as a kind of "game" - but not a game in the
simple von Neumann-Morgenstern sense, in which there is a well-defined set of players who each choose among a welldefined set of strategies and each try to maximize a specific well-defined function. Instead, it's a "game" in which every
type of entity seeks to maximize the number of entities of that type!
Here I say "seeks" in a somewhat anthropomorphizing way, but all I really mean is this: we find more of those entities
whose nature is such that they tend to become common - the simple yet powerful tautology of natural selection. And
when I say "every entity", I really mean every entity, from hydrogen atoms, to specific sequences of base pairs, to

mitochondria, to red blood cells, to horses, to corporations, and so on.
Of course, this is taking evolution in a very broad sense - a sense that some people find too broad to be useful, but that's
just the mood I'm in now. And when we think of it this broadly, we see that there are a lot of choices to be made in
giving an evolutionary explanation of what's going on.
Most fundamental, perhaps is choosing the set of evolutionary "players" - the "replicators", the "units of selection", or
whatever. This choice is not always clear: witness the argument between those who favor explanations in terms of "the
selfish gene" and those who don't - or between those who find "memes" persuasive, and those who don't. Different ways
of parsing the world in terms of "players" may prove more cogent in different contexts, and the issue is most fascinating
to me here precisely when it's hardest to make up ones mind! So, I'd like to see work on "games with ill-defined
players". In particular, it would be interesting to learn about games in which coalitions of players can become so tightly
bound that it may become simpler to treat them as individual players, which in turn can form higher-level coalitions,
and so on - but where players at any level still can and do "defect".
Believe it or not, I started writing this tonight because I wanted to raise the question: If corporations gradually replaced
people as the fundamental "actors" in politics, how would we notice? Indeed, could it have already happened long ago?
Already in 1886, the United States Supreme Court ruled that corporations count as legal "persons" with 14th
Amendment rights to due process. By now one could argue that they control more of the political process than
individual humans do, and that even CEOs are to a large extent only "powerful" to the extent that their objectives match
those that corporations are optimized for: doing whatever it takes to bring in money in the form of profits and
investment.
And the reason I wanted to raise this was the recent flurry of news, shortly before taxes are due in the USA this year,
about how little income tax corporations pay compared to individual citizens! Part of this came from a report by the
Government Accounting Office showing that in the years 1996 through 2000, roughly 60 percent of U.S.-based
corporations paid no corporate income tax at all. About 94 percent of US corporations reported tax liabilities of less than
5 percent of their income in 2000. And US companies paid an average of 1.188 cents in tax for every dollar in gross
receipts! The corporate income tax is supposedly 35 percent, but there are so many deductions and other loopholes that
this is completely meaningless.
Naturally, people are outraged... but will anything happen? Don't count on it. Given how lobbying and elections work
these days, people may be less important in making decisions about the tax code than corporations are. Who listens to a
measly red blood cell?
Here is the GAO report:
Tax Administation: Comparison of the Reported Tax Liabilities of Foreign- and U.S.-Controlled Corporations,
1996-2000, Government Accounting Office, USA
Amusingly, it seems to have been commissioned (or at least promoted) by Senator Dorgan in order to show that foreignowned corporations pay less US income tax than US-owned corporations. For example, about 70 percent of foreignowned corporations pay no US income tax, as opposed to 60 percent of US-owned ones. But, most people have found
the difference less shocking than the fact that so few of any sort of corporation pays income tax! So, the nationalistic
motive behind the report seems to have backfired.
William Greider has written some popular ruminations about the takeover of US politics by corporations:
William Greider, Who Will Tell the People?: The Betrayal of American Democracy, Touchstone Books, 1993.
William Greider, One World Ready or Not: The Manic Logic of Global Capitalism, Touchstone Books, 1998.
I haven't read them, but I should. More recently he has written a book which seems to advocate some ways to try to
improve things:
William Greider, The Soul of Capitalism: Opening Paths to a Moral Economy, Simon and Schuster, 2003.

Unrealistic? Again, I haven't read it so I don't know. It would be interesting to read something that explicitly advocates
giving control of the political arena to corporations... or does this shift in power only work when it proceeds implicitly,
at least at this stage? Perhaps for now we'll have to settle for accounts of an earlier revolution: the formation of the
eukaryotic cell via the symbiosis of simpler organisms, which have now become "organelles" such as mitochondria,
chloroplasts, cilia and flagellae. And for this, one can't beat Lynn Margulis:
Lynn Margulis, Origin of Eukaryotic Cells: Evidence and Research Implications for a Theory of the Origin and
Evolution of Microbial, Plant, and Animal Cells, Yale U. Press, 1970.
Lynn Margulis, Symbiosis in Cell Evolution: Microbial Communities in the Archean and Proterozoic Eons, 2nd
edition, W. H. Freeman, New York, 1992.
By the way - in case it's not obvious, I know that there are lots of weaknesses in the analogy between cells forming a
multi-celled organism and humans forming a corporation. I know there are lots of problems with all the ideas I'm
sketching here! I just couldn't resist mentioning them....
April 14, 2004
Here is an email I received from Alan Forrester:
You say that you want to understand more about economics.
Briefly, the market is an institution for encouraging creativity and criticism. States fundamentally differ
from corporations in only one respect. States can levy taxes - you must pay them or be fined go to jail.
(Well, the more benevolent states do this, other states openly commit murder, robbery and extortion on a
regular basis.) Corporations cannot - you can stop buying their stuff if you don't like any aspect of their
policies. States deprive people of choice, corporations do not.
To properly understand the issues involved I recommend:
'Individualism and Economic Order' and 'The Counter-Revolution of Science' by F. A. Hayek. As a sample:
http://www.fahayek.org/index.php?article=209
http://www.fahayek.org/index.php?article=74
'Conjectures and Refutations' and 'The Open Society and Its Enemies' by Karl Popper.
After that
'Price Theory' by David Friedman
http://www.daviddfriedman.com/Academic/Price_Theory/PThy_ToC.html
and the books of Lawrence Boland
http://www.sfu.ca/~boland/
David Friedman's book 'The Machinery of Freedom' and these articles on conspiracy theories are also
relevant:
http://www.settingtheworldtorights.com/node.php?id=202
Finally, 'The Skeptical Environmentalist' by Bjørn Lomborg and 'the Ultimate Resource' by Julian Simon.
Alan

Here's my reply:
> States deprive people of choice, corporations do not.

Actually, any powerful institution inherently gives people certain choices while depriving them of others.
And if you don't like what a corporation is doing, this solution:
> you can stop buying their stuff if you don't like any aspect of their
> policies.

is often less effective than complaining loudly and forcefully. After all, there's no way a corporation can tell
what you don't like simply from the fact that you don't buy their products!
For example, companies like Nike are more likely to improve the labor conditions in their sweatshops in
response to public shaming than just from you and I ceasing to buy their goods - if we do the latter, they
may assume we just don't like their sneakers.
In short, I don't think maximizing freedom for corporations, while reducing my means of expression to
mere "buying or not buying", will make the world the best possible place.
Best,
jb
I should have added that the market only encourages creativity and criticism if we work to make sure it does that.
Individual players in the market may not be particularly interested in creativity and criticism - indeed, they may actively
try to prevent it. It takes special conditions for the market to function in the beneficial ways that classical economics
envisages, and there is no reason to think these conditions maintain themselves automatically - especially when a rather
small number of firms become extremely powerful throughout the globe, and aren't required to pay for "externalities"
the damages due to pollution, etc. that they create.
As for "The Skeptical Environmentalist", maybe I'll talk about that some other time.
June 22, 2004
This book sounds interesting:
Kenneth R. Mount and Stanley Reiter, Computation and Complexity in Economic Behavior and Organization,
Cambridge U. Press, Cambridge, 2002.
Reviewed by Stephen J. DeCano in the Bulletin of the American Mathematical Society 41 (January 2004), 117120.
It's about the "bounded rationality" concept originated by Herbert Simon in the 1950s. He wrote:
Broadly stated, the task is to replace the global rationality of economic man with a kind of rational behavior
that is compatible with the access to information and the computational capacities that are actually
possessed by organisms, including man, in the kinds of environments in which such organisms exist.
In short, any theory of decision-making that leaves out the costs of decision-making itself is incomplete.
I should read this book! It sounds interesting. However, I find the reviewer of this book (Stephen DeCano) has curious
opinions about what a successful economic theory should achieve. I have a feeling they're commonly held. If so, I think
they should be called into question. He starts as follows:
Economics has traditionally sought its defining restrictions through the imposition of a strict kind of
rationality on the agents who populate its models. (Optimization of production and maximization of utility

can be thought of as particular consequences of rationality.) Unfortunately, modern economic theory shows
that rationality alone does not provide enought structure to model real-world phenomena adequately.
That much is fine, but then he goes on to say:
The classical tradition in economics stretching back to Adam Smith and culminating in neoclassical
General Equilibrium Theory aims to derive the essential characteristics of the market economy from
underlying fundamentals of tastes and technology, but even though rationality is enough to guarantee the
existence of an equilibrium, it cannot rule out multiple equilibria and unstable dynamics.
That's a curious complaint! Multiple equilibria and unstable dynamics sound like just the sort of complexities we see in
the real world! While theoretically inconvenient, I don't see why a good theory should "rule out" such phenomena.
I also don't see why a good theory should "guarantee the existence of an equilibrium". The world is not in equilibrium!
It never has been, and never will be. The appeal of "equilibrium" in economics must stem from its simplicity rather than
the desire to fit empirical data. Of course, simplified models can be enlightening even when not completely realistic - as
long as we don't use them to make policy decisions. But even if we imagine a fantasy world where "tastes and
technology" are held fixed, I can't imagine people settling down into some eternally unchanging equilibrium behavior.
They would still jockey for advantage, forming cartels and coalitions that last for a while but then break down under the
weight of their own success, and so on. I bet one can see this even in fairly simple real-world multi-person games! No?
August 28, 2004
Guess who said this:
"No one can be comfortable at the prospect of continuing to pump out the amounts of carbon dioxide that
we are at present. People are going to go on allowing this atmospheric carbon dioxide to build up, with
consequences that we really can't predict, but are probably not good.
He believes the solution is something called sequestration, in which carbon dioxide from cars and power
stations is captured and stored. "Sequestration is difficult," he says. "But if we don't have sequestration I see
very little hope for the world."
"You're right, the timescale might be impossible. In which case I'm really very worried for the planet."
It was Ron Oxburgh, the chairman of Shell - the world's seventh largest oil company!
More surprisingly, even the Bush administration is finally admitting the reality of global warming caused by manmade
greenhouse gases! On Friday August 27, the International Herald Tribune wrote:
In a striking shift in the way the Bush administration has portrayed the science of climate change, a new
report to Congress focuses on federal research indicating that emissions of carbon dioxide and other heattrapping gases are the only likely explanation for global warming over the past three decades.
In delivering the report to Congress, an administration official, James Mahoney, said on Wednesday that it
reflected the "best possible scientific information" on climate change.
[....]
U.S. and international panels of experts concluded as early as 2001 that smokestack and tailpipe discharges
were the most likely cause of recent global warming. But the White House had disputed those conclusions.
The last time the administration issued a document suggesting that global warming had a human cause and
posted big risks was in June 2002, in a submission to the United Nations under a climate treaty. Bush
distanced himself from it, saying it was something "put out by the bureaucracy."

That approach may be harder to take this time. The new report, online at www.climatescience.gov, is
accompanied by a letter signed by Bush's secretaries of energy and commerce and signed by his science
advisor.
The few remaining shills for big corporations disputing human-caused climate change are looking ever more pathetic,
no?
For the scientific consensus on global warming, see the Intergovernmental Panel on Climate Change website.
August 29, 2004
I've just started reading a book which puts the current mass extinction in an interesting perspective:
Michael J. Benton, When Life Nearly Died: The Greatest Mass Extinction of All Time, Thames and Hudson, 2003.
It's about the Permian extinction, which happened about 250 million years ago, and in which about 90% of all species
died out. This was much more serious extinction than the "end of the age of the dinosaurs", in which about half of all
species died out. But it's also much more mysterious!
I think almost everyone nowadays blames the death of the dinosaurs on an asteroid impact about 65 million years ago.
This asteroid was about 10 kilometers in diameter, and it slammed into shallow waters covering what is now the
Yucatan peninsula. The resulting crater, called Chicxulub or "Tail of the Devil", is about 150 kilometers across! The
resulting tsunami would have hit Texas with a wave 50 to 100 meters high. Millions of tons of material were hurled into
the atmosphere, causing wildfires across the world as they landed. Rocks called "tektites" formed from droplets of
molten quartz can be found as far as Wyoming. A layer of dust from the impact can be found in rocks world-wide,
marking the boundary between the Cretaceous and Tertiary. Scientists guess that this dust made it too dark to see for 1
to 6 months, and too dark for photosynthesis for sometime between 2 months and a year. Carbon dioxide released from
heated limestone would have also had effects on the climate.
But this disaster at the end of the Cretaceous was only one of the really big mass extinctions, including these, which are
called the "Big Five":
The Ordovician-Silurian Extinction, 440-450 million years ago at the end of the Ordovician Period.
This was the second biggest extinction of marine life, ranking only below the Permian extinction. There was only
life in the seas at this time, and more than one hundred families of marine invertebrates died, including two-thirds
of all brachiopod and bryozoan families. One theory is that as the continent Gondwana drifted over the north pole,
there was a phase of global cooling, and so much glaciation took place that sea levels were drastically lowered.
The Devonian Extinction, 375 million years ago at the end of the Frasnian Age in the middle of the Devonian
Period.
By this point there were plants, insects and amphibians on land, fish in the seas, and huge reefs built by corals and
stromatoporoids. The extinction seems to have only affected marine life, but 70% of marine species went extinct!
Reef-building organisms were almost completely wiped out, so that coral reefs returned only with the
development of modern corals in the Mesozoic. Brachiopods, trilobites, and other sorts got hit hard. Since warm
water species were the most severely affected, many scientists suspect another bout of global cooling. There may
have also been a meteorite impact, but it seems this was not a suffden event.
The Permian-Triassic Extinction, 251 million years ago at the end of the Permian Period.
Before this extinction there were many sorts of reptiles and amphibians on land, together with many plants,
especially ferns but also conifers and gingkos. There were also complicated coral reef ecologies undersea. After
the extinction, we mainly see fossils of one species of reptile on land: a medium-sized herbivore called

Lystrosaurus. We also mainly see fossils of just one species of sea life, a brachiopod called Lingula. Eventually
other species seem to reappear... clearly they were there before, but in very low numbers.
This was the largest disaster that life has ever yet faced on our planet: perhaps 90% or even 95% of all species
went extinct! It took about 50 million years for life on land to fully recover its biodiversity, with the rise of many
species of dinosaurs. Nothing resembling a coral reef shows up until 10 million years after the Permian extinction,
and full recovery of marine life took about 100 million years.
The causes remain controversial: some scientists blame an asteroid impact, while others blame severe global
warming and a depletion of oxygen in the atmosphere due to prolonged massive volcanic eruptions in Siberia - we
see signs of these in lava beds called the "Siberian traps". On the other hand, Benton and others argue that the rise
of carbon in the atmosphere at this time is only explicable if there was also a catastrophic release of methane from
gas hydrates under the ocean.
Never heard of "gas hydrates"? Hmm, they're interesting! Even today there is a huge amount of methane and other
gases trapped in ice on the ocean floor! These so-called "gas hydrates" contain about 10,000 billion tons of carbon
- twice as much as in all the fossil fuels on Earth. If this ever gets released in a giant "methane burp", we could be
in trouble - this mechanism may have caused more than one drastic climate change. Some people have proposed
mining this methane for fuel. But others have suggested stuffing carbon dioxide down there as a way to fight
against the rise of greenhouse gases. This is called "sequestration" - and as you can see in my previous diary
entry, the chairman of Shell thinks it's the only way to save the world from global warming.
But I digress...
The Triassic-Jurassic Extinction, 205 million years ago at the end of the Triassic Period.
By the end of the Triassic there was again a variety of reptiles on land and in sea. But the reptiles were completely
different from those at the end of the Permian, and the biodiversity had not completely recovered: for example,
there were no truly large predators. There were primitive conifers and gingkos; ferns were not so dominant as
before. There were also frogs, lizards, and even the first mammals.
The extinction at the end of the Triassic destroyed 20% of all marine families, many reptiles, and the and the last
of the large amphibians - opening niches for the dinosaurs of the Jurassic. The cause of this extinction remains
obscure, but it's worth noting that around this time is when Pangaea split into separate continents, with massive
floods of lava in the Central Atlantic Magmatic Province - perhaps one of the largest igneous events in the earth's
history.
The Cretaceous-Tertiary Extinction, 65 million years ago at end of the Cretaceous Period.
By the Cretaceous there were dinosaurs and flowering plants on land, many new insects taking advantage of the
flowering plants, and modern fish. In the disaster at the end of this period, perhaps about 50% of all species went
extinct, including all the dinosaurs, many species of plants, diatoms, dinoflagellates, ammonoids, brachiopods,
and fish. As explained above, it's widely accepted that this extinction was due to an asteroid impact at Chicxulub.
It took 10 million years for biodiversity to recover from this event.
We are now in what may be the middle of yet another mass extinction. The Pleistocene began around 1.8 million years
ago, bringing with it an erratic fluctuation between ice ages and warmer periods. The latest of these ice ages ended
around 8000 years ago, right around when Homo sapiens was starting to really take over the planet. Starting around
11,000 years ago, most of the large mammals went extinct: mammoths, saber-toothed tigers, dire wolves, elephant-sized
ground sloths, and so on. Though there is much debate about the causes, it seems that human hunting contributed to
their demise. This is called the "Pleistocene overkill hypothesis".
We're now seeing an intensification of the rate of extinctions as wilderness areas are obliterated throughout the planet.
Nobody knows what the extinction rate is: since most species haven't even been catalogued yet, all we have are lower
bounds. These are only close to being accurate for the biggest and most charismatic species (e.g. mammals, birds and

trees), but these represent a tiny fraction of all the species that are out there. So, any reasonable guess of the extinction
rate requires extrapolation.
Phillip and Donald Levin estimate that right now one species is going extinct every 20 minutes, and that half of bird and
mammal species will be gone in 200 to 300 years. Richard Leakey estimates a loss of between 50,000 and 100,000
species a year, and says that only during the Big Five mass extinctions was the rate comparably high. E. O. Wilson gives
a similar estimate. In his book, Michael Benton reviews the sources of uncertainty and makes an estimate of his own:
given that there are probably somewhere between 20 and 100 million species in total, he estimates an extinction rate of
between 5,000 and 25,000 species per year. This means between 14 and 70 species wiped out per day.
Skeptics find these numbers alarmist. For example, in Chapter 23 of this book:
Bjørn Lomborg, The Skeptical Environmentalist: Measuring the Real State of the World, Cambridge U. Press,
Cambridge, 2001.
the author does a pretty good job of tearing apart Leakey and Wilson's estimates. However, his own estimates also point
to a high extinction rate! He estimates that over the next 50 years, about .7 percent of all species will go extinct. This
may not sound like much until you realize how short 50 years is on a geological time scale. To put things in perspective,
note that given Lomborg's guess that there are between 10 and 80 million species in total, a loss of .7 percent of all
species would mean between 70,000 and 560,000 extinctions in the next 50 years. This amounts to 1,200 and 10,000 per
year, or between 4 and 30 a day - the same order of magnitude as what Benton suggests! Perhaps more to the point,
Lomborg says the current extinction rate is about 1500 times the natural background rate.
In short, despite plenty of bickering, there seems to be agreement that humans are causing a vastly elevated extinction
rate.
And there's also lots of other data pointing to a massive human-caused disruption of the biosphere. One in eight plant
species are endangered according to the IUCN Red List of threatened species, along along with one in eight bird species
and a quarter of all mammals. Worldwide populations of frogs and other amphibians have been declining drastically,
and there has been a startling increase in the number of frogs with extra or missing legs and other deformities. The
reasons are unclear, but one possible cause is increased ultraviolet radiation due to a reduction in the ozone layer. As
you probably know, in 1985 scientists discovered a hole in the ozone layer over the South Pole, now known to be
caused by human-made chemicals such as Freon. There is now also a 70% reduction in ozone over the North Pole
during most winters.
In the oceans, 90% of all large fish have disappeared in the last half century, thanks to overfishing. We see the spread of
dead zones near the mouths of rivers, where nutrients from fertilizer create blooms of plankton leading to low-oxygen
water where few organisms can survive. Coral reefs are becoming unhealthy around the world, with a strong upswing in
the bleaching of reefs since the 1970s. "Bleaching" is the loss of algae called zooxanthellae which live in coral and give
it its color. It seems to be caused by higher water temperatures due to global warming.
And so on, and on, and on....
So, lots of evidence suggests that are in the midst of a mass extinction. But, it's very different than all previous ones. I
don't think we can halt it; it's governed by seemingly unstoppable demographic and economic forces. Until the
configuration of these forces shifts, at best we can only ameliorate their effects.
The good news is that's its unlikely to be worse than the Permian-Triassic extinction, so things may get better in 100
million years.
Some things I'd like to read:
E. O. Wilson, The Diversity of Life, W. W. Norton and Company, New York, 1999.
United Nations Environment Programme World Conservation Monitoring Centre (UNEP-WCMC), World Atlas

of Biodiversity: Earth's Living Resources for the 21st Century, University of California Press, 2002.
A. Hallam and P. B. Wignall, Mass Extinctions and Their Aftermath, Oxford University Press, Oxford, 1997.
September 9, 2004
As you can probably see from my last entry, I've been getting really interested in paleontology and the long view of
history it provides. Since I'm travelling, I've been doing my reading mainly in the good book stores of Cambridge and
London, but I mean to dig deeper when I get back to the university libarary at UCR. There's so much more known about
this stuff than when I last checked! I'm just dying to get my paws on these, for example:
S. Culver and P. Wilson, editors, Biotic Response to Global Change - the Last 145 Million Years, Cambridge
University Press, Cambridge, 2000.
J. J. Sepodski, Phanerozoic overview of mass extinctions, in Patterns and Processes in the History of Life, edited
by D. Jablonski and D. M. Raup, Springer, Berlin, 1986.
Rachel Wood, Reef Evolution, Oxford University Press, Oxford, 2000.
However, I'm not sure how much I should be discussing these things in my economics diary. I'm pleased that one reader
sent me an email saying it was perfectly appropriate to interpret "eco-" in the broadest possible sense and ponder the
extinction of the dinosaurs in these pages. But luckily, I've also been reading a book with a more clearcut connection to
traditional themes in economics:
Bjørn Lomborg, The Skeptical Environmentalist: Measuring the Real State of the World, Cambridge U. Press,
Cambridge, 2001.
So, I'll talk about this.
I figured I should read this book, because it's often touted by hardnosed business sorts as the scientific antidote to the
doomsday scenarios of all those tree-hugging environmentalists - see my April 14 entry for an example. After all, the
author says he was an "old left-wing Greenpeace member" who came to doubt these doomsday scenarios when, in his
job as an academic statistician, he held a study group to investigate Julian Simon's claims that things were getting better,
not worse... and found on that Simon was right! Just the sort of story that catches the attention of the press.
But if his book were just fluff, I wouldn't have bothered with it. It's actually packed with data, which makes it
interesting, right or wrong.
The book consists of a bunch of chapters which seek to argue away most of the main worries environmentalists have. It
would be fun to go through these one by one and try to make up my own mind. But I happen to be interested in
biodiversity and extinction right now, so I focused on the chapter about that. I was interested to discover that in this case
- and a few others, like global warming - he doesn't really deny there's a problem. He just disagrees about its magnitude
and the proper response:
An extinction rate of .7 percent over the next 50 years is not trivial. It is a rate about 1,500 times higher than
the natural background extinction. However, it is a much smaller figure than the typically advanced 10-100
percent over the next 50 years (equal to some 20,000 to 200,000 times the background rate). Moreover, to
assess the long-term impact, we must ask ourselves whether it is likely that this extinction rate will continue
for many hundreds of years (accumulating serious damage) or more likely will be alleviated as population
grown decelerates and the developing world gets rich enough to afford to help the environment, reforest,
and set aside parks.
There is a lot one could say about this! For example, one could ask why he speaks of an extinction of .7 percent of all
species in the next 50 years, instead of 1,200 to 10,000 extinct species per year, even though the second is a logical
consequence of the first and his estimate of the total number of species. Perhaps this is because he just got done

ridiculing the enviromentalists for estimating an extinction rate of 40,000 species per year, and the difference between
40,000 and 10,000 doesn't sound as impressive as the difference between 40,000 and .7 percent? Or is it for a better
reason, namely that most of our uncertainty in the total extinction number comes from our uncertainty in the total
number of species, so a "percent of total species" figure is something we can get a better handle on?
Similarly, one could ask who is advancing a figure of "100 percent" for the extinction rate over the next 50 years. All life
on earth dead? That seems a bit extreme.
But, it's very interesting to read his discussion of previous figures, some of which seem to have been simply pulled from
a hat. It's also interesting to read the rebuttals in the magazine Grist, especially those by Norman Myers and E. O.
Wilson, whose estimates were savaged by Lomborg. Amid all the polemics, there are references to what might be some
very interesting data!
I hope to talk about this more soon. Unfortunately I have to go out now and be a tourist in London.
September 13, 2004
Okay, it's been fun wandering the docklands of London - in fact that the Museum in Docklands describing the
development of London from Roman times up through the current housing boom makes an interesting economics lesson
in itself! Though I'd heard about it in nursery rhymes as a kid and seen it in Arizona, I'd never realized the importance of
London Bridge. It was built as a defense against Vikings: it kept them from sailing up the Thames. But for centuries
thereafter, it gave Londoners control of all ship traffic into the heart of England... helping build this choke point into the
grand city it is today!
But I want to talk about the controversy over the number of species that are going extinct, before I forget the details.
According to the skeptical environmentalist Bjøorn Lomborg, "the original estimate of 40,000 species lost every year
came from Myers in 1979":
Norman Myers, The Sinking Ark: A New Look at the Problem of Disappearing Species, Pergamon Press, Oxford,
1979.
Lomborg says that Myers' arguments "make astonishing reading", and quotes this as the "crucial part of the argument":
Let us suppose that, as a consequence of this man-handling of natural environments, the final one-quarter of
this century witnesses the elimination of 1 million species - a far from unlikely prospect. This would work
out, during the course of 25 years, at an average extinction rate of 40,000 species per year, or rather over
100 a day.
Lomborg goes on:
This is Myers' argument in its entirety. If we assume that 1 million species will become extinct in 25 years,
that makes 40,000 a year. A perfectly circular argument. If you assume 40,000, you get 40,0000. One
naturally refuses to believe that this can be the only argument, but Myers' book provides no other references
or argumentation.
At the end of his chapter on biodiversity, he writes:
The dramatic loss of biodiversity, expressed in the figure of 40,000 species a year, is a dramatic figure,
created by models. It is a figure which with monotonous regularity has been repeated everywhere until in
the end we all believed it. It has becomne part of environmental Litany. But it is also a figure which
conflicts with both observation and careful modeling.
More about the "careful modeling" later - I really want to get to the bottom of this, rather than sink into the mire of
reporting polemics. But I should at least give Myers a chance at a rebuttal. He writes:

Bjørn Lomborg opens his chapter on biodiversity by citing my 1979 estimate of 40,000 species lost per
year. He gets a lot of mileage out of that estimate throughout the chapter, although he does not cite any of
my subsequent writings except for a single mention of a 1983 paper and a 1999 paper, neither of which
deals much with extinction rates. Why doesn't he refer to the 80-plus papers I have published on
biodiversity and mass extinction during the 20-year interim?
In this respect as well as others, Lomborg seems to be exceptionally selective. As my 1979 book
emphasizes, the estimate of 40,000 extinctions per year was strictly a first-cut assessment, preliminary and
exploratory, and advanced primarily to get the issue of extinction onto scientific and political agendas. If
Lomborg had checked my many subsequent analyses (totaling one quarter of a million words) in the
professional literature instead of taking me to task for providing "no other references or argumentation," he
would have found more documented, modified, refined, and generally substantiated estimates.
This makes Lomborg look bad, but it doesn't contain actual evidence regarding the number of species going extinct. For
that, I'd need to look at some of Myers' papers. Unfortunately I can't easily find these online from the comfort of my
friend's flat her in Greenwich... so if I have time, I should hit the library when I get back to UCR!
Lomborg also takes a crack at E. O. Wilson:
Colvinaux admits in Scientific American that the rate is incalculable. Even so, E. O. Wilson attempts to put
a lid on the problem with the weight of his authority: "Believe me, species become extinct. We're easily
eliminating a hundred thousand a year." His figures are "absolutely undeniable" and based on "literally
hundreds of anecdotal reports".
E. O. Wilson has responded online in Grist magazine, and his response contains some actual data! An ounce of data is
worth a ton of rhetoric! I'd like to discuss his data, but I need to go to bed, so I'll just quote it for now:
Before humans existed, the species extinction rate was (very roughly) one species per million species per
year (0.0001 percent). Estimates for current species extinction rates range from 100 to 10,000 times that,
but most hover close to 1,000 times prehuman levels (0.1 percent per year), with the rate projected to rise,
and very likely sharply. To wit:
Based on the work of Stuart Pimm of Columbia University's Center for Environmental Research and
Conservation, anywhere from one to several bird species go extinct annually out of 10,000 known species -hence, say 0.01-0.03 percent of living bird species are extinguished per year. But birds are unusual in that
threatened bird species receive an extraordinary amount of human intervention: The real figure of observed
extinctions would be much higher, very likely 10 (0.1 percent) per year or more, were it not for heroic
efforts to save species on the brink of extinction. Captive breeding, strict protection, and maintenance of
reserves especially designed for bird and mammal species have many species hanging on that would
otherwise have gone globally extinct in the past several decades. See, for example, the special treatment
accorded the nine critically endangered but extant psittacids (parrots). If you look at non-bird species -- for
example, terrestrial and freshwater mollusks, a relatively unprotected group -- the extinction rates are much
higher.
The above consideration confirms the likely current extinction rate of 0.1 percent, 1,000 times greater than
prehuman levels. That figure is also supported by the following indirect measures:
1. Area-species curves. Ecological research across a wide range of habitats shows that the number of
species inhabiting a patch of land increases exponentially with the size of that patch. Different studies
have produced different estimates for the species-area exponent; the higher the value of the exponent,
the steeper the general relationship between land area and species diversity, so that a small change in
land area has a large effect on diversity. In The Diversity of Life, I use the conservative values of the
area-species exponent and rate of tropical deforestation to arrive at about 0.25 percent of tropical
forest species extinguished or committed to early extinction annually. Since most species likely occur

in tropical forests, these ecosystems are a good proxy: Even if no extinction occurred elsewhere, the
planetary rate would still be 0.1 percent annually.
What do we mean by "committed to early extinction?" Studies from tropical America, New Guinea,
and Indonesia (cited in The Diversity of Life) show that when forest fragments are reduced to
anywhere from one to 27 square kilometers, 10 to 50 percent of the species in the fragment go extinct
within 100 years, consistent with the Diamond-Terborgh models of exponential decay. The areadependent decline in mammal species of the U.S. and Canadian western national parks also accords
with the picture of committed extinction by area reduction alone.
2. The velocity of passage of species through the categories in the World Conservation Union (IUCN)
Red List of Threatened Species, from less endangered to extinct. This movement is also consistent
with an extinction rate of 0.1 percent annually, at least for the best-known animal groups.
3. Population Viability Analyses. These studies assess the risk of extinction for individual small
populations. Although not enough species have been studied this way to produce regional or global
extinction rate estimates, the high risk evident in the populations that have been examined is
consistent with a high ongoing extinction rate.
September 21, 2004
Andrew Nicolaysen recommends this book:
James Buchan, Frozen Desire: The Meaning of Money, FSG, NY, 1997.
Leon Kuunders writes:
I wonder if you have seen the documentary "The Corporations", broadcast by TVO (TV Ontario). On their
website they offer information about the program:
http://www.tvo.org/thecorporation/overview.html.
It is about the question: "If corporations are people, what kind of people are they?"
The webpage offers their answer: "psychopaths".
I haven't seen this documentary. It's by Mark Achbar, Jennifer Abbot and Joel Bakan. It sounds interesting, but I seem to
have more time for reading things than watching shows - it's easier to efficiently grab ahold of the bits I want and skip
the rest.
September 25, 2004
If you're interested in the operating system wars - Microsoft versus Apple versus Linux and others - you may enjoy this
essay:
Neil Stephenson, In the Beginning was the Command Line.
I enjoy Stephenson's tart sense of humor, for example in this bit about our desire for mediated experience - our feeling
that virtual reality is cooler than reality:
I was in Disney World recently, specifically the part of it called the Magic Kingdom, walking up Main
Street USA. This is a perfect gingerbready Victorian small town that culminates in a Disney castle. It was
very crowded; we shuffled rather than walked. Directly in front of me was a man with a camcorder. It was
one of the new breed of camcorders where instead of peering through a viewfinder you gaze at a flat-panel

color screen about the size of a playing card, which televises live coverage of whatever the camcorder is
seeing. He was holding the appliance close to his face, so that it obstructed his view. Rather than go see a
real small town for free, he had paid money to see a pretend one, and rather than see it with the naked eye
he was watching it on television.
And rather than stay home and read a book, I was watching him.
He rightly points out that we need to understand the desire for mediated experience to understand the direction
technology is going now. He focuses on graphical user interfaces, but the point is more general. The combination of
"desire for mediated experience" and "money as frozen desire" explains quite a bit about the economy of rich countries
like the US today.
Here's another wickedly charming sample of his wit:
The word, in the end, is the only system of encoding thoughts - the only medium - that is not fungible, that
refuses to dissolve in the devouring torrent of electronic media. The richer tourists at Disney World wear tshirts printed with the names of famous designers, because designs themselves can be bootlegged easily and
with impunity. The only way to make clothing that cannot be legally bootlegged is to print copyrighted and
trademarked words on it; once you have taken that step, the clothing itself doesn't really matter, and so a tshirt is as good as anything else. T-shirts with expensive words on them are now the insignia of the upper
class. T-shirts with cheap words, or no words at all, are for the commoners.
This reminds me of:
Naomi Klein, No Logo: Taking Aim at the Brand Bullies, HarperCollins, 2000.
quite a nice book for stirring up outrage at "branding" and other corporate practices. But even more, it reminds me in the
widespread popular interest is using "No Logo" as a logo or trademark on t-shirts, skateboards, stickers, etcetera!
October 8, 2004
On September 25, Leon Kuunders recommended a documentry about how pathological corporations would seem if they
were people. It turns out that this documentary is based on a book, and he has kindly offered to get me a copy:
Joel Bakan, The Corporation: The Pathological Pursuit of Profit and Power, Free Press, 2004.
I'm looking forward to it.
It may seem eccentric to judge corporations by the standards we judge people, but it's actually a useful exercise.
Why?
First of all, we must remember that at least in the US, corporations are persons in the eyes of the law. Technically,
they're "artificial persons". This has been the case ever since the 1886 Supreme Court ruling in Santa Clara County v.
Southern Pacific Railroad. In a clear case of judicial activism if there ever was one, this ruling redefined the concept of
"person" to include corporations. In fact, it did so without hearing any arguments on this question, or providing any
reason. The details are pretty interesting! According to David Korten:
In 1886 [...] in the case of Santa Clara County v. Southern Pacific Railroad Company, the U.S. Supreme
Court decided that a private corporation is a person and entitled to the legal rights and protections the
Constitutions affords to any person. Because the Constitution makes no mention of corporations, it is a
fairly clear case of the Court's taking it upon itself to rewrite the Constitution.
Far more remarkable, however, is that the doctrine of corporate personhood, which subsequently became a
cornerstone of corporate law, was introduced into this 1886 decision without argument. According to the

official case record, Supreme Court Justice Morrison Remick Waite simply pronounced before the
beginning of argument in the case of Santa Clara County v. Southern Pacific Railroad Company that:
The court does not wish to hear argument on the question whether the provision in the
Fourteenth Amendment to the Constitution, which forbids a State to deny to any person within
its jurisdiction the equal protection of the laws, applies to these corporations. We are all of
opinion that it does.
The court reporter duly entered into the summary record of the Court's findings that:
The defendant Corporations are persons within the intent of the clause in Section 1 of the
Fourteenth Amendment to the Constitution of the United States, which forbids a State to deny
to any person within its jurisdiction the equal protection of the laws.
[....]
The doctrine of corporate personhood creates an interesting legal contradiction. The corporation is owned
by its shareholders and is therefore their property. If it is also a legal person, then it is a person owned by
others and thus exists in a condition of slavery - a status explicitly forbidden by the Thirteenth Amendment
to the Constitution. So is a corporation a person illegally held in servitude by its shareholders? Or is it a
person who enjoys the rights of personhood that take precedence over the presumed ownership rights of its
shareholders? So far as I have been able to determine, this contradiction has not been directly addressed by
the courts.
I look forward to the day when a corporation sues its president for violating its Thirteenth Amendment rights. This is
quoted from:
David C. Korten, The Post-Corporate World: Life After Capitalism, Berrett-Koehler Publishers, 2000.
Secondly, corporations have a suspicious resemblance to the oversimplified "persons" that many economists like to
study in "rational choice theory". Recall from my October 12, 2003 entry the simplifying assumptions that Amartya
Sen's work calls into question:
Self-centered welfare: A person's welfare depends only on her own consumption and other features of the richness of
her life (without any sympathy or antipathy towards others, and without any procedural concern).
Self-welfare goal: A person's only goal is to maximize her own welfare.
Self-good choice: A person's choices must be based entirely on the pursuit of her own goals.
Which persons do you know that act like this? Answer: corporations!
So, we see an interesting parallel development: the legal system redefining "person" to include corporations, while
economists redefine the concept of rationality in such a way that corporations more closely resemble the ideal rational
person than actual people do!
I don't think this is the result of some sort of "conspiracy": some bunch of economists and judges in a smoke-filled room
scheming to let corporations take over the world. It actually seems like a natural form of evolution. Governments
naturally set up the rules to favor powerful political entities. During the last century or two, corporations have become
the most powerful political entities. As part of this process, the discipline of classical economics arose to describe homo
economicus. In other words, it describes human behavior modeled on how a good businessman - or by extension, a wellfunctioning corporation - would behave. Conversely, people working for corporations imbibe classical economics in
school, and this influences how they behave. Eventually this economic paradigm gets applied to government itself and
the feedback loop is complete.

So, we have feedback pushing us towards a world in which corporations are the main actors - legally recognized as
persons - and ideally they behave as classical economic theory says rational agents should. By this, I mean:
their utility depends only on their own profits, revenues, market share, etc. without any sympathy or antipathy towards others, and without any procedural concern,
their goal is to maximize their own utility,
they make choices based solely on this goal.
Of course, as composite entities, corporations actually behave in a much more complicated manner, determined by the
decisions of all their constituents. E.g., the president of corporation X may make decisions based on the fact that he
hates the president of corporation Y; the clerk has no qualms about stealing ballpoint pens from the office; the board of
directors gives the president of corporation Z a big pay raise because he's done the same for them in his role on the
boards of corporations they run. The above is just a kind of ideal.
But, even as an ideal, it's shockingly different from the ideals espoused by various other philosophies of human life!
(By the way, I'm curious about whether corporations are counted as "persons" in all the world's legal systems, and the
history of this issue.)
October 9, 2004
A bit of news:
Under a new "temporary rule" issued by Bush administration, the Forest Service will no longer need to maintain viable
populations of fish and wildlife in national forests - suspending a policy instituted by the Reagan administration in 1982,
in response to the National Forest Management Act of 1976. President Reagan approved regulations that require:
1. the Forest Service to maintain viable populations of species in national forests; and
2. that those populations of species be well-distributed throughout the natural forests in which they are present.
Now, with little publicity, enforcement of these regulations has been "temporarily suspended".
October 10, 2004
I'm getting interested in finding out the rate at which the world's oil reserves will get used up. Like the rate of extinction
of species, this is an incredibly controversial topic, in part because it's hard to figure out the answer, but also because
there are big ideological pressures both ways for people to bend the truth.
Here's one viewpoint:
Colin J. Campbell, Peak Oil, Presentation at the Technische Universität Clausthal, December 2000.
Briefly, Colin Campbell predicts that oil production will peak around 2005, hydrocarbons as a whole around 2010, and
natural gas around 2020. He has started an organization to prepare people for this, and they have a big website:
Association for the Study of Peak Oil and Gas (ASPO) website.
Here's some fascinating reportage of one of their recent meetings:
Michael C. Ruppert, Paris Peak Oil Conference Reveals Deepening Crisis.
Of course, the "skeptical environmentalist" Bjørn Lomborg presents a wholly different viewpoint! He emphasizes that
there are vast untapped reserves of solar energy, shale oil, uranium, etc. He says that our current energy costs are less

than 2% of the global GDP, so that "even if we were to see large price increases it would still not have significant
welfare impact". He emphasizes that we keep on discovering new oil reserves. But he does agree with Campbell in one
respect: he says "today we have oil for at least 40 years at present consumption". In other words, not long at all, given
how consumption is increasing! This would be completely consistent with oil production peaking soon and going
downhill thereafter.
But before I get into this dispute, I should try to wrap up my conclusions about extinctions thus far!
October 15, 2004
Some hard data just in! The Global Amphibian Assessment has come out with a detailed study of the extinction of
amphibian species, available online and also published in journal Science:
Simon N. Stuart, Janice S. Chanson, Neil A. Cox, Bruce E. Young, Ana S. L. Rodrigues, Debra L. Fischman, and
Robert W. Waller, Status and trends of amphibian declines and extinctions worldwide, Science, published online
October 14 2004.
It's based on the findings of 500 scientists.
The findings are grim. Of 5743 known amphibian species, 34 have gone extinct, while 122 can no longer be found and
are considered "possibly extinct". Even worse, of the 122 possibly extinct species, 113 disappeared after 1980!
This means that 0.6% of amphibian species have certainly gone extinct in the last century, while another 2.1% are
probably extinct. Moreover, about 32.6% are either extinct or threatened, while 22.5% are too poorly documented to
assess.
You may recall that the "skeptical environmentalist" Bjørn Lomborg estimated a 0.7% extinction rate in the next 50
years. Amphibians may be especially vulnerable to acid rain, increased ultraviolet light and other forms of humancaused environmental degradation - nobody knows for sure what's afflicting them - but it looks like their extinction rate
over the next 50 years will exceed Lomborg's estimates by at least an order of magnitude, and probably more.
Amphibians have been around a long time. They arose in the Carboniferous Period about 350 million years ago,
weathered the world's biggest mass extinction at the end of the Permian Period 251 million years ago, attained their
current forms around 150 million years ago, and survived the downfall of the dinosaurs 65 million years ago. In the
words of David Wake of U.C. Berkeley's museum of vertebrate zoology, "the fact that this tough survival group is
checking out on our watch should concern us all".
October 23, 2004
A new State of the Birds report by the Audubon Society reports that almost 30 percent of North America's bird species
are in "significant decline". Here are the worst-off species for which sample sizes are large: .
.
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Population loss 1966-2003
Rusty Blackbird
Henslow's Sparrow
Common Tern
Verdin
Sprague's Pipit
Pinyon Jay
Short-eared Owl
Cerulean Warbler
Black-throated Sparrow
Loggerhead Shrike
Grasshopper Sparrow
Olive-sided Flycatcher
Baird's Sparrow
Canyon Wren

-97.9%
-96.4%
-90.6%
-85.6%
-83.8%
-82.5%
-80.3%
-79.6%
-79.6%
-77.1%
-77.1%
-73.2%
-73.2%
-70.0%

2003 population estimate
2,000,000
79,000
1,400,000
8,900,000
870,000
4,100,000
2,400,000
560,000
27,000,000
4,200,000
15,000,000
1,200,000
1,200,000
660,000

15
16

Field Sparrow
Northern Bobwhite

-68.8%
-67.6%

8,200,000
9,200,000

For more details on how this data was collected, try the Audubon website.
November 9, 2004
Today the 8-nation Arctic Council officially released their Arctic Climate Impact Assessment. You can already read an
overview.
Here are some interesting charts they released:
Temperature in Greenland over the last 100,000 years.
Temperature in the Arctic over the last 100 years.
Greenland Ice Sheet - Melting as of 1992 versus 2002.
I think these speak for themselves: things are warming up near the North Pole. Of course, we've been in a strange cold
spell with intermittent ice ages for roughly the last 1.8 million years - the Pleistocene Epoch. The thin sliver of recent
time since the latest ice age called the Holocene Epoch, but this is an arbitrary division geologically speaking,
distinguished only by the rise of humans. If we hadn't come along, it seems quite possible that there would be more ice
ages until the Earth returned to its normal warmer climate. Our production of greenhouse gases might just be pushing us
back to this normal climate more rapidly. But I use the word "just" ironically here: if this return to warmer conditions
happens suddenly - over a few hundred years, say - such a drastic change would have an incredible impact on humans
and other species. Animals and especially plants take a long time to move north or south and "resettle" as the climate
changes; too sudden a change and they just die out.
Switching focus to the South Pole, an article in Nature reports that the amount of krill in the southwest Atlantic has
fallen by about 80 percent since 1979:
Angus Atkinson, Volker Siegel, Evgeny Pakhmonov and Peter Rothery, Long-term decline in krill stock and
increase in salps within the Southern Ocean, Nature 432 (November 4, 2004), 100-103.
Krill are small crustaceans that look a bit like shrimp to the untrained eye. Krill are a crucial link in the food chain:
before their recent decline, their biomass exceeded 1 billion tons! Fish, seals, whales, penguins and other birds in the
southern Atlantic all eat krill, so an 80% drop in krill would be major blow to the entire ecosystem.
Why such a drastic decline in krill? Atkinson's best guess is global warming. There's been a drop of at least 30 days in
how long the sea ice lasts near the Antarctic Peninsula - the main breeding ground for krill. Krill eat algae that grow on
sea ice. The average air temperature at the Antarctic Peninsula has gone up by 2.5 degrees Celsius in the last 50 years.
Even more worrisome is that these days, not every winter is cold enough for a good krill breeding season - only every
third year or so. Krill live for 5 to 6 years. If the gap between good breeding years reaches 6 years, their numbers will
really plummet.
There are extra complications. Krill are a "boom and bust" species whose population changes erratically, so Atkinson
needed to average the data over a long period to reliably detect a long-term trend. Steve Nicol of the Australian
Antarctic Division questions whether the krill population could really have declined so much without their predators
dying off at a corresponding rate - and he claims that's not happening. He says that krill may have moved deeper now
that the ozone hole over the Antarctic is making for more ultraviolet light... or that rebounding whale populations are
feasting on the buggers. "Something's happened," he says. "We're just not quite sure what".
November 10, 2004

You may wonder why this economics diary is focusing on environmental issues and even paleontology. The main
reason is that this is what I happen to be interested in right now! But another reason is that I want to get as far as
possible from the short-term outlook fostered by quarterly reports and the daily stockmarket ups and downs. At least for
now, I want to step back and take the long view - the really long view!
This is hard to do, because if you look at the history of the universe, it seems like everything is speeding up,
approaching a "singularity" a bit like the big bang, but in reverse - and with humanity doing all the interesting stuff,
instead of gravity and elementary particles. The term "singularity" is probably not very accurate; I think "phase
transition" is a better metaphor. But, if you've never thought about this before, you have to read stuff by Vernor Vinge,
who brought this idea into prominence under the name "The Singularity":
Vernor Vinge, What is the singularity?
Wikipedia, The technological singularity.
Robin Hanson, ed., A critical discussion of Vinge's singularity concept.
As Vinge points out, it goes back at least to John von Neumann. In his 1958 recollections of von Neumann, his friend
Stanislaw Ulam wrote:
One conversation centered on the ever accelerating progress of technology and changes in the mode of
human life, which gives the appearance of approaching some essential singularity in the history of the race
beyond which human affairs, as we know them, could not continue.
In a very different form, we can trace it back to the Catholic heretic Teilhard de Chardin, who spoke not of a singularity
but of the "Omega Point" - the point at which humanity forms a new entity, the "noosphere".
But, to have any chance of understanding this singularity, or phase transition, I think we need to situate it in the large
frame of geological time. This is especially true when it comes to the effects of humanity on the biosphere, such as
climate change and mass extinction. We can only hope to comprehend these by comparing them to events in the distant
past... and viewing them from a perspective where a century passes in the blink of an eye.
This idea isn't new to me, of course: some people are popularizing it under the name of "Deep Time", while others call it
"The Long Now". It's really just part of growing up....
November 12, 2004
I'm trying to understand some basic facts about climate change, since this promises to have major economic effects in
the next century. One ironic thing is that while people worry a lot about global warming, and rightly so, geologists speak
of a gradual "deterioration" of the climate as it cooled down from early Cenozoic temperatures to the current phase of
intermittent ice ages. There's no contradiction: the best temperatures for a profusion of life - jungles and the like - will
melt the ice caps and flood a bunch of coastal cities. But, it got me wondering why we've been in this cold spell in the
first place!
I've been reading various books and also this nice website.
Manchester Metropolitan University, Global Climate Change Student Guide.
The short answer is: nobody knows why it got cold.
Since "why" is too hard, how about "what" and "when"?
Let's start our story at the beginning of the Cenozoic Era. The Cenozoic - the age of mammals - began with a bang
around 65 million years ago when an asteroid smacked into Mexico and the dinosaurs died out. The Cenozoic is divided
as follows:

Paleogene: 65 - 24 million years ago.
Paleocene Epoch: 65 - 55 million years ago.
Eocene Epoch: 55 - 34 million years ago.
Oligocene Epoch: 34 - 24 million years ago.
Neogene: 24 - 0 million years ago.
Miocene Epoch: 24 - 5.3 million years ago.
Pliocene Epoch: 5.3 - 1.8 million years ago.
Pleistocene Epoch: 1.8 - .01 million years ago.
Holocene Epoch: .01 - 0 million years ago.
The division into Paleogene and Neogene is sort of new, replacing the traditional but silly division into the "Tertiary"
and the "Quaternary", where the latter included only 5% of the Cenozoic. This was part of an old system which divided
the entire history of the Earth into Primary, Secondary, Tertiary and Quaternary periods, each period being vastly
shorter than the previous one... reflecting our general present-centered attitude. As Nigel Calder pointed out, the
apparent speedup in progress makes us want to divide history into periods that get shorter and shorter as they approach
the present - a logarithmic scale, a bit like a carefully landing spacecraft that comes closer and closer to the Earth's
surface but never quite touches it!
The scheme above still suffers from this defect: the Pliocene is much shorter than the Miocene, the Pleistocene is shorter
still, and the Holocene Epoch started a mere 10,000 years ago - a pathetically thin slice of time from a geological
perspective. It includes everything after the last ice age, which is presumably only the "last" in the weak sense that the
next one hasn't happened yet! As far as geology and climate goes, we're still in the Pleistocene Epoch: an epoch of many
ice ages. The current gap between ice ages only gets a special name because we, humans, started seriously acting up at
this time! Of course, we may cause enough global warming to truly end the Pleistocene, in which case we'll deserve our
own epoch even by geological standards.
Anyway...
Though the beginning of the Cenozoic was cooler than the maximum temperatures of the Paleozoic, it was much
warmer than today. Oxygen isotope ratios show the ocean was 10° to 15° Celsius warmer than today. For Americans
who know nothing of metric units, that's 18-27 degrees Fahrenheit. That's hot! There were trees growing in Antarctica
then, no permanent polar ice caps.
The temperature began to drop as soon as the Cenozoic started. By the Oligocene, 34-24 million years ago, glaciers
started forming in Antarctica. The growth of ice sheets led to a dropping of the sea level. Tropical jungles gave ground
to cooler woodlands.
What caused this? Some seek the answers in plate tectonics. The Oligocene is when India collided with Asia, throwing
up the Himalayas and the vast Tibetan plateau. Some argue this led to a significant change in global weather patterns.
But this is also the time when the supercontinent Gondwanaland finally broke up, with Australia and South America
separating from Antarctica. Some argue that the formation of an ocean completely surrounding Antarctica led to the
cooling weather patterns. There are issues of timing involved here... how do we explain the general cooling pattern
starting at the beginning of the Cenozoic?
The beginning of the Miocene, 24 million years ago, is when the first grasses arose. It's sort of amazing that something
we take so much for granted - grass - can be so new! But grasslands, as opposed to thicker forests and jungles, are
characteristic of cooler climates. And as Nigel Calder has suggested, grasslands were crucial to the development of
humans! We grew up on the border between forests and grasslands. That has a lot to do with why we stand on our hind
legs and have hands rather than paws. Later, the agricultural revolution relied heavily on grasses like wheat, rice, corn,
sorghum, rye, and millet. As we ate more of these plants, we bred them in a way that completely changed their
characteristics. So, you could say we coevolved with grasses!

Indeed, the sequence of developments leading to humans came shortly after the first grasses. Apes split off from
monkeys 21 million years ago, in the Miocene. The genus Homo split off from other apes like gorillas and chimpanzees
5 million years ago, near the beginning of the Pliocene. The fully bipedal Home erectus dates back to 1.9 million years
ago, near the end of the Pliocene.
Then, at the beginning of the Pleistocene, 1.8 million years ago, the Earth entered an even cooler phase, with jerky
temperature variations causing a series of ice ages. Experts call them "glacials".
The latest of these ended around 16 thousand years ago, with temperatures reaching their present levels only around 10
thousand years ago. We can see this from oxygen isotopes in ice from Greenland, and we can see it from the rise of sea
levels.
As we get closer to the present the data gets more accurate and we can spot small fluctuations on top of larger trends this is one reason it feels that things are happening faster. Though things have basically been warming up in the last 16
thousand years, there was a severe cold spell between 12 and 11 thousand years ago: the Younger Dryas event.
(I love that name! Was there also an "Elder Dryas"? If you're interested, you can read more about it here.)
The Younger Dryas lasted about 1300 years. Temperatures dropped dramatically in Europe: about 7°C in only 20 years!
In Greenland, it was 15° C colder during the Younger Dryas than today. In England, the average annual temperature
was -5° C, so glaciers started forming. We can see evidence of this event from oxygen isotope records and many other
things. One favored explanation is that the melting of the ice sheet on North America lowered the salinity of North
Atlantic waters. This in turn blocked a current called the Conveyor Belt, which normally brings warm water up the coast
of Europe. So, ironically, global warming may have brought on a sudden deep freeze in this region.
But, this theory is quite controversial - see my October 11, 2006 diary entry for an update!
Anyway, the Younger Dryas ended as suddenly at it began, with temperatures jumping 7° C. Since then, the Earth
continued warming up until about 6 thousand years ago - the mid-Holocene thermal maximum. The earth was about 1 or
2 degrees Celsius warmer than today. Since then, it's basically been cooling off - not counting various smaller
variations.
But as we zoom in towards the present, we see more and more tiny details....
From 6000 to 2500 years ago things cooled down, with the coolest stretch occuring between 4000 and 2500 years ago:
the Iron Age neoglaciation.
Then things warmed up for a while, and then they cooled down from 500 to 1000 AD. Yes, the so-called "Dark Ages"
were also chilly!
After this came the Medieval climate optimum, a period from about 1000 to 1300 AD during which European
temperatures reached their warmest levels for the last 4000 years.
From 1450 AD to 1890 there was a period of cooling, often called the Little Ice Age. This killed off the Icelandic
colonies in Greenland, as described in this gripping book:
Jane Smiley, The Greenlanders, Ballantine Books, New York, 1996.
However, the term "Little Ice Age" exaggerates the importance of what's truly a tiny blip in the grand scheme of things.
It was nowhere near as big as the Younger Dryas: temperatures may have dropped a measly 0.2 Celsius from the
Medieval optimum, and it may have happened only in Europe - though this is a subject of debate.
Since then, things have been warming up. The subject has big political implications, and is thus subject to enormous
controversy. But, I think it's safe to say this warming is much greater than the other variations I've mentioned over the
last 1000 years. For example, this chart:

Millenial Northern Hemisphere temperature reconstruction, adapted from Mann, Bradley and Hughes by the
Intergovernmental Panel on Climate Change for their report Climate Change 2001: The Scientific Basis.
shows Northern Hemisphere temperatures rising about 1.1 Celsius from 1900 to 2000. Lots of other studies have been
done, and most of them roughly agree.
Of course, this ain't much compared to the 15-20 Celsius cooling throughout the Cenozoic - but it's happening fast, and
it's not over yet!
Addendum: I was intrigued and puzzled by the name "Younger Dryas" until Nicola Ambrosetti emailed me this:
I came across something that reminded me of you: in case you never found out, here's where the name
"Younger Dryas" comes from - see the Dryas Octopetala article on Wikipedia:
The Younger Dryas and Elder Dryas stadials are named after Dryas octopetala, because of the
great quantities of its pollen found in cores dating from those times. During these cold spells,
Dryas octopetala was much more widely distributed than it is today, as large parts of the
northern hemisphere that are now covered by forests were replaced in the cold periods by
tundra.
So apparently there is also an Elder Dryas period!
Best regards,
Nicola
Indeed, the Elder Dryas was an ice age (or technically, a "stadial") that occured about 1000 years before the Younger
Dryas, and lasted 300 years.
November 13, 2004
Now let's think about the economic implications of climate change. I want to show how the big long-term picture - the
view from Deep Time, as it were - can actually be relevant to practical decisions. So, if you forget what the "Younger
Dryas" event was, go back and read my last entry before reading this.
As you know, the Kyoto Protocol is an attempt to reduce greenhouse gas emissions and lessen global warming. Russia
has recently signed on, but the political leadership of the United States has rejected this treaty because of its effects on
the economy: since the USA is one of the biggest users of fossil fuels per capita, cutting back on greenhouse gases
would "hurt the economy", as they like to say.
Of course, to tell whether this treaty would really hurt the economy, one needs to do a cost-benefit analysis. This is
incredibly complicated, and I'm in no position to do it here. There are a bunch of issues involved which make it a highly
controversial business.
I'll gladly avoid some of these controversies. For example, in the United States, the "full ostrich position" is popular:
global warming is not real; it's just a figment of the imagination of some nuts obsessed with the environment. There are
also a variety of half ostrich positions, where you stick your head in the sand but keep one eye out to avoid looking
really stupid. For example: global warming is real but not human-caused. Or: it's real, and more research needs to be
done to see if it's human-caused, but we shouldn't pay for this research, and in the meantime we should subsidize the
sale of gas-guzzling SUVs and open the Arctic wilderness for drilling. The latter seems to be the current position of the
Bush administration.
I don't even want to bother arguing against these positions - I have better things to do with my time, like debate physics
with crackpots who send me their crazed theories and bet that I can't disprove them.

A more interesting point is made by the "skeptical environmentalist" Bjørn Lomborg. He admits that global warming is
real and caused by humans, and admits it will have negative effects that will outweigh the benefits. Indeed, he estimates
the total cost at $5 trillion (with costs discounted at a certain unspecified rate per annum). But, he says that the cost of
completely preventing global warming would be so outrageous that it's not worth it - and adds quite correctly that the
Kyoto Protocol, at least by itself, would not limit greenhouse gases enough to make big difference on global warming.
His full position is fairly complex. To summarize with a few quotes:
Global warming is important. Its total costs could be about $5 trillion. Yet, our choices in dealing with
global warming are also important, with few, carefully chosen actions shaving some hundred billion dollars
off the global warming price but with many actions which could cose the world trillions and even tens of
trillions over and above the global warming cost.
[....]
To give a feel for the size of the problem - the Kyoto Protocol will likely cost at least $150 billion a year,
and possibly much more. UNICEF estimates that just $70-$80 billion a year could give all Third World
inhabitants access to the basics like health, education, water and sanitation.
[....]
In Figure 166 we see the total income over the coming century for the four main scenarios in the IPCC
(Intergovernmental Panel on Climate Change). If we chose a world focused on economic development
within a global setting, the total income will be some $900 trillion. However, should we go down a path
focusing on the environment, even if we stay within a global setting, humanity will lose some $107 trillion,
or 12 percent of the total, poetntial income. And should we choose a more regional approach to solving the
problems of the twenty-first century, we would stand to lose $140-$274 trillion or even more than a quarter
of the potential income. Moreover, the loss will mainly be to the detriment of the developing countries [....]
Again, this should be seen in the light of a total cost of global warming at about $5 trillion and a cost of all
other environmental policies throughout the twenty-first century of $18 trillion. What this illustrates is that
if we want to leave a planet with the most possibilities for our descendants, in both the developing and the
developed world, it is imperative that we focus primarily on the economy and solving our problems in a
global context rather than focusing - in IPCC lingo - on the environment in a regionalized conext. Basically,
this puts the spotlight on securing economic growth, especially in the third world, while ensuring a global
economy, both tasts of which the wolrd has set itself within the framework of the World Trade
Organization (WTO). If we succeed here, we could increase world income with $107-$274 trillion, whereas
even if we achieve the absolutely most efficient global warming poliices, we can increase wealth just
$0.245 trillion (Figure 164). To put it squarely, what matters to our and our children's future is not primarily
decided within the IPCC framework but within the WTO framework.
Yet, one could be tempted to suggest that we are actually so rich that we can afford both to pay a partial
insurance premium against global warming (at 2-4 percent of GDP), and to help the developing world (a
further 2 percent), because doing so would only offset growth by 2-3 years. And that is true. I am still not
convinced that there is any point in spending 2-4 percent on a pretty insignificant insurance policity, when
we and our descendants could benefit far more from the same investment placed elsewhere. But it is correct
that we are actually wealthy enough to do so.
All this is very interesting and worth arguing about, but right now I want to say just one thing. This analysis assumes the
costs of global warming are roughly understood. I won't go into how he gets the figure of $5 trillion - he actually gets it
from here:
William Nordhaus and Joseph Boyer, Roll the DICE Again: Economics Models of Global Warming, MIT Press,
Cambridge, Massachusetts, 2000.

but it's mainly based on estimates of the cost to agriculture, forestry, fisheries, the changing cost of energy production,
water supply, and infrastructure, the cost of hurricanes, drought, coast protection, land loss, and the loss of wetlands,
forests, animal and plant life, and human life.
But, this doesn't take into account lower-probability but higher-damage scenarios like a repeat of the Younger Dryas
event!
I talked about the Younger Dryas in my last entry. About 11,000 years ago, global warming caused a meltdown of the
glaciers in North America. The resulting vast flow of fresh water into the North Atlantic disrupted a worldwide current
pattern called the Great Ocean Conveyor, or more prosaically, the "thermohaline circulation". It's this current that makes
Europe warmer than you'd otherwise expect. So when it quit, temperatures plummeted by 7 °C. And this happened fast in a matter of a mere 20 years! The average temperature in England dropped to -5° C, and glaciers started forming!
See:
David Suzuki Foundation, The Great Ocean Conveyor: the Achilles heel of the climate system?
Terrence Joyce, Abrupt Climate Change: Are We on the Brink of a Little Ice Age?, Woods Hole Oceanographic
Institution.
Abrupt Climate Change: Inevitable Surprises, National Academies Press, 2002.
To quote the first website:
Warm waters are carried north by the Gulf Stream, cooling as they travel. By the time they reach the
vicinities of Labrador and Iceland, these waters have grown cold and dense. During winter the coldest,
saltiest waters sink thousands of metres below the surface to form North Atlantic Deep Water (NADW).
The heat released to the atmosphere during NADW formation is largely responsible for the relatively warm
temperatures enjoyed by western Europe.
If not for the North Atlantic loop of the Conveyor, European winters would be much colder. Berlin might
have the climate of Edmonton, which lies at the same latitude, while Stockholm might be more like Iqaluit.
This is what it was like during Younger Dryas. It lasted for about a thousand years. Then, when the ice in North
America was more or less done melting, the Great Conveyor started up again - and in 20 years the temperature popped
back up!
So, climate change is not always gradual. And another event like this could be on its way now! To quote the second
website listed above:
Consider first some observations of oceanic change over the modern instrumental record going back 40
years. During this time interval, we have observed a rise in mean global temperature. Because of its large
heat capacity, the ocean has registered small but significant changes in temperature. The largest temperature
increases are in the near surface waters, but warming has been measurable to depths as great as 3000 meters
in the North Atlantic. Superimposed on this long-term increase are interannual and decadal changes that
often obscure these trends, causing regional variability and cooling in some regions, and warming in others.
In addition, recent evidence shows that the high latitude oceans have freshened while the subtropics and
tropics have become saltier. These possible changes in the hydrological cycle have not been limited to the
North Atlantic, but have been seen in all major oceans. Yet it is the North Atlantic where these changes can
act to disrupt the overturning circulation and cause a rapid climate transition.
A 3-4 meter, high latitude buildup of fresh water over this time period has decreased water column
salinities throughout the subpolar North Atlantic as deep as 2000m. At the same time, subtropical and
northern tropical salinities have increased.

The degree to which the two effects balance out in terms of fresh water is important for climate change. If
the net effect is a lowering of salinity, then fresh water must have been added from other sources: river
runoff, melting of multi-year arctic ice, or glaciers. A flooding of the northern Atlantic with fresh water
from these various sources has the potential to reduce or even disrupt the overturning circulation.
Whether or not the latter will happen is the nexus of the problem, and one that is hard to predict with
confidence. At present we do not even have a system in place for monitoring the overturning circulation.
So, to truly calculate the costs of global warming, we'd need to estimate the probability and cost of events like a repeat
of the Younger Dryas - perhaps improbable (who knows?), but incredibly costly if it occurs. We don't know how to
estimate such things.
In short, the view from Deep Time suggests that we are messing with things we don't understand - and the stakes could
be high. We can try to learn more, and we can try to be careful in the meantime... or we can just go ahead and see what
happens.
Messing with things we don't understand is nothing new: it's what humanity has always done. In fact, it's how evolution
has always proceeded: organisms try stuff and take the consequences! Sometimes they win, sometimes they lose. Any
one species always loses eventually. If we use our intelligence constructively, we might last longer.
November 17, 2004
My friend and grad student Miguel Carrión Álvarez writes:
I was reading your latest entry in your economics diary. Here's what George Monbiot has to say about
Lomborg's arguments:
The idea that we can attach a single, meaningful figure to the costs incurred by global warming
is laughable. Climate change is a non-linear process, whose likely impacts cannot be totted up
like the expenses for a works outing to the seaside. Even those outcomes we can predict are
impossible to cost. We now know, for example, that the Himalayan glaciers which feed the
Ganges, the Bramaputra, the Mekong, the Yangtze and the other great Asian rivers are likely to
disappear within 40 years. [15] If these rivers dry up during the irrigation season, then the rice
production which currently feeds over one third of humanity collapses, and the world goes into
net food deficit. If Lomborg believes he can put a price on that, he has plainly spent too much
of his life with his calculator and not enough with human beings. But people listen to this
nonsense because the alternative is to accept what no one wants to believe.
The quotation is at the end of this article:
George Monbiot, Goodbye, Kind World, The Guardian, August 10, 2004.
Reference 15, about Asian rivers drying up, is to:
Glacier meltdown, New Scientist, 182 issue 2446 (8th May 2004).
Anil V. Kulkarni, B. P. Rathore and Suja Alex, Monitoring of glacial mass balance in the Baspa basin
using accumulation area ratio method, Current Science 86 (10th January 2004) 185-190.
November 28, 2004
One thing I don't like about the George Monbiot quote above is that the references he cites do not seem to back up his
claim that "We now know, for example, that the Himalayan glaciers which feed the Ganges, the Bramaputra, the
Mekong, the Yangtze and the other great Asian rivers are likely to disappear within 40 years.". They do describe the

diminishing of glaciers in the Himalayas that feed some important rivers, but not this bold claim. It could be true, but I'd
need some evidence! Also, it's unfair of him to suggest Lomborg has factored such a scenario into his estimate of the
economic damages of global warming and come up with a figure of only $5 trillion - the real problem is that Lomborg
hasn't taken such drastic possibilities into account.
Reading a Scientific American article on abrupt climate change, I found some interesting references:
Peter Schwartz and Doug Randall, An abrupt climate change scenario and its implications for the United States
national security.
Michael Vellinga and Richard A. Wood, Global climatic impacts of a collapse of the Atlantic thermohaline
circulation, in Climate Change 54 (2002), 251-267.
Spencer Weart, Rapid climate change, in The Discovery of Global Warming, Harvard U. Press, Cambridge, 2003.
Richard A. Wood, Michael Vellinga and Robert Thorpe, Global warming and thermohaline circulation stability,
Phil. Trans. Roy. Soc. Lond. A 361 (2003), 1961-1975.
The first reference is a report commissioned by the U. S. Defense Department!
For my 2005 diary, go here.
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Diary - 2005
John Baez
January 2, 2005
Happy New Year! I spent yesterday replacing all the tires on my car, since one had gone flat while I was visiting Paris
and my parents in Virginia over the Christmas break.
With my recent obsessive interest in climate change, mass extinctions and the like, I should have something to say about
the tsunami in the Indian Ocean. But all I have to say for now is: send some money to help people! I like Doctors
Without Borders, so I gave them 200 bucks.
One often wonders, with charities, how much of your money is actually going to the bigshots who run the organization.
According to their 2003 financial statement, about 86% of their money goes to program services, while 12% goes to
fundraising and 2% goes to management. They get an A rating (though not an A+) from American Institute of
Philanthropy, and 3 stars (though not 4) from Charity Navigator.
It reassures me that Doctors Without Borders make their financial information really easy to find on their website: you
click "about us" and there it is. Try to find this sort of information for the American Red Cross, starting from their
homepage! Click "about us"... and you won't find it. In theory you can find it in just three clicks, but you have to be
clever.
Just a couple of small items today...
Here's a book that looks good:
Jared Diamond, Collapse: How Societies Choose to Fail or Succeed, Viking Press, 2004.
According to the review by Alfred W. Crosby in today's Los Angeles Times, Diamond is an ornithologist and a UCLA
professor of physiology and geography, who has travelled widely, read lots of history, and analyzed many societies to
see what makes them collapse - or not. The book goes through lots of examples and compares them on 5 factors:
1.
2.
3.
4.
5.

Environmental damage inflicted
Climate change
Hostile neighbors
Friendly neighbors
The society's response to all of the above

For example, he talks about how the Greenlanders died out in the 1400s after cutting down all the trees and tearing up
the sod for fuel when the "Little Ice Age" hit them, in part because they were hostile to the local Inuit instead of
adopting their ways, while support from friendly neighbors dropped off as expanding sea ice blocked trade routes and
European demand for walrus ivory declined. Sounds reminiscent of this book I mentioned a while back:
Jane Smiley, The Greenlanders, Ballantine Books, New York, 1996.
However, he goes further by comparing the case of the Icelanders, who didn't die out!
Jared Diamond has also thought a lot about why human history unfolded differently on different continents - and he won
a Pulitzer for this book, whose title explains his theory quite succinctly:

Jared Diamond, Guns, Germs and Steel: The Fates of Human Societies, W. W. Norton and Company, 1999.
You can also read a talk by him about this, on Edge - a fun forum for highbrow chat.
Also, alpheccar recommended this site to me:
Real Climate: climate science discussion forum at http://www.realclimate.org
In this diary I've been avoiding the "trench warfare" over climate change, more or relying on the general consensus of
scientists. But this website gets engaged in the nitty-gritty in a well-informed and generally well-mannered way.
For example, you may know that Michael Crichton's new novel State of Fear is based on the premise that humaninduced global warming is just a bunch of hot air - something like a massive conspiracy of scientists bent on terrifying
the public. Some hacks have seized on this book to push their own agendas. For example, George Will writes:
In today's segmented America, Michael Crichton's new novel "State of Fear" might seem to be just reading
for red states. Granted, a character resembling Martin Sheen -- Crichton's character is a prototypical
Hollywood liberal who plays the president in a television series -- meets an appropriately grisly fate. But
blue states, too -- no, especially -- need Crichton's fable about the ecology of public opinion.
"State of Fear," with a first printing of 1.5 million copies, resembles Ayn Rand's "Atlas Shrugged" -- about
6 million copies sold since 1957 -- as a political broadside woven into an entertaining story. But whereas
Rand had only an idea -- a good one (capitalism is splendid), but only one -- Crichton has information.
"State of Fear" is the world's first page-turner that people will want to read in one gulp (a long gulp -- 600
pages, counting appendices) even though it has lots of real scientific graphs, and footnotes citing journals
such as Progress in Physical Geography and Transactions of the American Geophysical Union.
Crichton's subject is today's fear that global warming will cause catastrophic climate change, a belief now
so conventional that it seems to require no supporting data. Crichton's subject is also how conventional
wisdom is manufactured in a credulous and media-drenched society.
Various factions have interests -- monetary, political, even emotional -- in cultivating fears. The fears
invariably seem to require more government subservience to environmentalists, and more government
supervision of our lives.
Crichton's villains are environmental hysterics who are innocent of information but overflowing with
certitudes and moral vanity. His heroes resemble Navy SEALs tenured at MIT, foiling the villains with
guns and graphs.
The villains are frustrated because the data do not prove that global warming is causing rising sea levels and
other catastrophes. So they concoct high-tech schemes to manufacture catastrophes they can ascribe to
global warming -- flash floods in the American West, the calving of an Antarctic iceberg 100 miles across
and a tsunami that would roar 500 miles an hour across the Pacific and smash California's coast on the last
day of a Los Angeles conference on abrupt climate change.
The theory of global warming -- Crichton says warming has amounted to just half a degree Celsius in 100
years -- is that "greenhouse gases," particularly carbon dioxide, trap heat on Earth, causing ... well, no one
knows what, or when. Crichton's heroic skeptics delight in noting things like the decline of global
temperature from 1940 to 1970. And that since 1970 glaciers in Iceland have been advancing. And that
Antarctica is getting colder and its ice is getting thicker.
... and so on. Of course, it's a good sign that people like Will have now been reduced to citing science fiction novels
instead of actual scientists to bolster their arguments! And he's just funny when he tut-tuts about "monetary, political,
and even emotional" motives for alarmism, while ignoring the vastly greater motives of all three kinds for complacency:
the whole geopolitical and economic status quo rests upon the fossil fuel economy, after all. So, in a sane world we

could safely ignore Will. But Crichton presents some surprising actual data in his book, which needs to be analyzed. It's
good, therefore that the folks at RealClimate are addressing him point for point:
Gavin Schmidt, Michael Crichton's State of Confusion.
January 8, 2005
There's a good article in the MIT magazine "Technology Review" about the war that may start between Microsoft and
Google:
Charles H. Ferguson, What's next for Google?, Technology Review, January 2005, pp. 38-46.
Summary: will Microsoft crush Google as it did Netscape? Yes, unless the folks at Google are smart and ruthless.
Making the currently visible world-wide web easy to search was great - but the real battle is starting now that Google
and Microsoft are trying to make all digital information eash to search. According to the author, the industry consensus
is that this could generate half a trillion dollars in cumulative revenues.
While the battle for supreme control over information in this "information age" is fascinating - in a mildly sickening sort
of way - my eye was caught by a little chart that showed the amount of information in various forms. It pointed me to
this source:
Peter Lyman, Hal R. Varian, Kirsten Swearingen, et al, How Much Information? 2003.
which also referred to this:
Roy Williams, Data Powers of Ten.
Here's some data from these sources, supplemented by some examples of my own:
A bit is the information in one binary decision - a no or yes, a 0 or 1.
5 bits: approximate information in one letter of the Roman alphabet.
A byte is 8 bits.
A kilobyte is about a thousand bytes (actually 210 of them).
2 kilobytes: a typewritten page.
100 kilobytes: a low-resolution photograph.
A megabyte is about a million bytes (actually 220 of them).
1 megabyte: a small novel or a 3.5 inch floppy disk.
2 megabytes: a high-resolution photograph.
5 megabytes: the complete works of Shakespeare.
100 megabytes: one meter of shelved books.
500 megabytes: a CD-ROM.
A gigabyte is about a billion bytes (actually 230 of them).
1 gigabyte: the human genome, or a pickup truck full of books.
20 gigabytes: a good collection of the works of Beethoven.
100 gigabytes: a library floor of academic journals.
a terabyte is about a trillion bytes (actually 240 of them).
2 terabytes: an academic research library.
6 terabytes: all academic journals printed in 2002.
10 terabytes: the print collections of the U.S. Library of Congress.
40 terabytes: all books printed in 2002.
50 terabytes: all mass market periodicals printed in 2002.
60 terabytes: all audio CDs released in 2002.
80 terabytes: capacity of all floppy discs produced in 2002.

140 terabytes: all newspapers printed in 2002.
250 terabytes: capacity of all zip drives produced in 2002.
A petabyte is about 1015 bytes (actually 250 of them).
1.5 petabytes: all office documents generated in 2002.
2 petabytes: all U.S academic research libraries.
6 petabytes: all cinema release films in 2002.
20 petabytes: all X-ray photographs taken in 2002.
130 petabytes: capacity of all audio tapes produced in 2002.
400 petabytes: all photographs taken in 2002.
An exabyte is about 1018 bytes (actually 260 of them).
1.3 exabytes: capacity of all videotapes produced in 2002.
2 exabytes: capacity of all hard disks produced in 2002.
5 exabytes: all the words ever spoken by human beings.
6 exabytes: information in the genomes of all the people in the world.
You have to be careful interpreting these figures. For example, all the information in the Washington Post newspaper in
2002 is far less than the information capacity of all the newsprint put out by the Washington Post of 2002 - because
there are thousands of identical copies of each newspaper. I have tried to distinguish between these two by saying
"capacity" for the latter sort of figure. For example, when I say 130 petabytes is the capacity of all audio tapes produced
in 2002, this includes thousands of identical copies of some album by the Backstreet Boys, and also lots of blank tape.
And, it's quite possible that I screwed up on some of the items above, because my source makes it a bit hard to tell
what's what.
Furthermore, these figures don't count the fact that information in print, hard drives, DNA and so on is typically not
compressed down to the Shannon limit. So, there's not as much info around as this chart suggests. For some figures that
try to take compression into account, see How Much Information? 2003.
For example, this compression issue is especially important in my guess at the information in the human genome, and
the genomes of all the people in the world. I didn't try to take into account the immense overlap in genetic information
between different people, nor the repetitive stretches in human DNA. Here's how I did the calculation. Each of us has
chromosomes with about 5 billion base pairs. Each base pair holds 2 bits of information: A, T, C, or G. That's 10 billion
bits or 1.25 gigabytes. Times the roughly 6.5 billion people in the world now, we get about 8 x 1018 bytes, or 8
exabytes. But, if we wanted to store the complete genetic identity of everyone on hard drives, we could do it using data
compression, because a lot of genes are the same from person to person.
And of course, some of these figures are rough order-of-magnitude guesses, like "all the words ever spoken by human
beings".
It would be fun to know how much information is in people's brains, but I don't have the knowhow to estimate that!
I just read from an unreliable source that the human eye has a resolution equivalent to that of 127 million pixels
(whatever that means), and an input rate of 1 gigabit per second. This source also said that the human brain can store 10
terabytes of information. But, I don't trust these figures at all without knowing how they were calculated.
I read somewhere else that the human brain has 1014 synapses. If each stored just one bit (not true), that would be about
10 terabytes.
January 11, 2005
I have put the above information on information on a separate webpage, together with a fun calculation: how much
information there is in a raindrop! As you can probably tell, I like compiling charts of cool data just as much as I like
crusading for social justice and a better way of life. The former keeps me happy.

But, in the same MIT magazine as the article about Google versus Microsoft, there's also an interesting article on "why
progress doesn't boost happiness" - a theme I began discussing on October 22nd, 2003:
James Surowiecki, Technology and happiness: why more gadgets don't necessarily increase our well-being,
Technology Review, January 2005, pp. 72-76.
It has an interesting reference:
Richard Easterlin, Does economic growth improve the human lot? Some empirical evidence, in Nations and
Households in Economic Growth: Essays in Honor of Moses Abramowitz, eds. Paul A. Davis and Melvin W.
Reder, Academic Press, 1974.
and it describes a growing interest on the part of economists to understand the factors that lead to human happiness,
without the blinding simplifying assumption of perfect rationality. Unfortunately it doesn't go into the question of how
this research might actually be used to make people happier! Oh well... maybe someday.
February 5, 2005
My interest in economics hasn't waned... I've just been too busy to write in this diary much, especially when I've been
travelling, and more recently when the hard disk on my laptop died after a mysterious stroke. This happened the
moment I tried to use the internet after returning from Vancouver; the last time I'd used the internet was in an airport in
Seattle. At first I thought I'd picked up a virus there, but now I'm not sure - the disk may have been physically damaged.
All the data on this disk was lost. Luckily, most of it was also on my account on the UNIX system of the U.C. Riverside
math department. In the process of setting up my laptop again from scratch, I switched from Internet Explorer to
Mozilla Firefox - mainly because it works great, it handles math text better, and it's supposed to be safer - but also
because it's nice to see Microsoft getting some competition in this market.
Anyway, I just read some interesting stuff about Joshua Greene, a postdoc in psychology at Princeton who is using
functional magnetic resonance imaging to scan people's brains while they deal with ethical dilemmas. In certain
dilemmas where ones "gut feeling" wars against more rational calculations - say, where killing a baby could save a town
- it turns out that centers of the brain that deal with emotion are very active, but also the anterior cingulate cortex (an
area involved in monitoring conflict) and the dorsolateral prefrontal cortex (a region involved in abstract reasoning and
cognitive control).
In an article published in Nature Reviews:
Joshua D. Greene, From neural "is" to moral "ought": what are the moral implications of neuroscientific moral
psychology?, Nature Reviews Neuroscience, Vol. 4, 847-850. Also available at Joshua Greene's website.
Greene describes two ethical dilemmas. In the first, you're driving along in your new car with beautiful leather seats and
you see someone who has been run down on the road, his legs bleeding. Do you sacrifice the beauty of your suede seats
and take him to the hospital? I think we all viscerally know what we should do here, regardless of whether we'd do it. In
the second, you get a letter from a reputable charity asking you to send a $100 check, which could provide vaccine for
dozens of infants in some faraway country. Here the visceral response is less strong, even though (Greene and others
argue) the situation is morally equivalent. Why? Because the people in trouble are more distant, and it all seems more
abstract. Greene suggests that our emotions (and indeed our brains) have evolved to respond immediately to the clearly
perceived suffering of someone right at hand, but not to, say, appeals in written text.
All this makes perfect sense to me, and it raises the issue of to what extent we should spend more energy to alleviate
suffering close at hand, versus those far away. To what extent should we try to overcome our inherited instincts to help
relatives and "the tribe", and to what extent are these instincts wise?
Interestingly, Joshua Greene did research with Amartya Sen as an undergraduate.

February 6, 2005
My friend the philosopher David Corfield wrote an interesting reply to my remarks above. I got to know him through
his work on the philosophy of "real mathematics", which pays more attention than usual to what actual mathematicians
are interested in. He's also interested in the ethics of mathematics - what makes some mathematical work better than
others. So, here's what he has to say:
I see from your economics entry you're getting interested in ethics. The guy to read is Alasdair MacIntyre.
After Virtue begins by getting us to imagine a time after a period in which science has been systematically
destroyed, scientists, equipment, books, etc. Now, all we're left with are fragments of language, papers,
pieces of equipment. There are still vestiges of scientific language in daily speech, but they're used totally
unsystematically. This, says MacIntyre, is what has happened to moral thinking. A tradition of moral
theorising from Socrates, Plato, Aristotle, on to neo-platatonists such as Augustine, interpreters, Jewish and
Islamic, of Aristotle, the great reconciliation of Augustine and Aristotle by Aquinas, has been laid to waste.
The Enlightenment doesn't come out looking too clever.
A bold thesis certainly. Strangely what he says about flourishing traditions and the necessary virtues rings
very true of intellectual traditions:
A living tradition then is an historically extended, socially embodied argument, and an
argument precisely in part about the goods which constitute that tradition. Within a tradition
the pursuit of goods extends through generations, sometimes through many generations. Hence
the individual's search for his or her good is generally and characteristically conducted within a
context defined by those traditions of which the individual's life is a part, and this is true both
of those goods which are internal to practices and of the goods of a single life. Once again the
narrative phenomenon of embedding is crucial: the history of a practice in our time is generally
and characteristically embedded in and made intelligible in terms of the larger and longer
history of the tradition through which the practice in its present form was conveyed to us; the
history of each of our own lives is generally and characteristically embedded in and made
intelligible in terms of the larger and longer histories of a number of traditions. I have to say
'generally and characteristically' rather than 'always', for traditions decay, disintegrate and
disappear. What then sustains and strengthens traditions? What weakens and destroys them?
The answer in key part is: the exercise or the lack of exercise of the relevant virtues. The
virtues find their point and purpose not only in sustaining those relationships necessary if the
varieties of goods internal to practices are to be achieved and not only in sustaining the form of
an individual life in which that individual may seek out his or her good as the good of his or
her whole life, but also in sustaining those traditions which provide both practices and
individual lives with their necessary historical context. Lack of justice, lack of truthfulness,
lack of courage, lack of the relevant intellectual virtues - these corrupt traditions, just as they
do those institutions and practices which derive their life from the traditions of which they are
the contemporary embodiments. To recognize this is of course also to recognize the existence
of an additional virtue, one whose importance is perhaps most obvious when it is least present,
the virtue of having an adequate sense of the traditions to which one belongs or which confront
one. This virtue is not to be confused with any form of conservative antiquarianism; I am not
praising those who choose the conventional conservative role of laudator temporis acti. It is
rather the case that an adequate sense of tradition manifests itself in a grasp of those future
possibilities which the past has made available to the present. Living traditions, just because
they continue a not-yet-completed narrative, confront a future whose determinate and
determinable character, so far as it possesses any, derives from the past. (After Virtue: 222-3)
February 18, 2005

The Kyoto Protocol on greenhouse gases was signed by 187 countries on Feburary 16th! Notably absent were the
United States and Australia.
New research in oceanography warns that global warming might actually cause a repeat of the Younger Dryas Event, in
which melting ice reduced the salinity of the North Atlantic enough to shut down the thermohaline circulation that
brings warm water to the shores of Northern Europe. I wrote about this possibility already on November 13th. Here is
some news, from an article by Clive Cookson in today's Financial Times:
Scientists from the Scripps Institution of Oceanography in California have been working for several years
with colleagues at Lawrence Livermore National Laboratory to analyse the effects of global warming on the
oceans. They combined computer modelling with millions of temperature and salinity readings, taken
around the world at different depths over five decades.
The researchers released their conclusions on Friday at the American Association of the Advancement of
Science meeting in Washington. They found that the warming signals in the oceans could only have been
produced by the build-up of man-made carbon dioxide in the atmosphere. Non-human factors would have
produced quite different effects.
The latest study to suggest that global warming is a real phenomenon, and one caused by human action,
adds further weight to a body of scientific evidence that has been accumulating steadily.
Tim Barnett, the Scripps project leader, said previous attempts to show that human activities caused global
warming had looked for evidence in the atmosphere. "But the atmosphere is the worst place to look for a
global warming signal", he said. Ninety per cent of the energy from global warming has gone into the
oceans and the oceans show its fingerprint much better than the atmosphere.
Prof Barnett added: "The debate over whether there is a global warming signal is over now at least for
rational people". He urged the US administration to rethink its refusal to join the Kyoto Protocol, which
took effect this week.
The Scripps scientists also looked at the likely climatic effects of the warming they observed. They
highlighted the impact on regional water supplies, which would be severely reduced during the summer in
places that depend on rivers fed by melting winter snow and glaciers such as western China and the South
American Andes.
The conference also heard a gloomy analysis of the way the North Atlantic Ocean is reacting to global
warming from Ruth Curry of Woods Hole Oceanographic Institution in Massachusetts. Her new study
showed that vast amounts of fresh water more than 20,000 cubic kilometres have been added to the
northernmost parts of the ocean over the past 40 years because the Arctic and Greenland ice sheets are
melting.
According to Dr. Curry, the resulting change in the salinity balance of the water threatens to shut down the
Ocean Conveyor Belt, which transfers heat from the tropics towards the polar regions through currents such
as the Gulf Stream. If that happened, winter temperatures in northern Europe would fall by several degrees.
I don't know how bad such an event would be - and I guess nobody does - but during the Younger Dryas, temperatures
in Northern Europe dropped 7 degrees Celsius in only 20 years, causing a miniature ice age with glaciers in Europe that
lasted for about 1000 years before the Conveyor Belt restarted. So, "several degrees" might be a big deal. Or maybe not.
February 25, 2005
Yay! It seems there's a kind of "movement" of people working on the kind of economics I'd like to see - some of them
call it "Post-Autistic Economics":
The Post-Autistic Economics Network, http://www.paecon.net

They put out a free email journal, and you can also see the back issues online.
I haven't actually read much of this stuff yet to see how much I agree with it, but I like the look of this book they're
advertising:
A Guide to What's Wrong with Economics, edited by Edward Fullbrook, Anthem Press, London, 2004.
I also like some of these quotes:
Multinationals are everywhere except in economic theories and economics departments. - Grazia IettoGillies
The close to monopoly position of neoclassical economics is not compatible with normal ideas about
democracy. Economics is science in some senses, but is at the same time ideology. Limiting economics to
the neoclassical paradigm means imposing a serious ideological limitation. Departments of economics
become political propaganda centers. - Peter Söderbaum, author of "Ecological Economics"
and best of all:
In Smith is a forgotten lesson that the foundation of success in creating a constructive classical liberal
society lies in the individuals adherence to a common social ethics. According to Smith, virtue serves as the
fine polish to the wheels of society while vice is like the vile rust, which makes them jar and grate upon one
another. Indeed, Smith sought to distance his thesis from that of Mandeville and the implication that
individual greed could be the basis for social good. Smith's deistic universe might not sit well with those of
post-enlightenment sensibilities, but his understanding that virtue is a prerequisite for a desirable market
society remains an important lesson. For Smith ethics is the hero - not self-interest or greed - for it is ethics
that defend social intercourse from the Hobbesian chaos. - Charles K. Wilber
I learned about this website from Colin Danby, who wrote:
Greetings.
Ran across your interesting site. If ucr is UC Riverside there are folks there in econ who might interest you.
Have you read Phil Mirowski's work? More Heat than Light is the classic and gives you a sense of the
assumptions (19th-century physics) that mainstream econ descends from, but all of Mirowski is interesting.
And there are kinds of econ that start from very different sets of assumptions, for example Post Keynesian
theory. Timothy Mitchell's Rule of Experts is a very smart exploration of how economic expertise came to
do what it does.
You might also like the Post-Autistic Economics site: http://www.paecon.net/
Best, Colin
February 26, 2005
Colin Danby also gave me some other links:
The History of Economic Thought - a resource on the large variety of schools of thought in economics.
Steve Keen, Debunking Economics - critiques of neoclassical theory.
The Heterodox Economics Portal - information on non-mainstream economics, including graduate programs.

Lots of reading for me to do!
Last night I read this short paper:
Shaun Hargreaves Heap, Living in an affluent society: it is so "more-ish" Post-Autistic Economics Review 26
(August 2004).
It's a retrospective on John K. Galbraith's book The Affluent Society, which back in the 1950s raised for the first time a
bunch of questions which puzzle us still, like: why does life in the affluent societies of Europe and America resemble life
on a squirrel wheel, with its endless quest for more consumable goods?
Quoting the aptly named Shaun Heap:
Few cannot be puzzled by the appetite of the affluent. The absence of any measurable effect of income
growth on happiness is only one part of what is strange here. The failure to take measures that will address
the global warming that has been and continues to be generated by output growth increasingly appears like
some form of death wish. There are also more local pathologies. The highest earners in the UK and the US
actually work longer hours than their counterparts 20 years ago. So the pursuit of more stuff is seemingly
ornamental because the getting of it is now cutting into the time that we have left to play with it. To put the
issue bluntly, if we could for one moment step outside the squirrel wheel, surely we would conclude that we
are interested in output growth to an extent which casts doubt on whether we actually know where our
interests lie anymore. For these reasons, the subject of Galbraith's book is even more timely now than it was
in the late 1950s.
How relevant, though, is Galbraith's analysis of the dynamics of the squirrel wheel for the contemporary
world?
I have two criticisms here. The first is perhaps best summarised as a failure to anticipate the problem of
identity. I believe that this holds the key to understanding why consumption is so central to our lives. There
are two parts to this observation. One is that while one kind of insecurity does disappear with full
employment, the collapse of traditional bonds of one kind or another in the modern world has made
personal identity more fluid and with this fluidity comes another kind of insecurity. It is no coincidence that
people talk now of identity politics. The term reflects the way in which identity has become problematic. So
Galbraith was wrong to assume that full employment pushes insecurity into the background.
At the same time, consumer goods have more clearly come to form a language system. This is the important
insight that anthropology gives economics. We use consumer goods to say things about ourselves and as
our identity has become less well fixed through traditional bonds of one kind or another, we have had
increasing recourse to the world of goods to do it for us. (Incidentally, this means that advertising is not so
much a conspiracy, as Galbraith seems to hint: it actually works with the grain of human nature. And while
making parenthetic remarks, it is perhaps worth adding that it is not just the advertising industry which
plays such a crucial role, it is the whole set of mass media industries.)
This leads us right into some deep issues which I've been trying mince around so far in this diary, precisely because of
their bottomless depth. It's hard to say just a little bit about these issues, but let me try.
There's a feeling of inexorability to the current economic system. Corporations feel obliged to maximize their short-run
profits and keep their stock prices high, almost as if this were a law of physics. People keep trying to earn more money,
buy more stuff. Any thought of changing this system seems laughably impractical. Even if we needed to change the
system to prevent a mass extinction of species, or the melting of the polar caps, we'd have trouble believing it possible.
One might as well try to talk a falling rock out of its course.
Neoclassical economics, with its utility-maximizing rational agents, offers a nice story to explain why things must work
this way... or why they should work this way - and would, if we could only get rid of those annoying "market
inefficiences". But, the world didn't always work this way - and it still doesn't, if you look carefully.

Especially in an affluent society, the job of maximizing our utility is just one side of the story. An equally important and
difficult job is determining our utility function - or in less tortured language, figuring out what we want. When we are
starving and cold, this is not so hard. But it gets harder and harder as we become more wealthy and mere survival ceases
to be such a big issue. We wind up flailing around, searching for meaning, or happiness, or at least a good time, or...
something!
Indeed, for many of us, this problem is so intractable that we latch on to whatever plausible goals and desires are on
offer - at least some of the time, anyway. Corporations are eager to define happiness for us: if you buy our product, you
will be happy. And we are eager to accept these definitions, or at least give them a try. But of course, when we try to buy
happiness, it costs money.
Working hard to make money so we can buy more things - this has a plausible ring to it if we're trying to figure out what
will make us happy. It's concrete and fairly well-defined. It may not seem very noble, but in our culture that makes it
seem all the more "natural". Almost as if it were a law of nature: everyone wants more, no matter how much they have.
The fact that this doesn't make us more happy past a certain point - we're actually quite willing to turn a blind eye to
this. After all, life becomes very complicated when we try to figure out what really makes us happy: it's a slippery,
endlessly elusive question!
And so, there's a sense in which the rigid rules of neoclassical economics do a very good job of saving us from chaos, by
structuring our lives and our society, and by making our behavior as homo economicus seem sensible and natural. But
there's a huge price to pay for this.
February 27, 2005
By coincidence, the day after writing the above stuff about economics and our slippery sense of identity, I bumped into
a interesting article about the neurobiology of consumer decisions:
Robert Lee Hotz, Mapping the mind: searching for the why of buy, Los Angeles Times, February 27, 2005.
Let me quote a bit:
Children are exposed to 40,000 commercials every year. By the age of 18 months, they can recognize logos.
By 10, they have memorized 300 to 400 brands, according to Boston College sociologist Juliet B. Schor.
The average adult can recognize thousands.
"We are embedded in an enormous sea of cultural messages, the neural influences of which we poorly
understand," said neuroscientist Read Montague, director of the Human Neuroimaging Laboratory at
Baylor College of Medicine in Houston. "We don't understand the way in which messages can gain control
over our behavior."
That is starting to change. By monitoring brain activity directly, researchers are discovering the unexpected
ways in which the brain makes up its mind.
Many seemingly rational decisions are reflexive snap judgments, shaped by networks of neurons acting in
concert. These orchestras of cells are surprisingly malleable, readily responding to the influence of
experience.
Moreover, researchers suspect that the inescapable influence of marketing does more than change minds. It
may alter the brain.
Just as practicing the piano or learning to read can physically alter areas of the cerebral cortex, the intense,
repetitive stimulation of marketing might shape susceptible brain circuits involved in decision-making.

These inquiries into consumer behavior harness techniques pioneered for medical diagnosis: positron
emission tomography, which measures the brain's chemical activity; magneto-encephalography, which
measures the brain's magnetic fields; and functional magnetic resonance imaging, which measures blood
flow around working neurons.
"This is a way of prying open the box and seeing what is inside," said psychologist Jonathan Cohen,
director of Princeton University's Center for the Study of Brain, Mind & Behavior.
Inside the Caltech scanner, faces flashed before the subject's eyes.
Each one was famous — an easily recognized emblem of celebrity marketed as heavily as any designer
label.
Each triggered a response in the volunteer's brain, recorded by Steven Quartz and Anette Asp with Caltech's
$2.5-million functional magnetic resonance imager (fMRI) and then weighed against the volunteer's
responses to a 14-page questionnaire.
Uma Thurman. Cool.
Barbra Streisand. Uncool.
Justin Timberlake. Uncool.
Al Pacino. Cool.
Patrick Swayze. Very uncool.
The volunteer's brain cells became a focus group.
In his mind's eye, the celebrities triggered many of the same circuits as images of shoes, cars, chairs,
wristwatches, sunglasses, handbags and water bottles.
For all their differences, objects and celebrity faces were reduced to a common denominator: a spasm of
synapses in a part of the cortex called Brodmann's area 10, a region associated with a sense of identity and
social image.
"On first pass, there might seem to be nothing in common between cool sunglasses, cool dishwashers and
cool people," Asp said. "But there is something that these brains are recognizing — some common
dimension."
None of these neural responses come consciously to mind when a shopper is browsing brand labels.
Much of what was traditionally considered the product of logic and deliberation is actually driven by
primitive brain systems responsible for emotional responses — automatic processes that evolved to manage
conflicts between sex, hunger, thirst and the other elemental appetites of survival.
In recent years, researchers have discovered that regions such as the amygdala, the hippocampus and the
hypothalamus are dynamic switchboards that blend memory, emotions and biochemical triggers. These
interconnected neurons shape the ways that fear, panic, exhilaration and social pressure influence the
choices people make.
As researchers have learned to map the anatomy of behavior, they realized that the brain — a 3-pound
constellation of relationships between billions of cells, shaped by the interplay of genes and environment —
is more malleable than anyone had guessed.

Lattices of neurons are linked by pathways forged, then continually revised, by experience. So intimate is
this feedback that there is no way to separate the brain's neural structure from the influence of the world that
surrounds it.
In that sense, some people may indeed be born to shop; but others may be molded into consumers.
"We think there are branded brains," Asp said.
The Caltech experiment, funded with a $1-million grant from the David and Lucille Packard Foundation,
seemed to detect a part of the brain susceptible to such influences.
After analyzing test data from 21 men and women, Quartz and Asp discovered that consumer products
triggered distinctive brain patterns that allowed them to classify people in broad psychological categories.
At one extreme were people whose brains responded intensely to "cool" products and celebrities with bursts
of activity in Brodmann's area 10 — but reacted not at all to the "uncool" displays.
The scientists dubbed these people "cool fools," likely to be impulsive or compulsive shoppers.
At the other extreme were people whose brains reacted only to the unstylish items, a pattern that fits well
with people who tend to be anxious, apprehensive or neurotic, Quartz said.
The reaction in both sets of brains was intense. The brains reflexively sought to fulfill desires or avoid
humiliation.
Asp, a Swedish researcher who once majored in industrial design, volunteered for the fMRI probe. The
scanner revealed a personality quite at odds with her own sense of self.
She searched the scanner's images for the excited neurons in her prefrontal cortex that would reflect her
enthusiasm for Prada and other high-fashion goods. Instead, the scanner detected the agitation in brain areas
associated with anxiety and pain, suggesting she found it embarrassing to be seen in something
insufficiently stylish.
It was fear, not admiration, that motivated her fashion sense.
"I thought I would be a cool fool," she said. "I was very uncool."
Unfortunately but inevitably, the people most interested in this research are... advertisers! Quartz and his Caltech
colleagues have been negotiating with a marketing company called Lieberman Research Worldwide to sell brainscanning services to advertisers.
For much more, check out the reading material for Steve Quartz's course on the Neural Foundations of Social Science!
March 12, 2005
Here's an interesting article on Richard Thaler's work on "behavioral economics":
Can behavioral economics save us from ourselves?, University of Chicago Magazine, February 2005.
Thaler studies how actual human behavior differs from the "rational" behavior posited in classical economics, and has
thought about how taking this into account can help us design better economics policies. He's written a couple of books
on it:

Richard Thaler, The Winner's Curse: Paradoxes and Anomalies of Economic Life, Princeton University Press,
Princeton, New Jersey, 1992.
Richard Thaler, Quasi Rational Economics, Russell Sage Foundation, New York, 1991.
Both are reprint collections, and the latter is more technical. More stuff to read! I'm going to the library right now.
April 14, 2005
This is drifting from economics into sociology and psychology, but it's way too interesting not to include:
John Gottman, The Mathematics of Love, Edge.
Let me quote some:
Psycho-physiology is an important part of this research. It's something that Bob Levenson brought to the
search initially, and then I got trained in psycho-physiology as well. And the reason we're interested in what
was happening in the body is that there's an intimate connection between what's happening to the autonomic
nervous system and what happening in the brain, and how well people can take in information - how well
they can just process information - for example, just being able to listen to your partner - that is much
harder when your heart rate is above the intrinsic rate of the heart, which is around a hundred to a hundred
and five beats a minute for most people with a healthy heart.
At that point we know, from Loren Rowling's work, that people start secreting adrenalin, and then they get
into a state of diffuse physiological arousal (or DPA), so their heart is beating faster, it's contracting harder,
the arteries start getting constricted, blood is drawn away from the periphery into the trunk, the blood
supply shuts down to the gut and the kidney, and all kinds of other things are happening - people are
sweating, and things are happening in the brain that create a tunnel vision, one in which they perceive
everything as a threat and they react as if they have been put in great danger by this conversation.
All of which are really great conditions for running away from a predator, or fighting aggressively to
protect the tribe. And survival. So when you have less blood in the periphery you create what Malcolm
Gladwell calls a bloodless armor that lets you strike without really bleeding too much, or run away without
hurting yourself too much. But in the context of a discussion with somebody you love clearly this DPA is
not very functional. And we found in fact that physiological arousal is one of the best predictors of what
happens to that relationship. That's why it predicts.
And men and women are somewhat different, not a lot, but enough, which is another fascinating puzzle,
because we find that if the woman is driving the husband's heart rate, that predicts the dissolution of the
relationship - and not the other way around. Now why should that be? Why should it be that DPA, the
general physiological arousal of men is a worse indicator of the fate of a heterosexual relationship than that
of the woman? Unless she's been abused, physically or sexually, when the arousal of both of them is a
really good indicator.
Because men are different. Men have a lot of trouble when they reach a state of vigilance, when they think
there's real danger, they have a lot of trouble calming down. and there's probably an evolutionary history to
that. Because it functioned very well for our hominid ancestors, anthropologists think, for men to stay
physiologically aroused and vigilant, in cooperative hunting and protecting the tribe, which was a role that
males had very early in our evolutionary history. Whereas women had the opposite sort of role, in terms of
survival of the species, those women reproduced more effectively who had the milk-let-down reflex, which
only happens when oxytocin is secreted in the brain, it only happens when women - as any woman knows
who's been breast-feeding, you have to be able to calm down and relax. But oxytocin is also the hormone of
affiliation. So women have developed this sort of social order, caring for one another, helping one another,
and affiliating, that also allows them to really calm down and have the milk let-down reflex. And so - it's
one of nature's jokes. Women can calm down, men can't; they stay aroused and vigilant.

So it's a real challenge, now that relationships, in the last couple of centuries, have started becoming
important in terms of affection and nurturance and support - and we're having fathers come back into the
equation in a big way in baby's life. Physiology becomes really critical in this whole thing. A provocative
finding from Alyson Shapiro's recent dissertation is that if we take a look at how a couple argues when the
woman is in the sixth month of pregnancy, we can predict over half the variation in the baby, the threemonth-old baby's vagal tone, which is the ability of the vagus nerve, the major nerve of the parasympathetic
branch of the autonomic nervous system, which is responsible for establishing calm and focusing attention.
That vagus nerve in the baby is eventually going to be working well if the parents, during pregnancy, are
fighting with each other constructively. That takes us into fetal development, a whole new realm of inquiry.
And if they're not, if they're fighting destructively, that fetus, that baby is on a different longitudinal course
- its neurological development is already handicapped - from the time it's born. The fetal development is
really affecting the function of this vagus nerve, the tenth cranial nerve. Now this destructive process that
happens to two thirds of all couples can be reversed, just in a 10-hour workshop the parents take in the last
trimester of pregnancy. One of the things that's very interesting is that with psychological interventions you
can change neurological growth and development, and emotional growth and development in the baby. This
makes for more empathetic children - and more empathetic infants as well. Daniel Siegel is beginning to
help us understand how this happens, how to integrate attachment theory, relationship science and brain
neurophysiology and growth. It's a rich and exciting new field, what Jaak Panksepp calls this "affective
neuroscience."
We find that there are differences between men and women and the way you to study these differences is
independent of sexual orientation. You have to study gay and Lesbian couples who are committed to each
other as well as heterosexual couples who are committed to each other, and try and match things as much as
you can, like how long they've been together, and the quality of their relationship. And we've done that, and
we find that there are two gender differences that really hold up.
One is that if a man presents an issue, to either a man he's in love with or a woman he's in love with, the
man is angrier presenting the issue. And we find that when a woman receives an issue, either from a woman
she loves or a man she loves, she is much more sad than a man would be receiving that same issue. It's
about anger and sadness. Why? Remember, Bowlby taught us that attachment and loss and grief are part of
the same system. So women are finely tuned to attaching and connecting and to sadness and loss and grief,
while men are attuned to defend, stay vigilant, attack, to anger. My friend Levenson did an acoustic startle
study (that's where you shoot of a blank pistol behind someone's head when they least expect it). Men had a
bigger heart rate reactivity and took longer to recover, which we would expect, but what even more
interesting is that when you asked people what they were feeling, women were scared and men were angry.
April 22, 2005
It's weird how when you get interested in something, all of a sudden you keep seeing it all over the place. Here's another
interesting article about work on "neuroeconomics":
Gregory T. Huang, The economics of brains, Technology Review, May 2005.
It's about attempts to use studies of the human brain to help figure out what people actually do when making decisions.
This is obviously sensible - at least part of a bigger multi-pronged strategy to understand human behavior and use our
understanding of it to improve our lot. However, we can count on fairly slimy marketers and politicians to take a lot of
interest in this research and be among the first to apply it. All the more reason to avoid watching TV!
Here are more detailed papers on this subject that you can get online:
B. Douglas Bernheim and Antonio Rangel, Addiction and cue-triggered decision processes, The American
Economic Review, December 2004.
Colin Camerer, George Loewenstein and Drazen Prelec, Neuroeconomics: how neuroscience can inform

economics, Journal of Economics Literature, March 2005.
Brian Knutson and Richard Peterson, Neurally reconstructing expected utility, Games and Economic Behavior, in
press.
Andrew W. Lo, The adaptive markets hypothesis: market efficiency from an evolutionary perspective, The
Journal of Portfolio Management, 30th anniversary issue, 2004.
Samuel M. McClure, David I. Laibson, George Loewenstein and Jonathan D. Cohen, Separate neural systems
value immediate and delayed monetary rewards, Science, October 14, 2004.
B. Shiv, G. Loewenstein, A. Bechara, H. Damasio and A. R. Damasio, Investment behavior and the dark side of
emotion, Psychological Science, in press.
G. Loewenstein, and T. O'Donoghue, Animal spirits: affective and deliberative processes in economic behavior.
Working paper.
George Loewenstein has lots of other interesting papers that you can download from his website.
May 22, 2005
I deliberately avoid getting involved in the "culture wars" and "war on terrorism" that are tearing up the United States
right now. So, I won't comment on the Terry Schiavo euthanasia case, or Bill Frist's attempt to eliminate filibusters of
controversial judicial nominees, or the controversy of Newsweek's reports about a Koran flushed down a toilet, or the
battle over allowing the Ten Commandments to be posted in courtrooms, or the battle over gay marriage, or the leaked
British memo proving that Bush had made up his mind to invade Iraq by July 2002....
However, I will say this. I'm glad people are noticing that this crap makes the US a less desirable place to live for many
people - especially the creative sorts who play such a big role in our economy:
Richard Florida, Flight of the Creative Class: the New Global Competition for Talent, HarperBusiness, 2005.
Interview available at National Public Radio; reviews available at the creativeclass.org website.
I think about this whenever promising graduate students from China who want to study at UC Riverside can't get visas
to come here, thanks to the tough new attitude of the Immigration and Naturalization Service. I think about it whenever
some commentator like David Gelernter comes up with a brainy idea like eliminating public education in the United
States, or when Max Boot suggests dealing with the shortage of US soldiers by allowing foreigners to gain US
citizenship by joining the army. I sometimes get the impression that these guys are downright eager for a dumbeddown, militarized society. (Did Boot read about the fall of the Roman Empire due to the rising power of foreign
mercenary soldiers and decide this was a good thing?)
And most of all, I think about it whenever I read the paper and see ideological battles between liberals and conservatives
sucking away energy from more important things.
June 8, 2005
Here's an book about how socially responsible firms can survive in competitive environments:
Robert H. Frank, What Price the Moral High Ground? Ethical Dilemmas in Competitive Environments, Princeton
U. Press, Princeton 2005. Sample chapter available free online.
It has an interesting chapter on how students of classical economics become less cooperative than other people!
The Amazon jungle is burning:
Rain Forest Myth Goes Up in Smoke Over the Amazon
By Henry Chu
Los Angeles Times Staff Writer

June 8, 2005
REMANSO TALISMA, Brazil - The death of a myth begins with stinging eyes and heaving chests here on
the edge of the Amazon rain forest.
Every year, fire envelops the jungle, throwing up inky billows of smoke that blot out the sun. Animals flee.
Residents for miles around cry and wheeze, while the weak and unlucky develop serious respiratory
problems.
When the burning season strikes, life and health in the Amazon falter, and color drains out of the riotous
green landscape as great swaths of majestic trees, creeping vines, delicate bromeliads and hardy ferns are
reduced to blackened stubble.
But more than just the land, these annual blazes also lay waste to a cherished notion that has roosted in the
popular mind for decades: the idea of the rain forest as the "lungs of the world."
Ever since saving the Amazon became a fashionable cause in the 1980s, championed by Madonna, Sting
and other celebrities, the jungle has consistently been likened to an enormous recycling plant that slurps up
carbon dioxide and pumps out oxygen for us all to breathe, from Los Angeles to London to Lusaka.
Think again, scientists say.
Far from cleaning up the atmosphere, the Amazon is now a major source for pollution. Rampant burning
and deforestation, mostly at the hands of illegal loggers and of ranchers, release hundreds of millions of
tons of carbon dioxide into the skies each year.
Brazil now ranks as one of the world's leading producers of greenhouse gases, thanks in large part to the
Amazon, the source for up to two-thirds of the country's emissions.
"It's not the lungs of the world," said Daniel Nepstad, an American ecologist who has studied the Amazon
for 20 years. "It's probably burning up more oxygen now than it's producing."
Scientists such as Nepstad prefer to think of the world's largest tropical rain forest as Earth's air conditioner.
The region's humidity, they say, is vital in climate regulation and cooling patterns in South America and
perhaps as far away as Europe.
The Amazon's role as a source of pollution, not a remover of it, is directly linked to the galloping rate of
destruction in the region over the last quarter-century.
The dense and steamy habitat straddles eight countries and is home to up to 20% of the world's fresh water
and 30% of its plant and animal species.
Brazil's portion accounts for more than half the entire ecosystem. Official figures show that, on average,
7,500 square miles of rain forest were chopped and burned down in Brazil every year between 1979 and
2004. Over the 25 years, it's as if a forest the size of California had disappeared from the face of the Earth.
Such encroachment on virgin land is theoretically illegal or subject to tough regulation, but the government
here lacks the resources some say the will to enforce environmental protection laws.
Loggers are typically the first to punch through, hacking crude roads and harvesting all the precious
hardwoods they can find. One gang of woodcutters, in cahoots with crooked environmental-protection
officials, cut down nearly $371 million worth of timber from 1990 until it was busted in the biggest sting
operation of its kind in Brazil, authorities said last week.
Close on the loggers' heels are big ranchers and farmers, who torch the remaining vegetation to clear the

way for cattle and crops such as soy, Brazil's new star export, which is claiming ever larger quantities of
land.
Prime burning period in the Amazon runs from July to January, the dry season. In 2004, government
satellite images of the forest registered 165,440 "hot spots," fires whose flames can shoot as high as 100
feet and push temperatures beyond 2,500 degrees.
These tremendous blazes spew about 200 million tons of carbon emissions into the atmosphere each year,
which translates into several times that amount in actual carbon dioxide. In contrast, Brazil's consumption
of fossil fuels, the chief source of greenhouse gases worldwide, creates less than half what the fires send up.
During burning season, dark palls of smoke settle over parts of the jungle for days.
"It becomes hard to see, and your eyes have problems. The kids all get sick and have trouble breathing,"
said Joaquim Borges da Silva, 42, a rural worker who lives in a small encampment here in Remanso
Talisma, on the forest's outskirts.
Smoke grew so thick at one point last year that two cars on the road into the camp barreled into each other
head-on, killing two people, Borges da Silva said. The fires also kill the game that workers and small
settlers rely on for food.
He pointed out a charred tract of land, littered with stumps and felled trees that looked like so many
toothpicks, where tractors working 24 hours a day for a month cleared 1,000 acres last year. Trucks
rumbled in and out, loaded down with mahogany and cedar.
Farmers subsequently burned the area. Two months later, at the first rain, a small plane swooped in and
dropped seeds.
Even with the burning of the rain forest, Brazil's annual output of carbon pollutants is tiny compared with
that of the U.S., which produces nearly 6 billion tons.
[ ...much omitted... ]
Researchers are trying to determine what role the Amazon plays in keeping the region cool and relatively
moist, which in turn has a hugely beneficial effect on agriculture ironically, the same interests trying to cut
down the forest.
The theory goes that the jungle's humidity, as much as water from the ocean, is instrumental in creating rain
over both the Amazon River basin and other parts of South America, particularly western and southern
Brazil, where much of this country's agricultural production is concentrated.
"If you took away the Amazon, you'd take away half of the rain that falls on Brazil," Moutinho said. "You
can imagine the problems that would ensue."
A shift in climate here could cause a ripple effect, disrupting weather patterns in Antarctica, the Eastern
U.S. and even Western Europe, some scholars believe.
This is what worries ecologists about the continued destruction of the rain forest: not the supposed effect on
the global air supply, but rather on the weather.
"Concern about the environmental aspects of deforestation now is more over climate rather than [carbon
emissions] or whether the Amazon is the 'lungs of the world,'" said Paulo Barreto, a researcher with the
Amazon Institute of People and Environment.
"For sure, the Amazon is not the lungs of the world," he added. "It never was."

June 15, 2005
The Amazon forests are burning as loggers and agriculture take over. On the bright side, sugar cane plantations in Brazil
have largely freed this country from dependence on foreign oil! I don't know how much forest is being torn down to
plant sugar cane, but it goes to show how everything in this world is a muddled mix of good and bad.
Homegrown Fuel Supply Helps Brazil Breathe Easy
By Marla Dickerson
Los Angeles Times Staff Writer
June 15, 2005
SAO PAULO, Brazil - While Americans fume at high gasoline prices, Carolina Rossini is the essence of
Brazilian cool at the pump.
Like tens of thousands of her countrymen, she is running her zippy red Fiat on pure ethanol extracted from
Brazilian sugar cane. On a recent morning in Brazil's largest city, the clear liquid was selling for less than
half the price of gasoline, a sweet deal for the 26-year-old lawyer.
"You save money and you don't pollute as much," said Rossini, who paid about $18 to fill her nearly empty
tank. "And it's a good thing that the product is made here."
Three decades after the first oil shock rocked its economy, Brazil has nearly shaken its dependence on
foreign oil. More vulnerable than even the United States when the 1973 Middle East oil embargo sent gas
prices soaring, Brazil vowed to kick its import habit. Now the country that once relied on outsiders to
supply 80% of its crude is projected to be self-sufficient within a few years.
Developing its own oil reserves was crucial to Brazil's long-term strategy. Its domestic petroleum
production has increased sevenfold since 1980. But the Western Hemisphere's second-largest economy also
has embraced renewable energy with a vengeance.
Today about 40% of all the fuel that Brazilians pump into their vehicles is ethanol, known here as alcohol,
compared with about 3% in the United States. No other nation is using ethanol on such a vast scale. The
change wasn't easy or cheap. But 30 years later, Brazil is reaping the return on its investment in energy
security while the U.S. writes checks for $50-a-barrel foreign oil.
"Brazil showed it can be done, but it takes commitment and leadership," said Roland Hwang, vehicles
policy director for the Natural Resources Defense Council in San Francisco. In the U.S. "we're paying the
highest prices at the pump since 1981, and we are sending over $100 billion overseas a year to import oil
instead of keeping that money in the United States. Clearly Brazil has something to teach us."
Much of Brazil's ethanol usage stems from a government mandate requiring all gasoline to contain 25%
alcohol. Vehicles that ran solely on ethanol fell out of favor here in the 1990s because of an alcohol
shortage that pushed drivers back to gas-powered cars. But thanks to a new generation of vehicles that can
run on gasoline, ethanol or any combination of those two fuels, more motorists like Rossini are filling up
with 100% alcohol again to beat high gas prices.
The exploding popularity of these so-called flex-fuel vehicles is reverberating across Brazil's farming
sector. Private investors are channeling billions of dollars into sugar and alcohol production, creating muchneeded jobs in the countryside. Environmentalists support the expansion of this clean, renewable fuel that
has helped improve air quality in Brazil's cities. Consumers are tickled to have a choice at the filling station.
Officials from other nations are flocking to Brazil to examine its methods. Most will find Brazil's sugar-fuel

strategy impossible to replicate. Few countries possess the acreage and climate needed to produce sugar
cane in gargantuan quantities, much less the infrastructure to get it to the pump.
Still, some Brazilians said their government's commitment to ditching imports and to jump-starting
homegrown energy industries were the real keys to Brazil's success.
"It's a combination of strong public policy and the free market," said Mauricio Tolmasquim, president of a
federal energy research agency based in Rio de Janeiro. "That's the Brazilian secret."
Brazil's fortunes have been tied to sugar since the Portuguese conquerors found that their tropical colony
boasted ideal conditions for cultivating the tall, grassy plant. Brazilians produce and eat more cane sugar
than any people on the planet, so the notion of using it to power their vehicles was a natural. After all,
Henry Ford once viewed ethanol, which can be made from corn, barley and other crops, as a strong
contender to fuel the Model T.
But the discovery of cheap, abundant petroleum changed everything. Like much of the rest of the world,
Brazil guzzled imported crude until the 1970s oil shocks put its economy over a barrel. So totally reliant
was Brazil on foreign oil that surging prices wreaked havoc on its balance of trade. That led to massive
borrowing, huge deficits and, eventually, hyperinflation and a devaluation of its currency.
Thus the Brazilian government, then a military dictatorship, launched efforts in the mid-1970s to wean the
nation off imports. Those efforts included its National Alcohol Program, known as Proalcool.
"To become less dependent was a matter of life and death," said Jose Goldemberg, secretary of the
environment for the state of Sao Paulo.
With the help of public subsidies and tax breaks, farmers planted more sugar cane, investors built
distilleries to convert the crop to ethanol and automakers designed cars to run on 100% alcohol. The
government financed a mammoth distribution network to get the fuel to gas stations and kept alcohol prices
low to entice consumers. It worked. By the mid-1980s, virtually all new cars sold in Brazil ran exclusively
on ethanol.
But a 1989 shortage coupled with low gas prices soured many on the renewable fuel. Sales of alcohol-only
cars tumbled in the 1990s, and the government gradually withdrew its subsidies and lifted price controls on
ethanol. Demand stalled.
Some critics at the time chalked it up to the inevitable consequences of government meddling. But today
many laud Brazil's Proalcool program for creating a viable domestic market for ethanol, and for spawning
an industry with tremendous export potential that now employs more than 1 million Brazilians.
Meanwhile, ethanol remains little more than a boutique fuel in the United States. Although the U.S. is the
world's second-largest ethanol maker, producing 3.4 billion gallons last year compared with around 4
billion gallons for Brazil, ethanol's main use is as a gasoline oxygenate to boost air quality rather than as a
serious replacement for foreign oil. However, high gas prices have some farm belt legislators pushing
Congress to mandate greater use of domestic corn-based ethanol in the nation's fuel supply to reduce oil
consumption.
Virtually all cars sold in the U.S. since the early 1980s can run on gasoline containing as much as 10%
ethanol. In addition, there are an estimated 5 million flex-fuel vehicles already on U.S. roads that can burn a
mixture as high as 85% ethanol. But big logistical and political hurdles remain. Only a few hundred of the
nation's approximately 169,000 retail gas stations are equipped to sell so-called E85 fuel. Nationwide
distribution would require station owners to invest hundreds of millions of dollars in special tanks and
pumps.
Although U.S. ethanol makers say they could easily double their output to meet any increase in demand,

experts say that's still a drop in the bucket compared with the tens of billions of gallons that would be
needed annually to displace meaningful amounts of oil. The U.S. industry is loath to give up tariffs that
protect it from cheaper alcohol from Brazil.
Meanwhile, some environmentalists say feedstock such as grasses and municipal waste offer much more
promise than corn. But huge investments in research are needed to get the costs down for this so-called
cellulosic ethanol.
What most can agree on is that Brazil is an example of what might have been if America had seriously
committed itself 30 years ago to renewable energy.
"If we would have spent one-hundredth of the money that we have spent to send tanks around the world to
protect our oil supplies we would already be using cellulosic ethanol," said Michael Bryan, chief executive
of BBI International, a Colorado-based bio-fuels consulting company.
Although public support was crucial in getting Brazil's program up and running, the private sector is now
driving growth with flex-fuel cars.
At Volkswagen's sprawling Anchieta plant near Sao Paulo, the gleaming Fox and Polo models inching
down the assembly line look just like regular cars. The only immediate clue that they are revolutionizing
the Brazilian auto market is the TotalFlex logos on their back windshields.
The company was the first to unveil dual-fuel vehicles in Brazil in March 2003. The technology has proven
to be such a hit with consumers that in a little more than two years the company has shifted nearly 90% of
its domestic production to flex-fuel capability.
"It was a big bang in the market," Volkswagen spokeswoman Junia Nogueira de Sa said.
Equipped with a single fuel system, these vehicles employ sensors that allow the engine to adjust to
gasoline and alcohol in any combination. Flex-fuel vehicles don't cost any more than regular gasolinepowered models. The only visible difference under the hood is a tiny auxiliary fuel tank that holds a bit of
gasoline to aid starting on cold days, a common problem with the old alcohol-only models.
Today, a half dozen carmakers, including General Motors Corp. and Ford Motor Co., offer dual-fuel
versions of their vehicles in Brazil, and more are on the way. Consumers bought around 48,000 of the
vehicles the first year they were available in 2003, representing about 4% of total car sales. That figure
quickly jumped to 328,000 cars, or 22% of the total volume, in 2004, and last month nearly half of the new
cars sold were flex vehicles. Analysts predict that dual-fuel technology will easily dominate the market
within a few years.
Cars aren't the only things being powered by ethanol in Brazil. Small planes such as crop-dusters are
converting to alcohol. And Brazil's electrical grid, which experienced a severe shortage in 2001 because of
a drought in its vital hydroelectric sector, is getting a charge from sugar.
In contrast to U.S. corn-based ethanol, which requires substantial amounts of fossil fuel to plant, harvest
and distill, Brazil's industry uses crushed sugar cane stalks known as bagasse to feed the steam boilers that
power its mills and distilleries. The process is environmentally friendly and so efficient that these centers
are generating more energy than they can use. Ethanol producers are supplying Brazil's grid with more than
600 megawatts of electricity. The near-term potential is at least 10 times that.
[more stuff....]
There are also complicated issues involving subsidies for the sugar industries in Brazil, Argentina and elsewhere:
Katherine H. Sheaff, Why is sugar a sticky topic in Mercosur? - see especially the section on Cane sugar and the

Proalcool program.
June 16, 2005
The big reason the United States is doing so badly on environmental issues is that the Bush administration is in bed with
polluting industries - in a truly shameless, egregious way.
You may have read how Bush hired Philip Cooney, a lobbyist from the American Petroleum Institute, to be the chief of
staff for the White House Council on Environmental Quality.
And you may have read how Cooney doctored scientific reports to downplay the effects of global warming:

You can see more examples here and here:
Paul Rauber, See no evil: how the White House edits out global warming, Sierra, January-February 2006, pp. 3637.
You may also have read how Cooney suddenly resigned when this was discovered - for "completely unrelated" reasons,
of course: "He has accumulated many weeks of leave, and so he decided to resign and take the summer off to spend
some time with his family", according to presidential spokeswoman Erin Healy, who thinks we're a pack of idiots.
And now, what has Cooney done while spending time with his family? He's started to work for Exxon Mobil!
The main reason we know about Cooney's dirty tricks is that earlier this spring, Richard Piltz resigned in disgust from
the U. S. Climate Change Science Program - and sent out a memo explaining why. He explained how the Bush
administration has systematically suppressed the findings of the National Assessment of the Potential Consequences of
Climate Variability and Change. In particular, he explained how Cooney changed a document to "create an enhanced
sense of scientific uncertainty about climate change and its implications".
And what were the findings of the National Assessment? Read them here:
US National Assessment of Climate Change. Overview: Key Findings.
Here's yet another example of how Exxon is subverting US environmental policy with the help of the Bush
administration:
Revealed: How Oil Giant Influenced Bush
White House sought advice from Exxon on Kyoto stance
By John Vidal
Environment Editor for The Guardian
June 8, 2005
President's George Bush's decision not to sign the United States up to the Kyoto global warming treaty was
partly a result of pressure from ExxonMobil, the world's most powerful oil company, and other industries,
according to US State Department papers seen by the Guardian.
The documents, which emerged as Tony Blair visited the White House for discussions on climate change
before next month's G8 meeting, reinforce widely-held suspicions of how close the company is to the
administration and its role in helping to formulate US policy.

In briefing papers given before meetings to the US under-secretary of state, Paula Dobriansky, between
2001 and 2004, the administration is found thanking Exxon executives for the company's "active
involvement" in helping to determine climate change policy, and also seeking its advice on what climate
change policies the company might find acceptable.
Other papers suggest that Ms Dobriansky should sound out Exxon executives and other anti-Kyoto business
groups on potential alternatives to Kyoto.
Until now Exxon has publicly maintained that it had no involvement in the US government's rejection of
Kyoto. But the documents, obtained by Greenpeace under US freedom of information legislation, suggest
this is not the case.
"Potus [president of the United States] rejected Kyoto in part based on input from you [the Global Climate
Coalition]," says one briefing note before Ms Dobriansky's meeting with the GCC, the main anti-Kyoto US
industry group, which was dominated by Exxon.
The papers further state that the White House considered Exxon "among the companies most actively and
prominently opposed to binding approaches [like Kyoto] to cut greenhouse gas emissions".
But in evidence to the UK House of Lords science and technology committee in 2003, Exxon's head of
public affairs, Nick Thomas, said: "I think we can say categorically we have not campaigned with the
United States government or any other government to take any sort of position over Kyoto."
Exxon, officially the US's most valuable company valued at $379bn earlier this year, is seen in the papers to
share the White House's unwavering scepticism of international efforts to address climate change.
The documents, which reflect unanimity between the company and the US administration on the need for
more global warming science and the unacceptable costs of Kyoto, state that Exxon believes that joining
Kyoto "would be unjustifiably drastic and premature".
June 19, 2005
Speaking of Exxon - I ran into a great series of articles in the magazine Mother Jones on how Exxon Mobil has been
raising doubts about global warming by paying fake "experts" to question its existence. While nobody outside the
United States takes this crap seriously, American public discourse has been seriously distorted by it. Check it out!
As the world burns, Mother Jones, May-June 2005.
Chris Mooney, Some like it hot, Mother Jones, May-June 2005. Details on how Exxon Mobil funds forty
public policy groups that question the existence of global warming.
Put a Tiger in Your Think Tank. A chart showing how much money different organizations and fake
"experts" are getting from Exxon Mobil.
If you don't have much time, just look at the above chart. For more, try these:
Environmental Defense, Global Warming Skeptics: A Primer. A rogues' gallery of fake "experts" showing how
much they've been paid by Exxon Mobil to muddy the waters on global warming.
Exxon Secrets - How Exxon Funds the Climate Change Skeptics. See which organizations are funded by Exxon
Mobil and what they're doing.
Using this information, you can see how Exxon is bankrolling bogus "experts" like these:

 
 

Click on the photos to see what these guys are saying. Then see how much Exxon is paying them to say it.
June 20, 2005
A bit more about the three rascals shown above. If we want to understand how economic forces run the world, one thing
we need to think about is people like these:
The first guy's name is Myron Ebell. He's a serious nuisance. After running an organization devoted to
eliminating protection for endangered species, he switched to heading the Global Warming and International
Environmental Policy project at the Competitive Enterprise Institute, which is funded by Exxon Mobil in order to
throw sand in our eyes about global warming. He has his fingers in many pies. For example, connived with the
chief of staff for White House council on environmental policy, Philip Cooney, in rewriting scientific reports on
climate change in order to play down the risks of global warming.
The Competitive Enterprise Institute is a front for corporations opposed to safety and environmental regulations.
It has received $870,000 from Exxon Mobil since 2002.
The second guy's name is James Glassman. It seems he's mainly interested in investment strategies, with
disinformation as a small side hobby. In an article entitled "The Global Warming Hoax" he agrees with Senator
James Inhofe's claim that global warming is a hoax perpetrated by nasty environmentalists.
He's the founder of techcentralstation.com, which received $95,000 for "climate change support" in 2003. He's
also a resident fellow at the American Enterprise Institute, which has received $485,000 from Exxon since 2002.
The third guy's name is Ross McKitrick. He teaches economics at the University of Guelph. After spending some
time battling endangered species in Canada, he switched to pretending that global warming is a hoax. He wrote a
book about this called Taken By Storm. Read how he mixed up degrees and radians, computed averages
incorrectly, and made other basic math errors in this failed attempt to "debunk" global warming.
He's a senior fellow at the Fraser Institute, which received $60,000 from Exxon in 2003; he's a writer at
techcentralstation.com, which received $95,000 for "climate change support" from Exxon in 2003, and he's a
contributing writer for the George C. Marshall Institute, which received $185,000 for "climate change public
information and policy research" in 2002-2003.
These are just a few of the people paid by Exxon Mobil to confuse the American public on the issue of global warming.
It would be interesting to know in more detail how this game works.
June 22, 2005
Summer's here, and it's hot - about 96 in Riverside today, they say. That's actually nothing much for around here, but it's
been a cool wet year so far, so it comes as a bit of a shock. With lots of plant growth earlier in the spring, I'm mainly
worried about when the autumn, when things dry out and we get fires. If it doesn't get too hot and windy, we may not
have a repeat of the 2003 fires.
Anyway - while hot, it's very beautiful and peaceful in my garden next to the hills. The baby hawks are practicing
gliding.

This diary has been pretty downbeat so far, as I become aware in more and more detail of what I'd already known: a
feedback loop of economic forces is pushing us down the road to disaster. But, the universe has passed through many
crises before - look at the Permian extinction, for example!
So, to me the question is not whether we'll make it through this, but how. In what style? Surprisingly well, or severely
damaged?
I use the term "we" in the broadest sense here, from paramecia to people to cyborgs... we're all in it together.
Here's a hopeful vision by a true visionary:
Bruce Sterling, Can technology save the planet?, Sierra, July/August 2005.
Sterling argues that:
If we handle the huge transition correctly, it will be worth cheering. In 50 years, nature will be less
oppressed, culture will be wiser, government will take new and improved forms, industrial systems will be
more efficient and capable, and business will be less like a rigged casino. Purveyors of art, fashion, and
design will see what went on nowadays and bust a gut laughing in derision. Our children and grandchildren
will get up in the morning, look at the news, and instead of flinching in terror, they will see the edifying
spectacle of the world's brightest people transparently solving the world's worst problems. This sounds
utopian, but it could soon be everyday life.
To achieve this victory, we need to understand technology with a depth of maturity that humans have never
shown before. We tend to obsess over newfangled discoveries: the radio age, the space age, the atomic age,
the computer age. We need to stop fussing over these tiny decades-long "ages" and think historically and
comprehensively, employing technology as a means to preserve the web of life rather than for its own sake.
The Iroquois considered the impacts of their decisions on seven generations, and so can we.
As for "bust a gut laughing" we don't need to wait 50 years for that. But anyway, Sterling says that over the long
timeline he's imagining, there are only 3 technologies worth our attention - none of which has been invented. He writes:
1. The first and most sensible technology is one that does its work and then eventually rots and goes
away by itself. Its core materials and processes are biodegradable, so it's self-recycling. Writer Janine
Benyus talks about "biomimetic" technologies; architect William McDonough describes "cradle to
cradle" production systems. This means harnessing the same biochemical means of production that
built the natural world and using them to create industries, cities, products, everything. It means the
industrial use of new materials with the sturdy, no-nonsense qualities of spider silk, mussel glue,
coral, seashell, horn, bone, and timber. It means room-temperature industrial assembly without
toxics: no foundries, no pesticides, no mercury. When an object made by these processes is
abandoned or worn out, it becomes part of the biosphere.
2. The second kind of technology is monumental. These are artifacts built to outlast the ages artifacts
with the honest, solid design demanded by, say, craftsman William Morris and art critic John Ruskin.
In theory, monuments reduce the human load on the environment because they are "consumed" only
over many generations.
3. Then there's the third kind of decent technology, a cybernetic industrial base. Imagine a fully
documented, trackable, searchable system in which the computer revolution has permeated
manufacturing, inventorying, and transporting. Every manufactured object is bar-coded, scanned, and
tracked throughout its lifetime. Consider a Dell computer: It doesn't even exist until you place your
order, setting in motion a tightly controlled manufacturing and delivery process. (On a smaller scale,
I can keep track of my writing¥material stored on my hard disk using a Google search. Eventually I
hope to be able to Google my misplaced car keys.) While this sounds like Big Brother, when it comes
to managing the resources that go into industrial processes, such hyper-control creates great
economic and environmental efficiency. Imagine a whirring technology that would keep full track of
all its moving parts and, when its time inevitably came, recycle itself.

I most of all agree that we need the first sort of technology. There's a low-tech road to this: use existing sustainable
farming practices to create recyclable products with minimum damage to the environment. And there's a high-tech road,
which Sterling is imagining: use biotechnology and nanotechnology to figure out how to grow whatever we want.
I'm sure the high-tech road is possible. Heck, we already have tomatoes that contain a vaccine against SARS, and
scientists have figured out how to hack the genetic code in E. Coli to allow genes that code for an amino acid that's not
one of the usual twenty. These innovations are just the tip of an enormous iceberg. The question is how to go down this
"high road" in a reasonably safe way.
I would add " ...and whether we even should try", but I figure that's inevitable - I want to be practical here. A bunch of
environmentalists seem too eager to clutch to a glorious past that we can never get back to - if it was ever really there. I
have little use for "the ancient future", except as a delightful romantic vision. I'm glad the Sierra Club isn't too
hidebound to let Sterling ponder the high-tech road in their magazine!
They also have a nice feature on inventors who are doing good things:
Dashka Slater, Earth's Innovators, Sierra, July-August 2005.
And while you're at it, check out Stewart Brand's article on "environmental heresies" Stewart Brand, Environmental Heresies, Technology Review, May 2005.
To whet your interest, I'll give you the first sentence:
Over the next ten years, I predict, the mainstream of the environmental movement will reverse its opinion
and activism in four major areas: population growth, urbanization, genetically engineered organisms, and
nuclear power.
July 5, 2005
The air is thick with smoke and occasional bits of ash as the fire season begins here in Southern California. There are
big fires in Yucaipa and Chino tonight. There weren't so many last year, but the year before it was even worse... though
later in the year: it could still get a lot worse than it is now, this year, since heavy rains created a lot of plant growth. It
reminds me a bit about the burning of the Amazon rainforest, though it's very different: it's very arid here.
David Corfield emailed me an interesting link on the maximum power usage in a sustainable economy:
David MacKay, Order of magnitude morality.
As of 1998 the world used an average of 2 kilowatts per person. This was divided very unevenly, of course: people in
the US used 13 kilowatts on average. Most sustainable power sources are ultimately derived from solar power, so
MacKay does some rough but interesting calculations to see whether we could sustain this sort of power usage on solar
power alone. Some conclusions:
If we turned over all habitable land to solar panels which had 100% efficiency, each human could get 1 megawatt.
If we turned over 7% of all habitable land with solar panels which had 15% efficiency (a realistic efficiency),
each human could get 10 kilowatts.
Of course, even the latter more realistic alternative would require a mind-boggling change in our habits - lots of solar
panels, and energy conservation in the power-hogging USA.
MacKay's site lists all sorts of caveats which might invalidate or at least modify his conclusions, but I think the basic
point is an absolutely vital one: we're on an unsustainable course and will eventually be forced to change our habits in
unpleasant ways if we don't do it more gracefully starting sooner.

I'm about to hog some power of my own: I'm flying to Sydney tomorrow, and then Canberra, and later Beijing. Then I'll
wander around China and come back on August 16th. This diary will probably remain dormant until then, unless I find
some time at a nice internet cafe. See ya! When I get back, I hope to have something to say about life in China.
July 29, 2005
Beijing is a huge city, mostly rather ugly, but dynamic and expanding, with a construction project on every block. On
Tuesday I wandered around the ramshackle residential neighborhoods in the old downtown, especially a bunch directly
north of Liulichang, a street where they sell inkstones, brushes, scrolls and jade.
These old neighborhoods are called "hutongs". They looked like slums to me, but I was assured they're not. The real
slums are on the outskirts of town, outside the fifth ring road. The land these hutongs occupy is valuable and centrally
located! The houses don't have private toilets, but there are public toilets ever few blocks. The buildings date to Ching
or even Ming times; they're falling apart and ugly, not romantically old-fashioned as I had foolishly hoped. But, they're
kept reasonably clean and lots of people grow vines in front. There are also lots of little hole-in-the-wall eateries which
remind me of the less posh parts of Hong Kong: old folks sit there playing Chinese chess or chatting....
Some of the hutongs are getting torn down to make way for towering apartment complexes, but others are getting
gentrified. Either way, they seem to be on their way out. So, I took a lot of pictures, some of which will eventually
appear on my website.
My travel partner (Lisa Raphals) told me this is a civilization on its way up, bursting with energy, growing... while
America is in decline. There's definitely some truth to this. People don't work as late here as they do in Hong Kong,
where lots of little businesses stay open until midnight. But there's construction going on at all hours. People who come
back to Beijing after a few years have trouble finding their way around anymore. Even the taxi drivers don't seem to
know their way around that well. (Two tries to take a taxi to the Wudaokou stop on Line 13 both failed miserably. On
the other hand, it turned out to be pretty hard to reach this stop by car.)
Unlike Hong Kong, there are lots of beggars here, at least in the more tourist-infested parts of town. Among the beggars
are some scary-looking cripples, including a girl whose feet seem to have rotted away. I'm told these people are all run
by Uighur gangs.
I also occasionally see families of a husband, wife and child begging for money, apparently down on their luck, but in a
rather dramatically staged way that made me a bit suspicious the second or third time I saw them. The man, usually
wearing wire-rimmed glasses and an outfit that brand him as a white-collar worker, bows in shame while holding his
child, whose head lolls back as if ill. The wife sits motionless beside them, also bowed in shame. Their story is written
out neatly on a piece of paper on the pavement in front of them. Some people stop to read it; most walk by. I don't give
them any money - it could be a scam - but I feel pretty guilty about this. I do give some money to a blind fellow I see
two days in a row playing an erhu in the subway.
(An erhu is a two-stringed Chinese fiddle.)
However, far more widespread than begging is hawking: if you walk past any store in the touristy part of town, you'll
instantly have someone come out and try to lure you in. Some of this is quite annoying, some merely charming, but it's
all impressively determined. In the US this sort of initiative is only found in TV ads, junk mail and spam.
I expected to see lots of bicycles, but while most major roads have bike lanes or even separate bike roads parallelling
them, the bike traffic was less intense than the cars. People are buying lots of cars, pushing up the price of oil
worldwide, polluting the city, and doing their bit to help global warming. There are also lots of new drivers, which
might help excuse the terrifying tendency for cars to weave back and forth between lanes, jockeying for advantage and
cutting off other drivers. Pedestrians routinely jaywalk across major multi-lane roads packed with cars moving at 40
miles per hour: it's almost necessary, because there aren't enough stoplights. I've heard there are lots of accidents, but I
haven't actually seen any. I haven't even been run over myself, yet.

I still need to write about an interesting book that Leon Kuunders gave me... but here are two other book
recommendations I just got.
Atte Marko Saarela from Finland writes:
If you're interested in the relation between psychology and politics, you might want to read a book called
"What's the Matter with Kansas", which is about why so many people with middle and low income vote
Republican against their own best interest.
Sean Donovan Downes, a physics major at the University of Hawaii, writes:
I've been a reader of your site (math & physics) for a while, and have recently turned to your economics
pages. Specifically
"See how Exxon is bankrolling 40 public policy groups and bogus 'experts' like these:"
Almost immediately after reading Mr. Ebell's bio, I was reminded of a book that came out not more than a
year ago: "Confessions of an Economic Hit Man" by John Perkins. It was a pretty good read, and I learned a
bit more than I expected to from it. Have you seen it? If not, I recommend it. I picked it up at Borders.
Aloha,
Sean
August 10, 2005
After visiting Beijing I spent 8 days in Chengdu, the capital of the province of Sichuan - better known to American fans
of Chinese food as "Szechuan". Since my knowledge of Chinese geography was deplorably vague until this trip, I won't
assume yours is any better! Sichuan is in the southwest of China, bordering Tibet, and Chengdu is a standard stop for
tourists going to Tibet - which is a kind of restricted zone, since the Chinese government doesn't like Westerners who
support the "free Tibet" policies of the Dalai Lama.
Chengdu itself is thoroughly Chinese, and more charming and relaxed than Beijing. It's hot and humid during the
summer - downright steamy! - and it's packed with teahouses where people while away the hours playing mah jong. The
downtown has some quite comfortable neighborhoods; poverty sets in as you enter the surrounding countryside. But
when you go up into the misty mountains of northern or western Sichuan, you find lots of Tibetan communities,
complete with yaks and compounds of houses bunched together and surrounded by prayer flags.
I took a tour of Huang Long and Jiu Zhai Go, two surreally beautiful parks in the north of Sichuan, and got a tiny little
glimpse of this world. Check out my photos! Huang Long is famous for its terraced pools made out of travertine
(calcium carbonate deposited by the water) - sort of an open-air cave. Jiu Zhai Go is famous for lakes with incredibly
blue waters - perhaps the result of dissolved copper compounds? Near the parks everything was jam-packed with
tourists, but almost all of them Chinese: I only saw about 5 whites there besides myself and my travel partner. So, while
I experienced nothing at all like a "traditional Tibetan lifestyle", I did experience a traditional "Chinese-tourist-gawkingat-ethnic-minorities" lifestyle, which was almost as exotic to me, though less romantic.
The evening of local entertainment provided by the tour was somewhere between amusing and sad: some truly virtuosic
singing and musicianship featuring some circular breathing, some updated versions of traditional dances - and some
truly silly stuff, like 12 sexy maidens shimmying their hips while suggestively pumping butter churns to a feverish
techno beat. In short, something for everyone.
It was all done in a spirit of good fun, and the locals even got their symbolic revenge by staging tug-of-war contests
between male audience members at the end of the show, in which the top prize was to get married to one of the sexy
maidens! The poor winner had to kiss her and carry her off stage... all in fun, of course. But, it reminded me of how
subjugated peoples everywhere wind up eking out an existence by entertaining the conquerors with their quaint local
customs. It's a kind of trivialized existence, sort of like a once-proud lion pacing back and forth in a cage. Alas, there's

no turning back the hands of time, so I suppose one can only hope the Tibetans learn to ride the tide of change. In
California the native Americans now make lots of money running casinos... though I'm not sure how much of this
money the average folks living on the reservations ever wind up seeing.
There was an enlightening little argument between the tour guide (a very nice Tibetan guy) and a member of the tour
who said that the Chinese needed a firm presence in Tibet because there was a lot of crime in Lhasa. (Yeah, right.) Later
the tour guide said he was not at all in favor of Tibetan independence - a hopeless cause and a mess of trouble. Instead,
he favored learning to work within the system.
I was also amused by how the international language of rap and techno featured in these touristic dance performances.
Now that Tibetan variety shows for tourists in the backwoods of Sichuan play rap music, how can anyone consider this
stuff "cutting-edge" or "rebellious" in the United States? I guess all that matters is that there are still plenty of
Americans who hate it.
Anyway, I left Chengdu on Monday the 8th. Now I'm in Shenzhen, a busy boom town in the "special economic zone" in
Guangdong Province, on the coast right next to Hong Kong. Free enterprise runs rampant here! It's not at all like
charming old Chengdu, but it's getting nicer, I think, as people set up parks and other nice things. Certainly it's nowhere
near as scary or seedy as the Lonely Planet guide makes it out to be. Maybe their writer never left the tourist zone near
the railway station, or maybe it's just gotten better since the 1996 edition was written. I took a long walk through a big
park one night and saw old folks walking around and kids playing after dark. In a big US city everyone would be too
scared for this.
A lot of people in Shenzhen live in so-called "villages". These are big tall apartment complexes right in the thick of the
city, but they have their own shops, restaurants, swimming pools, ping pong tables, little parks, and so on - and some
even show free movies! It's a clever way to bring some of the charms of a village (or hutong) to modern urban life. I'm
staying in a hotel that's attached to one of these villages - apparently residents can rent a room when they have visitors.
Why don't Americans set up living arrangements like these? Too individualistic?
Right now my travel partner and her grad student are shopping for clothes while I write this from the comfort of a huge,
dim "web bar", lit by futuristic blue-glowing metal arches and traditional Chinese lanterns. You can use a computer in a
private room here for only 8 yuan per hour (1 dollar per hour), but I'm using the bare-bones basic option which costs
even less - just 5 yuan per hour.
I've seen no sign of the supposed Chinese crackdown on internet cafes, though you do have to show them your identity
card (or passport, in my case). At first I thought Google was being censored, because I got a lot of other sites to work
but not this one. What a pain! But now it's working. So, while I hear a lot of websites are blocked by the Chinese
government, I haven't yet come across one.
Let's see if I can get the Amnesty International website... hmm, no. But it's hard to know what this means: yesterday I
couldn't get the math/physics archive at http://www.arxiv.org, but I could get it at http://xxx.lanl.gov. Erratic censorship
or just flaky internet connections?
August 19, 2005
Back from China, I'm still recovering from jetlag. My mom called and recommended this book:
Clyde Prestowitz, 3 Billion New Capitalists: The Great Shift of Wealth and Power to the East, Basic Books, 2005
August 20, 2005
Still recovering from jetlag - I'm waking up at 5 am these days, which isn't natural for me.
Out of the blue I feel like talking about the coming revolution in biotechnology. This will go much further than most

people realize. Pretty soon, we won't just be tinkering with the DNA of existing creatures, modifying it a little here or
there. We'll be creating completely new creatures and even new genetic codes.
This is called "synthetic biology". The First International Meeting on Synthetic Biology was held in the summer of
2004, with talks like "Rewiring cell signaling pathways", "Programming cells and synthetic gene networks", and
"Biological property rights".
But in fact, Thomas Knight has been teaching classes on synthetic biology for several years - back at my old grad
school, MIT. The kids in these classes use a toolkit of standardized parts called Biobricks to build new biological
systems. It's sort of like building electrical circuits from resistors, capacitors, and transistors. They do this for fun during
the Independent Activities Period - a kind of free-for-all that takes place each January between semesters.
Check out some of their projects! You'll see stuff like:
The objective of the project is to design a bacteria that when cultured will produce a recognisable polka dot
pattern in the culturing medium. Our design attempts to achieve this by hijacking the quorum sensing
mechanism employed by bacteria such as Vibrio fischeri and more particularly in our case Pseudomonas
aeruginosa used to regulate group behaviour. We are attempting to use the las/rhl quorum sensing system
used by the latter, in conjunction with a heat trigger to cause small clumps of bacteria to turn on the LacZ
colour expression gene and hopefully get a small selection of polka dots in a tasteful display of purple.
Some people will find this amusing. Some will find it exciting. Some will find it terrifying. I mainly just wish more
people knew this kind of stuff is going on!
A while back I mentioned that scientists figured out how to expand the genetic code to create a new codon in E. coli
bacteria. If you don't know what that means, you won't realize how far-out it is. The "letters" in DNA are grouped in
"words" of 3 letters each, called codons. Each codon is like a word saying to insert a specific amino acid into a protein.
A gene is a "sentence" built from these words, which describes a specific sequence of amino acids that get strung
together to form a protein molecule. Since there are four letters - A, T, C, and G - there are potentially 43 = 64 codons.
However, a bunch of different codons stand for the the same amino acids, and some potential codons don't get used at
all. So in fact, most of the organisms on Earth only create 20 different amino acids. This leaves room for expansion and scientists have created a new codon that lets Escherichia coli create an amino acid that's not one of the usual twenty.
In an even more radical move, some other scientists have introduced new "letters" into the genetic code - that is, new
base pairs besides the familiar A (adenine), T (thymine), C (cytosine) and G (guanine)!
When I read this, it reminded me of Greg Egan's scary story "The Moat" in his book Axiomatic, where some radical
secessionists genetically engineer themselves to have different base pairs and then... introduce a virus that kills off the
rest of us? But, the original experiment came two years before Egan's tale:
S. A. Benner, S. E. Moroney, and C. Switzer, Enzymatic incorporation of a new base pair into DNA and RNA,
Jour. Amer. Chem. Soc. 111 (1989) 8322-8323.
You can find a nice review of this and other work here:
Philip Ball, Synthetic biology: starting from scratch, Nature, October 7 2004.
Where will all this lead? Start imagining it now. Then read my October 27th entry.
August 22, 2005
I'm teaching a minicourse on gauge theory and homotopy theory up in Calgary, and I bumped into an interesting article
on the flight up yesterday. It's about Islamic economics, and it's by the author of this book:
Timur Kuran, Islam and Mammon: The Economics Predicaments of Islamism, Princeton U. Press, 2004.

Here's the article:
Money, Morals and Islam
By Timur Kuran
Los Angeles Times
August 21, 2005
Mistrust among Shiites, Sunnis and Kurds is only partly to blame for last week's delay in drafting a new
Iraqi constitution. Tangled up in the tension between sects and ethnicities is a fundamental ideological
conflict between secularists and Islamists. To understand the constitutional battles, observers must grasp not
only the principles of Islamic law, or Sharia, but also Islamic economics an esoteric modern doctrine that
would befuddle Karl Marx, Adam Smith and even the Muslim jurists who, a millennium ago, developed the
principles on which it claims to be based.
Secularist Iraqis believe that Prime Minister Ibrahim Jafari's Dawa Party, Iraq's largest and best-organized
Shiite Islamist organization, aims to establish a theocracy in which Islam serves as an overriding, supraconstitutional source of authority. Overwhelmingly Arab, it leads the United Iraqi Alliance - the "clerics'
coalition" that captured a majority of the seats in the post-Hussein National Assembly. Growing out of a
diffuse movement of opposition to secularist forces - the British in the 1920s, Arab nationalism and
international communism from the 1930s onward - it was formally founded in 1957 under the spiritual
leadership of the late Mohammed Baqir Sadr, whose opinions remain a source of authority.
Until his fall in 2003, Saddam Hussein persecuted Dawa as a conspiracy bent on dragging Iraq back to the
Middle Ages. His dictatorship is said to have killed hundreds of thousands of Dawa adherents. Yet it has
never been clear what policies Dawa would pursue if it achieved power. Its leaders agree that Iraq should be
governed under Islamic law, yet they are of many minds on what Islamization would actually entail.
Sadr's intellectual legacy has facilitated the present ideological diversity. In his writings, Sadr laid out a
vision, developed ideals and made sweeping predictions about the benefits of Islamization. He did not
provide a blueprint for action, order priorities or grapple with the tactical aspects of social transformation.
Nevertheless, Shiite Islamists still consider him their leading authority on economic matters and the most
gifted founder of "Islamic economics," a school of thought that aims to restructure the economy according
to Islamic teachings. Among Sunni Islamists, his reputation as an economic scholar remains limited
because Sunni-dominated Islamic research centers in Arabia, Pakistan and elsewhere habitually ignore his
works. Still, among today's Islamist intellectuals, including Sunnis, Sadr's economic works are viewed as
the clearest expression of why an "Islamic economy" would outperform its alternatives. His ideas are often
reiterated, though in the case of Sunni Islamists usually without attribution.
Sadr's economic vision is developed in "Our Economics", his masterwork published in 1961. The purpose
of "Our Economics" is to discredit both capitalism and socialism as flawed and alien systems, offer Islamic
economics as a vastly superior alternative and demonstrate that Islam harbors solutions to a panoply of
vexing economic problems. In both capitalism and socialism he finds virtues. Islamic economics, he says,
embodies all of these virtues while escaping their numerous vices.
An ideally operating Islamic economy would find a golden mean between personal rights and collective
responsibility. Islam shares, Sadr says, the socialist goal of providing decent material opportunities to one
and all. The difference is that it pursues this goal without trampling on basic freedoms or crushing
individual creativity. In an Islamic economy, the state does not control every facet of an individual's
economic life. By the same token, it helps to limit inequalities rooted in selfishness and greed.

How is the golden mean to be reached? It will easily be found, Sadr claims, in a society infused with
Islamic morality. In such a society, selfish and acquisitive impulses would be tamed, and the typical person
would pursue material gain only within internalized limits imposed by Islamic ethics. This moral
reconstruction would enable socialist egalitarianism to coexist with liberties characteristic of capitalism.
Most Islamic economists expect their readers to accept such thinking essentially on faith. Sadr aimed to
convince broader audiences, including Muslims predisposed to think in categories rooted in secular
ideologies. Inviting his readers to consider the challenge of preventing alcohol consumption, he observes
that the United States failed at prohibition in spite of enormous efforts at enforcement. The fundamental
reason, he claims, is that prohibition conflicts with a key capitalist tenet, the legitimacy of satisfying
individual wants. An Islamic economic system would overcome alcohol consumption by liberating the
individual from the preference for alcohol. The state would play merely a supportive role, and insofar as it
resorted to compulsion, its policies would succeed by virtue of their harmony with the dominant ethos of
society.
Personal restraint grounded in Islamic morality is Sadr's answer to diverse social issues. Take poverty
elimination, which a socialist society pursues through mandatory wealth transfers. Islam exhorts its
adherents to assist the disadvantaged, and it teaches those of means to participate in a decentralized transfer
system called zakat. In Sadr's Islamic economy, the poor are fed and clothed largely through the voluntary
zakat payments of believers seeking to draw closer to God. By the same logic, in this ideal economy every
worker earns a decent wage because Islamic morality restrains employers from treating their workers
unjustly. The state's role in wage determination is limited to corrective measures. Inequalities that a
capitalist state tolerates as the outcome of an invisible hand and a socialist state tries to lessen through an
iron hand are limited through the guiding hand of God, working through both Islamic norms and leaders
steeped in Islamic doctrine.
Like practically every other modern Islamist, Sadr considers interest illegal, in the belief that the Koran
bans it categorically, regardless of form, purpose or magnitude. At the same time, he repeatedly praises the
market mechanism, arguing that the pressures of supply and demand should be respected, not resisted. "Our
Economics" seeks to overcome the contradiction through moral training aimed at removing wants liable to
produce un-Islamic outcomes. If Islamic education makes people equate interest with unearned income,
demand for interest income will disappear; hence, there will be no interest-based lending. People will lend
to consumers suffering cash-flow problems without expecting a return. And they will lend to businesses on
the basis of "profit and loss sharing" by accepting not a fixed return but, rather, a portion of any profit from
the financed venture in return for part of any loss. By this logic, an Islamic economy may remain interestfree while respecting the market freedoms associated with capitalism.
Sadr's economic agenda could not be put to the test in Baath-ruled Iraq. But similar agendas have been
pursued elsewhere, most notably in Pakistan and Iran. Pakistan has prohibited interest, but its people have
continued to give and take interest, usually disguised as a "bank fee," "financial commission" or "service
charge." Voluntary zakat donations have been minimal. A government-run zakat system that requires the
wealthy to contribute essentially at the rates of 7th century Arabia has failed to dent either poverty or
inequality. In Iran, likewise, interest remains common, and there is no evidence of a reduction in poverty
attributable to some distinctly Islamic policy.
In neither country have attempts at economic Islamization alleviated economic conflict measurably.
Employers and employees have continued to differ over the morally just wage, and neither side has had
trouble justifying its positions in Islamic terms. Likewise, clerics passing judgment on economic conflicts
have disagreed among themselves. Instituting Islamic economic rules has thus proved to be anything but a
mechanical process. Well-meaning interpreters of Islam, or of Islamic economics in particular, have
encountered vast zones of moral ambiguity.
Such disappointments have led many Islamists to conclude that a properly Islamic economy cannot be
attained without first improving the moral fiber of the average Muslim. Ambitious plans have been quietly

shelved.
The Pakistani and Iranian experiments have shown that Sadr was right to treat the creation of "Islamic man"
as a prerequisite for the ideal Islamic economy. These experiments also point, however, to the virtual
impossibility of accomplishing a Sadrist moral transformation. If the moral fiber of Pakistanis and Iranians
has not improved, as judged by Islamist leaders themselves, this is not for lack of trying.
For all the lip service Dawa's current leaders pay to Sadr's wisdom, they have given no indication of how
they would succeed where others have failed. They have not elucidated what his teachings imply for wage
policy or assistance to the downtrodden, to say nothing of policies on oil, the environment or foreign trade.
Curiously, the Islamists among Iraq's constitutional framers are drawing moral and intellectual authority
from a man whose thinking is of no practical help in resolving Iraq's vast policy challenges. The
significance of Sadr's intellectual legacy lies, then, less in the particularities of its policy proposals than in
the justification that it provides for giving the Dawa leadership a voice in Iraqi governance, including
economic policy-making.
Notwithstanding Dawa's claim to provide a revolutionary economic agenda, as a matter of practice, Sadr's
legacy serves two political goals. First, it provides a manifesto for placing a clerical seat at Iraq's national
bargaining table. And second, it serves as a rhetorical device with mass resonance. At a time when most
Arabs consider Islam under siege, a policy can be tainted merely by making it seem un-Islamic. A proposal
categorized as un-Islamic will fail no matter how sound the utilitarian arguments in its favor.
Accordingly, secularist anxiety about Dawa goes well beyond the substance of its current policy positions.
In the rough-and-tumble of Arab politics, Islamist parties will enjoy an advantage in any national debate by
virtue of their ability to frame their own position, whatever its content, as uniquely Islamic and rival
positions as evil.
The Sadr mentioned here, Ayatollah Muhammad Baqir al-Sadr, was repeatedly tortured and eventually executed in 1980
by the regime of Saddam Hussein. His brother, Mohammad Sadeq al-Sadr, was a prominent Shiite cleric in Iraq, and
was killed by Saddam's Hussein's regime in 1999. His brother's son, Muqtada al-Sadr, is the firebrand who has been
making headlines since the US invaded Iraq.
For more on Islamic economics try these:
Islamic economics, Wikipedia.
Islamic banking, Wikipedia.
I find it interesting, because since the collapse of the USSR and the conversion of China to a form of capitalism, Islamic
economics may be the main challenge to capitalism as practiced in the US and Europe.
The very interesting Grameen Bank is popular in some Muslim countries but is not a form of Islamic banking, and
indeed has incurred a boycott by Islamic fundamentalists who object to the bank's focus on improving the status of
women.
August 29, 2005
Now I'm in Montreal visiting Lisa's mother, her brother Philip, his wife Shelley, and his charming, sweet but slightly
spoiled five-year-old son Victor. Philip Raphals is the executive director of the the Helios Centre, a nonprofit green
energy research group which provides expert help to various clients and publishes a free online news bulletin (in
French). I should ask Phil a lot of questions about energy policy in Canada, but so far our conversations have mainly
revolved around Victor, who is going to school for the first time starting this week, and just learned to tie his shoes.
In response to my June 22nd entry, Allan Erskine sent me the following email:
Seeing as you are now talking about the "good guys" in your economics diary, I thought you might be

interested in this place:
Chicago Climate Exchange
The CEO, Richard Sandor, "father of futures" and founder of the world's first interest rate derivatives
markets at the Chicago Board of Trade, just gave a very interesting talk where I work (a large hedge fund).
His premise was that if you enact the right structural changes, in this case restricting the shared "resource"
of being allowed to pollute, and design the right contracts to encourage liquidity, you can potentially grow
very sizable markets in a short space of time.
Using the existing SO2 market growth as an example, and assuming protocols such as Kyoto are
successfully backed with appropriate regulatory changes (which he and others are lobbying for), he claimed
that a trillion dollar carbon emissions market by 2012 would not be an unreasonable projection, with a
derivatives market of between 6-20 times the size of this (based on existing sizes of derivatives markets in
relation to underlying markets).
He also claimed to have a couple more "tricks up this old man's sleeve" re indexes on everything - from
indexes on sustainable development (he helped design this: http://www.sustainability-index.com) to futures
trading in biodiversity (! nothing concrete as yet, but check the wee logo on the Chicago Climate Exchange
homepage).
Fresh water is also one of the big future commodities apparently - not sure what I thought about this
one.....!!
So could this heavyweight capitalist really be one of the good guys? For: he wore shiny blue puma pumps,
and talked of lecturing stoned canines while at Berkeley. Against: his smile is a lot like Jack Nicholson's in
Witches of Eastwick.
If you are interested in judging for yourself, I could send a link to his talk (.wmv)
Apologies as ever for emitting into your doubtless polluted inbox.
Allan
P.S. - one more thing: unlike normal resources, Sandor stressed that part of the point of "anti-resources"
such as emissions caps is to "use them up" (e.g. through competition from innovative technologies) as
quickly as possible! And then move onto creating markets in the next big "anti-resource"....
August 31, 2005
Hurricane Katrina struck New Orleans the day before yesterday. As I watch the waters of Lake Pontchartrain slowly
engulf New Orleans, I'm wondering why none of the news reports mention this big two-word phrase: global warming.
Of course we can never point to a single tropical storm and say it was caused by a change in climate. But, warmer ocean
temperatures cause increased ocean evaporation, which causes bigger and more frequent tropical storms. Recently a
professor at MIT published a paper in Nature giving evidence that the destructiveness of tropical storms has roughly
doubled over the last thirty years, thanks to global warming, and that this trend would continue:
Kerry Emanuel, Increasing destructiveness of tropical cyclones over the past 30 years, Nature, July 31, 2005.
There's definitely been a greater-than-average number of hurricanes in the Atlantic in recent years. Even sensible people
- not just the ignorable sock puppets of ExxonMobil - can argue about how much of this is due to global warming. But
we should at least be discussing this issue. Have you seen the TV news on hurricane Katrina even mention it? I haven't.
But maybe that's just the US news?

Of course, if we're into root causes, we could also ask why most of New Orleans is below sea level, below the level of
the Mississippi River and the nearby Lake Pontchartrain. It's protected from flooding only by a system of levees and
pumps... which has now failed. A disaster like the one happening now had been long foreseen. In June of this year, a TV
miniseries even envisioned a category 5 hurricane hitting New Orleans that forced residents to evacuate and hide out in
the Superdome, destroying refineries, and ultimately leading to a national economic collapse due to decreased oil
supply. But how did New Orleans get below sea level in the first place?
As far as I can tell, the basic story goes something like this:
The French settled the low-lying swamps of New Orleans because they were perfectly located for a port: as far up the
Mississippi as you could sail against the flow of the Mississippi. Over time, people gradually built levees to protect the
city whenever this river overflowed its banks, as it regularly did.
But this had an unintended consequence. The Mississippi is a muddy river that keeps flooding its banks and changing its
course, like the Yellow River in China. When the Mississippi floods, it spreads silt that raises the level of the soil! When
levees were built, this natural process was stopped, and the soft muddy ground began to subside. The sinking process
accelerated around 1910 when people began pumping water out of the ground to drain the city. In the 1920s, the Army
Corps of Engineers built a much more comprehensive system of levees to protect the city against flooding. This
completely prevented new silt from raising the level of the soil.
The city now averages 8 feet below sea level, with a subsidence rate to 3 feet per century. Meanwhile, global warming
raised the sea level about 1 foot in the last century and somewhere between 1 and 20 feet in the next (estimates vary
wildly). As if this weren't enough, surrounding wetlands that protect New Orleans against storm surges have been
decimated by development, oil and gas drilling, and erosion.
Now the city is sunk.
September 1, 2005
My friend the philosopher David Corfield writes:
Hi There is linkage of Katrina and global warming in the UK media. Rather worrying if it's not happening in
the US. It ought to be the kind of event to spur some changes. The pictures of hordes of SUVs leaving the
area, while impoverished blacks get left behind, doesn't present a great image.
Re your piece on Islamic economics, the comment
The Pakistani and Iranian experiments have shown that Sadr was right to treat the creation of
"Islamic man" as a prerequisite for the ideal Islamic economy. These experiments also point,
however, to the virtual impossibility of accomplishing a Sadrist moral transformation. If the
moral fiber of Pakistanis and Iranians has not improved, as judged by Islamist leaders
themselves, this is not for lack of trying.
suggests that solutions can't come from the nation state. Working up from smaller social communities might
prove a better route, as argued by my favourite opponent of modern liberalism, Alasdair MacIntyre.
It's interesting to see Islamic thinkers studying MacIntyre, e.g., this review:
Muhammad Legenhausen, review of Whose Justice? Which Rationality? by Alisdair MacIntyre, al
Tawhid Islamic Journal 14 (2).
Best, David

Here's my reply, which I polished up a bit before posting here:
Hi >There is linkage of Katrina and global warming in the UK media.

Good.
>Rather worrying if it's not happening in the US.

Yes - I've seen not a single word, except one paragraph in a small article I found somewhere on the web.
There's been a huge suppression of the idea of global warming in the US, thanks in large part to Exxon and
its paid-for flunkies (e.g. most of the Bush administration).
>It ought to be the kind of event to spur some changes.

I'm mostly curious as to whether they plan to rebuild New Orleans in the same place, below sea level - if
they're that dumb, how can they possibly deal with a gradually growing problem like global warming?
>The pictures of hordes of SUVs leaving the area, while
>impoverished blacks get left behind, doesn't present a great image.

Right now, the evacuation of the Superdome has been suspended due to shots being fired at the helicopters.
I can imagine how that will play on the world stage! Baghdad comes to New Orleans!
(New Orleans is the city with the highest murder rate in the US, and Louisiana is famous for its political
corruption, so everything will play out worse than one would naively expect.)
>It's interesting to see Islamic thinkers studying MacIntyre,
>e.g., this review [...]

I still hope some real good will come of Islam's presence as a counterweight to the Western system - or
what you call "liberalism", which means something very different to MacIntyre than it does in
contemporary US politics. Like it or not, it's one of the few forces with enough adherents to keep the world
from becoming a kind of monoculture. Right now the West only sees the worst side of Islam:
fundamentalist jihad. There are a lot of better aspects - one can see a few on the website you found that
review on:
Ahlul Bayt Digital Islamic Library Project
Like many people, I'd been hoping for a kind of "reformation" in Iran which would lead to an Islamic but
non-fundamentalist state; it seems to have stalled, but it could still happen. These things take a long time.
I'm reading a fascinating book on Andalusia, which sheds some light on these issues:
Maria Rosa Menocal, The Ornament of the World: How Muslisms, Jews and Christians Created a
Culture of Tolerance in Medieval Spain, Little, Brown and Company, Boston, 2002.
I want to learn more about Andalusian artists, scientists and writers!
Best,
jb
PS - I think I'll stick this into my diary, hence the slightly pompous tone of certain sentences.
September 2, 2005
Here are some articles and editorials about Katrina and global warming:

Jeffrey Kluger, Is global warming fueling Katrina?, Time Online Edition, August 29, 2005.
Ross Gelbspan, Katrina's real name, Boston Globe, August 30, 2005.
Katrina should be a lesson to US on global warming, Spiegel Online International, August 30, 2005.
Andrew Buncombe, King: Global warming may be to blame, The Independent, August 31, 2005.
David King is the British government's chief scientific advisor.
Of course, past a certain point, it doesn't make sense to argue about whether a single given event was caused by an
effect which might raise the probability of such an event. But, a single event is marvellously able to focus the attention.
September 3, 2005
My former grad student Miguel Carrión Álvarez wrote the following about Andalusia:
Hello,
I just read the latest entries in your economics blog. A little book I found very instructive is:
Richard Fletcher, Moorish Spain, University of California Press, 1993.
Curiously, most of the best historians of Spain are British, and this is a good example. I also suggest this
novel:
Tariq Ali, Shadows of the Pomegranate Tree, Verso, 1993.
On a related note, Spaniards naturally prefer to highlight the examples of religious tolerance in the Christian
realms, not in moorish Andalusia, and so we are most familiar with Toledo at the time of Alfonso X.
Unfortunately, Spain was declared a "crusade" shortly thereafter, and that was that.
Regards,
Miguel
Besides this book I mentioned on September 1st:
Maria Rosa Menocal, The Ornament of the World: How Muslisms, Jews and Christians Created a Culture of
Tolerance in Medieval Spain, Little, Brown and Company, Boston, 2002.
there are a lot of other books on Moorish culture that might be fun. I'm especially interested in the transmission of
classical Greek science through Muslim culture to Europe. People like to allude to this, but my curiosity about it got
piqued by attending a big conference on the history of science in Beijing this summer, and you can read more details in
"week221" of This Week's Finds.
My last big historical kick was studying the Silk Route and cities in the Taklamakan Desert, like Kashgar, Khotan, and
Turfan. I admit that my studies of history these days are partially motivated by romantic reasons. I like learning about
ancient cities, rich in philosophy, poetry and song, now long gone... destroyed by crusades, wars, or encroaching
deserts... but still echoing in the distance for anyone who listens closely.
Anyone who likes that kind of stuff should read this:
Peter Hopkirk, Foreign Devils on the Silk Road: The Search for the Lost Cities and Treasures of Chinese Central
Asia, University of Massachusetts Press, Amherst, 1980.
September 4, 2005
Montreal is a fascinating city. While less beautiful, it somewhat resembles Paris in its coziness. We're staying in

Outremont, which I guess is considered a fairly nice area. But what I like is not any special poshness but the way there
are lots of apartments and townhouses on calm, tree-lined streets, with little grocery stores ("dépanneurs") on the corner
and cafes, restaurants, bakeries ("boulangeries") and greengrocers ("epiceries") on the bigger streets.
This setup means that you meet a lot of your neighbors as you walk to the store, cafe or restaurant. Also, you can easily
shop daily for fresh fruits, vegetables and baguettes instead of shopping weekly for flavorless foodstuffs that have been
designed to have long shelflives.
I read that 12% of US workers belong to unions, about 30% of Canadian workers, and about 40% of workers in Quebec.
This too seems French. And they probably pay a similar price in higher unemployment.
William Woods writes:
On the hurricane / global warming controversy, Kenneth Chang of the New York Times writes:
Because hurricanes form over warm ocean water, it is easy to assume that the recent rise in
their number and ferocity is because of global warming.
But that is not the case, scientists say. Instead, the severity of hurricane seasons changes with
cycles of temperatures of several decades in the Atlantic Ocean. The recent onslaught "is very
much natural," said William M. Gray, a professor of atmospheric science at Colorado State
University who issues forecasts for the hurricane season.
Gray seems to be the go-to guy for predictions of hurricane-season severity.
Michael Bustillo of the Los Angeles Times writes:
Is the rash of powerful Atlantic storms in recent years a symptom of global warming?
Although most mainstream hurricane scientists are skeptical of any connection between global
warming and heightened storm activity, the growing intensity of hurricanes and the frequency
of large storms are leading some to rethink long-held views.
Most hurricane scientists maintain that linking global warming to more-frequent severe storms,
such as Hurricane Katrina, is premature, at best.
Though warmer sea-surface temperatures caused by climate change theoretically could boost
the frequency and potency of hurricanes, scientists say the 150-year record of Atlantic storms
shows ample precedent for recent events.
A paper by William Gray and Philip Klotzbach includes these remarks:
The 1995-2005 Upswing in Atlantic Hurricanes and Global Warming
Many individuals have queried whether the unprecedented landfall of four destructive
hurricanes in a seven-week period during August-September 2004 and the landfall of two more
major hurricanes in the early part of the 2005 season is related in any way to human-induced
climate changes. There is no evidence that this is the case. If global warming were the cause of
the increase in United States hurricane landfalls in 2004 and 2005 and the overall increase in
Atlantic basin major hurricane activity of the past eleven years (1995-2005), one would expect
to see an increase in tropical cyclone activity in the other storm basins as well (ie., West
Pacific, East Pacific, Indian Ocean, etc.). This has not occurred. When tropical cyclones
worldwide are summed, there has actually been a slight decrease since 1995. In addition, it has
been well-documented that the measured global warming during the 25-year period of 19701994 was accompanied by a downturn in Atlantic basin major hurricane activity over what was

experienced during the 1930s through the 1960s.
We attribute the heightened Atlantic major hurricane activity between 1995-2005 to be a
consequence of the multidecadal fluctuations in the Atlantic Ocean thermohaline circulation
(THC) as we have been discussing in our Atlantic basin seasonal hurricane forecasts for several
years. Major hurricane activity in the Atlantic has been shown to undergo marked multidecadal
fluctuations that are directly related to North Atlantic sea surface temperature anomalies. When
the Atlantic Ocean thermohaline circulation is running strong, the central Atlantic equatorial
trough (ITCZ) becomes stronger. The stronger the Atlantic equatorial trough becomes, the
more favorable are conditions for the development of major hurricanes in the central Atlantic.
Since 1995, the THC has been flowing more strongly, and there has been a concomitant
increase in major hurricanes in the tropical Atlantic.
Also see the FAQ put out by the Atlantic Oceanographic and Meteorological Laboratory entitled What may
happen with tropical cyclone activity due to global warming?
So, it seems some scientists don't think global warming is contributing to the (well-documented) increase in Atlantic
hurricanes. The Los Angeles Times article mentioned above is worth reading in its entirety for a sense of the
controversy:
Storm Turns Focus to Global Warming
By Miguel Bustillo
Los Angeles Times Staff Writer
August 30, 2005
Is the rash of powerful Atlantic storms in recent years a symptom of global warming?
Although most mainstream hurricane scientists are skeptical of any connection between global warming
and heightened storm activity, the growing intensity of hurricanes and the frequency of large storms are
leading some to rethink long-held views.
Most hurricane scientists maintain that linking global warming to more-frequent severe storms, such as
Hurricane Katrina, is premature, at best.
Though warmer sea-surface temperatures caused by climate change theoretically could boost the frequency
and potency of hurricanes, scientists say the 150-year record of Atlantic storms shows ample precedent for
recent events.
But a paper published last month in the journal Nature by meteorologist Kerry Emanuel of the
Massachusetts Institute of Technology is part of an emerging body of research challenging the prevailing
view.
It concluded that the destructive power of hurricanes had increased 50% over the last half a century, and
that a rise in surface temperatures linked to global warming was at least partly responsible.
"I was one of those skeptics myself a year ago," Emanuel said Monday.
But after examining data on hurricanes in the Atlantic and typhoons in the Pacific, he said, "I was startled to
see this upward trend" in duration and top wind speeds.
"People are beginning to seriously wonder whether there is a [global warming] signal there. I think you are
going to see a lot more of a focus on this in coming years."
Hurricane activity in the Atlantic has been higher than normal in nine of the last 11 years, said the National

Oceanic and Atmospheric Administration.
This month, the agency raised its already-high hurricane forecast for this year to 18 to 21 tropical storms,
including as many as 11 that would become hurricanes and five to seven that would reach major-hurricane
status. That could make 2005 one of the most violent hurricane seasons ever recorded. A typical storm year
in the Atlantic results in six hurricanes.
But the agency believes that the increase in hurricanes is most likely the result of a confluence of cyclical
ocean and atmospheric conditions that tend to produce heightened tropical storms every 20 to 30 years. If
global warming is playing any role in the hurricanes, it is a minor one, the federal agency maintains.
Computer models have shown for years that rising sea-surface temperatures resulting from global warming
could create more ideal conditions for hurricanes.
Yet before Emanuel's research there were few indications that hurricanes had become stronger or more
frequent, despite well-documented increases in surface temperatures.
Moreover, skeptical hurricane scientists were quick to point out that worldwide weather records were too
inadequate for a thorough examination of such trends. They said that would require an analysis of storm
activity going back hundreds if not thousands of years.
"There is absolutely no empirical evidence. The people who have a bias in favor of the argument that
humans are making the globe warmer will push any data that suggests that humans are making hurricanes
worse, but it just isn't so," said William Gray, a Colorado State University meteorologist who is considered
one of the fathers of modern tropical cyclone science and who sharply questions Emanuel's conclusions.
"A lot of my colleagues who have been around a long time are very skeptical of this idea that global
warming is leading to more frequent or intense storms," Gray said. "In the Atlantic, there has been a change
recently, sure. But if you go back to the 1930s, you see a lot of storms again. These are natural cycles, not
related to changes in global temperature. I can't say there is no human signal there, but it's minute."
Nonetheless, some scientists have maintained that the rise in mean global temperatures over the last half a
century a well-documented trend widely linked to human activities such as the burning of fossil fuels will
inevitably have an effect on storms, if it hasn't already.
"It's the ocean temperatures and sea-surface temperatures that provide the fuel for hurricanes," said Kevin
Trenberth, a climate scientist at the National Center for Atmospheric Research who recently published a
paper in the journal Science contending that climate change could cause hurricanes to produce more rain
and thereby become more dangerous.
"It's the big guys, the more intense storms, that have been increasing," Trenberth said. Hurricane scientists
have been "unduly influenced by what has been happening in their corner of the world in the Atlantic. But
if you look more broadly, at what has been happening in the Indian Ocean and the Pacific Ocean, there is a
clear trend."
Such views remain controversial among veteran hurricane scientists.
Chris Landsea, a hurricane expert with the National Oceanic and Atmospheric Administration, withdrew
this year from the Intergovernmental Panel on Climate Change, an international scientific group that
periodically sums up the consensus on global warming. Landsea said in a letter to scientific colleagues that
he resigned because he strongly disagreed with public statements made by Trenberth, who was also part of
the panel, suggesting that last year's Atlantic hurricanes were linked to global warming.
Despite the dispute among scientists, the prospect of stronger hurricanes has alarmed some insurance
companies, which are concerned that disaster losses could increase in years to come.

Munich Re, the world's largest insurer of insurance companies, said that global warming was at least partly
responsible for a rise in worldwide insurance losses over the last 50 years, including $114.5 billion in losses
last year, the second-highest total ever.
Critics, including Roger Pielke Jr., a University of Colorado science professor, have attributed the losses to
a simpler cause: more people living in harm's way in areas such as Florida and Louisiana.
Still, some experts believe that hurricane scientists will have to consider climate change more seriously if
the streak of Atlantic storms persists.
Christopher Landsea is the author of the tropic cyclone FAQ pointed out above by William Woods. So, as we dig into
the question of whether global warming is causing an increase in hurricanes, we see a heated debate in which certain
names keep popping up: for example, Christopher Landsea, William Gray, Kerry Emanuel, Kevin Trenbreth and Roger
Pielke. In fact, Kerry Emanuel and Roger Pielke wrote a joint letter to the editor correcting a Fortune magazine article
on this subject.
To go further we'd need to carefully study their papers....
September 13, 2005
The Sierra Club has launched a campaign called Exxpose Exxon, which seems like a good thing to me, for obvious
reasons. Check out this report:
Alison Cassady, ExxonMobil Exposed.
The cover picture is outdated - gasoline is about $3 per gallon now, not a measly $2.25 - but the facts are worth
knowing.
September 23, 2005
More books are coming out on "peak oil" - how oil production will start dropping soon, and what the effects of this will
be, combined with the rapidly rising oil consumption in China and elsewhere. I read hunks of this book in the local
Borders bookstore while grocery shopping last weekend. It's fascinating in a way, but it seems unbalanced in its
alarmism, so I don't recommend it:
James Howard Kunstler, The Long Emergency: Surviving the Converging Catastrophes of the Twenty-First
Century, Atlantic Monthly Press, 2005.
Review by Bryant Urstadt: The get-ready men, Technology Review (October 2005), 72-74.
Yes, oil production may peak anytime between now and 2040. Yes, oil prices gradually spiralling upwards to infinity
will drastically affect our economy. I don't even mind calling this an emergency! Yes, we use oil not just for fuel but
also to make the fertilizer essential to modern commercial agriculture. Yes, it's perfectly suited to making the plastic we
use for everything - though we burn two-thirds of it.
But: will civilization really collapse to the point where we see subsistence farming - little farms for each household - in
what were once the suburbs of major American cities? That's what Kunstler contemplates. Somehow this scenario seems
to assume no resourcefulness in our response to this challenge.
For power, there will be coal and uranium for many more years to come. Yes, these both have nasty side-effects - and
many people who have studied these issues think coal is worse: more deaths per kilowatt, not even counting global
warming and acid rain. But, we can count on people doing whatever they can to preserve some semblance of the status
quo, and then deal - half-heartedly, a bit too late - with the nasty sideffects.

So, my fear is not that people will roll over and give up our current lifestyles as oil starts running out. My fear - or hope,
it's hard to know - is that they won't. I think people in the US and China would rather drive a car powered by a fuel cell
powered by a dirty coal-powered electric plant than no car at all. Global warming? We'll probably just suffer through it.
The environment? It'll keep getting worse.
Who knows: maybe I'm a deluded optimist. Maybe Kunstler is closer to the mark.
But I think the problem is that he has just one bee in his bonnet - one trend on his mind. He ignores a pile of other trends
that will combine to make the future more complicated and interesting than we can imagine. For example, he seems to
ignore the exponential growth of computers, nanotechnology, genetic modification, and other mind-boggling
technologies. Another futurist, focusing on these trends and not very interested in "peak oil", would project a very
different future. In fact, one has:
Ray Kurzweil, The law of accelerating returns, at his website KurzweilAI.net.
To quote a bit:
An analysis of the history of technology shows that technological change is exponential, contrary to the
common-sense "intuitive linear" view. So we won't experience 100 years of progress in the 21st century -it will be more like 20,000 years of progress (at today's rate). The "returns," such as chip speed and costeffectiveness, also increase exponentially. There's even exponential growth in the rate of exponential
growth. Within a few decades, machine intelligence will surpass human intelligence, leading to The
Singularity -- technological change so rapid and profound it represents a rupture in the fabric of human
history. The implications include the merger of biological and nonbiological intelligence, immortal
software-based humans, and ultra-high levels of intelligence that expand outward in the universe at the
speed of light.
Wow! One guy's future has beleagured people growing corn in their backyards a century from now, while another's has
ultra-high levels of intelligence expanding outwards at the speed of light. I guess why it's called the future: because we
don't know what's going on there yet.
I think we should at the very least imagine a messy blend of these two scenarios. You can probably get the idea by
reading some good cyberpunk fiction.
September 26, 2005
Here's another book on "peak oil":
Kenneth S. Deffeyes, Beyond Oil: the View from Hubbert's Peak, Hill and Wang, 2005.
Kenneth S. Deffeyes, links to related information.
Deffeys predicts the maximum of oil production will come very soon, perhaps even this Thanksgiving, and certainly in
less than 5 years. I have no idea if this is true, but he's an emeritus professor of geosciences at Princeton, so maybe he
knows something. Check out the links on his web page!
September 30, 2005
People outside the US, and perhaps even most Americans, may not realize what lies behind the indictment of House
Majority Leader Tom DeLay. Three powers have formed an unholy alliance: corporate lobbyists, the federal
government and the Republican party. This is what I was complaining about in my very first entry in this diary... but I
scarcely knew the extent of it all. The Republicans increasingly run "K Street" - slang for the gang of corporate
lobbyists in the US capital, since that's the street where most of them have their offices. In return, they do the bidding of
big corporations. It's all very systematic and deliberate. And, the person chosen to replace Tom Delay now that he has
stepped down - namely, Roy Blunt - is the person DeLay chose to run this operation!

To quote today's Los Angeles Times:
The revolution in corporate behavior began with the Republican takeover of Congress in 1994, when
DeLay was among the most outspoken of several GOP leaders demanding that business groups support the
party - not only by contributing to Republican campaigns but by helping GOP leaders round up voters and
selecting party faithful to run trade associations.
When the National Assn. of Securities Dealers hired a former Clinton administration official, John Hilley,
as a vice president in 1998, DeLay told the industry publication Traders Magazine that the hiring was a
"very big mistake."
"For an organization to hire a highly partisan Democrat gives me great concern, because I won't deal with
such organizations," he said. (Hilley stayed and was later promoted.)
Now, prominent Republicans head some of the city's most influential trade groups: Former Michigan Gov.
John Engler leads the National Assn. of Manufacturers, and former Commerce Secretary Don Evans, a
friend of President Bush, runs the Financial Services Forum. Marc Racicot, a former Montana governor
who was once chairman of the Republican National Committee, leads the American Insurance Assn.
Lobbyists who have their offices in the glass-and-steel buildings that line K Street say that DeLay's effort
has had real impact.
Many of the Republicans who have taken lobbying and trade association jobs recently owe their positions
to GOP benefactors in Congress. About two dozen former DeLay staffers work as lobbyists. In these jobs,
they often have access to funds they can use as donations to campaigns and conservative causes. The
corporate world also supplies contacts in congressional districts that can help Republican candidates with
grass-roots campaigns.
The Bush administration has sought to take advantage of these ties in building unified support for judicial
nominees, the president's Social Security proposal and, more recently, immigration overhaul - issues that in
the past did not draw much trade association activity. DeLay and other GOP leaders used business contacts
to push for passage in 2003 of the new Medicare prescription drug benefit, which was a priority of the
pharmaceutical industry.
Before Republicans won control of the executive and legislative branches in 2000, Washington lobbying
had been studiously bipartisan. Contributions from many industry groups were close to evenly divided
between Republicans and Democrats.
But DeLay and his allies had been working several years to change that. To keep pressure on businesses to
shift toward the GOP, DeLay and his allies in 1995 compiled a list of the 300 or so largest businessaffiliated political action committees, along with a breakdown of their campaign donations by party.
Lobbyists were told their ranking, and DeLay pressed those low on the list to give more to Republicans.
Over time, contribution patterns changed.
The accounting profession, for example, gave more than half of its campaign donations to Democrats in
1994. So far this year, 71% has gone to Republicans, according to the Center for Responsive Politics, a
nonpartisan research organization. The insurance industry increased the share of donations to Republicans
from 55% to 68% in the past decade. Energy interests increased the share going to Republicans from 64%
in 1994 to 75% a decade later.
To monitor business hiring in Washington, DeLay and conservative activist Grover Norquist launched the
"K Street Project," which tracks K Street jobs and who fills them.
Norquist assigns a full-time staffer to keep up with hiring changes, which are then posted on a website. This

week, for example, the site says that a liquor manufacturer has tapped a new corporate affairs chief who has
made contributions to Democrats, including Senate Minority Leader Harry Reid (D-Nev.). A separate item
reports that a Washington lobbying firm has promoted an executive who had donated to the Bush-Cheney
2004 campaign fund.
Norquist said House and Senate GOP leaders consulted the database to review hiring decisions by K Street
firms.
So, the difference between corporate lobbyists and the Republican party has been thoroughly eroded, while remaining
technically legal for the most part. DeLay pushed his luck a little too far, and broke one law too many. But the system
he built will not fall with him.
October 27, 2005
I've been too busy helping my grad students Derek and Jeff work on their theses, and going with them to Loops '05 (a
quantum gravity conference near Berlin) to keep up this diary. Sorry! But here's something my grad student Mike Stay
brought to my attention.
On August 20th I gave a little intro to synthetic biology: the art of drastically modifying organisms. When this becomes
cheap, the economic consequences could equal those of the computer revolution. But it won't stop there... people will
make brand new life forms.
In fact, they're already trying!
Bob Holmes, Alive! The race to create life from scratch, NewScientist.com news service, February 12, 2005.
Other news stories available from ProtoLife.
Briefly: Norman Packard is a guy who helped start The Prediction Company, which seeks to make money on financial
markets using complex systems theory, based on the idea that the market is not in equilibrium and never gets close.
Here's a book about that:
Thomas A. Bass, The Predictors, Henry Holt, 1999.
The Predictors, a review with extra references by Ian Kaplan. See also Kaplan's retrospective written two years
later.
I'm not sure how well this venture is doing - the retrospective above doesn't sound too happy, and the Prediction
Company's website doesn't include any media coverage from after 1999!
(After I posted this, I got an email from Packard saying his company was doing fine.)
But anyway, now Packard has founded a company called ProtoLife, which is trying to create a new living organism
from scratch. He's working with Steen Rasmussen of Los Alamos National Laboratory, who in October 2004 got a big
grant to develop an organism called the Los Alamos Bug. The idea is to keep everything as simple as possible. Here are
a few key features:
Instead of a complicated cell membrane, the Los Alamos Bug will be contained in a simple droplet of fatty acids,
suspended in water.
Instead of RNA or DNA, it will contain PNA - a peptide nucleic acid, which has the same four "letters" in its
genetic code as DNA, but which comes in two forms, fat-soluble and water-soluble. This is supposed to help PNA
self-replicate without the complicated machinery that existing organisms use. In its double-stranded form, PNA is
fat-soluble so it should move to the center of the fatty acid droplet. But, above a certain temperature its two
strands separate, and it should migrate to the edge of the droplet. This allows a kind of replication cycle.
The Los Alamos Bug will be "fed" with fatty acid precursors.
Evolution should select for PNA sequences that reproduce the fastest.

You may be skeptical. That's probably wise. As Pier Luigi Luisi notes in the New Scientist article, "It's certainly
interesting from the conceptual point of view. But nature with nucleic acids and enzymes is so much smarter, because
these are products that have been optimised over billions of years of evolution. To pretend to do life with simple
chemistry is a nice ambitious idea, but it's probably not going to be very efficient."
However, even if this idea doesn't work, and even if ProtoLife goes belly-up in a few years, I bet something will work.
In fact, I bet lots of things will work. The New Scientist article also talks about some other teams pursuing other
approaches:
PACE: Programmable Artificial Cell Evolution - a European consortium trying to develop "distributed intelligent
technical systems with self-organizing and evolvable life-like properties".
The Nobel laureate Hamilton O. Smith, heading the Synthetic Biology group of the Craig Venter Institute, is
trying to create a new life form by replacing the genome of an existing bacterium by a stripped-down genome.
Pier Luigi Luisi and his Supramolecular Chemistry group at Rome and Zürich are working on a "minimal cell
project": starting with a simple vesicle, his team will try to add enzymes and other components until they
assemble the simplest possible working cell.
Jack Szostak and his lab at Harvard are trying to build a synthetic life form using an RNA-like molecule that is
able to catalyze its own replication. (This is reminiscent of the "RNA world" theory of how life started in the first
place: in this theory, instead of DNA coding for enzymes that catalyze the reproduction of DNA, life started with
RNA catalyzing its own reproduction.)
December 11, 2005
Who is better at making predictions: experts in politics or economics, or dart-throwing monkeys?
Well, when I put it like that, you can probably predict the answer... but you can read the gory details here:
Philip Tetlock, Expert Political Judgment: How Good Is It? How Can We Know?, Princeton U. Press, 2005.
or for a short version, you can read this review online:
Louis Menand, Everybody's an Expert, New Yorker, October 10, 2005, pp. 98-101.
Here's a quote that gives the basic idea:
"Expert Political Judgment" is not a work of media criticism. Tetlock is a psychologist - he teaches at
Berkeley - and his conclusions are based on a long-term study that he began twenty years ago. He picked
two hundred and eighty-four people who made their living "commenting or offering advice on political and
economic trends," and he started asking them to assess the probability that various things would or would
not come to pass, both in the areas of the world in which they specialized and in areas about which they
were not expert. Would there be a nonviolent end to apartheid in South Africa? Would Gorbachev be
ousted in a coup? Would the United States go to war in the Persian Gulf? Would Canada disintegrate?
(Many experts believed that it would, on the ground that Quebec would succeed in seceding.) And so on.
By the end of the study, in 2003, the experts had made 82,361 forecasts. Tetlock also asked questions
designed to determine how they reached their judgments, how they reacted when their predictions proved to
be wrong, how they evaluated new information that did not support their views, and how they assessed the
probability that rival theories and predictions were accurate.
Tetlock got a statistical handle on his task by putting most of the forecasting questions into a "three possible
futures" form. The respondents were asked to rate the probability of three alternative outcomes: the
persistence of the status quo, more of something (political freedom, economic growth), or less of something
(repression, recession). And he measured his experts on two dimensions: how good they were at guessing

probabilities (did all the things they said had an x per cent chance of happening happen x per cent of the
time?), and how accurate they were at predicting specific outcomes. The results were unimpressive. On the
first scale, the experts performed worse than they would have if they had simply assigned an equal
probability to all three outcomes - if they had given each possible future a thirty-three-per-cent chance of
occurring. Human beings who spend their lives studying the state of the world, in other words, are poorer
forecasters than dart-throwing monkeys, who would have distributed their picks evenly over the three
choices.
Tetlock also found that specialists are not significantly more reliable than non-specialists in guessing what
is going to happen in the region they study. Knowing a little might make someone a more reliable
forecaster, but Tetlock found that knowing a lot can actually make a person less reliable. "We reach the
point of diminishing marginal predictive returns for knowledge disconcertingly quickly," he reports. "In this
age of academic hyperspecialization, there is no reason for supposing that contributors to top journals distinguished political scientists, area study specialists, economists, and so on - are any better than
journalists or attentive readers of the New York Times in `reading' emerging situations". And the more
famous the forecaster the more overblown the forecasts. "Experts in demand," Tetlock says, "were more
overconfident than their colleagues who eked out existences far from the limelight."
People who are not experts in the psychology of expertise are likely (I predict) to find Tetlock's results a
surprise and a matter for concern. For psychologists, though, nothing could be less surprising. "Expert
Political Judgment" is just one of more than a hundred studies that have pitted experts against statistical or
actuarial formulas, and in almost all of those studies the people either do no better than the formulas or do
worse. In one study, college counsellors were given information about a group of high-school students and
asked to predict their freshman grades in college. The counsellors had access to test scores, grades, the
results of personality and vocational tests, and personal statements from the students, whom they were also
permitted to interview. Predictions that were produced by a formula using just test scores and grades were
more accurate. There are also many studies showing that expertise and experience do not make someone a
better reader of the evidence. In one, data from a test used to diagnose brain damage were given to a group
of clinical psychologists and their secretaries. The psychologists' diagnoses were no better than the
secretaries.
The experts trouble in Tetlock's study is exactly the trouble that all human beings have: we fall in love with
our hunches, and we really, really hate to be wrong. Tetlock describes an experiment that he witnessed
thirty years ago in a Yale classroom. A rat was put in a T-shaped maze. Food was placed in either the right
or the left transept of the T in a random sequence such that, over the long run, the food was on the left sixty
per cent of the time and on the right forty per cent. Neither the students nor (needless to say) the rat was
told these frequencies. The students were asked to predict on which side of the T the food would appear
each time. The rat eventually figured out that the food was on the left side more often than the right, and it
therefore nearly always went to the left, scoring roughly sixty per cent, but a passing grade. The students
looked for patterns of left-right placement, and ended up scoring only fifty-two per cent, an F. The rat,
having no reputation to begin with, was not embarrassed about being wrong two out of every five tries. But
Yale students, who do have reputations, searched for a hidden order in the sequence. They couldnt deal
with forty-per-cent error, so they ended up with almost fifty-per-cent error.
This shows that the whole political/economic system, even in its most "rationalized" forms, is warped by its reliance on
so-called "experts". It would be interesting to see if experts are any better at deciding what to do than at predicting what
will happen. Presumably experts can avoid certain elementary mistakes that non-experts make. But, I suspect that they
suffer from certain systematic flaws of judgement just as they do in prediction. Anyway, even if it's only prediction that
experts are so bad at, it's a big problem.
Maybe someday we can figure out a way to address this - though there will be resistance from "experts" of every stripe.
I wonder if Philip Tetlock has ideas? Maybe this is why he's involved in the Social Change Project.
December 16, 2005

Latest news on the global warming front! The National Climatic Data Center just came out with information on the
world's temperature from 1880 to 2005:

As you can see, 2005 is the second hottest year on record, second only to 1998. In 1998 there was an El Niño to blame
for the heat; this year there was not! The above chart comes from here:
Usha Lee McFarling and Miguel Bustillo, 2005 Vying With '98 as Record Hot Year, Los Angeles Times,
December 16, 2005, figure by Leslie Carlson.
based on data from here:
National Climatic Data Center, Climate of 2005 - in Historical Perspective, 2005.
What are the effects of this warming? For one thing, NASA has reported that since 1979, the Arctic ice cap has been
melting at a rate of 8.5% per decade:
NASA, Arctic sea ice continues to decline, arctic temperatures continue to rise in 2005.
You can watch a movie of the Arctic ice melting away!


  

In the summer we can now sail from Alaska all the way to Sweden. The Arctic ice cap may completely disappear
sometime between 2050 and the end of the century:
Linda Moulton Howe, 2005 Arctic summer ice melt - largest on record, interview with Mark Serreze.
National Snow and Ice Data Center, Sea ice decline intensifies.
Lindsay, R. W., and J. Zhang, The thinning of Arctic sea ice, 1988-2003: Have we passed a tipping point?, to
appear in the Journal of Climate.
The last article studies the "ice-albedo feedback loop": less ice means the Arctic is less white, so it absorbs more
sunlight, which warms the water and melts more ice. The authors write:
The late 1980s and early 1990s could be considered a tipping point during which the ice-ocean system
began to enter a new era of thinning ice and increasing summer open water because of positive feedbacks. It
remains to see if this era will persist or if a sustained cooling period can reverse the process.
December 18, 2005
There's a fun, slightly fluffy article in Wired magazine about why high oil prices are good for us:
Spencer Reiss, Why $5 gas is good for America, Wired, Issue 13.12, December 2005, pp. 238-247.
The basic idea is that having oil prices go up sooner, rather than later, gives us more time and more incentive to develop
new energy technologies. He describes technologies that might become profitable as fuels for vehicles when the longterm price of oil reaches:
$20-$30 / barrel - ultradeep offshore wells, gas to liquid, tar sands.
$30-$70 / barrel - natural gas, coal to liquid, biodiesel.
$70 / barrel and up - methane hydrates, hydrogen, electricity.
Of course hydrogen and electricity aren't sources of energy, just methods of delivering it. You'll notice that all the
energy sources listed here contribute to global warming. In terms of the global reserves, the biggest ones on the list are
tar sands (the equivalent of 4.3 trillion barrels of oil) and methane hydrates (the equivalent of 72 quadrillion barrels of
oil). It would be interesting, and probably scary, to estimate the effects on the global climate of burning all this stuff!
If you've never heard of methane hydrates, read my August 29, 2004 entry on the Permian-Triassic extinction. Briefly,
they're a methane-ice mixture that lines the sea floor in northern latitudes. There's huge amounts of this stuff: there's
twice as much carbon in this form than in all other fossil fuels on Earth. Occasionally the gas gets released and rises to
the atmosphere in a catastrophic "methane burp". Such an event may have caused a mass extinction 55 million years
ago.
So, we have to be a wee bit careful when mining methane hydrates. But I'm a lot less worried about causing a methane
burp by mining this stuff than the effect of burning it all and causing global warming that goes way beyond what we're
seeing now. Such drastic warming could trigger a repeat of the Younger Dryas event, or even - yes - a methane burp!

Solar power, anyone? Nuclear energy? Energy conservation?
December 31, 2005
On Christmas day, Lisa and I went to Arizona with friends. We did a lot of hiking, and returned on New Year's Eve. We
learned a lot about the Navajo and Hopi, and learned some lessons about the economic struggles of aboriginal peoples. I
wrote a little photo essay about this trip.
On the Hopi tribe website, they write:
The Hopi emerged from the Third World into this current Fourth World. This life is therefore referred to as
the Fourth Way of Life for the Hopi. Hopi knew that life in this fourth world would be difficult and that we
must learn a way of life from the corn plant.
It's a new year! So, I'll end this year's diary here, and continue in 2006.
For my 2006 diary, go here.
The destiny of our species is shaped by the imperatives of survival on six distinct time scales. To survive means to
compete successfully on all six time scales. But the unit of survival is different at each of the six time scales. On a time
scale of years, the unit is the individual. On a time scale of decades, the unit is the family. On a time scale of centuries,
the unit is the tribe or nation. On a time scale of millennia, the unit is the culture. On a time scale of tens of millennia,
the unit is the species. On the time scale of eons, the unit is the whole web of life on our planet. - Freeman Dyson
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Diary - 2006
John Baez
March 27, 2006
It's been a long time since I've written anything in my economics diary. Too busy, I guess. I've also been wanting to
change the format of this diary a bit....
For some reason I don't completely understand, I've been thinking a lot about ice, from ice floes in the Arctic:

to the Ross ice shelf in Antarctica:

to the frosty dunes of Mars:

I made the more impressionistic pictures above by messing with some photos... a bit of art therapy to help delve into my
obsession.
I'm not sure where this interest in ice came from - I don't get this way every winter! I guess I've been feeling cold, both
literally and metaphorically, influenced by the chilly feel of some songs on Bowie's album Heathen, which I recently
started listening to.

Like this, from the song The Rays:
Steel on the skyline
Sky made of glass
Made for a real world
All things must pass
written in New York before September 11th, 2001. Maybe I was also influenced by the recent news on global warming,
which makes ice into yet another endangered species. I don't know! But the recent news at least gives me an excuse to
talk about ice:

CLIMATE CHANGE:
A Worrying Trend of Less Ice, Higher Seas
Richard A. Kerr
Science, March 24, 2006
Have an urge lately to run for higher ground? That would be understandable, given all the talk about the
world's ice melting into the sea. Kilimanjaro's ice cloak is soon to disappear, the summertime Arctic Ocean
could be ice-free by century's end, 11,000-year-old ice shelves around Antarctica are breaking up over the
course of weeks, and glaciers there and in Greenland have begun galloping into the sea. All true. And the
speeding glaciers, at least, are surely driving up sea level and pushing shorelines inland.
Scientists may not be heading for the hills just yet, but they're increasingly worried. Not about their beach
houses being inundated anytime soon; they're worried about what they've missed. Some of the glaciers
draining the great ice sheets of Antarctica and Greenland have sped up dramatically, driving up sea level
and catching scientists unawares. They don't fully understand what is happening. And if they don't
understand what a little warming is doing to the ice sheets today, they reason, what can they say about ice's
fate and rising seas in the greenhouse world of the next century or two?
That uncertainty is unsettling. Climatologists know that, as the world warmed in the past, "by some process,
ice sheets got smaller," says glaciologist Robert Bindschadler of NASA's Goddard Space Flight Center
(GSFC) in Greenbelt, Maryland. But "we didn't know the process; I think we're seeing it now. And it's not
gradual." Adds geoscientist Michael Oppenheimer of Princeton University, "The time scale for future loss
of most of an ice sheet may not be millennia," as glacier models have suggested, "but centuries."
The apparent sensitivity of ice sheets to a warmer world could prove disastrous. The greenhouse gases that
people are spewing into the atmosphere this century might guarantee enough warming to destroy the West
Antarctic and Greenland ice sheets, says Oppenheimer, possibly as quickly as within several centuries. That
would drive up sea level 5 to 10 meters at rates not seen since the end of the last ice age. New Orleans
would flood, for good, as would most of South Florida and much of the Netherlands. Rising seas would
push half a billion people inland. "This is not an experiment you get to run twice," says Oppenheimer. "I

find this all very disturbing."
Much of the world's ice may be shrinking under the growing warmth of the past several decades, but some
ice losses will have more dramatic effects on sea level than others. Glaciologists worried about rising sea
level are keying on the glaciers draining the world's two dominant ice reservoirs, Greenland and Antarctica.
Summertime Arctic Ocean ice may be on its way out, but its melting does nothing to increase the volume of
ocean water; that ice is already floating in the ocean. The same goes for floating ice shelves around
Antarctic. The meltwater from receding mountain glaciers and ice caps is certainly raising sea level, but not
much.
The truly disturbing ice news of late is word that some of the ice oozing from the 3-kilometer-thick pile on
Greenland has doubled its speed in just the past few years. In the 17 February issue of Science, for example,
radar scientists Eric Rignot of the Jet Propulsion Laboratory in Pasadena, California, and Pannir
Kanagaratnam of the University of Kansas, Lawrence, analyzed observations made between 1996 and 2005
by four satellite-borne radars. These synthetic aperture radars measure the distance to the surface during
successive passes over a glacier. The changing distance can then be extracted by letting successive
observations form interference patterns. The changing distance, in turn, translates to a velocity of the ice
toward the sea.
In central east Greenland, Kangerdlugssuaq Glacier more than doubled its speed from 2000 to 2005, Rignot
and Kanagaratnam found, from 6 kilometers per year to 13 kilometers per year. That made it the fastest in
Greenland. To the south, Helheim Glacier accelerated 60%. And on the west of Greenland, Jakobshavn
Isbrae almost doubled its speed between 1996 and 2005. The accelerations are "actually quite surprising,"
says glaciologist Julian Dowdeswell of the University of Cambridge in the United Kingdom. Even at its
slower speed, Jakobshavn had ranked as one of the fastest-flowing glaciers in the world, perhaps the fastest;
now it's just one of the pack.
As glaciers draining the Greenland Ice Sheet are picking up speed, researchers are realizing that nothing has
made up for the increased loss of ice. Greenland's pile of ice is getting smaller. How much smaller is still
being debated, if only because of the vast scope of an ice sheet. What goes out through glaciers is just one
part of the equation: Ice sheets also lose mass by melting and gain it from snowfall. To gauge those gains
and losses, Rignot and Kanagaratnam used previously published estimates of how the warming climate over
Greenland has increased meltwater losses and slightly increased snowfall, making for a growing net loss in
addition to the glacier flow. All told, the scientists find that the loss of mass from Greenland doubled from
1996 to 2005, reaching 224 ± 41 cubic kilometers per year. Los Angeles uses 1 cubic kilometer of water per
year.
You can see Greenland melting here, from 1992 to 2002:

These charts are taken from:
Arctic Council, Impacts of a Warming Climate: Arctic Climate Impact Assessment, Cambridge U. Press,
Cambridge, 2004.
So, ironically, it could be the melting ice that makes me feel cold. Somehow this has made me want to change the title
of this diary from "Economics" to simply "Diary". The focus on economics has already been a bit of a straitjacket for
some time now: I keep spilling over into ecology, biotech, and so on... and I want the freedom to do that without
reaching for some relevance to economics.
So, now it's just a diary. We'll see where it goes.
April 4, 2006
I'm at the University of Chicago now, visiting the math department until May 15th. There are lots of people working on
n-categories here, mostly associated with Peter May. I'm giving some lectures here next weekend, as part of a
conference in memorial of Saunders Mac Lane, one of the founders of category theory and a Chicago man through and
through.
I got an email from Adrian Burd, who wasn't completely enthralled by my abstract expressionist massaging of that
photo of the Ross Ice Shelf. He gave me the nice photo below:
As an ex-cosmologist turned oceanographer I've followed your "This Weeks Finds" pages for many years. I
recently came across your diary outlining your recent obsession with ice on which there's a fuzzy photo of
the Ross Ice Shelf. Having just returned from there, I thought you might be interested in this one that I took
in January.

It's from the top of Observation Hill looking down on the New Zealand base (Scott Base) and up the ice
shelf. You can see the nice pressure ridges near Scott Base. The long straight line is a "road" heading out to
Pegasus airstrip.
Please feel free to use the photo if you so wish.
All the best,
Adrian
This started an interesting email exchange where Adrian Burd answered some questions I had. Here's a slightly edited
version of his next email:
Dear John,
> Cool!

What sort of oceanography were you doing down there in Antarctica?

I was part of an NSF run field course. The group of people who work in the poles in oceanography (and in
other sciences) tend to form a tight knit group and it's hard to inject new blood. So the course introduces
about 20 grad students, postdocs and junior faculty to working in the Antarctic and gives them practical
experience there - dealing with issues such as what is and us not feasible, the mountains of paperwork
involved, the scheduling of helicopter time and the procedure for writing grants for Polar Programs which
differs somewhat from a regular NSF proposal. It's a unique environment and the problems of doing science
there make it a challenge. We also did a lot of fun science. We had the first automated DNA sequencer on
the continent, so the gene jocks were sequencing everything that moved (or not, as the case may be). We
were able to collect some unique data sets from the microbial communities on Bratina Island. So all in all, a
crazy, exhausting but incredibly fun enterprise.
Curiously, on the C-17 flight out I sat next to a guy from CalTech who was heading to the South Pole to
work on the new telescope there. So we were able to have a good long chat (more a shout to get above the
noise of the C-17 that is) about the state of cosmology today. Although I dip into the journals and keep up
through reading sites like yours, there's a great deal I've been missing. There were also folks passing

through to work on the Ice Cube, so I was able to catch up on that aspect of things as well.
>> I recently came across your diary outlining your
>> recent obsession with ice on which there's a fuzzy photo
>> of the Ross Ice Shelf.
> It took me a long time to process the photo so it became that
> fuzzy - I was aiming for something between impressionism and
> abstract expressionism.

Ah, I see, I misunderstood. Standing on Ross Island and looking up the Ross Ice Shelf is quite an amazing
experience; particularly when you have an inkling for the scale of the place.
All the best,
Adrian
And the next:
Hi John,
> Pretty weird, going to Antarctica to sequence genes!

We only sequenced microbial genes, looking into the microbial diversity in different environments. With
modern day equipment, one can sequence genes just about anywhere. The course itself was written up for
the Antarctic Sun (the local paper at McMurdo) under the headline " The Mother of All Field Trips".
There are some interesting mathematical problems associated with gene reconstruction from the
experimentally derived PCR sequences. Sadly, I don't think too many practicing geneticists are aware of
them, or the issues they raise. I see too many phylogenetic trees in talks without any hint given as to the
uncertainty in the tree.
>> There were also folks passing through to work on the Ice Cube,
>> so I was able to catch up on that aspect of things as well.
> Hmm, I forget what that detector is supposed to do, and where it is.

It's located at the South Pole station and will detect high energy neutrinos. It will take a while before
coming on-line since it will take a while to drill the large number of cores required for a 1 cubic km
detector! A nice write up on progress as of the end of the season can be found in the Antarctic Sun.
The Antarctic Sun is a neat newspaper since it keeps everyone in touch with what is going on. That way,
support staff like helo-techs can learn what the folks they are helping out are actually doing, as well as
keeping other scientists informed.
All the best,
Adrian
Here's what the IceCube will look like... if you could see it:

Cerenkov light passing through the IceCube neutrino detector
Steve Yunck/NSF

April 15, 2006
My math lectures are over - whew! An intense and exhausting conference. I recovered by writing up some stuff about
math in week229, all related to the amazing properties of this map of the world invented by the philosopher C. S. Peirce,
the founder of "pragmatism":

I often wish I could spend all my spare time (when I'm not teaching) writing This Week's Finds - it's one of the truly
unalloyed pleasures of life for me. But, if I did it all the time, it would somehow become a "job" and be less fun. The
tricks of the mind.
I'm all jazzed up today, because yesterday Stewart Brand invited me to give a talk in San Francisco on October 13th as
part of his Seminars About Long-Term Thinking. This is a series of talks sponsored by the Long Now Foundation,
which seeks to extend our horizons from the next quarterly report to the next 10,000 years, to foster a more sane
approach to life.
As Brand puts it:
Civilization is revving itself into a pathologically short attention span. The trend might be coming from the
acceleration of technology, the short-horizon perspective of market-driven economics, the next-election
perspective of democracies, or the distractions of personal multi-tasking. All are on the increase. Some sort
of balancing corrective to the short-sightedness is needed-some mechanism or myth which encourages the
long view and the taking of long-term responsibility, where 'long-term' is measured at least in centuries.
Long Now proposes both a mechanism and a myth. It began with an observation and idea by computer
scientist Daniel Hillis:
"When I was a child, people used to talk about what would happen by the year 2000. For the
next thirty years they kept talking about what would happen by the year 2000, and now no one
mentions a future date at all. The future has been shrinking by one year per year for my entire
life. I think it is time for us to start a long-term project that gets people thinking past the mental
barrier of an ever-shortening future. I would like to propose a large (think Stonehenge)
mechanical clock, powered by seasonal temperature changes. It ticks once a year, bongs once a
century, and the cuckoo comes out every millennium."
Such a clock, if sufficiently impressive and well engineered, would embody deep time for people. It should
be charismatic to visit, interesting to think about, and famous enough to become iconic in the public
discourse. Ideally, it would do for thinking about time what the photographs of Earth from space have done

for thinking about the environment. Such icons reframe the way people think.
Hillis, who developed the 'massive parallel' architecture of the current generation of supercomputers, dev
ised the mechanical design of the Clock and is now building the second prototype (the first prototype is on
display in London at the Science Museum). The Clock's works consist of a binary digital-mechanical
system which is so accurate and revolutionary that we have patented several of its elements. (With 32 bits
of accuracy it has precision equal to one day in 20,000 years, and it self-corrects by 'phase-locking' to the
noon Sun.) For the way the eventual Clock is experienced (its size, structure, etc.), we expect to keep
proliferating design ideas for a while. In 01999 Long Now purchased part of a mountain in eastern Nevada
whose high white limestone cliffs may make an ideal site for the ultimate 10,000-year Clock. In the
meantime Danny Hillis and Alexander Rose continue to experiment with ever-larger prototype Clocks.
Long Now added a "Library" dimension with the realization of the need for content to go along with the
long-term context provided by the Clock - a library of the deep future, for the deep future. In a sense every
library is part of the 10,000-year Library, so Long Now is developing tools (such as the Rosetta Disk, the
Long Viewer and the Long Server) that may provide inspiration and utility to the whole community of
librarians and archivists. The Long Bets project - whose purpose is improving the quality of long-term
thinking by making predictions accountable - is also Library-related.
The point is to explore whatever may be helpful for thinking, understanding, and acting responsibly over
long periods of time.
-Stewart Brand
I'll give a talk called Zooming Out In Time, based on my studies of climate change, mass extinctions and the long term
history and future of the universe. Brand says he wants cool graphics and a mind-blowing talk. So, I have to start
thinking about it. It should be fun! But I have to figure out the overarching message - a talk should always be about one
thing - while packing the talk with fun stuff.
April 16, 2006
The title of my talk Zooming Out In Time is a double entendre. On the one hand, I want to show how science is letting
see the history of the universe ever more clearly, so we can now zoom out in time and understand processes on scales of
10 years, 100 years, 1000 years, 10000 years, 100000 years and so on, like that wonderful movie Powers of Ten. On the
other hand, I want to explain how we're broadening our perspective just barely in time to ameliorate certain crises like
climate change and mass extinction.
I want to illustrate these ideas with four examples:
Cultural memory loss - the burning of the library of Alexandria, the forgotten revolution in Greek science, the
translation of Greek texts to various languages before they reached the Arabs and then medieval Western Europe,
and the recent recovery of lost treasures at Oxyrhyncus and Herculaneum, and the discovery of the Archimedes
Palimpsest.
Climate change, past and present, including the Younger Dryas event, the danger of abrupt changes in the
thermohaline circulation, maybe even stuff about Heinrich events.
Mass extinctions, past and present.
The posthuman future of the universe.
These examples will cover increasingly large time scales.
Ironically, I won't have time for all this... the talk should only last 45 minutes.
April 17, 2006

I'm staying on 61st St., near the University of Chicago but just south of the "Midway" - a strip of land and roads
separating the "okay" part of Hyde Park from the "bad" part - the part where everyone tells you not to walk in at night.
So, I'm in the "bad" part, but right on the edge - so every night I try to make it all the way back home before someone
mugs me. It is deserted and somewhat spooky - so deserted that I hope no mugger is sufficiently patient to wait there for
someone to mug.
When I walk to the University in the morning everything looks more benign... especially because it's spring! When I
first arrived, on April Fool's Day, it was quite cold. Since then it's warmed up. At first the forsythia bushes looked like
dead sticks. But soon they had leaves and yellow blossoms, and now, each day as I walk to school, their leaves and
blossoms grow visibly bigger! Nature is full of life, irrepressible.
Alas, I heard today on the morning radio news that sea bird populations have crashed in the Pacific Northwest:
Deirdre Kennedy, Disappearing birds may point to bigger problems, Morning Edition, National Public Radio,
April 17, 2006.
The Sea Duck Joint Venture.
Lynn La, Bird populations declining in Puget Sounds, The California Aggie, March 1, 2006.
It may be related to global warming: the upwelling of cold water in the Pacific didn't happen in the usual way last year,
so there wasn't as much plankton as usual, and everything that feeds on them suffered. For example, there was a 20-30%
drop in the population of salmon, and 5 to 10 times as many dead birds washed up on beaches from central California to
British Columbia:
Glen Martin, Sea life in peril - plankton vanishing: usual seasonal influx of cold water isn't happening, San
Francisco Chronicle, July 12, 2005.
Carina Stanton, Warmer oceans may be killing West Coast marine life, Seattle Times, July 13, 2005.
But, apparently this doesn't explain a longer-term population decline among sea ducks. Over the last decade, for
example, the number of grebes has dropped by a factor of 10!
I wish I could find more detailed in information on how ocean currents are changing, and how this is affecting ocean
life. Here's a related item I mentioned on November 4, 2004:
Angus Atkinson, Volker Siegel, Evgeny Pakhmonov and Peter Rothery, Long-term decline in krill stock and
increase in salps within the Southern Ocean, Nature 432 (November 4, 2004), 100-103.
In the southwest Atlantic there's been an 80% drop in krill population since 1979, apparently because there are 30 fewer
days of sea ice near the Antarctic Peninsula, on average, and it only gets cold enough for them to breed every three
years or so these days. Krill are near the bottom of the food chain there, so this is a big deal even if you don't love teeny
crustaceans: no krill, no whales - and a lot fewer penguins, too. The krill population outweighs the world's human
population!
But I digress. I wonder how the Antarctic ocean upwellings are changing, and how this is affecting things. It's all part of
the "Great Ocean Conveyor Belt".
In a secretly related story, the radio played an interesting interview with Kevin Phillips about how America's
dependence on oil is affecting foreign policy:
Kevin Phillips and Steve Inskeep, America under the influence of oil, Morning Edition, National Public Radio,
April 17, 2006.
April 18, 2006

I've been reading a bit about "Snowball Earth" - an attempt to explain what may be really serious ice ages in the
Cryogenian Period of the Neoproterozoic Era, between 800 and 550 million years ago. It seems that least twice, glaciers
extended almost to the equator and most of the Earth's oceans were covered with ice! How could this happen, what was
its effect on life, and how did we ever get out of it?
How could this happen? There could have been a runaway "ice albedo effect". This is the feedback loop where the
colder it gets, the more ice there is, so the more sun gets reflected back out of the atmosphere, so... the colder it
gets! The reverse feedback loop is happening now as glaciers melt and the Earth heats up. It's a basic instability in
the climate system. It may be exacerbating the erratic climate changes the Earth has experienced in the last 1.8
million years ago - the "glacials" that normal folks call "ice ages":

The real puzzle is what stabilizes the climate system! Some drastic effect may have occured to heat up the Earth
after each brutal ice age in the Proterozoic - more on that later.
What was its effect on life? In the 1960s, Martin Rudwick and Brian Harland theorized that it triggered the rise of
multicellular animal life! The body plans of nearly all living animals appeared between 600 and 525 million years
ago, perhaps near the end of Earth's days as a big fat snowball. According to Hoffman and Schrag,

A series of global "freeze-fry" events would cause population "bottlenecks and flushes", observed to
accelerate evolutionary rates in some species. The crash in population size accompanying a global
glaciation would be followed by millions of years of comparative genetic isolation in high-stress
environments. This is a favorable scenario for genomic reorganization and the evolution of new body
plans. Finally, repopulations following each glaciation would occur in transient selective
environments quite different from those preceding the glaciation, favoring the emergence of new life
forms.
How did we ever escape from Snowball Earth? The ice-albedo feedback loop may only have been broken when
the lack of running water diminished weathering of rock - a process that uses up carbon dioxide - to the point
where enough CO2 built up to cause a serious greenhouse effect. Unusual carbonate rock formations support this
theory. The change from cold to hot could have been quite drastic. Hoffman and Schrag write "Calculations by
Raymond Pierrehumbert at the University of Chicago suggest that tropical sea-surface temperatures would reach
almost 50 degrees Celsius in the aftermath of a "snowball" Earth, driving an intense hydrologic cycle. Sea ice
hundreds of meters thick globally would disappear within a few 100s of years.". Hence the "freeze-fry" scenario
mentioned above.
Of course all this is a bit speculative, since fossil and other records of the Proterozoic aren't so great - it was a long time
ago! But, the "Snowball Earth" theory does seem to explain lots of anomalies. For more, try these:
Paul F. Hoffman and Daniel P. Schrag, The Snowball Earth.
Wikipedia, Snowball Earth.
David Archer, Who threw that snowball?, Science 302 (October 2003), 791-792.
Since you can only access the last one if you have a subscription, I'll quote a bit:
The overall stability of Earth's climate is generally attributed to a balance between degassing of CO2 from
deep within Earth, and consumption of CO2 by weathering reactions at Earth's surface. Urey wrote the
reaction as:
metamorphosis
CaSiO3 + CO2    

   
CaCO3 + SiO2
weathering
where the left-hand side is favored at the high temperatures of Earth's interior and the right-hand side is
favored in the cool, wet conditions at Earth's surface. Walker et al proposed that the rate of weathering
should depend on temperature and the intensity of the hydrological cycle, which in turn depend on the
partial pressure of CO2 in the atmosphere, pCO2.The latter adjusts such that the CO2 sources and sinks
balance. If the Sun warms up, weathering accelerates, consuming more CO2 until Earth's surface cools back
down. The time scale of Walker et al.'s thermostat is ~500,000 years.
This thermostat appears to have broken down during Snowball Earth. The Snowball Earth hypothesis is
based on geological evidence of multiple glaciations at sea level in low latitudes. The glaciation deposits
are accompanied by "banded iron formations," which appear to mark the oxidation of an iron-rich anoxic
ocean. They are overlain by caps of mineralogically peculiar CaCO3 deposits that resemble abiotic
precipitates from a highly supersaturated ocean.
The leading explanation for the Snowball is a runaway ice-albedo feedback. When ice sheets reach some
critical latitude, they reflect so much solar energy back into space that the entire planet freezes over. In the
frozen world, weathering stops. Hydrothermal iron becomes more abundant than weathering sulfur in the
anoxic ocean, generating the first banded iron formations on Earth in 1000 million years. Ultimately,

Walker et al.'s thermostat overcomes the ice albedo, because CO2 degassing from Earth's interior drives
atmospheric pCO2 upward. The ice melts abruptly, transforming Earth into a hothouse, which the
thermostat eventually ameliorates. In the process, weathering consumes large amounts of CO2, generating
the cap carbonates.
There were two to four snowball glaciations during the Neoproterozoic. Why did the thermostat break
repeatedly during this interval, but not at any other time? Ridgwell et al. have identified a mechanism that
may help to answer this question. To understand their idea, we need to consider a second feedback
mechanism in the carbon cycle: CaCO3 compensation.
The balance this time is between weathering of CaCO3 and its burial in the ocean. The homeostat switch is
the pH of the ocean. CaCO3 is a base and dissolves in acid. If the rate of weathering exceeds that of burial,
the ocean becomes more basic, enhancing burial until the two fluxes balance. CaCO3 compensation
operates more quickly than Walker et al.'s thermostat; under today's conditions the time scale is about
10,000 years. Ridgwell et al. have identified a mechanism by which CaCO3 compensation might have gone
awry, drawing down enough CO2 to explain the descent into the Snowball state.
April 19, 2006
You may think my diary is depressing: global warming, dead ducks, Snowball Earth... but in fact, I'm getting pretty
optimistic. History seems to show that life is wonderfully resilient. After each mass extinction or disaster, it springs
back better than ever! For example:
When cyanobacteria first invented photosynthesis about 3.5 billion years ago, oxygen was a poisonous gas: life
was unable to handle it! Life had to adapt or die... and it adapted. Now we breathe oxygen.
Life almost froze during Snowball Earth, but the selection pressure may have triggered the rise of multicellular
animals!
Each of the five classic mass extinctions led to the rise of new life forms... most famously, the demise of the
dinosaurs seems to have let mammals rise to their current prominence.
So, the mass extinction we humans are causing may also lead to good results we can't imagine now.
The interesting question is whether we'll be around to see them.
I think the answer is: we're too destabilizing to last for long in our current form. We'll either die out, move out, or
transform into something different.
(The last two could both happen, in principle.)
April 22, 2006
Oil gossip seen on Bruce Sterling's blog:
Oil: The Party Is Over
By Gwynne Dyer
GBN Global Perspectives
Welcome to the world of $70-per-barrel oil. That's if there is no crisis in the Gulf over Iran's nuclear
ambitions. If there is, then get ready for $140 a barrel. Oil briefly breached the $70 barrier eight months

ago, but this time it is going up for good.
Exactly one year ago the investment bank Goldman Sachs put out a paper suggesting that the "new range"
within which oil prices will fluctuate is $50-$105 per barrel. (The old range, still used by most of the oil
industry when deciding if a given investment will be profitable, was $20-$30.) The price could surge well
past the upper end of the Goldman Sachs range if the United States actually does launch military strikes
against Iran, but it's going up permanently anyway.
Whatever his longer-term plans, President Bush is unlikely to attack Iran before the mid-term
Congressional elections in November, for three of the last four global recessions were triggered by a sharp
rise in the oil price. But even without a Gulf crisis, the oil price will only stabilise at a price a good deal
higher than now, because the major players in the market understand the long-term trends.
Transient events like the Iran crisis and the political unrest in Nigeria (which has cut that country's exports
by a quarter) drive the daily movements in the oil price, but the underlying supply situation is so tight that
oil would stay high even if Nigeria turned into Switzerland and Iran opted for unilateral disarmament. "On
production, there is nothing we can do. [OPEC, the Organisation of Petroleum Exporting Countries, is]
already producing at maximum output," said Abdullah al-Attiyah, Qatar's Oil Minister.
This is not about "peak oil," the notion that we are already at or near the point where total global oil
production reaches its maximum and begins a long decline. That may well be true, but the present price rise
is just about rising demand for oil as the big developing countries, especially the Asian ones, lift large parts
of their populations into the middle class.
Middle-class people buy cars. They also run their air conditioners all summer, and take holidays abroad,
and do other things that have big implications for total energy consumption, but above all they buy cars. For
the foreseeable future most of the cars they buy will run on some form of refined oil.
The rising demand that drives the oil price up does not just come from the middle-class Americans (and,
increasingly, Europeans) who insist on driving enormous SUVs with macho names like 'Raider',
'Devastator', and 'Genocidal Exterminator'. It also comes from the new middle class of unassuming Chinese,
Indian, Russian and Brazilian families who only want a modest family car for the school run and the
weekend. ¨There are just so many of them. This is the first big price rise that has been caused by rising
demand rather than some temporary interruption of supply.
Goldman Sachs also predicted last year that in twenty years' time there will be more cars in China than in
the United States -- about 200 million of them. Ten years after that, India's car population will also overtake
America's. Within twenty years Russia and Brazil will each have more cars than Japan. We are headed for a
billion-car world (unless all the wheels fall off first), and that means permanently high oil prices.
Good. If the oil price rises gradually from $70 to $100 over the next five years, people and governments
will start paying serious attention to energy conservation and alternate energy sources (including nuclear
energy). ¨The sooner that happens, the less extreme the global warming that we will have to contend with as
the century progresses. But if the oil price leaps to $100 or more in one swift jump we will have the mother
of all recessions, and then there will be a desperate shortage of funding for developing alternative sources
of energy.
[....]
April 23, 2006
I just spent a nice day on a tour of historic buildings of Chicago with Thomas Fiore and his wife. I guess Chicago was a
boomtown in the late 1800's, so they started building the world's tallest buildings, some of them quite beautiful....

Did you know I'm going to run for President in 2024? I'm not! But, you can still buy a campaign T-shirt. And while
you're at it, visit the myspace.com page that some joker set up in my name. I asked them to take it down, but they
didn't... so, I might as well enjoy it. Some of my "friends" look pretty shady, but I won't let that stand in my way. After
having been Geek of the Week, nothing short of the leading the world's only hyperpower will sate my ever-growing
ambition.
Addendum as of December 26, 2006 - Yay! That myspace.com page is gone now!
April 28, 2006
Coyotes are settling into the suburbs of Washington DC:
Mary Battiata, Among us, Washington Post, April 16, 2006.
Quoting a bit:
There was a paradox in all this. Over the past 20 years, residents of suburban Washington had become
accustomed to living amid ever-growing herds of azalea-stripping deer, flocks of lawn-fouling and
territorial Canada geese, as well as raccoon and squirrel populations far more dense than they would be in
rural areas. But coyotes were something different: medium-size predators, with a wolf-like appearance and
a reputation for wiliness, who seemed to stir a primal fear of wolves that came to this continent with
European settlement. [...]
Washington is the last major metropolitan area in the country to be colonized by coyotes. They arrived in
Maryland and Virginia about 20 years ago, after expanding their range into every part of the continental
United States except the southernmost tip of Florida. (They showed up there about five years ago.) By
2004, when coyotes first were sighted in Rock Creek Park, large populations already were ensconced in
suburban Westchester County, outside New York City, as well as Boston, Nashville, Phoenix, Houston and
elsewhere. Last month, a coyote on the loose in Central Park, at the latitude of 66th Street, made headlines - "Beep! Beep! Wily Coyote Captured." It was the second coyote to show up in Manhattan in recent years.
In downtown Chicago, coyotes have been spotted trotting back and forth across Michigan Avenue. Outside
Boston, the presence of coyotes has provoked a fierce debate in the state legislature about reintroducing leghold traps, currently banned as cruel and unnecessary. In California, coyotes have been a fact of urban life
for decades. On the beaches of Santa Barbara, when bathers go into the water, coyotes come out of the
brush to sniff beach towels.
The coyote -- biological cousin of the wolf, fox and dog -- has roamed the Plains states for at least 15,000
years. The coyotes' outward migration began about a century ago. They moved east and west, filling the
ecological vacuum left by human efforts to eradicate wolves from the lower 48 states. Coyotes expanded
west first, toward California. Eastward expansion began a few decades later, along two routes, one due east
and southeast, through the Gulf States, and the other northeast, into Canada, and eventually down into New
England and along the East Coast. Wildlife biologists believe that the coyotes now showing up in the
Washington area may be part of both eastward migrations: the smaller, Western coyotes -- 20 to 35 pounds
-- of the due-east migration; and larger coyotes from the Canadian migration. Coyotes in this second group
weigh 35 to 50 pounds, because of interbreeding with Canadian wolves.
[...]
Failing to show dominance toward a coyote is always a mistake, Boelens said. It undermines the coyotes'
fear of humans and, with that, the urban coyote's best chance for peaceful coexistence with us. So now it
was time for Boelens to go to work, to remind these coyotes that hanging around and staring at humans,
even out of curiosity, was unacceptable behavior.
He turned and looked directly at them. He raised his arms, widened his eyes. Then he ran toward them,

arms over his head. Before he'd taken three steps, the coyotes hopped in place, and then took off, so silently
and fluidly that they seemed to float over the open ground. Within seconds, they were gone.
I see coyotes sometimes when I walk back from work late at night. When I see more than one at a time, it's a bit scary.
But the right thing to do is act big and tough and scare them... so they'll stay elusive and not get in trouble.
For my May 2006 diary, go here.
Sometimes it seems unlikely that a society as a whole can make wise choices. Yet there is no choice but to call for the
"the recovery of the commons" - and this, in a modern world that doesn't quite realize what it has lost.... The commons
is a curious and elegant social institution within which human beings once lived free political lives while weaving
through natural systems. - Gary Snyder
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Diary - January 2007
John Baez

At the end of December there was a big ice storm in the midwest of the USA. My student Toby Bartels felt the brunt of
it: he lives in Nebraska now.
In January it was cold through much of the country, but not here in Riverside. Except for a brief and devastating cold
snap starting on the 15th, it was really warm and dry. The pictures above tell the story.
From January 6th to 15th I was in Toronto, where I helped run a workshop on n-categories. It was great seeing a lot of
my friends! You can see photos from this workshop, and read a description of it.
On the 13th, Bruce Bartlett did an interview of Urs Schreiber and me, focusing on the history of our blog with David
Corfield - the n-Category Café.

I made it back just before a big snow storm hit Toronto.
For my February 2007 diary, go here.

Eternity is in love with the productions of time. - William Blake
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Diary - February 2007
John Baez
February 4, 2007
I didn't get much time to make diary entries last month, and I guess I just wasn't in the mood! Lisa and I enjoyed
restoring the house to peak performance upon her return from Shanghai — I kept it reasonably clean in her absence, but
I'm not the sort to bake bread, plant lavender and thyme, or shop for a new Belgian waffle maker in her absence! Left to
my own devices, I usually choose minimalist efficiency over charm. I'd rather spend all my time exploring the realm of
abstract thought patterns: math, physics, music. But a diet solely of this is not what makes me the happiest. A little
balance is better.
We're getting married on the 17th of this month. In a way it's no big deal, since we'll have been together 20 years this
April — and we'll have the big party not on our wedding but on April 1st, our official anniversary. Anyone can have a
wedding; 20th anniversaries are worth a bit more.
But, getting married is turning out to be a pleasant opportunity for doing fun silly things together, especially since we're
avoiding most of the stressful hoopla. For example, shopping for rings has awakened my long-neglected alchemical
fondness for rare elements. If it weren't so decadent, I would have gotten a ring made of platinum! It's delightfully
dense, produced only by supernovae:

Tungsten has its own charms, as does titanium — cheap and light, but not something you see every day. But, after some
thought we wound up ordering mokume rings, with a wood-grain pattern of gold and steel laid on a titanium backing.
Mokume is a Japanese technique which apparently involves repeated folding of layers of metal, akin to how samurai
swords and Damascus steel are made:
Hiroko Sato Pijanowski and Gene Michael Pijanowski, Wood Grained Metal: Mokume-Gane, Society of

American Silversmiths.
February 7, 2007
The argument about global warming is over. Now the losers are trying to rewrite history.
Today, White House officials began some serious backpedaling. They put out a letter saying that "Beginning in June
2001, President Bush has consistently acknowledged climate change is occurring and humans are contributing to the
problem." They also claimed that "Climate change has been a top priority since the president's first year in office."
A week ago, White House spokesman Tony Snow said, "Perhaps folks have not taken notice of the fact that this is an
administration that's been keenly committed both to environmentalism and conservationism from the start." He added:
"The long national slumber may be approaching an end."
Hilarious — but good news in its own way. We can't expect any real action on the environment from the Bush
administration. They'll continue to drag their heels as best they can. But at least they've realized it's hopeless to publicly
deny the reality of human-induced climate change. Now the best excuse for inaction is claiming that the situation is
hopeless.
Perhaps this report was the nail in the "climate skeptics'" coffin:
UN Intergovernmental Panel on Climate Change, Climate Change 2007: The Physical Science Basis — Summary
for Policymakers.
Here's the problem in a nutshell:

The consequences? See these temperature projections for the years to come. The lowest one is where, due to some
miracle, CO2 emissions are held constant starting now:

February 9, 2007
We picked up our mokume wedding rings. They're nice! I couldn't really photograph them, but they look a bit like this:

February 10, 2007
We spend the day cleaning up the yard, planting herbs (lavender, savory, purple sage, thyme), flowers (California
poppies and wildflowers) and ground cover (creeping thyme) while a fellow worked on our broken sprinkler system,
and his assistant cleared out dried leaves and accumulated brush.
I spent a while thinking about how I really didn't want to be doing this... mainly because all this work was our attempt to
recover from a hot summer with a broken sprinkler system and an inattentive house guest, followed by a frosty cold
snap in January that killed a lot of the lantana and morning glory.
Planting a garden is an act of optimism.
Clearing away plants that have died from drought or frost is a lesson in the mortality of all things.
After a while I got happy: with four of us working away, things were improving noticeably. I started thinking about the
look of a well-run, active household - or even better, a farmhouse. It's not perfectly neat and clean. Stuff may be strewn
around. But it's there for a purpose - it doesn't lie around forever, gathering dust. The house hums with interconnected
webs of activity. It's like an ecosystem. There are patches that get neglected for a while... but eventually a spring
cleaning comes along and whips them into shape.
My mother is a perfectionist who likes the house to be as clean as a museum. As I kid I rebelled against this "esthetic
totalitarianism", but I had trouble envisioning the alternatives - all that came to mind were sloppiness and minimalism,
and I chose the latter. It took me a while to discover the robust charm of an active house.
February 11, 2007
The cool thing about this photo:

is that it's not!
It's a drawing by Vija Celmins. She does amazing work. She's having a retrospective at the Hammer Museum in Los
Angeles from January 28th until April 22nd, and I hope I have the time to go see it.
Public Broadcasting System, Vija Celmins: biography, documentary film.
UCLA Hammer Museum, Vija Celmins: a drawings retrospective.
February 12, 2007
I've been made a member of the Foundational Questions Institute. This is an organization that seeks:
To catalyze, support, and disseminate research on questions at the foundations of physics and cosmology,
particularly new frontiers and innovative ideas integral to a deep understanding of reality but unlikely to be
supported by conventional funding sources.
Since I think fundamental physics is stuck, this seems like a good thing to me.
Vernor Vinge is talking at the Long Now Foundation on Thursday February 15th. Stewart Brand writes:
Science fiction writer Vernor Vinge invented the concept that dominates thinking about technology these
days. He called it "the Singularity" — the idea that technology (computer tech, biotech, nanotech) is now
accelerating so exponentially that it will lead to a massive, irreversible, and profoundly unpredictable
transformation of humanity by mid-century.
This Thursday evening Vinge will challenge his own idea for the first time: "I have some plausible, nonsingularity scenarios that get us into a human-scale world with long time horizons. I'll describe the nearterm peculiarities I see for such scenarios and then discuss what such a world might be like across ten or
twenty thousand years. Finally, I'd like to talk about dangers and defenses related to these scenarios."

February 15, 2007
I've talked about Vinge's Singularity scenario a number of times in this diary — for example, on October 2nd,
December 5th, and December 6th last year. Today Vinge gave a talk on this topic:
Vernor Vinge, What if the Singularity does NOT happen, talk at the Long Now Foundation.
Here's Stewart Brand's summary:
Vinge began by declaring that he still believes that a Singularity event in the next few decades is the most
likely outcome — meaning that self-accelerating technologies will speed up to the point of so profound a
transformation that the other side of it is unknowable. And this transformation will be driven by Artifical
Intelligences (AIs) that, once they become self-educating and self-empowering, soar beyond human
capacity with shocking suddeness.
He added that he is not convinced by the fears of some that the AIs would exterminate humanity. He thinks
they would be wise enough to keep us around as a fallback and backup — intelligences that can actually
function without massive connectivity! (Later in the Q&A I asked him about the dangerous period when
AI's are smart enough to exterminate us but not yet wise enough to keep us around. How long would that
period be? "About four hours," said Vinge.)
Since a Singularity makes long-term thinking impractical, Vinge was faced with the problem of how to say
anything useful in a Seminar About Long-term Thinking, so he came up with a plausible set of scenarios
that would be Singularity-free. He noted that they all require that we achieve no faster-than-light space
travel.
The overall non-Singularity condition he called "The Age of Failed Dreams." The main driver is that
software simply continues failing to keep pace with hardware improvements. One after another, enormous
billion-dollar software projects simply do not run, as has already happened at the FBI, air traffic control,
IRS, and many others. Some large automation projects fail catastrophically, with planes running into each.
So hardware development eventually lags, and materials research lags, and no strong AI develops.
To differentiate visually his three sub-scenarios, Vinge showed a graph ranging over the last 50,000 and
next 50,000 years, with power (in maximum discrete sources) plotted against human population, on a loglog scale. Thus the curve begins at the lower left with human power of 0.3 kilowatts and under a hundred
thousand population, curves up through steam engines with one megawatt of power and a billion
population, up further to present plants generating 13 gigawatts.

His first scenario was a bleak one called "A Return to MADness." Driven by increasing environmental
stress (that a Singularity might have cured), nations return to nuclear confrontation and policies of
"Mutually Assured Destruction." One "bad afternoon," it all plays out, humanity blasts itself back to the
Stone Age and then gradually dwindles to extinction.
His next scenario was a best-case alternative named "The Golden Age," where population stabilizes around
3 billion, and there is a peaceful ascent into "the long, good time." Humanity catches on that the magic
ingredient is education, and engages the full plasticity of the human psyche, empowered by hope,
information, and communication. A widespread enlightened populism predominates, with the kind of
tolerance and wise self-interest we see embodied already in Wikipedia.
One policy imperative of this scenario would be a demand for research on "prolongevity" — "Young old
people are good for the future of humanity." Far from deadening progress, long-lived youthful old people
would have a personal stake in the future reaching out for centuries, and would have personal perspective
reaching back for centuries.
The final scenario, which Vinge thought the most probable, he called "The Wheel of Time." Catastrophes
and recoveries of various amplitudes follow one another. Enduring heroes would be archaeologists and
"software dumpster divers" who could recover lost tools and techniques.
What should we do about the vulnerabilities in these non-Singularity scenarios? Vinge's main concern is
that we are running only one, perilously narrow experiment on Earth. "The best hope for long-term survival
is self-sufficient off-Earth settlements." We need a real space program focussed on bringing down the cost
of getting mass into space, instead of "the gold-plated sham" of present-day NASA.
There is a common critique that there is no suitable place for humans elsewhere in the Solar System, and
the stars are too far. "In the long now," Vinge observed, "the stars are not too far."
Stewart Brand

February 16, 2007
Tomorrrow is the big day — Lisa and I are getting married! It should be lots of fun. We're having a small ceremony
with a few good friends, and then going out to dinner. The best part is that, having been a couple for almost 20 years,
and having lived and worked in Riverside together for almost 10, we're not at all nervous about it all.
For lots of people, getting married feels more like this:

In case you're wondering, the fool in this movie is using a wingsuit.
On a wholly different note, here's an interesting free book on sustainable development:
Lester R. Brown, Plan B 2.0: Rescuing a Planet Under Stress and a Civilization in Trouble, Earth Policy Institute,
2006.
February 17, 2007
Lisa Raphals and I got married today!

In a small ceremony in our back yard, our friend the anthropologist Al Fix served as solemnizer, as shown here. Also
attending were his wife Betsy, my aunt Marilyn Goudzwaard, and our friend Lothar von Falkenhausen. Our other
relatives were unable to attend. But that's okay: the big party will take place later this year, on our 20th anniversary of
being together — April Fool's Day!
After the ceremony we had dinner at the Mission Inn Restaurant.
February 18, 2007
Today we're having our big annual party celebrating the Lunar New Year.
According to the Chinese lunisolar calendar, it's the end of the Year of the Dog, and the start of the Year of the Pig. The
lunar calendar inevitably drifts away from the solar one, because there are 12.368 lunar months per year. So,
occasionally they need to stick in an extra "intercalary month". That caused this Year of the Dog to officially have "two
springs" &mdash so it was especially auspicious for marriage!
That's why we got married yesterday: we wanted to do it before the Year of the Dog ended.
(Don't worry; I don't actually believe in this stuff. But, they say it works even if you don't believe in it.)
With the help of a bevy of Chinese grad students, we're making several hundred jiaozi — the traditional Chinese New
Year's dumplings:

February 19, 2007
My student Derek Wise, who is finishing his thesis this Spring, just got a postdoc job at the math department of U. C.
Davis! And my student Jeffrey Morton, who is also finishing up, got a job at the University of Western Ontario! Hurrah!
For their theses, Derek and Jeff are both working on a problem that's exercised me for years: seeing BF theory as an
extended topological field theory in all dimensions, and understanding its relation to quantum gravity. Derek got pulled
in the direction of geometry; Jeff got pulled in the direction of n-categories, so a casual observer might not even notice
that they're working on the same subject. But they are! And, I hope this becomes clearer in their future work. They may
wind up doing other things. Derek will probably be talking with Greg Kuperberg about quantum topology and Steve
Carlip about quantum gravity, while Jeff will be talking to Dan Christensen about quantum gravity and categories, and
also visiting the Perimeter Institute. All this could be just what they need to dig deeper into the topics touched on by
their theses... or they could move in other directions.
Another student is leaving me as well: Mike Stay. He hasn't even finished his qualifiers yet, but he's already been doing
excellent work on category-theoretic logic and quantum computation. Unfortunately, he has a family to support, and
they're going broke on the salary we give our grad students. Since he understands cryptography and computer security
issues, he was able to get himself a job at Google with an eye-poppingly large salary. He may continue working with me
from afar.
All this will slash the number of my grad students here at UCR from 5 to 2. Right now this seems like a good thing: I'm
feeling overworked, tired and burnt out. It's not just because I have lots of students: this quarter I'm the graduate
recruitment advisor and serving on some hiring committees. I'm teaching classes on quantization, computation, and
algebraic topology. I just got married! I just threw a huge party. Every week I discuss math with James Dolan, Alissa
Crans and Danny Stevenson. I'm blogging heavily. And, I'm trying — with little success — to finish up 3 big papers.
No, 4.
All these things are individually lots of fun. But, I need more time to do... nothing in particular.
February 22, 2007
Lisa's left yesterday (Wednesday) to give a talk at Penn State, and she's coming back on Sunday. So, I have a bit more
spare time. Last night I had fun listening to some of the nasty music Lisa doesn't like &mdash like this album:
I even added it as an entry to my list of favorite music. I don't think belongs up there with Bach, but it's good, and

eventually my list will be a lot longer, so it will fit in.
February 23, 2007
On December 2nd I wrote about a virtual reality environment called "Second Life". Here's an update on that:
Virtual Loses its Virtues
By Alana Semuels, Los Angeles Times Staff Writer
February 22, 2007
Like any pioneer, Marshal Cahill arrived in a new world curious and eager to sample its diversions. Over
time, though, he saw an elite few grabbing more than their share.
They bought up all the plum real estate. They awarded building contracts to friends. They stifled free
speech.
Cahill saw a bleak future, but he felt powerless to stop them. So he detonated an atomic bomb outside an
American Apparel outlet. Then another outside a Reebok store.
As political officer for the Second Life Liberation Army, Cahill is passionately committed to righting what
he considers the wrongs of a world that exists only on the computer servers of Linden Lab in San Francisco.
Linden is the company behind Second Life, a virtual world in which Internet users act out parallel fantasy
lives. They date. They build houses. They work. Some players support themselves in real life by selling
goods or services in the game.
Some see the space as a utopia free of real-world constraints, where they can build their vision of a perfect
realm from scratch. It's a place where denizens can reinvent themselves as a supermodel or a rodent, own an
island or fly, no plane necessary, to a virtual Grauman's Chinese Theatre.
In the last year, the number of people who had visited Second Life skyrocketed from 100,000 to 2 million.
As the population grows, early denizens are learning the truth of Jean-Paul Sartre's observation "Hell is
other people."
The website is facing the problem that many would-be utopias faced before it: When building the ideal
world, it's impossible to change while remaining perfect in everyone's eyes.
Cahill and his compatriots say they don't necessarily mind the new residents, but they want more influence
in deciding the future of the virtual world. Most important, they want Linden Lab to allow voting on issues
affecting their in-world experience.
"The population of the world should have a say in the running of the world," Cahill said during an in-world
interview. Cahill is this participant's online name, incidentally. He refused to reveal his real-world name for
fear of banishment from Second Life.
The army has staged a number of protests in Second Life to publicize its position. Three gun-toting
members shot customers outside American Apparel — bullet wounds in Second Life are not fatal but
merely disrupt a user's experience &mdash and Reebok stores last year.
Then they stepped up the campaign, exploding nukes, which manifested themselves in swirling fireballs
that thrust users at the scene into motionless limbo.
Cahill said the group targeted in-world corporate locations to draw real-world attention to its cause.

Long-term Second Life residents have given Cahill and his conspirators money to buy virtual guns and
other weapons. Cahill says he believes that 80% of long-term residents support his cause.
Cahill, an entrepreneur who splits his time between London and San Francisco in the real world, compares
himself to John Adams, the second U.S. president. Adams would have been considered a terrorist by his
foes, Cahill said, because he helped lead the American Revolution. The Second Life Liberation Army, he
said, is just trying to make the world a better place.
[....]
The story goes on to explain that Cahill and others are protesting the arrival of real-world corporations in Second Life.
Companies are starting to do this because it makes them look cool. Linden Lab likes it, because big companies have the
money it takes to help keep the game going. According to Peter Ludlow, editor of Crypto Anarchy, Cyberstates, and
Pirate Utopias, chain stores such as American Apparel are being dropped into "this fantasy world with unicorns and
flying elephants. It's an eyesore." Some disgruntled residents are moving on to new sites, such as Multiverse. And so it
goes...
For more try these:
Second Life Liberation Army blog, including full text of the above LA Times article.
Open Source, Open Genomics, Open Content blog, including interview with Second Life's Philip Rosedale on the
arrival of big business in Second Life.
February 24, 2007
A few weeks ago I got an email from a secretary at the Dartmouth College math department, saying I'd received a small
package there. She only knew about me because I'd given a public lecture there last fall, called Tales of the
Dodecahedron.

She said the package was from England, originally addressed to:
John Baez,
Mathematician,
University of California,
Irvine, USA
Of course I'm at UC Riverside, not UC Irvine. Someone had crossed out this address and written:
John Baez
Department of Mathematics

6188 Kemeny Hall
Dartmouth College
Hanover, NH
03755-3551
She had no idea who did this, or why. Did some postal worker, or some mathematican at Irvine, know I'd given a talk at
Dartmouth? That's the only explanation I can dream up!
She said the package was a CD from one "Celeste de Vine", and that she'd forward it to me.
Anyway, I got the package a while ago. It contains a letter:
Dear John,
Please find enclosed a novel, "Mr. Grumles' Dream", that is about a 14 year old girl who is learning to
overcome her dyslexia by writing a book about a Theory of Everything. Her mentor in the story, a man who
has a keen interest in the Nature of Reality, is also dyslexic, as indeed, is the author. The work is an attempt
to give a rather black comic insight into the dyslexic mind for those who do not suffer from this affliction,
and, how this disabling condition with all of its negative social and psychological consequences can be
overcome.
As it is a work of fiction and proceeds from the book will be going to the charity Dyslexia Action, I hope
you enjoy the use that I have made of the Feature, "Out of the Void", that you were named in, for the
journal, New Scientist. You will be in good company, as even a cursory glance at the list of the Venerable
contributors will soon reveal.
With 1 in 5 children suffering from "learning difficulties" - a term already heavily laden with negative
connotations - and a large % of those dyslexic, it is a global problem with enormous social consequences
that needs to be addressed right now.
I'd like to think that my book may go some way in redressing these problems by providing a very positive
take on the condition, while at the same time, provide more than just hope for the dyslexic. It has taken me
over 3 hours to write this letter but I would like to think that it is coherent and - convincing. Ditto the book,
if in a somewhat more humorous vein.
Yours,
Celeste de Vine
A touching note! Now I will look at the book.
Hmm, it's interesting...
February 26, 2007
Education is incredibly important: it's how the human race leverages itself forward. This idea is widely accepted, though
often in a degraded form which focuses solely on the economic benefits of a well-trained "labor pool". But that's another
matter — right now I want to rant about something else: given the importance of education, how little we know about
how it works!
For example, we're just realizing how much praise of the wrong sort can hurt children:
Po Bronson, How not to talk to your kids, New York Magazine, February 19, 2007.
An excerpt:

For a few decades, it's been noted that a large percentage of all gifted students (those who score in the top
10 percent on aptitude tests) severely underestimate their own abilities. Those afflicted with this lack of
perceived competence adopt lower standards for success and expect less of themselves. They underrate the
importance of effort, and they overrate how much help they need from a parent.
When parents praise their children's intelligence, they believe they are providing the solution to this
problem. According to a survey conducted by Columbia University, 85 percent of American parents think
it's important to tell their kids that they're smart. In and around the New York area, according to my own
(admittedly nonscientific) poll, the number is more like 100 percent. Everyone does it, habitually. The
constant praise is meant to be an angel on the shoulder, ensuring that children do not sell their talents short.
But a growing body of research — and a new study from the trenches of the New York public-school
system — strongly suggests it might be the other way around. Giving kids the label of "smart" does not
prevent them from underperforming. It might actually be causing it.
For the past ten years, psychologist Carol Dweck and her team at Columbia (she's now at Stanford) studied
the effect of praise on students in a dozen New York schools. Her seminal work — a series of experiments
on 400 fifth-graders — paints the picture most clearly.
Dweck sent four female research assistants into New York fifth-grade classrooms. The researchers would
take a single child out of the classroom for a nonverbal IQ test consisting of a series of puzzles — puzzles
easy enough that all the children would do fairly well. Once the child finished the test, the researchers told
each student his score, then gave him a single line of praise. Randomly divided into groups, some were
praised for their intelligence. They were told, "You must be smart at this." Other students were praised for
their effort: "You must have worked really hard."
Why just a single line of praise? "We wanted to see how sensitive children were," Dweck explained. "We
had a hunch that one line might be enough to see an effect."
Then the students were given a choice of test for the second round. One choice was a test that would be
more difficult than the first, but the researchers told the kids that they'd learn a lot from attempting the
puzzles. The other choice, Dweck's team explained, was an easy test, just like the first. Of those praised for
their effort, 90 percent chose the harder set of puzzles. Of those praised for their intelligence, a majority
chose the easy test. The "smart" kids took the cop-out.
Why did this happen? "When we praise children for their intelligence," Dweck wrote in her study summary,
"we tell them that this is the name of the game: Look smart, don't risk making mistakes." And that's what
the fifth-graders had done: They'd chosen to look smart and avoid the risk of being embarrassed.
In a subsequent round, none of the fifth-graders had a choice. The test was difficult, designed for kids two
years ahead of their grade level. Predictably, everyone failed. But again, the two groups of children, divided
at random at the study's start, responded differently. Those praised for their effort on the first test assumed
they simply hadn't focused hard enough on this test. "They got very involved, willing to try every solution
to the puzzles," Dweck recalled. "Many of them remarked, unprovoked, 'This is my favorite test'" Not so
for those praised for their smarts. They assumed their failure was evidence that they weren't really smart at
all. "Just watching them, you could see the strain. They were sweating and miserable".
Having artificially induced a round of failure, Dweck's researchers then gave all the fifth-graders a final
round of tests that were engineered to be as easy as the first round. Those who had been praised for their
effort significantly improved on their first score — by about 30 percent. Those who'd been told they were
smart did worse than they had at the very beginning — by about 20 percent.
There's a lot more in this interesting article.
And here's another fascinating thing Dweck seems to have discovered: teaching children how the brain develops new

neurons when you learn stuff can help them learn!
Michelle Trudeau, Students' view of intelligence can help grades, Morning Edition, National Public Radio,
February 15, 2007.
Again, an excerpt:
A new study in the scientific journal Child Development shows that if you teach students that their
intelligence can grow and increase, they do better in school.
All children develop a belief about their own intelligence, according to research psychologist Carol Dweck
from Stanford University.
"Some students start thinking of their intelligence as something fixed, as carved in stone," Dweck says.
"They worry about, 'Do I have enough? Don't I have enough?'"
Dweck calls this a "fixed mindset" of intelligence.
"Other children think intelligence is something you can develop your whole life," she says. "You can learn.
You can stretch. You can keep mastering new things."
She calls this a "growth mindset" of intelligence.
Dweck wondered whether a child's belief about intelligence has anything to do with academic success. So,
first, she looked at several hundred students going into seventh grade, and assessed which students believed
their intelligence was unchangeable, and which children believed their intelligence could grow. Then she
looked at their math grades over the next two years.
"We saw among those with the growth mindset steadily increasing math grades over the two years," she
says. But that wasn't the case for those with the so-called "fixed mindset." They showed a decrease in their
math grades.
This led Dweck and her colleague, Lisa Blackwell, from Columbia University to ask another question.
"If we gave students a growth mindset, if we taught them how to think about their intelligence, would that
benefit their grades?" Dweck wondered.
So, about 100 seventh graders, all doing poorly in math, were randomly assigned to workshops on good
study skills. One workshop gave lessons on how to study well. The other taught about the expanding nature
of intelligence and the brain.
The students in the latter group "learned that the brain actually forms new connections every time you learn
something new, and that over time, this makes you smarter."
Basically, the students were given a mini-neuroscience course on how the brain works. By the end of the
semester, the group of kids who had been taught that the brain can grow smarter, had significantly better
math grades than the other group.
"When they studied, they thought about those neurons forming new connections," Dweck says. "When they
worked hard in school, they actually visualized how their brain was growing."
Dweck says this new mindset changed the kids' attitude toward learning and their willingness to put forth
effort. Duke University psychologist, Steven Asher, agrees. Teaching children that they're in charge of their
own intellectual growth motivates a child to work hard, he says.
"If you think about a child who's coping with an especially challenging task, I don't think there's anything

better in the world than that child hearing from a parent or from a teacher the words, 'You'll get there.' And
that, I think, is the spirit of what this is about."
Dweck's latest book, Mindset: The New Psychology of Success, gives parents and teachers specific ways to
teach the growth mindset of intelligence to children.
It makes me a little nervous reading two amazing discoveries in education by the same person in the course of a week. I
hope these findings are confirmed — or disconfirmed! But either way, I wish someday we'd get serious about learning
how to teach people. We could start a virtuous circle of rapid cultural development. The results could be amazing!
Right now the United States seems to be heading the other direction:
U.S. Government Info, U.S. high schools get bad report card.
February 27, 2007
In response to yesterday's entry, a friend writes:
Hi,
Just reading your diary - interesting stuff about educating kids. I found the first part less interesting than the
second - the first being, in my view, really obvious, but the second (teaching them neuroscience) being
absolutely fantastic.
There's some sort of converse to the first part (telling children they're intelligent makes them do worse;
telling them they tried really hard makes them do better) that I haven't quite figured out, but it's something
to do with the fact that I was really bad at sport at school, and my teachers always accused me of not trying
hard enough. The thing is I was already trying exceedingly hard - I was just fundamentally bad at sport, and
they couldn't believe any human being could be trying hard and still be so bad. The result was that I
eventually gave up trying at all, became sulky and argumentative, and pretended to be ill during sports
lessons as much as possible. It seems related somehow...
In reply to my February 16th entry, my friend Garrett Lisi writes:
Q: What's crazier than a wingsuit?
A: A wingsuit with jet engines.
February 28, 2007
We've had some rain the last couple of days — very nice, because we've only had 10% of our usual rain this year, and
the rainy season is almost over. Some are praying for a "March miracle" to make up the deficit, but it seems unlikely.
We'll take what we can get out here in the desert.
To a desert dweller, anyone who complains of rain sounds like a spoiled brat, unless they're actually suffering floods.
Speaking of desert dwellers, here's a book I'd like to read:
Craig Childs, House of Rain: Tracking a Vanished Civilization Across the American Southwest, Little, Brown,
New York, 2007.
It's about some puzzles of archeology. In her Los Angeles Times review of February 25th, Judith Lewis writes:
What happened to the great civilizations of the Southwest that flowered so exquisitely and flickered out so
abruptly? In addition to the Anasazi, there were the Hohokam, who built complex irrigation systems near

what is now Phoenix. And then came the Salado, "a massive cultural convergence based in east-central
Arizona, where migrants collided with numerous indigienous heritages that had been in place for centuries."
(Like "Anasazi," the name refers to an epoch rather than a unified tribe.) At Paquimé, a vibrant people kept
birds for sport and food, built great houses and watered their fields. By the end of the 15th century, some
200 years after the disappearance of the Anasazi, all these indigenes were gone. When the Spanish arrived
in the 16th century, the "probably met with only small, scattered populations, feeble resistance to
thundering columns of conquistadors clad in leather and steel."
I've been fascinated by this stuff at least since 2005, when I visited some Anasazi ruins in Canyon de Chelly on a trip to
Arizona:

Here's another — the latest by the ecologist and poet Gary Snyder:
Gary Snyder, Back on the Fire, Shoemaker and Hoard, 2007.
It's a book of essays, the central one called "Lifetimes with Fire", about wildfires in the western United States, and the
time he spent as a youth working in a fire lookout tower in the Cascades, and our failure to treat wildfires as an
unavoidable, necessary part of nature, and the cycle of rebirth:
How many times
have I thrown you
back on the fire
And here's another:
Stephen M. Meyer, The End of the Wild, The MIT Press, Boston, 2007.
An excerpt:
For the past several billion years evolution on Earth has been driven by small-scale incremental forces such
as sexual selection, punctuated by cosmic-scale disruptions.plate tectonics, planetary geochemistry, global
climate shifts, and even extraterrestrial asteroids. Sometime in the last century that changed. Today the
guiding hand of evolution is unmistakably human, with earth-shattering consequences.
The fossil record and statistical studies suggest that the average rate of extinction over the past hundred
million years has hovered at several species per year. Today the extinction rate surpasses 3,000 species per
year and is accelerating rapidly — it may soon reach the tens of thousands annually. In contrast, new
species are evolving at a rate of less than one per year.

Over the next 100 years or so as many as half of the Earth's species, representing a quarter of the planet's
genetic stock, will either completely or functionally disappear. The land and the oceans will continue to
teem with life, but it will be a peculiarly homogenized assemblage of organisms naturally and unnaturally
selected for their compatibility with one fundamental force: us. Nothing — not national or international
laws, global bioreserves, local sustainability schemes, nor even "wildlands" fantasies — can change the
current course. The path for biological evolution is now set for the next million years. And in this sense "the
extinction crisis" — the race to save the composition, structure, and organization of biodiversity as it exists
today — is over, and we have lost....
All three of these books are about the same thing.
For my March 2007 diary, go here.

The space goes on.
But the wet black brush,
tip drawn to a point,
lifts away. - Gary Snyder
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Diary - March 2007
John Baez
March 3, 2007
Today there was a nice radio program about the speech accent archive — try browsing it to hear how speakers of
different languages pronounce English. They also have transcriptions into the International Phonetic Alphabet.
I spent most of the day gardening, shopping for produce at the country store out in Fontana, buying some more herbs
and a cute little succulent to plant in the garden, and working on the computer.
And, I ordered 3 CDs from Amazon. I've been feeling a bit starved for new music lately, so I got these:
Gotan Project, Lunatico.
Gotan Project is the group that pioneered techno-tango in their first album, La Revancha del Tango. So, I've been eager
to hear their second try, but also a bit scared — was the first just a novelty? People have been saying good things about
the second, so after hesitating for months I broke down and ordered it. It's supposed to be less techno, more tango.
Jacques Loussier Trio, Erik Satie: Gymnopedies, Gnossienes. Samples here and here.

Satie's piano music has a strange charm that can't be improved, so the idea of setting it for a jazz trio (piano, bass,
drums) sounds a bit obnoxious — but when I heard the above samples on National Public Radio, I actually liked them!
It's especially intriguing when the rhythm of a piano piece you know well is tampered with a bit. Again I'm a bit scared
that I'll be disappointed by this music: maybe it will sound worse in large quantities than in tiny snippets. But, I decided
to take a risk. At the worst, it should make acceptable background music.
Alvin Lucier, Music on a Long Thin Wire.

I heard someone raving about this in some list of the 20 best pieces of modern music. It sounds intriguing, since I like
ultra-minimalist music and explorations of texture:
A 50 foot length of taut wire passes through the poles of a large magnet and is driven by an oscillator; the
vibrations of the wire are miked at either end, amplified and broadcast in stereo. The thin wire is set
vibrating four times at four different frequencies; what results is not the low drone one might expect from a
long, vibrating wire, but a complexity of evocative, ethereal chords. First released on Lovely Music in
1980, Music on a Long Thin Wire is a classic example of Alvin Lucier's investigations into the physics of
sound and the sonic properties of natural processes.
March 8, 2007
Lisa and I went to Richard Block's birthday party.
Block is an expert on Lie algebras, and there's a fun story about him and Murray Gell-Mann, the physicists who one the
Nobel prize for inventing "quarks". Actually quarks were part of a mathematical scheme which Gell-Mann called the
Eightfold Way, because it was based on the 8-dimensional Lie algebra su(3).
The story goes like this:
Murray Gell-Mann's dream was to find a Lie algebra whose representations could model the observed baryons and
mesons. A long time ago Heisenberg had invented a theory like this based on the Lie algebra su(2). This was able to
account for baryons and mesons known at the time, but a lot more were discovered later. Gell-Mann knew this Lie
algebra should contain the 3-dimensional Lie algebra su(2), since he wanted his theory to include Heisenberg's. In 1960
he worked on this problem for 6 months. He tried inventing 4-dimensional Lie algebras, then 5-dimensional ones, then
6-dimensional ones, then 7-dimensional ones... and gave up in disgust at this point, since nothing worked.
Then he talked to Richard Block, who is now a emeritus professor here at UCR, but was then an assistant professor at
Caltech. Block told Gell-Mann that he'd been reinventing the wheel, and not doing a great job of it either: Élie Cartan
had classified simple Lie algebras a long time ago, and after su(2) the smallest one is 8-dimensional, namely su(3).
Gell-Mann then invented the Eightfold Way.
I think that at the time, only 7 of the particles in the "meson octet" were known. The Eightfold Way said there should be
8, because su(3) is 8-dimensional. The missing meson — the eta — was discovered later:

Here q stands for electric charge and s stands for strangeness — the new ingredient in Gell-Mann's scheme.
I believe all 8 particles in the "baryon octet" were known at that time, too:

Only 4 particles in the baryon decuplet were known: the Δ-, Δ0, Δ+ and Δ++:

But, in June of 1962, at a conference at CERN, the discovery of some more was announced: the Σ*-, Σ*0, and Σ*+, and
the Ξ*- and Ξ*0.
This left only one missing!
So, Gell-Mann got up, went to the microphone, and predicted the existence and properties of the last one.
He called this one the Ω-, since omega is the last letter of the Greek alphabet.
The Ω- was discovered by Samios and Palmer in 1964. It had just the properties Gell-Mann had predicted, so he won the
Nobel prize in 1969.
Richard Block was also the first to write anything about what's now called the Virasoro algebra — a Lie algebra that
plays a key role in string theory.
But now Richard Block is retired. He spends a lot of time in his beautiful home up in the hills behind the U.C. Riverside
campus, sometimes working on math, sometimes fighting the developers who are trying to buy up every tiny parcel of
land in this town and build a McMansion on it. Since a lot of the city council is in bed with the developers — indeed,
some of them are developers — this is quite a battle. Recently a 90-year-old woman was ejected from a city council
meeting — escorted away by cops! — for asking questions about what was going on.
Richard's wife Jane Block is even more active in this battle. They're both part of a group called Friends of the Hills of
Riverside.
At his birthday dinner, Richard recounted the tale of some developers who had cleverly tried to measure the size of a lot
from the middle of the road instead of from the sidewalk, so they could put a bigger house on it. When the Friends of the
Hills of Riverside filed a complaint, they were informed that now there's $1080 fee to file a complaint! They paid the
fee... and were informed that there was a precedent for this action, because it's been done twice before. The fight isn't
over yet.
I realized that people like this — older people who've been in a community for decades, know all the movers and
shakers, and have the energy for politics — can make a huge difference in the daily life of a town. There are lots of
parks in Riverside that owe their existence to the Friends of the Hills of Riverside and the UCR Neighborhood
Association — another group, currently run by Gurumantra Khalsa, who with his wife was also at Richard Block's

party. I tend to have little time for this sort of thing, but maybe I should. Or maybe I should leave it to those who enjoy
it.
I met another member of Friends of the Hills of Riverside at Richard's party: Leonard Nunney, a population biologist
here at U. C. Riverside. Cool guy!
And, I found out about a great book, a guide to local plants, which should be available for purchase at an open house
this weekend. More on that later, I hope.
March 9, 2007
What's this?

Take a guess; then look at the September 6th Astronomy Picture of the Day.
Today's Seminar About Long Term Thinking touches on a theme I'm obsessed by lately:
Brian Fagan, We are not the first to suffer through climate change, Friday, March 9, 2007.
Fagan is an anthropologist at U.C. Santa Barbara who has written many books, including The Long Summer: How
Climate Changed Civilization.
Here's Kevin Kelly's summary of Fagan's talk:
There are two kinds of historians, Brian Fagan says, parachutists and truffle hunters. Parachutists command
an overview of the landscape, while truffle hunters dig deeply to uncover marvelous treasures. Fagan is a
parachutist. In his talk Fagan emphasized a wide view of human history as it unrolls in the landscape of
climate. In our lookout from the parachute, we can see evidence from ice cores, tree rings, fossil pollen, and
historical records, all pointing to the conclusion that people in the past have suffered through global
warming periods before.
So what happens?
Using data from truffle-hunting historians, Fagan told of how vineyard harvest records in Europe show that
England became so warm during the period between 800-1250 AD that England not only had vineyards in
its central provinces but it also exported wine to France. The medieval warm period had repercussions
throughout society. Iceland and Scandinavia warmed up enough to grow cereal crops, tree lines elevated in
mountain areas, and there were longer growing seasons everywhere on the continent.

This warming up of agriculture initiated the first vast clear-cutting of European forests. In the short 200
years between 1100 and 1300, from one-third to one-half of European wooded wilderness was deforested to
make way for fields and pastures — shaping the lovely farm scenes we now associate with Europe. (Today
only Poland has any remaining virgin forests).
Fagan says the myth of the medieval warm period is that it was warm. There were all kinds of weather
extremes. In 1315 it started to rain for seven years. The newly cleared and naked hills eroded, dams burst,
disease spread, and prolonged drought followed.
And not just in Europe. Mesoamerica was jolted by long droughts. The Mayan pyramids at Tikal were
engineered to act as water collection reservoirs. The collapse of their empire, and others in South America
such as the Inca in Peru, are correlated to prolonged droughts.
Indeed, says Fagan, the elephant in the climate room is drought. As recently as the 1800s, prolonged
droughts killed 20-30 million people in India during the British Raj period. We have a tendency to believe
that modern technology has alleviated our susceptibility to drought, and it has — except for the billions of
people on earth today who are living as subsistence farmers.
It is upon these people that Fagan wanted us to focus our attention and care, because it is upon these people
that the most serious consequences of global warming will fall. Referring to his own experience of many
years as an archeologist in Africa, he painted a vivid image of what a severe drought entails and how a
drought can act like a cascading disruption and rapidly destroy a vibrant culture to the point where it
disappears completely.
Forget the rocketing "hockey stick" of global warming, he urges. Even mild climate warming produces
prolonged droughts, and we should expect more of them. There's already been a 25% increase in droughts
globally since 1990. In the next 100 years, we can expect the number of people to be affected by droughts
to rise from 3% of the world's population to 30%.
The lesson Fagan wanted us to leave with was that the effects of global warming will be felt greatest on
marginal land and marginal peoples — many far from the sea and rising sea levels — and that because of
their marginality, the consequences of prolonged drought will not just be inconvenient, but devastating.
In the question and answer period, he was asked what the stricken people can do about it? "Move," he said,
"is the only option." If the world is heating up, where would he move to? "Canada. It will be dryer, much
warmer, and their politics are reasonable."
March 11, 2007
We bought a new car! After 16 years of good service, our 1991 Honda Civic started making creaky noises and we
decided it was time to get a new one — we'd been planning this for a while, but putting it off. We got a Honda EX
Sedan. Car technology has changed a lot. We now have air bags, a CD player, one of those keys that unlocks all the car
doors when you press a button... and, most futuristic of all, a voice activated navigation system. So, we can now press a
button and say "Nearest Thai restaurant" and have our car tell us how to get there. It's really cool.
Unfortunately, the process of buying the car took longer than expected, so we were late in meeting our house guest, the
mathematician Eugenia Cheng.
March 13, 2007
Speaking of drought, the one here keeps getting worse:
It's August in March for Fire Agencies

Hector Becerra and Andrew Blankstein, Times Staff Writers
Los Angeles Times
March 13, 2007
As Southern California endures its driest 12 months on record, firefighters are dealing with something new:
the yearlong fire season.
The region has not experienced a major rainstorm in nearly a year, with downtown Los Angeles recording
just 2.42 inches of rain this season, more than nine inches below normal.
The dry conditions are taking their toll.
The Santa Ana winds that usually roar from October through December have continued with unusual
frequency into March, helping fuel fires over the weekend in Orange and Riverside counties as well as
smaller blazes Monday near the Griffith Observatory and in Agoura Hills.
Cities across Southern California, including Los Angeles, Westwood, Burbank, San Gabriel, Long Beach,
Riverside, Oxnard and Laguna Beach, all set new temperature records Monday, ranging from the mid-80s
to the mid-90s.
Local agencies have responded by beefing up fire staffing, treating late winter like the late summer and fall
fire season.
"You count on winter and spring as being a respite, a time to regroup, to heal and prepare for the upcoming
fire season," said Tim Sappok, the assistant operations chief for the San Bernardino County Fire
Department. "Now, normal is abnormal. We aren't seeing the seasonal cycle. We have fuels that are ready
to burn. It looks like midsummer, vegetation-wise."
The deep freeze that hit much of the region in January is also worrying firefighters because it killed or
damaged countless trees and plants, leaving them vulnerable to fire.
"I know what I see, and I see a lot of things that are not good," said L.A. County Fire Capt. Bob Goldman,
who responded to an unseasonal January brush fire in Malibu that destroyed five homes. "You see the lack
of tall green grass, the lack of mustard plants growing. I am not seeing any of that. There is no water to get
things going."
The dry conditions have residents in fire-prone areas on edge, especially as they look ahead to summer and
fall, when the heaviest Santa Ana winds kick in.
Jan Currey, who has lived in Malibu for 23 years, said fires in her area usually start to the east and move
west, giving people time to react. But the dry conditions have made even coastal neighborhoods vulnerable,
as the January fire on the beach showed. She and her neighbors are bracing themselves.
"I've been here long enough to see patterns," Currey said, "and that if it's dry and windy, it's much worse for
fires."
But fire experts said Malibu and other coastal hillside regions up and down the Southern California coast
are actually in better shape than other places because they have gotten relatively more rain.
As the hot, dry conditions extend into summer, L.A. County Fire Assistant Chief John Todd said, he is most
worried about the foothills and mountains along the San Gabriel Valley, which have received less rain,
leaving the grass and shrubs with a much lower moisture level.
"We have areas of L.A. County that are rapidly drying out," Todd said. "Maybe we can get a week or two
of actual winter. The thing we don't know is what May and June are going to do. Are we going to get May

gray and June gloom? It doesn't seem possible right now."
Officials in Orange, Riverside and San Bernardino counties share those concerns, noting that rainfall along
inland hillsides and mountain ranges is far below normal.
Consider what Orange County fire investigators found when they examined the brush Monday around the
Anaheim Hills wildfire, which burned more than 2,000 acres.
George Ewan, a fire-defense planner for the Orange County Fire Authority, said the moisture levels in
vegetation revealed that most of the plants lingered on the brink of death. The vegetation tested looked as if
it had been plucked at the end of a long, dry summer.
"If this is the beginning, I don't know where we're going to end up," he said.
Bonnie Bartling, a weather specialist for the National Weather Service in Oxnard, said the forecast does not
call for rain in the foreseeable future.
[....]
March 14, 2007
As usual on Wednesdays, I spent the day talking to my students: first an hour with Derek Wise on Cartan geometry and
MacDowell-Mansouri gravity, then an hour with Derek and Jeff Morton on topological quantum field theory, then an
hour with Jeff on more of the same, then an hour for lunch, then two hours with Alex Hoffnung and John Huerta —
alternately about categorifying classical mechanics (Alex's topic) or grand unified theories (John's) — and finally an
hour talking with Mike Stay about categories, logic and computation.
This day was different, because Eugenia Cheng was there the whole time. She joined in, and it was a lot of fun.
Tonight there was a dinner for Mike Stay: he's leaving town this weekend to take a job at Google. It's sad to see him go,
but it'll be good for him. I hope we keep working on our projects.
At dinner I heard for the first time of the bizarre game of Eton Fives. I'll let you read about it yourself!
March 16, 2007
A retired CEO of Lockheed recently led a National Academies group that prepared a report about the problems with
education in the United States, and their economic effects. Here's the report:
The National Academies, Rising Above The Gathering Storm: Energizing and Employing America for a Brighter
Economic Future, 2007.
Here's a little article he wrote about it:
Norman R. Augustine, Learning to compete: how the United States can prosper in a global economy, Princeton
Alumni Weekly, "Perspective" column, March 7, 2007, 34-37.
He provides some scary statistics for us to ponder:
Underlying the group’s findings is a trend referred to by journalist and economist Frances Cairncross as
“the death of distance,” a phenomenon having its roots in science and engineering. Its essence is that parties
to many transactions no longer need to be in close physical proximity to one another. For example, visitors
to one commercial office building near the White House are greeted by a receptionist appearing on a flatscreen display — but she is actually in Pakistan. Similarly, in many U.S. hospitals, patients’ CAT scans are
read by doctors in Australia or India. A surgeon in New York not long ago removed a patient’s gallbladder

in France, using a robot. Many Americans, perhaps unknowingly, had their income taxes prepared last year
by accountants in Costa Rica. I was recently provided over my cell phone very accurate real-time driving
directions to a building near Washington, D.C., by a gentleman in Bangalore. And we are all familiar with
call centers in India, where they now offer courses in speaking English with a Midwestern accent.
What this means to many Americans is that qualified candidates for the jobs they would like to hold are
now located all around the world, just a mouse-click away. Furthermore, these candidates — whose
numbers swelled by 3 billion after the demise of fundamental Communism — are willing to work for a
fraction of the pay to which most Americans have become accustomed, are highly motivated, and are
increasingly well educated. I recently visited a factory in Vietnam where 20 assembly workers could be
hired for the cost of one in the United States. Six engineers can be hired in India for the cost of one in the
United States; five chemists can be hired in China for the cost of one American.
Exacerbating basic wage scales are asymmetries in benefits and other costs; for example, General Motors
now spends more on health care for its employees and retirees than on steel; Starbucks more on health care
than on coffee; and U.S. industry as a whole more on litigation than on research and development.
The body of evidence regarding the impact of such developments is growing daily. For example:
• Seventy-seven percent of currently planned new research-and-development facilities in the world are to be
located in India or China.
• IBM not long ago sold its personal-computer business to a Chinese firm.
• The remnants of what was once America’s greatest industrial research institution, the legendary Bell Labs,
recently were sold to a French company.
• General Motors and Ford both have junk-bond ratings. In the last five years they have laid off more than
one-third of their North American workforces.
• Toyota’s market capitalization is more than six times that of Ford and General Motors combined.
• Only one of the 25 largest initial public offerings last year occurred in the United States.
• Bethlehem Steel celebrated its 100th birthday in 2000 by declaring bankruptcy, with its number of
employees having dropped by a factor of 14 down to 12,000 — but with 90,000 pensioners seeking
benefits.
• The U.S. share of leading-edge semiconductors dropped from 36 percent to 14 percent in the last six
years.
• Only three U.S. companies are in the top 10 receiving U.S. patents.
• In just a decade, the U.S. trade balance in high-tech goods and services switched from a positive $50
billion to a negative $50 billion.
Given such evidence, the unanimous answer of the National Academies committee members to the
question, “How well are Americans going to be able to compete for jobs in the years ahead?” was a
resounding: “Not well.” The highest priority for attention, in the view of the committee, is the substandard
quality of K-12 public education in America. Microsoft’s Bill Gates put it this way: “When I compare our
high schools to what I see when I’m traveling abroad, I’m terrified for our workforce of tomorrow.” Former
Federal Reserve Chairman Alan Greenspan punctuated that notion, observing, “If you don’t solve the (K-12
education) problem, nothing else is going to matter all that much.”
It is, of course, a good thing that other nations are prospering; the National Academies would like for

America to continue to be among that group.
At the National Academies website I bumped into something about the widespread dieoff of bees, a topic I wrote about
last November 5th:
Maureen O'Leary, Honeybees decline sharply in U.S., Science in the Headlines, The National Academies, March
8, 2007.
Committee on the Status of Pollinators in North America, National Research Council, Status of Pollinators in
North America, 2006.
A quote:
Across the United States, beekeepers are reporting a loss of 30 percent to more than 70 percent of overall
beehives. Experts are calling it "colony collapse disorder," in which bees have started leaving their hives in
droves, never to return. They think the phenomenon is tied to recent stresses on the bees.
Our garden is recovering from its near-death during last summer's hot spell, and it's becoming a bee paradise again. If
you go in our back yard you'll see lots of bees hovering around the wisteria blossoms — but also lots of bees drinking
from the fountain. They practically line up there to drink!

Another interesting article in the normally dull Princeton Alumni Weekly concerns the research of sociologist Katherine
Newman on the working poor, and psychologist Eldar Shafir on the way real people make economic decisions:

Kathryn Levi Feldman, Working and spending: what really matters, Princeton Alumni Weekly, March 7, 2007,
30-33.
A quote:
According to Shafir, factors such as hassle or embarrassment can appear inconsequential in standard
economic cost-benefit analyses — but they deter people in important ways. One example is the recent
debacle over Medicare Part D: Many senior citizens found the choices too difficult to make. "If you talk to
the policy-makers, they recognize that facing lots of options is confusing, but feel confident that people will
ultimately focus on the important details and make their decisions," he says. Instead, Shafir has found that
feeling hassled or conflicted can deter people from making any decision. Similarly, Shafir and his
colleagues have observed that residents of low-income neighborhoods often pay more to process checks
from local check-cashing services rather than open bank accounts where they might have to navigate an
intimidating, unwelcoming, and complicated system. They might patronize a business with more
personalized service — even if it costs more &mdash to avoid the "condescension, suspiciousness, or
uncertainty offered by many institutions," he says.
This is not news, but I'm glad someone is finally studying it systematically, instead of idealizing it out of existence!
The news in this diary may seem a bit depressing, but I'm actually happy about a sea change that occurred in the U.S.
over the last year. People are starting to take global warming seriously, getting sick of their petroleum dependence, and
seeing through the propaganda cloud of the Bush administration regarding these and other issues, including the Iraq war.
Whether it's happening in time remains an open question — we'll see.
March 19, 2007
I had fun blogging about a rather hyped calculation involving the Lie group E8, trying to get some details out while
everyone else was still scratching their heads over the vague accounts in the popular media. I had the advantage that
someone at the American Insitute of Mathematics told me about their website a few days before the press embargo was
lifted.
Later I wrote some more about E8 in week247 of This Week's Finds, using it as a fun way to kick off what I hope will
be a long series about the work James Dolan, Todd Trimble and I have been doing on "groupoidification" — a
mammoth project unifying all sorts of ideas on symmetry, geometry and logic.
March 20, 2007
My mother called Lisa on her cell phone while we were driving home from shopping. She never does this, usually. She
said she had some news for me. I was driving, so I didn't want to talk on the phone... so Lisa said I'd call her back when
I got home.
I started worrying that something had happened to my father – did he fall again? Did he have a stroke? Did he die?
It turned out my father's brother, Albert Baez, had died. He was the one who got me interested in physics in the first
place — since his specialty was physics education, he would always come to town with lasers, holographs, diffraction
gratings and the like. I especially liked the green corrugated plastic tubes you could whirl over your head to make
sounds — different harmonics illustrating the physics of standing waves. This was an example of his interest in lowbudget physics education suitable for third-world countries. (That's what they called them then.)
When I was eight he gave me his college physics textbook, The New College Physics: A Spiral Approach. I remember
staring fascinated at the hand-drawn pictures. Later that's where my interest in particle physics started.
He had the first electronic calculator I ever saw. He gave me Silvanus P. Thompson's classic Calculus Made Easy, and
that's how I learned calculus. He gave me Feynman's Lectures on Physics, and that's how I learned quantum mechanics,

the summer of my junior year of high school, when I was working at a job building trails at a state park, living in a
trailer with 9 other guys.
He had a huge effect on my life! And, he was a really cool guy. You can just see it:

For the last year, though, he's been very sick, often bed-ridden, and suffering an almost complete breakdown of his
short-term memory. So, my sorrow — and horror — were largely exhausted already.
It rained a bit tonight... just a tiny bit, but we need all the rain we can get.
March 23, 2007
Albert V. Baez, 94; physicist and father of Joan Baez, Mimi Fariña
By Valerie J. Nelson
Los Angeles Times Staff Writer
March 23, 2007
Albert V. Baez, a physicist who did pioneering work with X-rays and who was the father of folk singers
Joan Baez and the late Mimi Fariña, has died. He was 94.
Baez, who also worked to improve science education worldwide, died of natural causes Tuesday in an
elder-care facility in Redwood City, Calif., his family announced.
"In all aspects of his life, he combined personal and professional roles as scientist, environmentalist, teacher
and humanitarian," the Baez family said in a statement. "In doing so, he nurtured and conveyed values
representing mankind at its best."
Starting in the late 1940s, he helped lay the foundation for the newly developing science of X-ray imaging
optics while doing graduate work in physics at Stanford University.
In 1948, working with Stanford professor Paul Kirkpatrick, Baez developed the first X-ray reflection
microscope, which could examine living cells. The imaging technique is still used, particularly in
astronomy to take X-ray pictures of galaxies and in medicine, said W. Gilbert Clark, a UCLA professor
emeritus of physics and Kirkpatrick's nephew.
As a University of Redlands professor in the 1950s, Baez continued developing X-ray technology but took
a year off to teach and build a physics laboratory at the University of Baghdad in Iraq.
The Soviet launching of the Sputnik satellite in 1957 ignited a movement in the U.S. to improve science
education — a cause that came to dominate his career.

He helped make films aimed at improving the teaching of high school physics before being given a broader
opportunity in 1961. The United Nations Educational, Scientific and Cultural Organization named him the
first director of its science-teaching division.
Stationed in Paris until 1967, Baez helped developing nations improve their teaching of math and science.
"Science is one of the things needed in these countries if you're going to have a base for a future economy.
Otherwise they'll always be the servants of the United States," Baez wrote in an essay in the 1990 book
"Mexican Voices/American Dreams."
In retirement, he remained active, including serving as president of Vivamos Mejor (Let Us Live Better).
The organization is dedicated to improving the quality of life through science-based education and
community development projects in Latin America.
Albert Vinicio Baez was born Nov. 15, 1912, in Puebla, Mexico, and moved to Texas when he was 2.
His father, Alberto Baez, was a Methodist minister, and his mother, Thalia, became a social worker for the
YWCA.
Baez grew up in Brooklyn, N.Y., and developed into a "bright, conscientious" boy who had "an insatiable
curiosity about everything, especially the construction of crystal set radios," Joan Baez wrote in her 1987
memoir, "And a Voice to Sing With."
He earned a bachelor's degree in math and physics from Drew University in 1933, a master's in math from
Syracuse University in 1935 and a doctorate in physics from Stanford in 1950. He taught at those
universities and others, including UC Berkeley.
In 1958, after moving to a Boston suburb to teach at the Massachusetts Institute of Technology, he took
Joan, then 17, to see a new phenomenon: coffeehouses filled with guitar players and folk balladeers, she
wrote in her memoir. Within a year, the future folk star was onstage with them.
Another daughter, Mimi, saw her folk music career peak during her brief performance partnership with her
husband, Richard Fariña, who died in 1966. Mimi died in 2001.
Joan Baez admired her father — a Quaker and pacifist — for valuing teaching and turning away from
potentially lucrative defense work.
"We would never have all the fine and useless things little girls want.... Instead we would have a father with
a clear conscience," she recalled in her memoir. "Decency would be his legacy to us."
In addition to Joan Baez, he is survived by his wife, Joan Bridge Baez; another daughter, Pauline Bryan;
three grandchildren; and a great-granddaughter.

Riding a bike.

Family picture, around 1964.
Top row: Joan Bridge Baez, Albert Baez, Joan Baez.
Bottom row: Pauline Marden (now Bryan), Nick Marden, Mimi Fariña, Richard Fariña.

March 24, 2007
The garden is starting to look really nice. Roses and agave:

March 25, 2007

A while back James Dolan told me a bit about thermophiles: organisms that like it hot.
Which ones can take the most heat? Among hyperthermophiles, it seems the winner is Pyrolobus fumarii, a microbe of
the domain Archaea which lives in hydrothermal vents at the bottom of the Atlantic — at a temperature of 113° C! Yes,
that's above the boiling point of water, at least at ordinary pressures. But down there it's not, because the pressure is so
high!
In hydrothermal vents, water easily reaches 350° C while remaining liquid. As of 2006, the record temperature for
hydrothermal vents was 407° C, observed at a depth of 3000 meters. his is fascinating because at such high temperatures
and pressures water is supercritical: there's no sharp distinction between liquid and gas!
Can any life survive those temperatures?
Among higher organisms, it seems the Sahara desert ant is the winner. From Wikipedia:
While no known animal can live permanently at a temperature over 50°C, Sahara desert ants can sustain a
body temperature well above 50°C with surface temperatures of up to 70°C.
This ant ventures far from its burrow in the Sahara desert, which has almost no identifiable features, to find
food. While venturing out it periodically takes measurements of its angle in respect to the Sun. By doing
this the ant can venture far from its nest in search of food. Because of the blistering heat, it can only do this
for about 3-5 minutes/day (the hottest time of the day, when all its predators are in hiding from the sun).
When the ant finds a dead insect it then looks at the sun and because of its periodic references to the sun's
angle it knows exactly what the shortest route back to the nest is.
But, I was reminded to write about these heat-lovers only because the science reporter Davide Castelvecchi sent me a
list of his top 10 science stories of 2006, which included one on critters that like it cold! Believe it or not, there are
bacteria that can live in liquid nitrogen. Castelvecchi wrote:
As I was reading New Scientist last August — the issue with my cover story, as it happens — I stumbled
into this tale, told by my friend Douglas Fox. The tale's hero goes by the unlikely name of Colwellia
psychrerythraea 34H.
Colwellia is one of those bugs that have been found, alive and kicking, trapped down deep in the ice of
Antarctica. Karen Junge, a microbiologist at the University of Washington in Seattle, was studying
Colwellia in her lab's freezers, trying to understand how it manages to survive at -20 degrees Celsius.
To check out the bug's metabolism at those temperatures, Junge measured how fast it absorbed an amino
acid compared with specimens kept at -80 degrees, where no metabolism would occur. Something was
wrong, though: the metabolism of her control specimens didn't stop. So Junge tried sticking them in liquid
nitrogen. Even there, at -196 degrees, Colwellia kept eating up the amino acid, a sign that it was still
biologically active.
There are "obligate thermophiles" that can't survive below 60° C. Colwellia is an "obligate psychrophile" - it requires
temperatures below 20° to grow on solid media.
If you like this stuff, try reading about other extremophiles.
March 29, 2007
Speaking of extremophiles, my pal Miguel Carrión Álvarez points out the charms of Deinococcus radiodurans!
For my April 2007 diary, go here.

Great ideas come into the world as softly as doves. - Albert Camus
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Diary - April 2007
John Baez
April 1, 2007
Lisa and I have been together for 20 years. We met sometime during spring break back when I was a postdoc at Yale, so
we've decreed that April Fools Day would be our offical anniversary. We spent a night at Laguna Beach to celebrate. In
the morning, Lisa did tai chi on the beach.

April 2, 2007
Yay! The Supreme Court of the United States ruled that the Environmental Protection Agency has the authority to
regulate carbon dioxide emissions! It was a dangerously close ruling, 5-4, with all the conservatives (Alito, Roberts,
Scalia and Thomas) voting against the majority.
April 6, 2007
I've been talking about drought ever since lots of my garden died after a month of over-100-Fahrenheit weather last
summer while I was in China. On February 28th, I wrote about ancient desert dwellers of the Southwest, and their
mysterious disappearance. On March 9th, I mentioned Brian Fagan's talk on how global warming causes droughts. And
on March 13th, I noted that this year is the driest on record here in Southern California.
Somehow the local problem makes the global problem more vivid. Of course, one can't blame a specific year's drought
on an overall climate shift — and last winter it was very rainy. But, when you're hoping for rain and keep seeing
promising clouds drift by without giving a drop, headlines like this make a bigger impression:
Permanent Drought Predicted for Southwest
Alan Zarembo and Bettina Boxall
Los Angeles Times Staff Writers
April 6, 2007
The driest periods of the last century — the Dust Bowl of the 1930s and the droughts of the 1950s — may
become the norm in the Southwest United States within decades because of global warming, according to a
study released Thursday.
The research suggests that the transformation may already be underway. Much of the region has been in a
severe drought since 2000, which the study's analysis of computer climate models shows as the beginning
of a long dry period.
The study, published online in the journal Science, predicted a permanent drought by 2050 throughout the
Southwest — one of the fastest-growing regions in the nation.
The data tell "a story which is pretty darn scary and very strong," said Jonathan Overpeck, a climate
researcher at the University of Arizona who was not involved in the study.
Richard Seager, a research scientist at Lamont-Doherty Earth Observatory at Columbia University and the
lead author of the study, said the changes would force an adjustment to the social and economic order from
Colorado to California.
"There are going to be some tough decisions on how to allocate water," he said. "Is it going to be the cities,
or is it going to be agriculture?"
Seager said the projections, based on 19 computer models, showed a surprising level of agreement. "There
is only one model that does not have a drying trend," he said.
Philip Mote, an atmospheric scientist at the University of Washington who was not involved in the study,
added, "There is a convergence of the models that is very strong and very worrisome."
The future effect of global warming is the subject of a United Nations report to be released today in
Brussels, the second of four installments being unveiled this year.
The first report from the Intergovernmental Panel on Climate Change was released in February. It declared

that global warming had become a "runaway train" and that human activities were "very likely" to blame.
The landmark report helped shift the long and rancorous political debate over climate change from whether
man-made warming was real to what could be done about it.
The mechanics and patterns of drought in the Southwest have been the focus of increased scrutiny in recent
years.
During the last period of significant, prolonged drought — the Medieval Climate Optimum from about the
years 900 to 1300 — the region experienced dry periods that lasted as long as 20 years, scientists say.
Drought research has largely focused on the workings of air currents that arise from variations in seasurface temperature in the Pacific Ocean known as El Niño and La Niña.
The most significant in terms of drought is La Niña. During La Niña years, precipitation belts shift north,
parching the Southwest.
The latest study investigated the possibility of a broader, global climatic mechanism that could cause
drought. Specifically, they looked at the Hadley cell, one of the planet's most powerful atmospheric
circulation patterns, driving weather in the tropics and subtropics.
Within the cell, air rises at the equator, moves toward the poles and descends over the subtropics.
Increasing levels of greenhouse gases, the researchers said, warms the atmosphere, which expands the
poleward reach of the Hadley cell. Dry air, which suppresses precipitation, then descends over a wider
expanse of the Mediterranean region, the Middle East and North America.
All of those areas would be similarly affected, though the study examined only the effect on North America
in a swath reaching from Kansas to California and south into Mexico.
The researchers tested a "middle of the road" scenario of future carbon dioxide emissions to predict rainfall
and evaporation. They assumed that emissions would rise until 2050 and then decline. The carbon dioxide
concentration in the atmosphere would be 720 parts per million in 2100, compared with about 380 parts per
million today.
The computer models, on average, found about a 15% decline in surface moisture — which is calculated by
subtracting evaporation from precipitation — from 2021 to 2040, as compared with the average from 1950
to 2000.
A 15% drop led to the conditions that caused the Dust Bowl in the Great Plains and the northern Rockies
during the 1930s.
Even without the circulation changes, global warming intensifies existing patterns of vapor transport,
causing dry areas to get drier and wet areas to get wetter. When it rains, it is likely to rain harder, but
scientists said that was unlikely to make up for losses from a shifting climate.
Kelly Redmond, deputy director of the Western Regional Climate Center in Reno, who was not involved in
the study, said he thought the region would still have periodic wet years that were part of the natural climate
variation.
But, he added, "In the future we may see fewer such very wet years."
Although the computer models show the drying has already started, they are not accurate enough to know
whether the drought is the result of global warming or a natural variation.
"It's really hard to tell," said Connie Woodhouse, a paleoclimatologist at the University of Arizona. "It may

well be one of the first events we can attribute to global warming."
The U.S. and southern Europe will be better prepared to deal with frequent drought than most African
nations.
For the U.S., the biggest problem would be water shortages. The seven Colorado River Basin states —
Colorado, Wyoming, Utah, Nevada, New Mexico, Arizona and California — would battle each other for
diminished river flows.
Mexico, which has a share of the Colorado River under a 1944 treaty and has complained of U.S. diversions
in the past, would join the struggle.
Inevitably, water would be reallocated from agriculture, which uses most of the West's supply, to urban
users, drying up farms. California would come under pressure to build desalination plants on the coast,
despite environmental concerns.
"This is a situation that is going to cause water wars," said Kevin Trenberth, a scientist at the National
Center for Atmospheric Research in Boulder, Colo.
"If there's not enough water to meet everybody's allocation, how do you divide it up?"
Officials from seven states recently forged an agreement on the current drought, which has left the
Colorado River's big reservoirs — Lake Powell and Lake Mead — about half-empty. Without some very
wet years, federal water managers say, Lake Mead may never refill.
In the next couple of years, water deliveries may have to be reduced to Arizona and Nevada, whose water
rights are second to California.

For more details, try:
Richard Seager, An imminent transition to a more arid climate in southwestern North America.
which is an abridged, freely available version of the full report:
Richard Seager, Mingfang Ting, Isaac Held, Yochanan Kushnir, Jian Lu, Gabriel Vecchi, Huei-Ping Huang, Nili
Harnik, Ants Leetmaa, Ngar-Cheung Lau, Cuihua Li, Jennifer Velez, and Naomi Naik, Model projections of an
imminent transition to a more arid climate in southwestern North America, Science, April 5, 2007.
Speaking of droughts, today I photographed some cacti and succulents that I bought last Saturday at the UC Riverside
Botanic Gardens spring sale. If I list them by name here, I can look up their names after I've forgotten:

Astrophytum myriostigma
Bishop's cap or bishop's hat,
a cactus from the high plains of Mexico,
which likes dry soil without humus.

Coryphanta bumamma

Graptopetalum paraguayense
Ghost plant or mother of pearl plant,
a succulent from Mexico with leaves that fall off at the slightest touch.
Luckily you can propagate new ones from these fallen leaves!

Pleiospilos simulans
The platblaar-lewerplant,
seriously threatened in its natural habitat
near Jansenville in the Eastern Cape Province of South Africa.

April 9, 2007
On April 28th of last year I mentioned how coyotes were moving into American suburubs. Here's another sign of that:
Riverside has a new policy about coyotes.
Sometimes the world gets so weird you can only laugh... here's a headline that didn't actually make the newspapers, but
should have:
Australian Convicted in Kangaroo Court
April 14, 2007
Lisa is gone this weekend, attending a conference in St. Louis.
Next weekend I'm leaving for France, to a workshop on the Philosophical and Formal Foundations of Modern Physics.
It's is being held at a country estate called Les Treilles in the Var near Nice, in southern France. It sounds nice:
The estate is situated in a landscape of hills and valleys at an average altitude of 600 m. It includes
agricultural plots (vines, olive trees terraced on "restanques", lavender) and spacious areas of natural land
with a great variety of local flora and woodland. A network of paths meandering through the property are
particularly suited for reflection.
The guests' activities are centred around the "Grande Maison" which contains a conference room, the
library, the kitchen and the dining area. Broadband Internet access with Wifi is available there.
Guests are lodged in a number of houses spread out over the estate, the closest to the Grande Maison only a
couple of minutes away. Cars are available to reach more remote houses (up to two kilometres following

the road), but walking remains by far the most agreeable means of transport.
Each house has between one and three rooms with a shower or bathroom, one or two kitchens particularly
intended for breakfast. There are telephones, but not yet broadband connections. Each guest will find the
necessary household linen and, in accordance with the express wish of the founder, a torch and an umbrella.
Of course, in British English, "torch" means "flashlight". I remember being confused about that, once upon a time. I
would wonder, when reading novels, "Why are the British so primitive, carrying around torches like cavemen?". And
they ate "pudding" for dessert all the time!
I'd been hoping Carlo Rovelli would attend this workshop, but it looks like a student of his is taking his place. It's fun
talking about quantum mechanics in the French countryside, but a lot more fun with friends. I'll know Lucien Hardy (a
radical physicist and all-around nice guy I met at the Perimeter Institute), and Jeffrey Bub (slightly — he's a well-known
philosopher of quantum mechanics whom I briefly met at PI), and Hermann Nicolai (a string theorist and fan of
exceptional Lie groups at the Albert Einstein Insitute in Golm), and Rob Spekkens (by name only: he thinks we can
observe a quantum superposition of an atom and a molecule). I'll have to get to know them better.
Hmm — maybe I should do something smart and find out what everyone at the conference does before I go to it. What a
concept! I'm not naturally very good at people things.
I want to read this book — it got surprisingly good reviews:
Anthony Grafton, The Footnote: a Curious History, Harvard U. Press, Cambridge, Massachusetts, 1997.
Watch out! Greg Egan pointed out that in the director's cut of the movie String Kings I'm being played by the star of the
The Sopranos:
To celebrate his release from San Quentin, and as a reprisal for the recent spate of hits, crime math kingpin
John Baez — played by James Gandolfini with perm wig and glasses — orders the blowing up of a
workshop taking place on non-perturbative aspects of M(afia)-Theory. During a lunch break in the
seminars, a wire is noticed protruding from one of the boxes of ordered pizzas and Italian food, about a
second before the ensuing explosion takes out the conference. Very good effects and stunt work as some
postdoc string theorists are blown back and somersault about 270 degrees before being blown through
windows, but basic laws of conservation of momentum and angular momentum do not seem to be being
properly obeyed — something one really should expect in a film that deals with theoretical physics at this
high level.
April 15, 2007

I'm enjoying listening to the Grateful Dead's album Blues for Allah. I remember first hearing this in the room of my
friend Chip Wendt at 2 Dickinson St., back when us misfits and counterculture sorts at Princeton used that house as a
vegetarian cooperative. For years the only two Dead albums I've listened to are Workingman's Dead and American
Beauty. Both these are easy-going, soulful, acoustic-sounding, relaxed, yet perfectly crafted. More recently I got
Shakedown Street, which is a bit too clean and studio-polished for what I want from the Dead: it's very good, but doesn't
have the feeling of a bunch of hippie virtuoso musicians who like to hang out on the front porch jamming. Blues for
Allah is different yet again: more jazzy fusion and Middle-Eastern influences, more trippy. It doesn't fit together in the
satisfying way that American Beauty and The Workingman's Dead do — maybe it's just too stylistically diverse. But, it's
full of cool musical ideas.
I've always like the subtly reggae-inflected song Crazy Fingers. It's fun hearing that again.
Yay! It's raining! Goes well with some of the lyrics from Crazy Fingers:
Cloud hands reaching from a rainbow
Tapping at the window touch your hair
April 25, 2007
I'm at a conference on Philosophical and Formal Foundations of Physics, where I gave a talk on Quantum Quandaries: a
Category-Theoretic Perspective. As I mentioned before, we're having this conference at Les Treilles, a big country
estate in the hills near Nice. It's a beautiful place:

The participants are staying in small cottages; I'm sharing one with Lucian Hardy. It was so far from the main building
that they gave us a car to drive. Each morning we bring in a basket to get our breakfast supplies restocked.
Everybody had lunch and dinner together — excellent French cuisine:

From left to right, the people at the front table are the string theorist Hermann Nicolai, a fellow who'd been staying at
Les Treilles to write a book, Patricia Kauark-Leite, Lucien Hardy, Christopher Timpson, and one of the conference
organizers, Michel Bitbol.
I wrote about the conference in week250 and week251 of This Week's Finds, but only touched on one aspect - the
mathematics of quantum theory. The conference as a whole was much more philosophical, and touched on general
relativity as well as quantum theory. I still need to write up some stuff Hermann Nicolai told me about gravity, billiards
and Weyl chambers.
The first photo above was taken by Marc Lachièze-Rey. You can see more photos by him here. Here's another: I'm
pondering the mysteries of the universe, or at least the mysterious power of coffee to combat jet-lag:

Marc works in the Astroparticule et Cosmologie group at CNRS in Paris. There are a lot of universities in Paris, and I
don't understand the whole system, but this group is at Université Paris 7. He's invited me to spend some of July 2008
visiting this group. That sounds great, especially since I'm spending this July in Paris visiting Paul-André Melliès and
the PPS (Preuves, Programmes et Systèmes) group of CNRS, also at Paris 7.
Paris is wonderful; I'd like to get to know it better, and it's nice to have a little continuity in life, so I'm looking forward
to spending time there two summers in a row. I used to visit Cambridge England quite often, but I haven't been there for
a long time.
April 28, 2007
I spent my last day in France visiting Eugenia Cheng in Nice, a charming city on the Riviera, less wealthy and decadent
than neighboring Monaco and Cannes:

The narrow streets and tall buildings keep the old part of town cool during the hot Mediterranean summer — even
without air conditioning. Smart!

Near the border with Italy, this city has a rich history going back to its days as the Greek colony of Nicaea. I was
charmed by some traces of its old language: Nissart, also called Niçard or Niçois. It's a dialect of Occitan.
Never heard of Occitan? It's also called Langue d'Oc — a term that goes back to Dante, who distinguished between the
Romance languages that say "oïl" for yes, those that say "si", and those that say "oc". You may have heard of Provençal:
that's the biggest dialect of Occitan, and the poetry of its troubadors is famous.
Occitan is spoken througout Occitania, otherwise known as Aquitania:

Nice is on the far eastern end of Occitania. Where France meets Spain, Occitan gives way to Catalan, which is quite
similar, but regarded as a separate language.
I wish I knew Portuguese, Spanish, French and Italian, and maybe some Occitan. Then I could hike along the shore of
the Mediterrean from Portugal all the way to Trieste, on Itay's border with Slovenia... and the Romance dialects I'd
encounter would form a kind of continuum. Reality is richer, messier, more interesting than the system of precise
borders we use to demarcate it! That's why I'm fascinated by Nissart — just as I'm fascinated by Nahwá.
You can learn Nissart online if you know French. You can also see a French-Nissart dictionary. But if that's too much
work, you can visit a silly website that lists what it claims are "four essential travel phrases" in many languages. These
phrases are:
1.
2.
3.
4.

Where is my room?
Where is the beach?
Where is the bar?
Don't touch me there!

In French, they are:
1. Où est ma chambre?

2. Où est la plage?
3. Où est le bar?
4. Ne me touchez pas là!
In Nissart, they are:
1.
2.
3.
4.

Doun es la mieu cambra?
Doun es la plaia?
Doun es la buveta?
Noun mi toucas aqul!

In Provençal, they are:
1.
2.
3.
4.

Ont es la mia cambra?
Ont es la plaja?
Ont es lo bar?
Me tòques pas aicí!

In Catalan, they are:
1.
2.
3.
4.

On és la meua habitació?
On és la platja?
On és el bar?
No em toques ací!

Here are some other comparisons, taken from the Wikipedia article on Occitan:

Latin
cantare
capra

Occitan
cantar (chantar)
cabra (chabra,
craba)
clau
glèisa

Catalan French Italian
cantar chanter cantare

Spanish Portuguese Romanian English
cantar cantar
cânta
to sing

cabra

chèvre capra

cabra cabra

capră

goat

clau
clef/clé chiave
església église chiesa

llave chave
iglesia igreja

cheie
biserică

key
church

clavis
ecclesia, basilica
formaticum
(caseus)
lingua
nox, noctis

formatge (hormatge) formatge fromage formaggio queso queijo

caş

cheese

lenga (lengua)
nuèch (nuèit)

llengua
nit

langue lingua
nuit
notte

lengua língua
noche noite

limbă
noapte

platea

plaça

plaça

place

piazza

plaza

praça

piaţă

pons, pontis

pont (pònt)

pont

pont

ponte

puente ponte

punte

language
night
[city]
square
bridge

For my May 2007 diary, go here.

The Wish to be Generous

All that I serve will die, all my delights,
the flesh kindled from my flesh, garden and field,
the silent lilies standing in the woods,
the woods, the hill, the whole earth, all
will burn in man's evil, or dwindle
in its own age. Let the world bring on me
the sleep of darkness without stars, so I may know
my little light taken from me into the seed
of the beginning and the end, so I may bow
to mystery, and take my stand on the earth
like a tree in a field, passing without haste
or regret toward what will be, my life
a patient willing descent into the grass.
— Wendell Berry
© 2007 John Baez
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Diary - May 2007
John Baez
May 1, 2007
Lisa and I had Gregory Benford and his wife over for dinner, along with Melissa Conway, head of special collections at
the UCR library. Why? Well, Benford writes science fiction, and UC Riverside has perhaps the world's best library of
science fiction, horror and fantasy: the Eaton Collection. This helped lure Benford, who is based at UC Irvine, over to
UCR to be a writer in residence for a couple of weeks. Lisa has taught some courses in science fiction: though her
specialty is comparative classics, between China and Greece, she's in a comparative literature department and gets to do
fun things like that. So, we had a little SF-based dinner.
I've really enjoyed some of Benford's novels, especially In the Ocean of Night and Across the Sea of Suns, which
convey better than any book I'd read before how big space is... and how long it takes to cross. Too many SF stories try
to skip over the tiresome process of crossing lightyears of space, often by positing "warp drives" or "hyperspace".
So, it was interesting to meet Benford. He's an opinionated somewhat smart-alecky fellow... a brash techno-optimist, but
with a good sense of humor.
He's really gung-ho about a company he's involved with (and maybe owns? — I forget). It sounds pretty interesting. A
while back, Michael Rose bred a strain of fruit flies to live more than twice as long as usual, by the simple expedient of
taking a bunch of flies and not letting them reproduce until they were old, for many generations. Benford's company
bought a bunch of these "Methuselah flies" and had their genes sequenced, finding about 720 genes that seem associated
with longevity. Now they're looking for medical supplements that affect the expression of these genes in humans!
Apparently a bunch of treatments claimed to make you live longer don't affect the expression of these genes: so far, the
only one that does is omega-3 fatty acids from fish. But Benford seems to have more up his sleeves than fish oil: he
expects his company to make a lot of money from knowing the genes that affect longevity.
He's also signed up with Alcor to have his head removed and frozen when he dies, so maybe he can be revived when
technology improves. He said something like "Hey, it's a long shot — but my odds are a lot better than yours!" He was
unsympathetic to Melissa's opinion that the currently available lifespan was quite enough for her. He seemed to think
this could only be the result of a mistaken belief in an afterlife.
(I've had a bunch of conversations about life extension with a friend who has a contract with Alcor. Personally it seems
I'm not interested in drastic measures to extend my life. I feel pretty satisfied with what I've done already. I don't seem
to have a desperate desire to do a lot more. If a longer lifespan were available without much hassle, and with a
reasonable expectation of not going senile, I'd probably take it. But, in practice, I'm more worried about staying alive as
an unhappy shadow of my former self than I am about dying.)
He thinks "carbon puritanism" is hopeless as a solution to global warming. I think he advocated sequestration; though
elsewhere he's suggested blocking some of the Sun's light using astroengineering.
We talked a bit about string theory, loop quantum gravity and the like. He thinks string theory is in trouble... maybe he
said so even before I told him I worked on loop quantum gravity, shortly after he saw the sculpture of a Calabi-Yau
manifold that my grad students had given me as a wedding present. What to do about the vast landscape of string vacua?
How to choose among them? He said we should test theories to see if they predict fractal structures — or as I'd prefer to
put it, complex structures on a wide range of distance scales. That seems pretty darn tough to me.
We also talked a bit about astrophysics. He said he'd written some papers about enormous glowing filaments near the
center of the Milky Way. I hadn't known about these! He said the biggest one could be a million years old, perhaps

formed by some energetic event, maybe a star falling into the central black hole. Here's a quote from an online
expository paper he wrote:
The Electrodynamic Snake at the Galactic Center
Gregory Benford
Five years ago radio astronomy revealed the oddest and longest filament yet discovered at our galactic
center: a uniquely kinked structure about 150 light years long and two to three light years wide — the
Snake. Its large kinks are its brightest parts. There is energetic activity at one end and a supernova bubble at
the other, which the Snake appears to penetrate unharmed.
How does nature form stable, long-lived magnetic structures which display considerable polarization (about
60% at 10.55 GHz in the Snake)? In 1988 I had modeled others of the dozens of filaments seen uniquely at
the galactic center in terms of an electrodynamic view, in which currents set up coherent magnetic pinches.
Such self-organizing filaments can exist in laboratory plasmas for long times; the galactic ones could be at
least a million years old, as estimated by the time that shear forces would disrupt them.
The electrodynamic view uses pinch forces of currents to form filaments, driven by the E = v × B of
conducting molecular clouds moving across a strong milliGauss ambient, ordered field. A return current
must then flow at larger radii, making a closed loop which has a springy flexibility, able to withstand the
turbulent velocity fields known near the galactic center. The picture then anticipates that aberrant molecular
clouds, moving contrary to the general galactic rotation, should accompany each filament. This prediction
has held up as more filaments were found.
Cool. I want to learn more about this — I wrote some more in week252.
We also talked a lot about science fiction writers. Benford is one of a breed of writers from UC San Diego including
Vernor Vinge, Kim Stanley Robinson and others. He enjoys talking about these people, and also Robert Heinlein,
Arthur C. Clarke, Harlan Ellison and others. For the first time I got the impression of a kind of fraternity of SF writers
who all know each other and gossip about each other. Quite unlike Greg Egan — the SF writer I know best — Benford
is deeply involved in things like writing workshops, fan conventions, academic conferences, and so on.
May 10, 2007

Fire season is starting early this year, due to the drought! Right after they controlled the Griffith Park fire near the Los
Angeles zoo and observatory — shown above — another fire forced people to evacuate the town of Avalon, on Catalina
Island:

Luckily, neither caused any loss of life.
May 13, 2007

Right now we've got lots of roses blooming in the back yard, and the bougainvillea, and verbena, and lavender... it's
really nice. Our enormous African basil, which seemed to die last summer, is gradually growing back from the roots and
becoming enormous again, with purplish leaves and lots of fragrant purple flowers that the bees enjoy.
Today when I went out back I saw a rabbit, a ground squirrel, and a baby ground squirrel all sitting near each other! I
scared them all away, because I don't like them eating our vegetables. The rabbit ducked under a fence, the ground
squirrel scurried up a wall, and the baby scurried up afterwards... and fell back down! It tried again and made it the
second time. Just learning the ropes, I guess.
Squirrels are fairly rare here, at least compared to back east. Instead of the Eastern gray squirrel, S. carolinensis, we
have the California ground squirrel, S. beecheyi, which I've never yet warmed to — perhaps because my first encounter
with them was seeing the holes they dug in our back yard. Maybe I should reconsider. They have their fans, and let's
face it: they're cute.

Later I kept hearing a chirping sound out back — I hear it now, too. It went on and on and on... I thought it was a bird,
but I took a look, and it was a ground squirrel: an adult, standing on a cactus! Probably the same one. I think it was
keeping tabs on the baby, sort of telling it where home was.
I also saw a lot of baby goldfinches and thrushes today, drinking from the fountain with their parents.
It's really spring!
I've been much more aware of finches ever since we bought a finch sock feeder. They ate all the seeds in that — we
need to refill it — but now I see them around more, probably just because I recognize them more easily.
Long-time readers of this diary may note that I've slacked off talking about global warming precisely when all the news
— at least the US news — has gone wild talking about it all the time. I guess I don't feel the need to be the canary in the
coal mine anymore. But, global warming is the big news story that just won't quit. Here are a couple interesting items.
Ancient Eruptions of Carbon Dioxide Traced to Oceans
Researchers say the gas may have accelerated Earth's warming after an ice age.
Alan Zarembo, Los Angeles Times Staff Writer
May 11, 2007
The oceans burped ... twice.
About 13,000 and 18,000 years ago, carbon dioxide poured into the atmosphere in two giant belches that
drove concentrations of the greenhouse gas from 180 to 265 parts per million, where it held relatively
steady until the Industrial Revolution.

Scientists have long known about the jump in gas levels from looking at ice cores. They suspected the
carbon dioxide originated in a deep, carbon-rich reservoir in the oceans but had no way to explain how the
gas could accumulate and then be released so suddenly.
Reporting in the journal Science today, researchers said they found the answer in a sample of sediment
drilled in the Pacific Ocean.
""This new study nails it," said J.R. Toggweiler, an oceanographer at the National Oceanographic and
Atmospheric Administration, who was not involved in the study. "If there were any doubters, I don't think
they have a leg to stand on."
The researchers first correlated the bands of sediments in the core drilled off Baja to the Greenland ice
cores. That allowed them to create a matching timeline over the last 38,000 years.
Embedded in the 50-foot-long Baja core were shells left by bottom-dwelling microorganisms. The
researchers analyzed the shells to determine the ratio of two isotopes, carbon-12 and carbon-14.
Carbon-14 is produced by cosmic rays in the atmosphere. Thus, water that stays deep in the oceans for
thousands of years contains relatively little carbon-14 and lots of carbon-12.
The researchers found two periods that stood out for low carbon-14 levels.
The levels meant that the water during those periods was barely circulating to the surface. Carbon from
decaying organic material was accumulating in the deep. The old water eventually rose to the surface,
releasing its carbon dioxide in an enormous burp.
Each of the gas releases was recorded in the Greenland ice cores.
Thomas Marchitto, a marine geologist at the University of Colorado at Boulder and a lead author of the new
study, said matching the rise of old water to the atmospheric changes provides strong evidence that the gas
came from the ocean.
The burps injected 700 gigatons of carbon dioxide into the atmosphere as Earth was already emerging from
an ice age. What started the warming is unknown, but scientists said the release of the gas accelerated it.
Over a 10,000-year span, global temperatures rose by more than 7 degrees Fahrenheit.
Since the Industrial Revolution began in the mid-18th century, the burning of fossil fuels has added 250
gigatons of carbon dioxide to the atmosphere, raising the carbon dioxide concentration to 385 parts per
million and spurring a temperature increase of nearly 2 degrees.
Current emissions are 7 gigatons a year. About half of that is absorbed by oceans.
One mystery about the burps remains: Where did they originate? The sediment sample from Baja was
merely a trace left as the old water passed by on its way to the surface. "We still need to find the original
reservoir," Marchitto said.
I wonder how sure they are that these CO2 burps came "as the Earth was already emerging from an ice age". I can
imagine something like this causing the end of an ice age.
And, most of all, I wonder where the CO2 came from! Previous industrial civilizations?
The relevant paper is:
T. M. Marchitto, S. J. Lehman, J. D. Ortiz, J. Flückiger and A. van Geen, Marine radiocarbon evidence for the

mechanism of deglacial atmospheric CO2 rise, Science, May 10, 2007.
and there's also a story to set it in perspective:
Ralph F. Keeling, Deglaciation mysteries, Science, Perspectives, May 10, 2007.
And here's another interesting story. Luckily, unlike the stories above, you can read it for free online!
David Talbot, Planning for a climate-changed world, Technology Review, May/June 2007.
It shows people are taking climate change seriously — except for the Bush administration. A few key quotes:
But while there's still uncertainty about the rate at which sea levels are rising, it has become increasingly
clear that temperature increases alone could severely tax a large city's infrastructure. Late last year, the
Union of Concerned Scientists in Cambridge, MA, released a report titled Climate Change in the U.S.
Northeast. Produced in collaboration with climate scientists, the report predicts that by midcentury,
northeastern cities could be experiencing an average of 30 to 60 days of temperatures above 90°F (32°C)
each year, up from 10 to 15 days historically. By the end of the century, these cities could see 14 to 28 days
of temperatures over 100ºF (38°C), if the higher-emission scenarios are realized.
[...]
Colorado Springs, CO, is a boomtown in an arid region — just one of many cities that rely for water on the
melting snowpack of the nearby mountains, delivered via the Colorado River and Arkansas River
watersheds. Many other cities get their water similarly from the Sierra Nevada Mountains of California. But
right now, the western United States is facing a slow-motion water-supply catastrophe wrought by climate
changes that will inexorably reduce the snowpack. "The western U.S. is really not in good shape at this
point," says Linda Mearns, a climatologist at the National Center for Atmospheric Research (NCAR) in
Boulder, CO, where she is director of the Institute for the Study of Society and Environment. This has
become fairly clear "even without the regional detail" in climate models, she adds.
But the regional detail is still important for deciding how, where, and when to respond. Consider the
Homestake Reservoir. High in the Rocky Mountains, not far from Vail, CO, it is part of a network of
reservoirs and pipelines that feed water to Colorado Springs. In June 2006, the reservoir filled at the
unprecedented average rate of nearly two feet per day. Because of higher temperatures earlier in the season,
the snowpack was melting more quickly than usual.
The unprecedented may become routine as global warming makes more precipitation fall as rain, while
what snow there is melts ever faster. That's worrisome: a reservoir that fills more quickly than expected can
stress a dry levee. And there are other concerns. At what point will earlier snowmelt translate into summer
water shortages? Will early spring torrents raise the risk of downstream flooding? Will more-intense spring
rainfalls increase sediment, overwhelming filtration systems and washing more pollutants into the water
supply? And these climate-related questions arise at a time when rapid population growth is already
stressing water resources.
[...]
Two days after I saw the NCAR simulations, I visited Ted Scambos, lead scientist at the University of
Colorado's National Snow and Ice Data Center (NSIDC) in Boulder. Scambos studies ice dynamics to
understand the rate at which the ice sheets of Antarctica and Greenland are responding to climate change.
He and other scientists at NSIDC spend their days poring over satellite data, studying how glaciers slide
down ancient hidden fjords and how warmer ocean water and the glaciers' own meltwater lubricate their
progress. "We are warming so fast that the earth is still staggering backwards from the warming," Scambos
said. "We may have already crossed the threshold of the last warm period, a time when people were
growing grain in Iceland and raising dairy cattle in southeastern Greenland. And even if you flattened out

greenhouse emissions right now, my hunch is that all the arctic sea ice in summer will eventually
disappear."
"We're really, really in trouble," he continued. "It's just a question of time. People say climate has changed
before and people adapted. That is true. But there weren't six billion of us, with all the arable land working
as hard as it could, and every one of those areas counting on climate more or less staying the same. All our
infrastructure is built around this climate. Personally, I think we have a strong moral obligation to respond
in a fashion that gives people a century from now a reasonable chance of making their way ahead. We
should do something."
The ability to "do something," however, depends on getting information that is much better and more
detailed. And that will depend on increasingly precise computer models and more monitoring equipment to
feed data into those models. Not every city has a Goddard Institute for Space Studies in its backyard,
Cynthia Rosenzweig points out. She says every local government should be given the tools to understand
how global warming will affect its community. "We need a national capacity for scenarios, to provide every
locality in the nation with the input variables they need for projecting impacts and preparing adaptations,"
she says. "We should begin to incorporate sea-level rise into plans for coastal development. We should
improve our responses to heat waves — now — so we can be prepared for greater frequency and duration.
And we should consider the potential for more droughts — how we would manage for more droughts and
floods."
But from NASA to the NOAA to the National Science Foundation and the U.S. Department of Energy, the
budget picture is dismal. In 2005 dollars, the annual federal budget for climate-change research has been
slashed from more than $2 billion in the mid-1990s to less than $1.6 billion today. Earlier this year, a
National Academy of Sciences report warned that Earth-observing satellites — basic hardware for
monitoring climate change — were at "great risk" of blinking out. Without urgent investment, the report
warned, 40 percent of sensors and other instruments aboard NASA spacecraft could stop functioning before
the end of the decade. "At these agencies, earth-science and climate — science budgets are either level or
decreasing in real dollars," says MIT's Ronald Prinn. "Under those circumstances, what is needed for
helping out states and cities is just not going to appear. It is a sad state of affairs. At a time when we should
be trying to help at the regional to the local level, with sound advice, we are facing this incapability to have
accurate forecasts at the local level that make the advice worth taking."
Last year NASA changed its mission statement, removing "to understand and protect the Earth" from its list of
objectives. Along with the National Academy of Sciences, The American Association for the Advancement of Science
warns that climate monitoring satellites are in jeopardy as spending shifts towards military and manned space flight
programs.
While the US federal government plays ostrich, 31 states joined forces on May 9th to form The Climate Registry: a
system for collecting "an accurate, complete, consistent, transparent and verified set of greenhouse gas emissions data".
May 14, 2007
Lisa is back! She'd gone to a conference in Granada on Thursday the 3rd, stopping off to visit our friend Julie Strauss in
Greenwich en route. Now she's back. It's 12:30 am, and we had a little dinner... she's pretty darn tired.
She left a booklet about the Alhambra on my side of the bed... I want to look at it! I'm really jealous, since I'm
fascinated by Andalusia. Luckily, there's a good chance I'll go to Granada myself in the summer of 2008, since there
some category theorists there have invited me to stop by before a conference on homotopy theory and higher categories
in Barcelona. Lisa will probably come along and visit her colleague there.
After a good night's sleep...
My friend Chris Lee came to U. C. Riverside and gave a talk on "Mapping evolutionary pathways of HIV-1 drug

resistance using conditional selection pressure". Very simply, the idea is to do statistical analyses of the HIV virus
genome to see how it evolves. This virus mutates very rapidly, and develops resistance to all the drugs we throw at it.
So, we need to understand the evolutionary pathways to design courses of treatment that don't just help it do better at
evolving resistance. Luckily, there's enough data to do this now. Chris is using his knowledge of statistics to get the
information out of this data:
Lamei Chen and Christopher Lee, Distinguishing HIV-1 drug resistance, accessory, and viral fitness mutations
using conditional selection pressure analysis of treated versus untreated patient samples, Biology Direct 1 (2006),
14.
Later we went out with Lisa to a tapas bar, and wound up dreaming of what it would be like if people could make
money by spotting externalities involving public goods.
May 18, 2007
What should we do about climate change? Read what some experts have to say:
Marilyn Berlin Snell, Climate exchange: cool heads tackle our hottest issue, Sierra, May/June 2007.
The main thing we need is a carbon tax — but this is just one of many things we need.
May 20, 2007
We did a few hours of gardening today; a lot of work but satisfying. Preparing for a summer of extreme drought and
fires, I removed some dried-up bushes from the slope behind the house, and raked up a bunch of leaves from the toyon
tree.
Everything is blooming and beautiful! But, I find it hard to take photos that capture the mood of the place. I guess my
eye automatically zooms in on this or that nice feature and slides right over the duller bits. Photos come out looking
busy, and often washed-out, thanks to the bright California sun.
Here are some of the plants in bloom today:
A little tea rose I gave Lisa for Valentine's Day last year has tripled in size. Now it's blooming like mad:

The other red flowers in back are some species of salvia (that is, sage).
African blue basil is actually tinged with purple:

It grows to an enormous size, and it tastes a bit like Thai basil. Bees love it.

Another rose:

It's nestled amid what I've been told is germander, though now I'm suspicious: does germander ever have blue
flowers?
May 27, 2007
This article points out how smaller sample sizes tend to increase the variance, or standard deviation, of any quantity
being measured:
Howard Wainer, The most dangerous equation, American Scientist, May-June 2007, 249-256.
Most people don't know this, so they make lots of mistakes when reasoning with statistics.
For example: most of the counties in the United States with the highest rates of kidney cancer tend to be rural. There
must be something about the rural lifestyle that causes kidney cancer, right? But wait: most of the counties in the United
States with the lowest rates of kidney cancer also tend to be rural.
Why? Because these counties tend to have lower populations. Smaller sample size, more variance!
Wainer gives lots of other cool examples. For example, small public schools in the United States tend to dominate lists
of the very best schools. But, they also tend to dominate lists of the very worst! If you only notice one of these facts,
you're likely to leap to a wrong conclusion.
But here's the most important example... if it's true. Wainer suggests that men dominate women in many fields of
academia not because their average ability is better, but because their variance is higher! He shows that in many
standardized tests the variance is higher for men. And, he gives a plausible explanation: with only one X chromosome,
men have only one copy of certain genes, where women have two. Redundancy reduces variance. So, we can expect
more men to be geniuses in any given field... and more men to be complete idiots!

May 28, 2007
It's Memorial Day. Here's one thing to remember, from the Riverside Press Enterprise:
Riverside produced a selfless heroine and martyr who has not been given enough recognition. This person
was a student nurse named Charlotte Waggoner Fay who had graduated in 1916 from Riverside Girls High
School. She was called to help with the case overload at Riverside City Hospital during the influenza
pandemic of 1918.
Charlotte worked around the clock to assist the many victims of the terrible flu. Not yet a registered nurse,
she gave the profession her all.
Often the sufferers of influenza would appear to recover only to die from a secondary infection such as
pneumonia or tuberculosis.
Unwilling to leave the sick persons in her charge, Charlotte worked to the point of exhaustion. In this
weakened state, she caught the flu and died Oct. 28, 1918. World War I was still raging and Charlotte was
not yet 22 years old. She had worked in the nursing field for two years.
For my June 2007 diary, go here.
Leading by examples can be effective way to enact change. The sum of many small acts caused the problem, so only the
sum of many small acts will solve the problem. - Patrick Gonzalez
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Diary - June 2007
John Baez
June 1, 2007
I've been fond of Andalusia for quite a while now, without ever having been there. So, I was really excited when Lisa
finally showed me the pictures she took at the Alhambra when she visited Granada in May.
Here's one taken from a parapet looking down into the town, and one of a pool:

Here's a bath inside the Alhambra:

But the best part is all the tilework inside! A tiny taste:

June 7, 2007
It's the last day of class! Yay!
I learned a lot from teaching undergraduate number theory — for example, I learned how Gauss and Eisenstein proved
quadratic reciprocity in a tour de force of elementary methods. I also made some progress in understanding how
cohomology theory infiltrates physics and computation in my seminars on Quantization and Cohomology and
Cohomology and Quantization. I didn't do a great job on my undergraduate differential equations course — I've taught
that a bunch of times, and I was just too busy to do anything different this time.
The quarter was quite exhausting. My number theory class was at 8 am, directly followed by the differential equations
class. I prepared for these classes while falling asleep the night before. Then I'd pop up at 6:30 am, make coffee, prepare
some more, make breakfast, and charge out the door at 7:30.
In fact I tried to prepare for classes ahead of time, on Mondays. But, as the quarter ran on and I wore out, I'd sometimes
slack off, leaving more work to the last minute.
It's interesting how much of what we accomplish in life is limited only by our "energy". This "energy" is a mysterious
but crucial biological-spiritual commodity. It's not the same as the physicist's concept of energy.

It seems to come in different forms: joie de vivre, élan vital, gumption, zest, vigor, pep, spirit and chi. I wonder how
scientifically it's been studied.
We can set up a plan of action and then, after carrying it out successfully for a month or two, simply "run out of energy"
and let it collapse. Carrying out a plan takes energy. A spontaneous approach often helps us build up more energy.
That's called "following the tao". But sometimes it seems there's a need to plan.
Perhaps you're wondering why I'm saying such obvious stuff! It's because people sometimes marvel at my inexaustible
energy. It doesn't seem special to me... until I run out, like this spring.
June 11, 2007
Lisa went to Hong Kong today; we'll hook up again after I come back from visiting my parents in DC.
June 15, 2007
My grad students Derek and Jeff handed in their theses! We're all very glad this is done. They were working hard to the
very last minute. Not very good planning — and indeed, this contributed to my burnout this spring. But they did a lot of
interesting, substantial work.
I'm dying to tell the world about it! I'll give a talk about Derek's thesis at the Astroparticule et Cosmologie group in
Paris Université 7 pretty soon. I'll find some other venue to talk about Jeff's.
June 16, 2007
Chris and Menakshee visited. Among many other things, they told me about this book:
Wade Davis, The Serpent and The Rainbow, Simon and Schuster, New York, 1997.
It's about voodoo and zombies in Haiti. Its conclusions are remarkable and controversial. Quoting a Wikipedia article:
Wade Davis, a Canadian ethnobotanist, presented a pharmacological case for zombies in two books, The
Serpent and the Rainbow (1985) and Passage of Darkness: The Ethnobiology of the Haitian Zombie (1988).
Davis traveled to Haiti in 1982 and, as a result of his investigations, claimed that a living person can be
turned into a zombie by two special powders being entered into the blood stream (usually via a wound). The
first, coup de poudre (French: 'powder strike'), induced a 'death-like' state because of tetrodotoxin (TTX),
its key ingredient. Tetrodotoxin is the same lethal toxin found in the Japanese delicacy fugu, or pufferfish.
At near-lethal doses (LD50= 5-8μg/kg), it can leave a person in a state of near-death for several days, while
the person continues to be conscious. The second powder, composed of dissociatives like datura, put the
person in a zombie-like state where they seem to have no will of their own. Davis also popularized the story
of Clairvius Narcisse, who was claimed to have succumbed to this practice. There remains considerable
skepticism about Davis's claims, and opinions remain divided as to the veracity of his work, although there
is wide recognition among the Haitian people of the existence of the "zombi drug". The vodoun religion
being somewhat secretive in its practices and codes, it can be very difficult for a foreign scientist to validate
or invalidate such claims.
June 18, 2007
Today Derek Wise graduated and I "hooded" him — a medieval ritual, with everyone dressed in academic regalia. Here
I am in the academic procession:

When Derek's name was called we walked onto the stage and then he handed me the so-called "hood" (actually a sashlike thing), turned around, and bent down a bit. I put it over his head and tried to make sure it hung correctly from his
neck. Then he walked down the aisle to get his picture taken with the chancellor of the university, Frances Cordova:

Clearly more knowledgeable than I, she adjusted his hood a bit before the shot. 151 graduate students went through the
same ceremony that night.
Derek did this because his whole family came to see him graduate. The night before they even threw a surprise party for
him! It was the first surprise party I'd ever attended — to me they're mainly events that happen in TV sitcoms. Derek
had been told it was a meeting of his church group... which it was, but he wasn't told it was a party. Just as in the
sitcoms, he got a headache right before the party and didn't want to go. His wife Sylena somehow managed to persuade
him without giving away the secret.
My other student graduating this year, Jeffrey Morton, did not go to graduation ceremony. He came to the party, though.
So did Danny Stevenson and his wife — Danny has been a visiting assistant professor at UCR for the last 3 years,
working with me on things like nonabelian gerbes and 2-groups. He'll be taking off for Hamburg in the fall, to work
with my pal Urs Schreiber.
So, there will be 3 fewer people around to work with next year. I'll miss them a lot. But, frankly, I look forward to a bit
more peace and quiet — I hope it will help cure my overworked and harried mood.
Of course I'll keep working with all these folks. I plan to help Derek and Jeff chop their theses into publishable pieces
and grow those pieces into perfect papers. I'm working with Danny on two papers right now, "A classifying space for
nonabelian cohomology" and (joint with Alissa Crans and Urs Schreiber) "Canonical representations of 2-groups". But,
I won't be having weekly meetings with them anymore. I'll still have weekly meetings with my grad students Alex
Hoffnung, John Huerta, and Chris Walker, my former student Alissa Crans, and my longtime collaborator Jim Dolan.
There's also a new grad student coming this fall who knows a lot of physics and wants to work with me, but maybe I'll

let him wait a year before we get into weekly meetings.
I need to keep finding ways to stop spreading myself too thin. One possibility is to get all my grad students to attend a
single joint meeting; this gives them less individual attention but gives them a chance to learn more stuff. Alex will be
categorifying classical mechanics according to the strategy outlined in my course on quantization and cohomology. John
will be working on the algebra of grand unified theories. Chris will be working on groupoidification, which will also be
the topic of next year's seminar. Right now Alex and John have both been attending each other's meetings with me, but
Chris (just getting started) has been separate. Is it too ambitious to insist that they all learn all of this stuff? Is it too
ambitious for me to be thinking about all these things at once? Maybe I'd make faster progress, and feel happier, if I
focused on fewer topics at a time... and get a bunch of grad students working on the same thing. For a long while I've
been trying to broaden my scope, but maybe that's reached the point of diminishing returns.
I'll have to keep thinking about this stuff. My life is out of kilter, but I'm pretty good at solving problems when I tackle
them head-on (I tell myself).
June 22, 2007
I'm visiting my parents.
On Tuesday the 19th I woke up at 3:45 am and got ready to fly to my parent's house — or more precisely, Dulles airport
in northern Virginia. My shuttle was to pick me up at 5:30, but I just couldn't sleep thinking about all the little things I
had to do. A lot of emails, since my folks are the only people in the Western hemisphere who are still without internet
access. That's part of the charm of visiting them, actually, but it requires some pre-planning. Email Bob Coecke to tell
him I probably couldn't come to Oxford this summer. Email Thomas Strobl to tell him the title of my talk in Vienna this
summer: "Higher gauge theory and elliptic cohomology" — same talk as in Oslo, part of my new work-reduction
strategy. Email Paul-André Mellies to ask him what to do when I show up in Paris. A few more emails while I'm at it...
Everything goes fine until I reach Denver; then a huge storm system on the east coast holds up our flight 3 hours, and
our flight has to detour to work around the thunderstorms, so I show up at Dulles around 10:30 instead of 6:30.
In Denver I bought the new biography of Einstein, to keep myself entertained:
Walter Isaacson, Einstein: His Life and Universe, Simon and Schuster, New York, 2007.
It's a good book — I recommend it. So, the delays were not an inconvenience.
I also did a little math, trying to understand my crazy idea, inspired by Garrett Lisi's work, of Cartan connections as
having a "bosonic" and "fermionic" part. But I was too sleepy to go beyond some easy preliminary calculation. Clearly
some new idea is needed to jump to the next stage, and for this — let me just remind myself, since I almost forgot — I
should read those papers on analogies between general relativity and superfluid helium-3, where the metric tensor is
built from two copies of a fermionic coframe field, just as a bosonic condensate is built from "Cooper pairs" of helium-3
atoms... or something like that. I'll download those papers when I return to civilization.
At Dulles my baggage failed to emerge from the maw of the machine, but not just mine: a woman asked me — twice,
not instantly recognizing me the second time — whether the baggage from Denver was really showing up at this
carousel, and eventually I started looking around, and then a nice guy said "Hey, our baggage is over here!" Someone
had taken a bunch of it off the carousel and set it in some inconspicuous spot. I found my suitcase, and after a long wait
caught a cab.
The cab driver didn't know Great Falls, so I had to guide him through the woods along dark and hilly roads towards my
parents' house. He became increasingly fearful as he saw deer by the road — they can jump out and cause accidents.
When we entered my parent's neighborhood, pitch-black except for the distant gleam of mansions here and there, he
said "It's so dark here!" I replied "A lot of rich people live here — with horse barns and stuff." He said "Is that what rich
people like? Living in the dark?"

(In case you're wondering, my parents are not rich. They just saved money and built a house way out in the woods.)
When we finally reached the gravel road my parents lived on, he practically moaned "Oh, this road is really bad!" I
laughed and told him he could drop me off there. He obliged me apologetically, and drove off.
I hiked down the completely dark but perfectly familiar gravel road with my suitcase in hand, listening to the forest
creatures. But then, I couldn't find my parents' driveway! It was embarrassing: I could see their house perfectly well, off
in the distance, but it was so darn dark I couldn't spot the driveway. It felt like a dream: after a long flight with many
delays, one winds up walking to ones parents house, lost in a spooky forest....
It reminded me of once when I went to a loop quantum gravity conference at the Albert Einstein Institute, maybe Loops
'05. I took a train from Berlin to the small town of Golm, arriving late at night. I got off at the train station and suddenly
realized how rural it was: no signs to the hotel, not many street signs, nobody to ask, just gravel roads trailing off into
the darkness. Luckily I had a map, but it wasn't completely clear how to reach the hotel, so I had to hike around in the
dark for quite a while before I figured it out. I sort of enjoy this kind of thing, as long as there's no real danger. It's also
sort of scary. The well-lit grid of civilization slowly falls away, and you're out there alone in the night...
Anyway: I considered hiking straight through the woods to my parents' house, but I decided things were already
interesting enough, so instead I called my mom and ask her to drive down the driveway a bit, just so I could see where it
was. And so she did, and then it was obvious.
So, I got home shortly before midnight. A long and strange day. My dad was already in bed, but I said hi to him
anyway.
Since then I've been talking to my parents, doing stuff with them, and working on a paper for the Mathematics and
Narrative conference in Delphi this summer. I really like the title of this paper: "Why Mathematics is Boring".
Unfortunately my file for this paper is called "boring.tex", which doesn't inspire me to work on it. But, I've finally
gotten rolling on the project, and it's getting fun.
I should be working on it now. I'm sitting at my mom's desk looking out at the forest, listening to some music by
Hossam Ramzy, The Best of Farid Al Atrash. Here's what I'm seeing:

This photograph doesn't really capture the beauty of the scene, since the camera saturates when the light gets too bright,
showing white blobs where I see sunlit beech leaves with distinct veins, gently stirring in the breeze.
June 26, 2007
I got back home last night. Lisa got back from Hong Kong the previous day.
It's great to be back! We could have a lot of fun here this summer. It seems a bit unnecessary, and tiring, to zip off to
Paris on the 30th. But, we've made our plans already, so off we'll go. It'll be fun.
I say "we've made our plans", but we're not sure yet whether we'll be staying on rue Lepic in Montmartre, or right near
Luxembourg Garden. The latter seems a bit more convenient and nice.
June 27, 2007
Getting ready to go... it looks like we're staying near Luxembourg Garden, at 44 rue Monsieur le Prince. It's an
apartment on the 4th floor, with no elevator and (possibly worse) no air conditioning. But, it's nicely located.
I got some interesting links from Andrew Stringer. His friend Dr. Jennifer McElwain at University College Dublin
noticed that the pores in plant leaves — technically called "stomata" — tend to close when there's a lot of carbon
dioxide in the atmosphere. She then studied fossil plant leaves and noticed that they had fewer stomata right around the
end-Triassic and mid-Jurassic extinctions! This suggests that these mass extinctions were related to volcanic eruptions,
which would emit large amounts of carbon dioxide and cause bursts of global warming.
Some references:
Understanding Evolution, Ancient fossils and modern climate change: the work of Jennifer McElwain.
K. J. Willis and J. McElwain, The Evolution of Plants, Oxford U. Press, Oxford, 2002.

June 28, 2007
It's a bit embarrassing to get my news on biology from The Economist, but oh well... it's a good magazine. Seems there's
been a paradigm shift in genetics when I wasn't looking. Junk DNA ain't "junk" anymore! A bunch of it codes for RNA
molecules that shuttle about doing important jobs.
Really new advances, The Economist, June 14, 2007.
I'll quote a little:
It is beginning to dawn on biologists that they may have got it wrong. Not completely wrong, but wrong
enough to be embarrassing. For half a century their subject had been built around the relation between two
sorts of chemical. Proteins, in the form of enzymes, hormones and so on, made things happen. DNA, in the
form of genes, contained the instructions for making proteins. Other molecules were involved, of course.
Sugars and fats were abundant (too abundant, in some people). And various vitamins and minerals made an
appearance, as well. Oh, and there was also a curious chemical called RNA, which looked a bit like DNA
but wasn't. It obediently carried genetic information from DNA in the nucleus to the places in the cell where
proteins are made, rounded up the amino-acid units out of which those proteins are constructed, and was
found in the protein factories themselves.
All that was worked out decades ago. Since then, RNA has been more or less neglected as a humble carrier
of messages and fetcher of building materials. This account of the cell was so satisfying to biologists that
few bothered to look beyond it. But they are looking now. For, suddenly, cells seem to be full of RNA
doing who-knows-what.
And the diversity is staggering. There are scnRNAs, snRNAs and snoRNAs. There are rasiRNAs, tasiRNAs
and nat-siRNAs. The piRNAs, which were discovered last summer, are abundant in developing sex cells.
No male mammal, nor male fish, nor fly of either sex, would be fertile without them. Another RNA, called
XIST, has the power to turn off an entire chromosome. It does so in females because they, unlike males,
have two X chromosomes and would otherwise get an unhealthy double dose of many proteins. There is
even a "pregnancy-induced non-coding RNA", cutely termed PINC. New RNAs are rushing forth from
laboratories so rapidly that a group called the RNA Ontology Consortium has been promised half a million
dollars to prune and tend the growing thicket of RNA-tailed acronyms.
In the light of this abundance, perceptions about what a gene is need to change. Genes were once thought of
almost exclusively as repositories of information about how to build proteins. Now, they need to be seen for
what they really are: RNA factories. Genes for proteins may even be in the minority. In a human, the
number of different microRNAs, one of the commonest of the newly discovered sorts of RNA, may be as
high as 37,000 according to Isidore Rigoutsos, IBM's genome-miner in chief. That compares with the
21,000 or so protein-encoding genes that people have.
Philosophers of science love this sort of thing. They refer to it as a paradigm shift. Living through such a
shift is confusing for the scientists involved, and this one is no exception. But when it is over, it is likely to
have changed people's views about how cells regulate themselves, how life becomes more complex, how
certain mysterious diseases develop and even how the process of evolution operates. As a bonus, it also
opens up avenues to develop new drugs.
The business about "it is beginning to dawn on biologists that they have got it wrong" sounds like journalistic
exaggeration. If you click on some of the links you'll see that research on all these subjects is well underway. Indeed, the
amount of work done so far is so vast it's scary! When you look at things like the National Center for Biomedical
Ontology and the Gene Ontology Consortium — massive projects seeking to keep track of all the structures and
concepts involved in various portions of biology — you get some sense of how huge a project we're undertaking: trying
to completely understand life at the molecular level.

Our feeble brains are not enough to keep track of the complexity. We need all the help from computers we can get.
One big and rather simple question, though, is how much the central dogma of molecular biology will be called into
question. This is the idea that information flows from DNA to the organism through expression of proteins but not back,
except indirectly, via natural selection. Quoting some more of the Economist article:
Ronald Plasterk, of the University of Utrecht, in the Netherlands, suggests that microRNAs are important in
the evolution of the human brain. In December's Nature Genetics, he compared the microRNAs encoded by
chimpanzee and human genomes. About 8% of the microRNAs that are expressed in the human brain were
unique to it, much more than chance and the evolutionary distance between chimps and people would
predict.
Such observations suggest evolution is as much about changes in the genes for small RNAs as in the genes
for proteins — and in complex creatures possibly more so. Indeed, some researchers go further. They
suggest that RNA could itself provide an alternative evolutionary substrate. That is because RNA
sometimes carries genetic information down the generations independently of DNA, by hitching a lift in the
sex cells. Link this with the fact that the expression of RNA is, in certain circumstances, governed by
environmental factors, and some very murky waters are stirred up.
It's evolutionary, my dear Watson
What is being proposed is the inheritance of characteristics acquired during an individual's lifetime, rather
than as the result of chance mutations. This was first suggested by Jean Baptiste Lamarck, before Charles
Darwin's idea of natural selection swept the board. However, even Darwin did not reject the idea that
Lamarckian inheritance had some part to play, and it did not disappear as a serious idea until 20th-century
genetic experiments failed to find evidence for it.
The wiggle room for the re-admission of Lamarck's ideas comes from the discovery that small RNAs are
active in cells' nuclei as well as in their outer reaches. Greg Hannon, of the Cold Spring Harbor Laboratory
in New York State, thinks that some of these RNA molecules are helping to direct subtle chemical
modifications to DNA. Such modifications make it harder for a cell's code-reading machinery to get at the
affected region of the genome. They thus change the effective composition of the genome in a way similar
to mutation of the DNA itself (it is such mutations that are the raw material of natural selection). Indeed,
they sometimes stimulate actual chemical changes in the DNA — in other words, real mutations.
Even this observation, interesting though it is, does not restore Lamarckism because such changes are not
necessarily advantageous. But what Dr Hannon believes is that the changes in question sometimes happen
in response to stimuli in the environment. The chances are that even this is still a random process, and that
offspring born with such environmentally induced changes are no more likely to benefit than if those
changes had been induced by a chemical or a dose of radiation. And yet, it is just possible Dr Hannon is on
to something. The idea that the RNA operating system which is emerging into view can, as it were, re-write
the DNA hard-drive in a predesigned way, is not completely ridiculous.
This could not result in genuine novelty. That must still come from natural selection. But it might optimise
the next generation using the experience of the present one, even though the optimising software is the
result of Darwinism. And if that turned out to be commonplace, it would be the paradigm shift to end them
all.
(As Toby Bartels notes, what generates genuine novelty in the current Darwinian paradigm is not natural selection but
mutation. Mutation generates novel organisms, and natural selection weeds out those that don't reproduce enough.)
For more, try this:
Gisela Storz, An expanding universe of noncoding RNAs, Science 296 (17 May 2002) 1260-1263.

As if this weren't cool enough, my student Mike Stay (now working at Google) pointed out that Craig Venter's team has
just succeeded in giving a bacterium a complete genome transplant:
Philip Ball, Genome transplant makes species switch: one type of bacterium has been reprogrammed into another,
Nature, June 28, 2007.
This is part of the quest for artificial life, which I discussed in my October 27, 2005 diary entry. The Craig Venter
Institute has a Synthetic Biology group working on creating artificial life forms. Venter says they're close to
synthesizing from scratch the entire genome of a small bacterium, Mycoplasma genitalium. If that genome could be put
into a bacterium using the method announced today, Venter could claim he has made the first synthetic life form. Of
course this is "cheating" in at least two senses: it uses an already functioning cell, and it uses the genome of an existing
bacterium. The fun will start when they put in a novel, human-crafted genome.
June 29, 2007
I'm sure you've heard of the memo signed by Alberto Gonzales, now Attorney General of the United States, which
claimed that the "new paradigm" of the war against terrorism "renders obsolete Geneva's strict limitations on
questioning of enemy prisoners". And I'm sure you know what followed: torture at Abu Ghraib and elsewhere, a
worldwide network of secret prisons, kidnappings at airports, and more.
You've probably also heard how the Bush administration began a massive program of secret wiretapping of US citizens,
in direct contradiction to the Foreign Intelligence Surveillance Act.
And, more recently, you've probably heard how Dick Cheney claimed the office of the vice presidency was "not an
entity within the executive branch" of the US government — and clearly not part of the legislative or judicial branches,
either, hence exempt from regulations governing any branch of government!
I could list many more examples of how the Bush administration has flouted the Constitution, federal laws, and
international treaties.
Ever wonder about just how this tide of lawlessness started, and who is behind it?

To a surprisingly large extent there's one man behind it: Dick Cheney. For the full story — or the little we know so far "
read this:
Barton Gellman and Jo Becker, Angler: the Cheney vice presidency, Washington Post, June 23-26, 2007.
It's gripping reading for anyone who cares about democracy, and how democracy can start to unravel thanks to the work
of a ruthless and skillful man.
Here's a taste of his methods:
Stealth is among Cheney's most effective tools. Man-size Mosler safes, used elsewhere in government for
classified secrets, store the workaday business of the office of the vice president. Even talking points for
reporters are sometimes stamped "Treated As: Top Secret/SCI." Experts in and out of government said
Cheney's office appears to have invented that designation, which alludes to "sensitive compartmented
information," the most closely guarded category of government secrets. By adding the words "treated as,"
they said, Cheney seeks to protect unclassified work as though its disclosure would cause "exceptionally
grave damage to national security."

A document from the Office of the Vice President is stamped "Treated as Secret/SCI"

Across the board, the vice president's office goes to unusual lengths to avoid transparency. Cheney declines
to disclose the names or even the size of his staff, generally releases no public calendar and ordered the
Secret Service to destroy his visitor logs. His general counsel has asserted that "the vice presidency is a
unique office that is neither a part of the executive branch nor a part of the legislative branch," and is
therefore exempt from rules governing either. Cheney is refusing to observe an executive order on the
handling of national security secrets, and he proposed to abolish a federal office that insisted on auditing his
compliance.
And, the truly scary thing is how he never gives up, even when he seems to be defeated:
Cheney and his allies, according to more than two dozen current and former officials, pioneered a novel
distinction between forbidden "torture" and permitted use of "cruel, inhuman or degrading" methods of
questioning. They did not originate every idea to rewrite or reinterpret the law, but fresh accounts from
participants show that they translated muscular theories, from Yoo and others, into the operational language
of government.
A backlash beginning in 2004, after reports of abuse leaked out of Iraq's Abu Ghraib prison and
Guantanamo Bay, brought what appeared to be sharp reversals in courts and Congress — for Cheney's
claims of executive supremacy and for his unyielding defense of what he called "robust interrogation."
But a more careful look at the results suggests that Cheney won far more than he lost. Many of the harsh
measures he championed, and some of the broadest principles undergirding them, have survived intact but
out of public view.

The vice president's unseen victories attest to traits that are often ascribed to him but are hard to
demonstrate from the public record: thoroughgoing secrecy, persistence of focus, tactical flexibility in
service of fixed aims and close knowledge of the power map of government. On critical decisions for more
than six years, Cheney has often controlled the pivot points — tipping the outcome when he could,
engineering stalemate when he could not and reopening debates that rivals thought were resolved.
June 30, 2007
I'm taking off for Paris today. I'm supposed to meet Paul-André at the Café Delmas, across from 2 Place de la
Contrescarpe:

But before I go — some thoughts.
In her song "Same Time Tomorrow", Laurie Anderson asks:
And I what I really want to know is:
are things getting better, or are they getting worse?
It seems like an inane question, posed that way, without any qualifications. And indeed that's part of her point: we can't
help wanting to know the answer to this question, even though it's unanswerably vague. I'm not sure what the point of
this diary is, but sometimes it seems like an extended meditation on precisely this question.
That said, here's some evidence that things are getting better. (I've presented plenty for the opposite side.) Sometimes
you get the impression that chronic ailments are getting more common as people live longer... but this book claims
otherwise:
Robert Fogel, The Escape From Hunger and Premature Death, 1700–2100: Europe, America and the Third
World, Cambridge U. Press, Cambridge, 2004.
By their mid to late 60's, veterans from the US civil war (on the Union side) suffered from an average of 6 chronic
conditions. For 65-year old American whites today, the number is 2.
There's a lot more here to remind us how things have been getting better. Of American children born between 1835 and
1845, nearly 25% died as infants, and another 15% died before the age of 15. Those who survived to adulthood suffered
persistent malnutrition. In large cities like Boston, New York and Philadelphia, life expectancy at birth in 1830 was 24
years. On top of that, they worked an average of 78 hours a week.
Of course, all the improvements since then have come at a tremendous cost to our environment. So, things will only be
"getting better" in a sustainable way if we change our habits.
One piece of good news here is that while the world's population is expected to grown from 6.5 billion to 9 billion from
now to the year 2050, it's now expected to decline after that. Birth rates are dropping worldwide. In no major industrial
country besides the US do women have more than 2 children on average. In China they have 1.7 — though you may not
have heard, the 1-child policy does not apply to couples who are themselves only children. In Germany they have 1.4. In

Italy, just 1.3. In the United States the average is 2.1.
This is added incentive to make a transition to a mindset where "growth" is measured not in terms of GNP, but GNP per
capita, or some other statistic that's an even better indicator of how well people are living on average. We've got to stop
thinking that bigger is better, and instead realize that better is better.
If not, we still run the danger of seriously screwing up the planet for a long time.
James Lovelock argues in this book:
James Lovelock, The Revenge of Gaia: Why the Earth Is Fighting Back — and How We Can Still Save Humanity,
Penguin Books, London, 2006.
that the time is past for "sustainable development" — he wants "sustainable retreat". From September 12th 2006 New
York Times article:
Q. Why do you call it global heating and not global warming?
A. Warming is something that's kind of cozy and comfortable. You think of a nice duvet on a cold winter's
day. Heating is something you want to get away from.
Q. What's your perception of where we're headed with even conservative predictions for growth of both
populations and energy use?
A. I think we're headed straight back to the Earth's second stable state, which is a hot state that it's been in
many times before in the past. It's about 14 degrees warmer than it is in these parts of the world now.
It means roughly that most life on the planet will have to move up to the Arctic basin, to the few islands that
are still habitable and to oases on the continents. It will be a much-diminished world.
Q. Can you explain why you think nuclear power is so vital?
A. The really bad thing we did way back when was starting to burn things in the atmosphere to get energy.
We started with fire, just cooking food, and probably could have gotten away with that. But once we started
burning forests to drive the animals out as a cheap way of hunting, then we started on our downward
course. What we're doing now with fossil fuels is just as bad.
We live in a nuclear-powered universe. We're the oddballs by getting energy from burning carbon.
My justification of nuclear power is that we've reached a stage now where the dire things that threaten us
are so great that even the results of an all-out nuclear war pale into insignificance as unimportant compared
to what's going to happen. Q. You seem to say we have to get over the idea that renewable energy sources
&emdash; wind, solar &emdash; in the short run, are a useful way out of this.
A. I feel they're largely gestures. If it makes people feel good to shove up a windmill or put a solar panel on
their roof, great, do it. It'll help a little bit, but it's no answer at all to the problem.
Q. What is it about this issue that you think fails to capture adequate public or political attention?
A. I think it's mainly because scientists, and I include myself amongst them, have not really understood
what was going on until very, very recently. And also scientists tend to look at things much too
academically.
What really got me to write the book was going to a meeting at the Hadley Center, a big climate lab near
where I live, and talking to all the people there. And Sandy came with me, and we both got the impression
that they were talking about the Earth as if it was another planet, not something they were actually standing

on.
And they're all talking about their own separate little bit. One was talking about glaciers melting, another
about tropical forests in trouble. But they didn't put it together as a whole-planet phenomenon. And when
you did that, then each of their gloomy stories together became a devastating thesis.
Q. You say in the book that sustainable development is a fantasy, essentially, and you have a different
notion for what needs to happen, of 'sustainable retreat'.
A. At six-going-on-eight-billion people, the idea of any further development is almost obscene. We've got
to learn how to retreat from the world that we're in. Planning a good retreat is always a good measure of
generalship.
Q. If you could take any facet of society &emdash; elected officials, doctors, writers &emdash; and show
them one thing that you think could motivate the scale of change you're talking about, any idea what you
might do?
A. I would take them on a trip to the parts of the world where the changes are now maximum, and that is
the Arctic. For example, not many years ago explorers were walking with dogsleds all the way to the North
Pole regarding it as a great adventure. It's only a matter of perhaps 30 years when they'll have to go there in
a sailboat.
Q. You seem to have two messages at once. One is sort of a hopeful sense of the innovative and adaptable
aspect of humans, and the other is that we're going to need all those skills.
A. The human species has been on the planet for a million years now. We've gone through seven major
climatic changes that are equivalent to this. The ice ages were shifts in climate comparable with this one
that's coming. And we've survived.
That series of glaciations and interglacials put the pressures on us to select the kind of human that could
adapt. And we're the progeny of them. And we're just up against a new and different stress. Maybe we'll
come out better.
We'll see!
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Diary - July 2007
John Baez
July 1, 2007
Our trip to Paris was basically uneventful, but our arrival was delayed. We found Paul-André and his daughter standing
in front of the Café Delmas; they hopped into the cab, and we all went to meet our landlord, Jean-Jacques de Balasy.
We've got a cute one-bedroom apartment on the fourth floor of a building at 44 Rue Monsieur le Prince — which
sounds so much nicer than what I jokingly call it: "Mister the Prince Street". It's in the 5th arrondissement, a little bit
east of Jardin du Luxembourg. As you walk to it from the south, this is what you'll see:

As we walked around the apartment we noticed several lights hung at a height of 5 feet, the most inconvenient being
directly in front of the sink. The landlord said, "My wife is quite short. You will have many confrontations with this
lamp."
He was right — and so far, the lamp has won every time.
There are some other quirky features. For example, there's broadband internet — but you can't use the phone while
using the computer! Instead, the phone will take a message... which you can then access via the television.
Despite all this, the place is charming:

July 2, 2007
It's nice to listen to some new new music in a new place — it brings back memories later on. So, I bought a CD of
Scarlatti's Stabat Mater at the classical music store around the corner. This rich choral work featuring 10 soloists seems
to fill our apartment up to its sloping ceilings. I'd first heard it when visiting my parents last month — the Gulbenkian
Choir performed it at the Freer. The instrumental accompaniment takes a back seat on this piece, but it features the
theorbo, which I'd never seen before: it's a kind of overgrown lute. I bought the version by the Concerto Italiano.
Today we walked around the Latin Quarter. Here's Lisa in front of the Sorbonne:

Today is the day that exam scores were posted for all schools in France, from elementary schools to the Sorbonne.
Students and some parents lined up, anxiously awaiting the results:

Perhaps it was no coincidence that many cars parked next to the Sorbonne had these fliers placed on their windshields,
advertising math tutoring:

Just for fun, I began taking photographs of streets named after mathematicians... or more precisely, of the street signs.
Here are two guys who probably didn't need tutoring to pass their math exams:

Descartes you surely know. Paul Painlevé may be most famous as a politician in France, but mathematicians know him
for his work on differential equations.
I need to get Rue Monge and Rue Laplace!
July 6, 2007
I'm developing a routine of meeting Paul-André Melliès at Café Rostand at 10 in the morning. We've been discussing
category theory. Somewhat to my surprise, he's studied Jordan–Hölder theorems from the viewpoint of rewrite rules,
while I've been wondering if there's some sort of braided monoidal category implicit in such theorem — as is evident in
Joyal and Street's work on Hecke algebras, at least in a special case. In his approach he's bumped into some diagrams
resembling the Yang–Baxter equation, which also shows up in braided monoidal categories. So, we're trying to
understand each other's ideas. It's fun having no fixed agenda and suddenly stumbling on a puzzle like this.

A few days ago Lisa installed wireless internet in our apartment, after I bought a nice little portable wireless router at
fnac for this purpose. It worked nicely, but the next morning the TV stopped working — all the gadgets in this joint are
connected. After some struggle we managed to get the phone to work even when the wireless internet was on, but the
TV remained recalcitrant. This evening the landlord came and did his best, but gave up and said his wife would try later.
July 7, 2007
In the morning Lisa and I had our usual croissants and coffee — there's a bakery downstairs, and each day the aroma of
fresh-baked croissants drifts up, so they're hard to resist. We went on a long walk to the west end of Saint-Germaine,
looking for a market that sold soap, not finding it. Then we walked back east along the Seine, then down south a bit —
where I managed to snap a picture of Rue Lagrange:

In the afternoon Lisa's friend Agnes Chalier visited:

After tea, we all walked over to the Right Bank:

On the way back home, I took a detour and got a shot of Rue Monge:

In the evening I finished my talk on Derek Wise's work, which I'll give on Tuesday at the AstroParticule et Cosmologie
group at Université Paris 7.
July 8, 2007
I bagged another one — Rue Laplace, just north of the Pantheon:

Over at the n-Category Café, someone pointed out a list of mathematicians with Paris streets named after them. There
are over a hundred! But, it looks like Rue Malus and Rue Malebranche are the only ones left in the 5th arrondissement.
In the 6th, just Rue Le Verrier! So, soon I'll have to go further afield if I want to keep playing this game.
As David Corfield points out, I can get Rue Newton, Rue Euler, Rue Galilée and Rue Kepler if I go south of Étoile, a
big intersection north of the Seine.
But in case you're wondering: I'm doing lots of other fun stuff, too!
July 9, 2007

When I started talking about climate change in this diary, back in 2004, I felt a strong need to collect information and
publicize it. The issue wasn't getting much attention in the US media, and every news item was "balanced" by quotes
from "climate change skeptics" saying there was nothing to worry about. I was aghast when I realized how many of
these "skeptics" were funded by Exxon.
Now the situation has changed. The threat of global warming is finally accepted, not just in the rest of the world, but
even here in the US:
Kathleen Schalch, Cities take on Kyoto challenge to cut emissions, All Things Considered, NPR, July 31, 2007.
It happened in the last two years. What made the difference? Here's an interesting analysis:
Eric Weiner, American conscience waking up to climate change, Weekend Edition, NPR, Saturday July 7, 2007.
Briefly: it's not so much Al Gore as Hurricane Katrina and other disasters, including the drought in the Western US,
which seems like a harbinger of things to come:

Though no one such disaster can be conclusively linked to global climate change, these are the sort of things that people
experience directly — they cut through the chatter:
Richard Harris, A family vacations amid a changing landscape, Morning Edition, NPR, July 9, 2007.
I don't like to discuss the most alarming climate change scenarios, since they're speculative, and even the less
speculative predictions should be scary enough to goad us into action. But, I have questions about the recent work of
James Lovelock and James Hansen.

Lovelock has a theory about global warming and algae in the ocean. Some consider it alarmist "climate porn"; other's
dont'. I hope it is! Here's the idea in a nutshell, from a website called Ration the Future:
Algae extinction: In 2006, NASA satellites showed that phytoplankton — which absorb carbon dioxide —
are finding it harder to live in the more stratified layers of the warmer ocean, which restrict the mixing of
vital nutrients. Since 2000, when the sea surface temperatures began to rise more noticeably, the
photosynthetic productivity of phytoplankton have decreased in some ocean regions by 30 per cent. James
Lovelock points out that as the ocean surface temperature warms to over 12° C, "a stable layer of warm
water forms on the surface that stays unmixed with the cooler, nutrient-rich waters below. This purely
physical property of ocean water denies nutrients to the life in the warm layer, and soon the upper sunlit
ocean water becomes a desert", recognized by the clear azure blue, dead water of 80 per cent of today's
ocean surface. In such nutrient-deprived water, ocean life cannot prosper and soon "the surface layer is
empty of all but a limited and starving population of algae". Algae, which comprise most of the ocean's
plant life, are the world's greatest CO2 sink, pumping down carbon dioxide, as well as contributing to cloud
cover by releasing dimethyl sulphide into the atmosphere, gas "connected with the formation of clouds and
with climate" (Lovelock 2006: 23), so that warmer seas and less algae will likely reduce cloud formation
and further enhance positive feedback. Severe disruption of the algae/DMS relation would signal spiralling
and irreversible climate change.
Algae prosper in waters below 10° C so as the climate warms, the algae population reduces. In computer
modelling of climate warming and regulation carried out by James Lovelock and Lee Kump (Lovelock
2006:31-33), it was found that "as the carbon dioxide abundance approached 500 ppm (or a rise of about
3°), regulation began to fail and there was a sudden upward jump in temperature. The cause was the failure
of the ocean ecosystem. As the world grew warmer, the algae were denied nutrients by the expanding
warms surface of the oceans, until eventually they became extinct. As the area of ocean covered by algae
grew smaller, their cooling effect diminished and the temperature surged upwards." The end result was a
temperature rise of 8° C above pre-industrial levels, which would result in the planet being habitable only
from the latitude of Melbourne south to the south pole, and northern Europe, Asia and Canada to the north
pole. Everything in between would be desert and uninhabitable, billions of people would not be able to
survive.
If any experts on algae or climate change read this, please send me an email and comment!
My friend the mathematician Bruce Bartlett points out another scary possibility, raised by the famous climate scientist
James Hansen and reported by George Monbiot in his usual hair-raising style:
James Hansen et al, Climate change and trace gases, Philosophical Transactions of the Royal Society A 365 (May
18, 2007), 1925-1954.
To quote the scary part:
Planet Earth today: imminent peril
The imminent peril is initiation of dynamical and thermodynamical processes on the West Antarctic and
Greenland ice sheets that produce a situation out of humanity's control, such that devastating sea-level rise
will inevitably occur. Climate forcing of this century under BAU [business as usual] would dwarf natural
forcings of the past million years, indeed it would probably exceed climate forcing of the middle Pliocene,
when the planet was not more than 2-3°C warmer and sea level 25±10 m higher (Dowsett et al. 1994). The
climate sensitivities we have inferred from palaeoclimate data ensure that a BAU GHG [greenhouse gas]
emission scenario would produce global warming of several degrees Celsius this century, with
amplification at high latitudes.
Such warming would assuredly activate the albedo-flip trigger mechanism over large portions of these ice

sheets. In combination with warming of the nearby ocean and atmosphere, the increased surface melt would
bring into play multiple positive feedbacks leading to eventual nonlinear ice sheet disintegration, as
discussed by Hansen (2005). It is difficult to predict time of collapse in such a nonlinear problem, but we
find no evidence of millennial lags between forcing and ice sheet response in palaeoclimate data. An ice
sheet response time of centuries seems probable, and we cannot rule out large changes on decadal timescales once wide-scale surface melt is underway. With GHGs continuing to increase, the planetary energy
imbalance provides ample energy to melt ice corresponding to several metres of sea level per century
(Hansen et al. 2005b).
With this danger in mind, it is appropriate to closely monitor ice sheet conditions. Area of summer melt on
Greenland increased from approximately 450000 km2 in the first few years after satellite observations
began in 1979 to more than 600000 km2 in recent years (Steffen et al. 2004). Iceberg discharge from
Greenland increased markedly over the past 15 years. Mass loss increased from 4-50 km3 yr-1 in 1993-1998
to 57-105 km3yr-1 in 1999-2004, based on radar altimeters, with probable losses at the higher ends of those
ranges (Thomas et al. 2006). Recent analyses of satellite gravity field data yield a net annual loss of 101±16
km3yr-1 during 2003-2005 (Luthcke et al. 2006).
The gravest threat we foresee starts with surface melt on West Antarctica and interaction among positive
feedbacks leading to catastrophic ice loss. Warming in West Antarctica in recent decades has been limited
by effects of stratospheric ozone depletion (Shindell & Schmidt 2004). However, climate projections
(Hansen et al. 2006b) find surface warming in West Antarctica and warming of nearby ocean at depths that
may attack buttressing ice shelves. Loss of ice shelves allows more rapid discharge from ice streams, in turn
a lowering and warming of the ice sheet surface, and increased surface melt. Rising sea level helps unhinge
the ice from pinning points.
West Antarctica seems to be moving into a mode of significant mass loss (Thomas et al. 2004). Gravity
data yielded mass loss of approximately 150 km3 yr-1 in 2002-2005 (Velicogna & Wahr 2006). A warming
ocean has eroded ice shelves by more than 5 m yr-1 over the past decade (Rignot & Jacobs 2002; Shepherd
et al. 2004). Satellite QuickSCAT radiometer observations (Nghiem et al. 2007), initiated in 1999, reveal an
increasing area of summer melt on West Antarctica and an increasing melt season over the period of record.
Attention has focused on Greenland, but the most recent gravity data indicate comparable mass loss from
West Antarctica. We find it implausible that BAU scenarios, with climate forcing and global warming
exceeding those of the Pliocene, would permit a West Antarctic ice sheet of present size to survive even for
a century.
Our concern that BAU GHG scenarios would cause large sea-level rise this century (Hansen 2005) differs
from estimates of IPCC [The International Panel on Climate Change] (2001, 2007), which foresees little or
no contribution to twenty-first century sea-level rise from Greenland and Antarctica. However, the IPCC
analyses and projections do not well account for the nonlinear physics of wet ice sheet disintegration, ice
streams and eroding ice shelves, nor are they consistent with the palaeoclimate evidence we have presented
for the absence of discernable lag between ice sheet forcing and sea-level rise.
The best chance for averting ice sheet disintegration seems to be intense simultaneous efforts to reduce both
CO2 emissions and non-CO2 climate forcings. As mentioned above, there are multiple benefits from such
actions. However, even with such actions, it is probable that the dangerous level of atmospheric GHGs will
be passed, at least temporarily. We have presented evidence (Hansen et al. 2006b) that the dangerous level
of CO2 can be no more than approximately 450ppm. Our present discussion, including the conclusion that
slow feedbacks (ice, vegetation and GHG) can come into play on century time-scales or sooner, makes it
probable that the dangerous level is even lower.
Present knowledge does not permit accurate specification of the dangerous level of human-made GHGs.
However, it is much lower than has commonly been assumed. If we have not already passed the dangerous

level, the energy infrastructure in place ensures that we will pass it within several decades.
We conclude that a feasible strategy for planetary rescue almost surely requires a means of extracting
GHGs from the air. Development of CO2 capture at power plants, with below-ground CO2 sequestration,
may be a critical element. Injection of the CO2 well beneath the ocean floor assures its stability (House et
al. 2006). If the power plant fuel is derived from biomass, such as cellulosic fibres grown without excessive
fertilization that produces N2O or other offsetting GHG emissions, it will provide continuing drawdown of
atmospheric CO2.
Again, I'd appreciate comments from climate scientists.
July 10, 2007
Yesterday I explained why I'm less worried about public awareness of climate change than I used to be. But public
awareness is the easy part: actually doing something is the hard part.
It seems unrealistic to solve the problem just by conservation and switching towards hydropower, wind, solar, and so on
— though all these are important parts of bringing about a low carbon economy. People knowledgeable about global
warming are increasingly looking towards nuclear power and carbon sequestration.
Nuclear power brings risks with it: in the US people complain about nuclear waste being stored in their vicinity, but this
pales compared to the danger of too many people getting ahold of nuclear bombs — or even just dirty bombs.
My colleague Thomas Payne in the computer science department told me about an idea some people are considering as
a carbon-free solution to our energy problems: reactors that use thorium. It's a lot more common than uranium, and all
the thorium mined can be used in a reactor, as compared with just a small amount of the uranium — namely, the isotope
U-235. So, there's a lot more nuclear energy in the form of thorium than in uranium. Perhaps more importantly, it's
harder to create nuclear bombs from its byproducts. But how much harder? And how feasible is this idea, anyway? Here
are some handy sources of information:
Amit Asaravala, Thorium fuels safer reactor hopes, Wired, 07.05.05.
Transcript, links and further information for 'Thorium Reactors', Australian Broadcasting Corporation, 1998.
Thorium, UIC Briefing Paper #67, Uranium Information Centre Ltd.
From the UIC briefing, here's the good news:
Thorium, as well as uranium, can be used as a nuclear fuel. Although not fissile itself, thorium-232 (Th232) will absorb slow neutrons to produce uranium-233 (U-233), which is fissile. Hence like uranium-238
(U-238) it is fertile.
In one significant respect U-233 is better than uranium-235 and plutonium-239, because of its higher
neutron yield per neutron absorbed. Given a start with some other fissile material (U-235 or Pu-239), a
breeding cycle similar to but more efficient than that with U-238 and plutonium (in slow-neutron reactors)
can be set up. The Th-232 absorbs a neutron to become Th-233 which normally decays to protactinium-233
and then U-233. The irradiated fuel can then be unloaded from the reactor, the U-233 separated from the
thorium, and fed back into another reactor as part of a closed fuel cycle.
Over the last 30 years there has been interest in utilising thorium as a nuclear fuel since it is more abundant
in the Earth's crust than uranium. Also, all of the mined thorium is potentially useable in a reactor,
compared with the 0.7% of natural uranium, so some 40 times the amount of energy per unit mass might
theoretically be available (withouit recourse to fast breeder reactors).
A major potential application for conventional PWRs [pressurized water reactors] involves fuel assemblies

arranged so that a blanket of mainly thorium fuel rods surrounds a more-enriched seed element containing
U-235 which supplies neutrons to the subcritical blanket. As U-233 is produced in the blanket it is burned
there. This is the Light Water Breeder Reactor concept which was successfully demonstrated in the USA in
the 1970s.
It is currently being developed in a more deliberately proliferation-resistant way. The central seed region of
each fuel assembly will have uranium enriched to 20% U-235. The blanket will be thorium with some U238, which means that any uranium chemically separated from it (for the U-233 ) is not usable for weapons.
Spent blanket fuel also contains U-232, which decays rapidly and has very gamma-active daughters
creating significant problems in handling the bred U-233 and hence conferring proliferation resistance.
Plutonium produced in the seed will have a high proportion of Pu-238, generating a lot of heat and making
it even more unsuitable for weapons than normal reactor-grade Pu.
A variation of this is the use of whole homogeneous assembles arranged so that a set of them makes up a
seed and blanket arrangement. If the seed fuel is metal uranium alloy instead of oxide, there is better heat
conduction to cope with its higher temperatures. Seed fuel remains three years in the reactor, blanket fuel
for up to 14 years.
Since the early 1990s Russia has had a program to develop a thorium-uranium fuel, which more recently
has moved to have a particular emphasis on utilisation of weapons-grade plutonium in a thorium-plutonium
fuel.
The program is based at Moscow's Kurchatov Institute and involves the US company Thorium Power and
US government funding to design fuel for Russian VVER-1000 reactors. Whereas normal fuel uses
enriched uranium oxide, the new design has a demountable centre portion and blanket arrangement, with
the plutonium in the centre and the thorium (with uranium) around it. The Th-232 becomes U-233, which is
fissile - as is the core Pu-239. Blanket material remains in the reactor for 9 years but the centre portion is
burned for only three years (as in a normal VVER). Design of the seed fuel rods in the centre portion draws
on extensive experience of Russian navy reactors.
The bad news:
Despite the thorium fuel cycle having a number of attractive features, development even on the scale of
India's has always run into difficulties. Problems include:
the high cost of fuel fabrication, due partly to the high radioactivity of U-233 chemically separated
from the irradiated thorium fuel. Separated U-233 is always contaminated with traces of U-232 (69
year half life but whose daughter products such as thallium-208 are strong gamma emitters with very
short half lives);
the similar problems in recycling thorium itself due to highly radioactive Th-228 (an alpha emitter
with 2 year half life) present;
some weapons proliferation risk of U-233 (if it could be separated on its own); and
the technical problems (not yet satisfactorily solved) in reprocessing.
Much development work is still required before the thorium fuel cycle can be commercialised, and the
effort required seems unlikely while (or where) abundant uranium is available. In this respect international
moves to bring India into the ambit of international trade will be critical. If India has ready access to traded
uranium and conventional reactor designs, it may not persist with the thorium cycle.
Nevertheless, the thorium fuel cycle, with its potential for breeding fuel without the need for fast-neutron
reactors, holds considerable potential long-term. It is a significant factor in the long-term sustainability of
nuclear energy.
For more on thorium and nuclear power in general, see my July 11th entry.

Today I gave my talk on Derek's work at Université Paris 7, down in the 13th arrondissement. That gave me a chance to
photograph this street sign:

Louis de Broglie won the Nobel prize in physics for his work on the wave nature of the electron, but for some reason
he's listed in the MacTutor biographies of mathematicians and (more importantly) the list of mathematicians with Paris
streets named after them. So, I decided to give him the benefit of the doubt. His brother Maurice was an experimental
physicist who worked on X-ray diffraction and spectroscopy.
July 11, 2007
Thomas Payne sent me a couple more references on thorium:
Hi John,
Cool! (Pardon pun.)
Two web sites worth checking:
Kirk Sorensen, Energy from Thorium. This guy has collected tons of stuff. He is a big proponent of
molten salt reactors and makes a good case for them.
Liz William, Green nuclear power coming to Norway, Cosmos, May 24, 2007. Report on Norway's
decision to go forward with Thorium.
I'm going to the Abel Symposium in Norway later this summer — at least if I manage to buy airplane tickets. I'd been
meaning to see some glaciers before they melt. Now I'll also have to ask people what they think about thorium power!
Thomas Riepe sent me this link, which argues that nuclear power is unfeasible for political reasons — terrorism,
limitations of the International Atomic Energy Agency, and so on:
Frank Barnaby and James Kemp, Too Hot to Handle? The Future of Civil Nuclear Power, July 2007.
We can expect the argument over nuclear power to heat up — along with the weather — for the next few decades.
July 12, 2007

Today Lisa and I went to the Louvre. We viewed a few carefully chosen slices of their enormous collection.
First, the Islamic art, which helped satisfy my yearning for everything to do with Andalusia. The richness of art,
philosophy, science and technology not just in Granada and Cordoba, but in Cairo, Baghdad, Isfahan and many other
capitals, all while Europe was suffering through the dark ages, is somehting I find very alluring.
I really like this celestial sphere — acquired in Cairo in the 1800s, it's an Indian copy of one made in Iran around 1285.
Click on the image for a more detailed version, where you can see the Arabic script:

Then, Italian Renaissance painting.
It's amazing to walk through galleries, stumble on a strikingly expressive portrait, and discover that it's a da Vinci.

This is a painting of Lucrezia Crivelli, the second mistress of Ludovico Sforza, duke of Milan in the latter half of the
1400s. The painting is called La Belle Ferrionère, after the chain on her forehead, called a ferronière. I'd seen a
somewhat similar portrait by Da Vinci in the National Gallery in Washington D.C. — sometimes also called La Belle
Ferronière, but more commonly the Lady with an Ermine.
I thought I'd be too jaded by images of the Mona Lisa to get excited by the real thing... but to my surprise, I was
tremendously moved by the vast crowds gathered to see it, like pilgrims paying reverence to a holy icon. The cameras
flashing, the video recorders, the cell phones held aloft to capture a glimpse, almost overwhelmed the tiny painting
itself.

This feeling — of an almost pathetic fragment of the past being cherished and nearly overwhelmed by adulation — of
the tragic erosion of history under the ravages of time — struck me even more strongly as I ascended the steps towards
the Winged Victory of Samothrace.

From the Wikipedia article:
The Victory is one of the great surviving masterpieces of sculpture from the Hellenistic period, despite the
fact that the figure is significantly damaged, missing its head and outstretched arms. By an unknown artist,
(presumably Rhodian in origin), the sculpture is thought to date from the period 220 to 190 BC.
The statue stands on a rostral pedestal of gray marble representing the prow of a ship, and figures the
goddess as she descended from the skies to the triumphant fleet. Rendered in white Parian marble, the
figure originally formed part of the Sanctuary of the Great Gods. Before losing her arms, Nike's right arm
was raised, either to bring a trumpet to her lips as she is depicted on coins or to crown the naval victor. The
prow is made of grey marble from Lartos. The statue has been reassembled in stages since its original
discovery in 1863. The prow was reconstructed from marble debris at the site by Champoiseau in 1879 and
assembled in situ before being shipped to Paris. The discovery in 1948 of the hand raised in salute, which
matched a fragment in Vienna, established the modern reconstruction.

The right wing is a symmetric plaster version of the original left one. Various other fragments have since
been found: in 1950 one of the statue's hands was found on Samothrace and is now in a glass case in the
Louvre next to the podium on which the statue stands. Neither the arms nor the head have been found.
The past is not only passed, physics tells us that much of it is truly erased, and in a very real sense does not exist — any
more than the future does. The broken Venus de Milo yet again made me think how many of our best achievements are
shattered or ruined — and perhaps loved all the more precisely for that reason.

While standing here, I overheard a smartaleck teenager ask his friend: "Why does everyone feel they need to take photos
of famous stuff they've already seen?"

One can react to the mortality of all things philosophically, like Marcus Aurelius here, once emperor of Rome and now
a statue among many in the Louvre, who wrote:
Of the life of man the duration is but a point,
its substance streaming away, its perception dim,
the fabric of the entire body prone to decay,
and the soul a vortex,
and fortune incalculable, and fame uncertain.
In a word: all things of the body are as a river,
and the things of the soul as a dream and a vapour;
and life is a warfare and a pilgrim's sojourn,
and fame after death is only forgetfulness.
Observe constantly that all things take place by change,
and accustom thyself to consider that
the nature of the Universe loves nothing so much as to change the things which are,
and to make new things like them.
Or one can immerse oneself in the moment, like this Roman child... or this Roman duck:

The fellow who decorated the walls would probably say I need to lighten up:

July 15, 2007
In Paris, fire stations hold public dances on the night before Bastille Day! Unfortunately we missed those. Yesterday, on
Bastille Day itself, we went on a long walk around Montparnasse. We missed the military parade, which for the first
time featured troops from throughout the European Union. After dinner, we caught a nice glimpse of the fireworks near
the Eiffel Tower by standing west of the Pantheon.
But today, we saw the most impressive and cheerful sight of all: people lining up to try riding bikes from the new
Parisian communal bike program!

A New French Revolution's Creed: Let Them Ride Bikes
Katrinn Benhold, New York Times
PARIS, July 15 — About a dozen sweaty people pedaled bicycles up the Champs-Élysées on Sunday
toward the Arc de Triomphe, as onlookers cheered.
These were not the leading riders of the Tour de France racing toward the finish line, but American tourists
testing this city's new communal bike program.
"I'm never taking the subway again," said a beaming Justin Hill, 47, a real estate broker from Santa
Barbara, Calif.
More than 10,600 of the hefty gray bicycles became available for modest rental prices on Sunday at 750
self-service docking stations that provide access in eight languages. The number is to grow to 20,600 by the
end of the year.
The program, Vélib (for "vélo," bicycle, and "liberté," freedom), is the latest in a string of European efforts
to reduce the number of cars in city centers and give people incentives to choose more eco-friendly modes
of transport.
"This is about revolutionizing urban culture," said Pierre Aidenbaum, mayor of Paris's trendy third district,
which opened 15 docking stations on Sunday. "For a long time cars were associated with freedom of
movement and flexibility. What we want to show people is that in many ways bicycles fulfill this role much
more today."
Users can rent a bike online or at any of the stations, using a credit or debit card and leave them at any other
station.
A one-day pass costs 1 euro ($1.38), a weekly pass 5 euros ($6.90) and a yearly subscription 29 euros

($40), with no additional charges as long as each bike ride does not exceed 30 minutes. (Beyond that, there
is an incremental surcharge, to make sure that as many bikes as possible stay in the rotation.)
July 16, 2007
I met the mathematical physicist Joseph Kouneiher, who promised me a tour of the old observatory in Paris, to be led by
his friend Cécile Barbachoux. I also met his colleague Frédéric Hélein, who has an organ in his office (!) and played
some Bach on it for us. They have written a fascinating paper comparing two approaches to multisymplectic geometry,
which is a kind of generalization of the usual geometrical description of classical mechanics from particle to strings and
higher-dimensional branes. I had read Rovelli's work on this, and I've given some lectures on how it might let us
"categorify" classical mechanics, but I hadn't known the rich history and the amount of work that's been done on this
subject! I'm really excited.
I also met Michel Egeileh, a grad student who wrote his thesis on the relation between Cartan geometry, supergravity
and Higgs fields. This has interesting relations to Derek Wise's work, and indeed cites it. A taste of what adapting to
climate change is like: in this case, drought on the Cape Verde islands:
Jon Hamilton, Irrigation brings harvests back to Cape Verde, Climate Connections, Morning Edition, July 16,
2007.
July 17, 2007
Today Lisa and I went on the promised tour of L'Observatoire de Paris. I'd been a bit confused, mistaking the rusty
green observatory near the Pantheon with the real thing — the main old observatory in Paris, on Avenue DenfertRochereau.
I forgot my camera, so all the pictures that follow were taken by Lisa.
We met the astrophysicist Cécile Barbachoux at the entrance of what seemed like a typical dull modern office. She then
led us through it into a wonderful world full of gardens and old buildings.
The first thing we saw were these stables:

They're now used as rooms for constructing astronomical equipment, but the observatory was constructed at the behest
of Louis the Fourteenth, starting around 1667, when horses were very much the thing.
We then walked past some gardens and came to the house where the director of the observatory lives:

Note the spooky dark doorway below — there are many secret passages, stairways, and underground laboratories here!
The first director of the observatory was Giovanni Domenico Cassini, who apparently lived in this location before the
observatory was even built. He's famous for discovering the first 4 moons of Saturn, the Cassini division in Saturn's
rings, the Great Red Spot of Jupiter, and so on.
Rounding the bend we came to the grand entrance and saw a big statue of Urbain Le Verrier, who was director from
1873 to 1877. Le Verrier specialized in celestial mechanics, and used perturbations in the orbit of Uranus to predict the
location of Neptune.
Even more interesting to me was this plaque:

Here is where Ole Rømer measured the speed of light in 1676! — with the help of Christiaan Huygens, and the shadow
of Jupiter's moon Io. As someone fascinated by relativity, the first measurement of something so important as "la vitesse
de propagation de la lumière" has always seemed very exciting to me.
Inside the observatory, Cécile used her specially procured ring of keys to open various secret doors and show us
wonders starting with Foucault's telescope, which is made of wood:

Léon Foucault is more famous for his pendulum, which he used to demonstrate the rotation of the Earth. In fact, every
scientist in Paris received an invitation to L'Observatoire de Paris to see this pendulum on February 3rd, 1851. Napoleon
III later created a post of Physicist Attached to the Imperial Observatory specially for Foucault, during the time Le
Verrier was director, and this is when Foucault began making telescopes.
We then ascended many flights of stairs until we reached the roof:

where we saw a marvelous view of Paris.
We scrambled over the roof and entered the observatory proper:

Inside, it was very dark, and dominated by a huge telescope:

Apparently this old telescope is still used in some demonstrations, just for fun — but nowadays, even a small modern
telescope can do better.
We then descended a small spiral staircase, getting a nice view of the steel reinforcements that support the heavy
telescope, and eventually worked our way to the library. Here we saw many more nice old telescopes:

We also saw sextants, globes, celestial spheres, heliostats, and other curiosities — for example, a marble statue of
Cassini, as well as this one of Laplace:

The celestial sphere at his feet is a nice classical allusion: it reminds me of a statue of Athena in the Louvre, where she
is for some reason holding such a sphere, more typically the property of Urania.
Pierre-Simon Laplace is now most famous for his work on probability theory, celestial mechanics and the like, but he
also directed L'Observatoire de Paris. The astronomer Delambre later wrote:
... never should one put a geometer at the head of an observatory; he will neglect all the observations except
those needed for his formulas.
This could equally well have been said about Hamilton, who also lived in an observatory, and made his wife do most of
the observations!
To reach her office, she needs to climb yet another twisty little spiral staircase — the place is full of them. I find it very
romantic, but I wonder how many aging astronomers have plunged to their deaths here.
She showed us this astrolabe:

This was made by a 16-year-old student as part of the observatory's educational program!
On our way out, we caught a nice view of some smaller observatories:

We then met Joseph Kouneiher and went to a café near Montparnasse. Much to my surprise, Joseph told us that Leibniz
had invented a calculating device, the stepped reckoner, in 1674. Two prototypes were built. One was lost in an attic of
the University of Göttingen until a worker found it in 1879 — while fixing a leak in the roof! It's now in the State
Museum of Hanover.
July 19, 2007
We left Paris today. We were sad to leave so soon! I was just getting to know the place. Luckily, there's a good chance
we'll visit again next summer.
We flew to Athens; David Corfield flagged us down as we passed through customs, and we took the 2-hour ride to
Delphi in a van with some other arrivals. Delphi is perched on the slopes of Mount Parnassus, with a view of the Bay of
Corinth. It's a dramatic place:

July 20, 2007
The conference on Mathematics and Narrative began today. I gave the first talk: Why Mathematics is Boring. The
conference was put on by Thales and Friends, a group spearheaded by the writer Apostolos Doxiadis, famous for his

bestseller Uncle Petros and Goldbach's Conjecture. The conference was run with a lot of help from the number theorist
Barry Mazur:

Barry Mazur and Apostolos Doxiadis

David Corfield, Colin McLarty and Michael Harris

During the conference I talked a lot to my pal the philosopher David Corfield. This was the first time he met Lisa, and
the the first time I met his wife. All four of us hung out a lot with Colin McLarty — a philosopher, historian of
mathematics and category theorist whom I'd gotten to know at Lawvere's 60th birthday conference, in Florence. As
philosophers of math who understand and love categories, Colin and David have gotten to know each other over the
years, and I enjoy talking to them a lot.
I also got acquainted with the algebraic geometer Michael Harris, who happens to work at Paris 7, where I was visiting
just before coming to Greece! Unfortunately I was too polite (or shy) to ask Barry Mazur or Michael Harris many
questions about étale cohomology, the Langlands program and so on. But, I got a nice second-hand account of the étale
fundamental group from McLarty, who had quizzed Mazur about it — part of the research McLarty is doing for a paper
on Grothendieck.

Federica La Nave, Amir Alexander, Peter Galison and Jan Christoph Meister

I also met a lot of other interesting people. For example, I'd enjoyed Peter Galison's book Einstein's Clocks, Poincaré's
Maps, so it was fun to meet him. I was surprised to discover he's making a film on government secrecy in the post-9-11
era. He showed a draft version of this film, and it's really good! It should come out early next year.
Everyone at this conference is interviewing someone else. These interviews will supposedly be transcribed and edited,
to appear with the papers we're presenting. This afternoon I got interviewed by Federica La Nave, a historian of
mathematics at Hong Kong University, who is currently working on the role of belief in Rafael Bombelli's discovery of
imaginary numbers: first he didn't "believe in" these numbers, but later he did.
July 21, 2007
This afternoon I went to the oracle at Delphi. It would take a long time to describe, so I'll just show you some pictures I
took. First, a few artifacts in the museum:

Two kouroi from around 600 BC.
These guys are big: over 2 meters tall.

The Naxian sphinx, from around 570 BC.

Part of the frieze from the treasury of Siphnos, from 525 BC.

This scene depicts the battle of the gods and the titans.
Many Greek cities donated wealth to Delphi, which was kept in treasuries.

Statue of a philosopher, from around 280 BC.

Then, some pictures from the oracle itself. This is a truly mind-blowing place, both for its rugged natural beauty and the
mythology and history behind it. The Oracle of Delphi played an important role in Greek culture for over a millennium:
from around 750 BC to around 400 AD. That makes it one of the longest-lived institutions in the world!

Stoa of the Athenians

Treasury of Athens, built around 490 BC to commemorate the Battle of Marathon.

Stone of the Sibyl, at left. Temple of Apollo, at right.

Stones near the Temple of Apollo.

The Temple of Apollo.
This temple is where the Pythia actually did her thing.

Another view of the Temple of Apollo.

This Scientific American article is quite interesting, and its claims, while surprising, seem quite widely accepted:
John R. Hale, Jelle Zeilinga de Boer, Jeffrey P. Chanton and Henry A. Spiller, Questioning the Delphic oracle,
Scientific Americian, August 2003.
I'll quote the beginning, just to tempt you:
The temple of Apollo, cradled in the spectacular mountainscape at Delphi, was the most important religious
site of the ancient Greek world, for it housed the powerful oracle. Generals sought the oracle's advice on
strategy. Colonists asked for guidance before they set sail for Italy, Spain and Africa. Private citizens
inquired about health problems and investments. The oracle's advice figures prominently in the myths.
When Orestes asked whether he should seek vengeance on his mother for murdering his father, the oracle
encouraged him. Oedipus, warned by the oracle that he would murder his father and marry his mother,
strove, with famous lack of success, to avoid his fate.
The oracle of Delphi functioned in a specific place, the adyton, or "no entry" area of the temple's core, and
through a specific person, the Pythia, who was chosen to speak, as a possessed medium, for Apollo, the god
of prophecy. Extraordinarily for misogynist Greece, the Pythia was a woman. And unlike most Greek
priests and priestesses, the Pythia did not inherit her office through noble family connections. Although the
Pythia had to be from Delphi, she could be old or young, rich or poor, well educated or illiterate. She went
through a long and intense period of conditioning, supported by a sisterhood of Delphic women who tended
the eternal sacred fire in the temple.

The Classical Explanation
Tradition attributed the prophetic inspiration of the powerful oracle to geologic phenomena: a chasm in the
earth, a vapor that rose from it, and a spring. Roughly a century ago scholars rejected this explanation when
archaeologists digging at the site could find no chasm and detect no gases. The ancient testimony, however,
is widespread, and it comes from a variety of sources: historians such as Pliny and Diodorus, philosophers
such as Plato, the poets Aeschylus and Cicero, the geographer Strabo, the travel writer Pausanias, and even
a priest of Apollo who served at Delphi, the famous essayist and biographer Plutarch.
Strabo (64 B.C.-A.D. 25) wrote: "They say that the seat of the oracle is a cavern hollowed deep down in the
earth, with a rather narrow mouth, from which rises a pneuma [gas, vapor, breath; hence our words
"pneumatic" and "pneumonia"] that produces divine possession. A tripod is set above this cleft, mounting
which, the Pythia inhales the vapor and prophesies."
Plutarch (A.D. 46-120) left an extended eyewitness account of the workings of the oracle. He described the
relationships among god, woman and gas by likening Apollo to a musician, the woman to his instrument
and the pneuma to the plectrum with which he touched her to make her speak. But Plutarch emphasized that
the pneuma was only a trigger. It was really the preconditioning and purification (certainly including sexual
abstinence, possibly including fasting) of the chosen woman that made her capable of responding to
exposure to the pneuma. An ordinary person could detect the smell of the gas without passing into an
oracular trance.
Plutarch also recorded a number of physical characteristics about the pneuma. It smelled like sweet
perfume. It was emitted "as if from a spring" in the adyton where the Pythia sat, but priests and consultants
could on some occasions smell it in the antechamber where they waited for her responses. It could rise
either as a free gas or in water. In Plutarch's day the emission had become weak and irregular, the cause, in
his opinion, of the weakening influence of the Delphic oracle in world affairs. He suggested that either the
vital essence had run out or that heavy rains had diluted it or a great earthquake more than four centuries
earlier had partially blocked its vent. Maybe, he continued, the vapor had found a new outlet. Plutarch's
theories about the lessening of the emission make it clear that he believed it originated in the rock below the
temple.
A traveler in the next generation, Pausanias, echoes Plutarch's mention of the pneuma rising in water.
Pausanias wrote that he saw on the slope above the temple a spring called Kassotis, which he had heard
plunged underground and then emerged again in the adyton, where its waters made the women prophetic.
Plutarch and other sources indicate that during normal sessions the woman who served as Pythia was in a
mild trance. She was able to sit upright on the tripod and might spend a considerable amount of time there
(although when the line of consultants was long, a second and even a third Pythia might have to relieve
her). She could hear the questions and gave intelligible answers. During the oracular sessions, the Pythia
spoke in an altered voice and tended to chant her responses, indulging in wordplay and puns. Afterward,
according to Plutarch, she was like a runner after a race or a dancer after an ecstatic dance.
The article then goes on to describe how the theory that vapors emitted from the ground was discredited around 1900.
But now, thanks to the work of these authors, this theory has been confirmed!
July 24, 2007
My conference in Delphi over, we took a 3-hour taxi ride to Olympia, site of the original Olympic games. Here Lisa is
meeting with some members of the Center for Hellenic Studies, including her old Greek teacher Gregory Nagy. They're
working with two classics scholars Lisa met in Shanghai — Yang Huang and Zhang Wei — to set up ways for students
in Shanghai to pursue Hellenic studies. Lisa works on comparing classical Greek and Chinese culture, so this is very
exciting to her.

As for me, I'm just playing the tourist and taking advantage of the Hotel Europa's wireless internet to catch up on my
diary, my blog, and some math papers.
July 25, 2007
It's really hot here in Greece — 45 Celsius, or 113 Fahrenheit. Global warming proceeds apace. To add to the misery,
there are lots of fires set by arsonists. In Greece they do this as part of a trick to acquire land for real estate development,
with the connivance of corrupt local officials.

July 26, 2007
We saw the Temple of Zeus at Olympia! But first, Gregory Nagy gave us a guided tour of the museum.

Yang Huang, Gregory Nagy and Zhang Wei

Olympia is a site with many historical layers. Burnt offerings can be found dating back to the 10th century BC.
Tradition dates the first Olympic games to 776 BC. It became a place where Greeks from many cities would meet.
I hadn't known that gryphons were an important symbol of royalty in archaic Greece, going back to 700 BC. They're
nasty-looking things — a combination of a lion and an eagle, king of the beasts and the birds. There are lots of bronze
casts of gryphon heads at Olympia:

They're clearly designed to scare, symbols of the rapacious, predatory nature of the king.
The Temple of Zeus at Olympia was built in the middle of the 5th century BC. It contained an enormous ivory and gold
statue of Zeus sculpted by Pheidas, which was one of the Seven Wonders of the World.
I have a fondness for Phidias because the Golden Ratio was named φ ("phi") after him. He designed the Parthenon, and
some claim he packed it with Golden Ratio rectangles to make it as beautiful as possible. However, the number (√5 +
1)/2 was only named "the Golden Ratio" around 1826, and only named "phi" in 1914. You can read week203 for the full
story. It's not clear Phidias really had much to do with phi. But it's still fun stuff. So, I was pleased to see a cup in the
museum with an inscription on the bottom claiming that it belongs to Phidias!
Even bigger buildings were constructed during the Hellenistic period, as well as a long race track. The Romans repaired
some buildings including the Temple of Zeus when they took over. But, the site was heavily damaged by earthquakes in
the 3rd century AD, and by now none of the original temple still stands:

That standing pillar is a later addition.
However, the Olympic games were still held until 393 BC, when the Christian emperor Theodosius I forbid them. So,
yet another institution lasting over a millennium!
July 27, 2007
Lisa's meeting a resounding success, we took a 4-hour bus ride from Olympia to Athens, arriving around 3 pm. The plan
was to leave for London the next morning, so we spent a night at the Divani Palace Acropolis Hotel. This was a couple
blocks south of the Acropolis, not really in the Plaka area, but close.
We braved insanely hot weather to climb up to the Acropolis. Here's a brief summary, in the wiseguy style of Wired
magazine.

Parthenon — tired.

Erechtheion — wired!

Caryatids

July 28, 2007
We flew from blistering hot, sunny Athens to chilly, rainy London, and found our way to 46 Azof St. in Greenwich,
arriving exhausted around midnight after fighting through concert crowds at the Millennium Dome to catch a bus.
For my August 2007 diary, go here.
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Diary - August 2007
John Baez
August 1, 2007
There's a really thought-provoking new article by Freeman Dyson!
Freeman Dyson, Our biotech future, New York Review of Books 54, July 19, 2007.
Briefly, his idea is that biotechnology will inevitably be taken up by hobbyists just as computers were. Just as the 1950's
image of a huge computer attended by lab technicians fell when personal computers took over, the image of biotech will
change when ordinary folks — the same sort of people who breed cats, dogs, and fish now — start breeding new
species.
He makes a distinction between "grey technology" based on physics and chemistry, and "green technology" based on
biology. He thinks the last few thousand years will be seen as a relatively brief era during which grey technology was
the cutting-edge thing. Before that, green technology — agriculture and animal husbandry " reigned supreme.
Tampering with genomes was the route to progress. And now green technology is beginning to retake its central role.
He notes that his definition of "green" to include any technology based on biology differs from that of most "greens".
He notes the dangers and responsibilities of biotechnology, but he doesn't flinch from them:
After we have explored this route to the end, when we have created new forests of black-leaved plants that
can use sunlight ten times more efficiently than natural plants, we shall be confronted by a new set of
environmental problems. Who shall be allowed to grow the black-leaved plants? Will black-leaved plants
remain an artificially maintained cultivar, or will they invade and permanently change the natural ecology?
What shall we do with the silicon trash that these plants leave behind them? Shall we be able to design a
whole ecology of silicon-eating microbes and fungi and earthworms to keep the black-leaved plants in
balance with the rest of nature and to recycle their silicon? The twenty-first century will bring us powerful
new tools of genetic engineering with which to manipulate our farms and forests. With the new tools will
come new questions and new responsibilities.
He optimistically thinks that in the end, biotechnology could spell an end to rural poverty, and a decline in the relative
importance of cities. More plausibly (to me), he notes it could usher in a vast growth of biodiversity, as new species fill
unforeseen niches.
Lots of ideas per square inch here! They're not all developed thoroughly, and some could be tragically wrong, but we
need to start thinking about this stuff.
A fun piece on the adaptability of humans, but not enough detail for my taste:
Christopher Joyce, Human history shows a gift for adaptability, Morning Edition, NPR, July 30, 2007.
What's the evidence linking specific developments in human culture to shifts in climate? I'd like to know more.
August 2, 2007
Today the Russians planted a flag on the Arctic seabed, trying to claim a large area including the North Pole. The act of
planting a flag has had no legal status for many decades.

Thom Yorke of Radiohead had this to say about their song Like Spinning Plates:
I focus on the most imminent ecological issues. You know, there are so many scenarios on the horizon at
the moment that will result in mass suffering. For the most part in the West we worship a certain type of
economics, which is like worshipping a false god. It's a theory about economics which will collapse, and
the sooner people realize that, the quicker they will be able to understand how we should be engaging with
the world around us. To me, it's like spinning plates: I'm not sure how long we can keep this trick going.
The last couple days I've been holed up at 46 Azof St. in Greenwich, finishing up my Abel symposium talk.
It took me a while to enjoy them here coming straight from the glories of Greece, but the docklands of Greenwich have
a gritty charm:

Once this part of the Thames was bustling with activity and infested with crime. It's very romantic, at least in retrospect.
August 3, 2007
From The Wasteland by T. S. Eliot:
The river sweats
oil and tar
the barges drift
with the turning tide
red sails
wide
to leeward, swing on the
heavy spar
down Greenwich Reach
past the Isle of Dogs.
Here's view along Greenwich Reach, on the south shore of the Thames:

In front you see three rusty boats against an anonymous metal building.
In the middle background, the brownish cylinders poking up are grain silos owned by the Belgian wheat-starch and
health foods company Amylum. They emit a peculiar malty smell, a bit like a brewery. When the wind is right, the scent
blows all the way to our house.
Slightly to the left, also in the background, you'll see a light-colored dome with mast-like protrusions. This is the
Millennium Dome, located atop the North Greenwich tube station. Built by the British government, this was a moneylosing white elephant until it was privatized, redeveloped and (for some unfathomable reason) called the The O2. Now
they hold concerts there, which completely overwhelm the local buses when the crowds come out. It looks incongruous,
as if a confused alien starship had landed amid the docklands.
From the London Thames Gateway Forum:
Established in the 1700s, the industrial area on the east side of the Greenwich peninsula expanded down
river during the 1800s. However, the flood-prone north remained undeveloped marsh until the industrial
development of the late 19th century when, with good access to the river for importing and exporting
goods, it became a thriving home to rope making, cable making, and the manufacture of soap, linoleum, gas
and other industries. A site where a gunpowder store once stood was acquired in 1829 by the Enderby
family, tanners from Bermondsey who later made money from a white lead manufacturing process and then
married into the whaling trade. On this site they built Enderby's Hemp Rope Works, with a ropewalk and a
factory making sails and cordage. In the 1830s they built Enderby House on the riverside. In the 1850s the
site was bought by Glass Elliot, a pioneering company in the new submarine cable industry, and here the
first cables to span the Atlantic were made. Submarine cables were made and cable-laying ships moored at
Enderby's Wharf until 1975, and the site is still used today by Alcatel Submarine Networks which continues
to manufacture international cable.
August 4, 2007
I should admit that I'm having fun tweaking my photos of Greenwich to give them a romantic melancholy. The above
picture started out looking like this:

Why play up the melancholy atmosphere? Marshes and docks have that quality to start with, and the place names
around here bring it out: the Isle of Dogs, Mudchute, Bugsby's Marshes, and so on. It's not just me:
When G.R. Sims was researching his book Off The Track in London, in 1911, one hidden corner he visited
was the Isle of Dogs — and the author didn't like what he saw. "Long, dreary roads and desolate patches of
black earth. In the centre lies desolation land, a vast expanse of dismal waste ground with a grim fringe of
black wharves and towering chimneys, belching volumes of smoke into a lowering sky, spanned by the
soot-dripping arches of the railway. Across the waste comes a lonely little lad, who wheels his sister in a
perambulator roughly constructed out of a sugar box. They are the only human beings in sight".
But, I must admit I'm in the midst of reading this book:
Orhan Pamuk, Istanbul: Memories and the City, Alfred A. Knopf, New York, 2005
which is a rhapsodic account of the hüzün — a Turkish kind of melancholy — inherent in Istanbul, and especially the
docks and riverboats of the Bosphorus.
August 5, 2007
Lisa and I went to Oslo, where I attended the Abel Symposium and she talked to her colleague Christoph Harbsmeier.
Harbsmeier is developing a really cool database of Chinese texts complete with word-by-word syntactic and rhetorical
analyses, called the Thesaurus Linguae Sericae.
On the 8th I gave a talk on higher gauge theory and elliptic cohomology. I wrote up my impressions of this conference
in week255 of This Week's Finds.
As for Oslo, it was so bloody expensive that any other impression was more or less overwhelmed — especially since my
bank card expired and I was left struggling for cash.
A fellow from Stockholm said Swedes are to Norway as Mexicans are to the US: a third of the folks working at in
restaurant and bars in Oslo are from Sweden. It's the wage differential (or maybe the exchange rate) that draws them. I
asked about the underlying cause, and he just said there were a lot of rich people in Norway. I wonder if it's really that
simple.

August 10, 2007
Back from Oslo!
After some serious egging-on by Bruce Bartlett, Blake Stacey has launched a prototype math journal wiki, which he
tentatively named MathSciJournalWiki. It's all part of the general revulsion against cloaking by academic publishers —
the latest of many sneaky tricks they've been pulling.
August 12, 2007
Watching Zorro got me all excited about the revolutionary potential of this math journal wiki. The next day I wrote:
I had a bit of inspiration last night while watching the movie Zorro. Until the end, when it degenerates into
a nasty all-out brawl punctuated by massive explosions, this movie is pretty inspirational. You get the
feeling that the downtrodden poor can indeed triumph over the corrupt scheming rich — and do it with
panache and a sense of humor, while doing backflips and dodging bullets.
Yeah, it's a bit hokey, but I decided the MathSciJournalWiki needs some of this idealistic flair to attract
young mathematicians, awaken their sense of fair play, and incite them to rebel against the existing journal
system, where the fat cats earn all the money while we do all the work.
For this, a name like 'MathSciJournalWiki' just won't do! It's too bland.
Neither will 'Math Journal Watch', which I'd modeled after 'Human Rights Watch'. Keeping an eye on the
bad guys is a worthwhile endeavor, but it's fundamentally pessimistic — it suggests we'll be doing this
forever.
Also, including the word 'Wiki' should be unnecessary. We can have a descriptive subtitle saying something
like 'A wiki for open-access scholarly communication in math and physics' —or something like that. The
name of the site should inspire! It should be quick and catchy. Someday putting 'Wiki' in the title of a wiki
will seem like putting 'Book' in the title of a book.
So: we need a name that's inspiring and instantly recognizable by mathematicians and physicists (at least).
I asked my wife about this, because she's good at coming up with titles, and after some discussion she
suggested: Eureka!
Archimedes is an inspiring figure for mathematicians and physicists, and scientists generally. He helped the
city of Syracuse battle an encroaching empire. The word 'eureka', meaning 'I found it', suggests victory and
triumph — but of a pure and noble sort.
The one catch, of course, is that Syracuse didn't win against the Roman Empire, and Archimedes was killed
despite orders that he be spared. But even this works to our advantage, in a way. We can adorn our website
with a picture of Archimedes drawing mathematical figures while a Roman soldier stands over him,
breastplate adorned by the Elsevier logo.

Here's a bit of the story, as told by Plutarch. To set the stage: the Roman consul Marcellus decided to take
Syracuse by siege...
When, therefore, the Romans assaulted the walls in two places at once, fear and consternation
stupefied the Syracusans, believing that nothing was able to resist that violence and those
forces. But when Archimedes began to ply his engines, he at once shot against the land forces

all sorts of missile weapons, and immense masses of stone that came down with incredible
noise and violence; against which no man could stand; for they knocked down those upon
whom they fell in heaps, breaking all their ranks and files. In the meantime huge poles thrust
out from the walls over the ships sunk some by the great weights which they let down from on
high upon them; others they lifted up into the air by an iron hand or beak like a crane's beak
and, when they had drawn them up by the prow, and set them on end upon the poop, they
plunged them to the bottom of the sea; or else the ships, drawn by engines within, and whirled
about, were dashed against steep rocks that stood jutting out under the walls, with great
destruction of the soldiers that were aboard them. A ship was frequently lifted up to a great
height in the air (a dreadful thing to behold), and was rolled to and fro, and kept swinging, until
the mariners were all thrown out, when at length it was dashed against the rocks, or let fall. At
the engine that Marcellus brought upon the bridge of ships, which was called Sambuca, from
some resemblance it had to an instrument of music, while it was as yet approaching the wall,
there was discharged a piece of rock of ten talents weight, then a second and a third, which,
striking upon it with immense force and a noise like thunder, broke all its foundation to pieces,
shook out all its fastenings, and completely dislodged it from the bridge.
So Marcellus, doubtful what counsel to pursue, drew off his ships to a safer distance, and
sounded a retreat to his forces on land. They then took a resolution of coming up under the
walls, if it were possible, in the night; thinking that as Archimedes used ropes stretched at
length in playing his engines, the soldiers would now be under the shot, and the darts would,
for want of sufficient distance to throw them, fly over their heads without effect. But he, it
appeared, had long before framed for such occasions engines accommodated to any distance,
and shorter weapons; and had made numerous small openings in the walls, through which, with
engines of a shorter range, unexpected blows were inflicted on the assailants. Thus, when they
who thought to deceive the defenders came close up to the walls, instantly a shower of darts
and other missile weapons was again cast upon them. And when stones came tumbling down
perpendicularly upon their heads, and, as it were, the whole wall shot out arrows at them, they
retired. And now, again, as they were going off, arrows and darts of a longer range inflicted a
great slaughter among them, and their ships were driven one against another; while they
themselves were not able to retaliate in any way. For Archimedes had provided and fixed most
of his engines immediately under the wall; whence the Romans, seeing that indefinite mischief
overwhelmed them from no visible means, began to think they were fighting with the gods.
Yet Marcellus escaped unhurt, and deriding his own artificers and engineers, "What," said he,
"must we give up fighting with this geometrical Briareus, who plays pitch-and-toss with our
ships, and, with the multitude of darts which he showers at a single moment upon us, really
outdoes the hundred-handed giants of mythology?"
And, doubtless, the rest of the Syracusans were but the body of Archimedes' designs, one soul
moving and governing all; for, laying aside all other arms, with this alone they infested the
Romans and protected themselves. In fine, when such terror had seized upon the Romans that,
if they did but see a little rope or a piece of wood from the wall, instantly crying out, that there
it was again, Archimedes was about to let fly some engine at them, they turned their backs and
fled, Marcellus desisted from conflicts and assaults, putting all his hope in a long siege.
Yet Archimedes possessed so high a spirit, so profound a soul, and such treasures of scientific
knowledge, that though these inventions had now obtained him the renown of more than
human sagacity, he yet would not deign to leave behind him any commentary or writing on
such subjects; but, repudiating as sordid and ignoble the whole trade of engineering, and every
sort of art that lends itself to mere use and profit, he placed his whole affection and ambition in
those purer speculations where there can be no reference to the vulgar needs of life; studies, the
superiority of which to all others is unquestioned, and in which the only doubt can be whether
the beauty and grandeur of the subjects examined, of the precision and cogency of the methods

and means of proof, most deserve our admiration. It is not possible to find in all geometry more
difficult and intricate questions, or more simple and lucid explanations. Some ascribe this to his
natural genius; while others think that incredible effort and toil produced these, to all
appearances, easy and unlabored results. No amount of investigation of yours would succeed in
attaining the proof, and yet, once seen, you immediately believe you would have discovered it;
by so smooth and so rapid a path he leads you to the conclusion required.
We later settled on the name "Eureka! Science Journal Watch", which can be shortened to Eureka! when there's no
danger of mixing it up with the vacuum cleaner company or the math magazine.
August 13, 2007
After failing to see any around 11 pm last night, I woke up and saw a Perseid meteor at around 4:30 am. Nice!
August 14, 2007
Todd Trimble passed on this animation of Bach's Toccata and Fugue in D minor:

It gives you a good visual sense of the "architectural" quality of Bach's music. It was made by a guy named Stephen
Malinowski, who is apparently a buddy of Donald Knuth. You can see more of this sort of thing on his website.
But right now I'm grooving to this album, which is a catchy blend of flamenco, rumba and rap:
Ojos de Brujo, Barí.
The band is from Barcelona — a place I'll be visiting next summer!
August 15, 2007
Yesterday Lisa and I had dinner with Andreas Doering and his wife. Andreas lives here in Greenwich; he's working
with Chris Isham at Imperial College on applying topos theory to physics. Today Andreas and I are going up to visit
Chris at his home and talk about physics.

August 16, 2007
Wikipedia is becoming ever more popular. Look who's been editing it lately! Two of many examples:
An ExxonMobil employee whitewashed the entry on the Exxon Valdez oil spill, replacing a thorough accounting
of the impact to various species with this: "Peer-reviewed studies ... have confirmed that there has been no longterm severe impact to the Prince William Sound ecosystem. Thousands of species ... were never affected by the
spill in the first place... six of the largest salmon harvests in history were recorded in the decade immediately
following the spill."
Barbara Alton, executive assistant to Episcopal Bishop Charles Bennison, deleted information concerning a
cover-up of child sexual abuse, allegations that the Bishop misappropriated $11.6 million in diocesan trust funds,
and evidence of other scandals involving the Bishop. Alton claims she was ordered to delete the information by
Presiding Bishop Katherine Jefferts Schori.
The good news: now it's easy to spot these changes, thanks to a Caltech grad student named Virgil Griffith, who created
a handy-dandy wikiscanner. It's also easy to see a list of mischief-makes, thanks to Wired magazine.
It would be easy to spot new additions to Wikipedia using colored text. I'm not sure what to do about deletions.
On another note: listen to Dick Cheney's surprisingly accurate predictions of what would happen in Iraq:

August 26, 2007
I'm back from Vienna, where I went a conference on Lie algebroids and Poisson sigma models at the Erwin Schrödinger
Institute. I learned a lot there, and wrote up a little of this in week256 of This Week's Finds. I had a lot of good
conversations with Urs Schreiber. I think I understand his "tangent category" construction a bit better now, and we had a
good time at the Café Einstein, puzzling out the relation between deformation quantization of Poisson manifolds and 2d
TQFTs.
August 27, 2007
Just a month ago I visited the Temple of Zeus at Olympia, and its wonderful museum full of antiquities. This week, the
museum just barely survived a bout of wildfires that have swept through Greece, a consequence of the drought that's

lasted since April, the amazing heat wave that's lasted for a month by now, humidities of 10-15%, and perhaps some
arson. I found this story rather moving:
Greek villagers do battle with blazes, Morning Edition, NPR, August 27, 2007.
It's a lesson in impermanence: things that have lasted for millennia could still be wiped out any day now. You can't
always wait and be sure to see something later.
On a lesser scale: each time I've visited Greenwich, I've been simultaneously tempted but scared by the chalkboards
advertising eel pies at Goddard's Pie House, a little shop in the busy heart of the town:

It turns out Goddard's is one of the most famous examples of a "pie and mash shop". "Pie and mash" means a minced
beef pie and mashed potatoes. Like jellied eels and eel pie, pie and mash began as a lower-class food in the East End of
London. Eel were popular because they were one of the few species that could thrive in the polluted waters of the
Thames! Pie and mash was popular because it was made from scraps.
Goddard's website puts it a bit more romantically:
One of the major influences over the food traditions in London was the river Thames. It provided fish, both
fresh and salt water, meat, vegetables and fruit were transported from around Britain, and spices and exotic
foods from all over the world. The importance of the trading ships and the great markets like Billingsgate,
Spitalfield and Smithfield can be seen in the names of roads in the East End, such as Bread Street, Milk
Street and Fish Street.
Perhaps the most famous London dish is the Cockney speciality, jellied eels, caught locally and further out
in the Thames Estuary. Made by boiling the eels with plenty of herbs and allowing small pieces to cool and
form their own jelly (or by adding a helping portion of using gelatine). The taste is similar to that of pickled
herring, but the softer texture can put people off.
The other great working class tradition is pie and mash. Historically, the pies were made from scraps of
beef and vegetables, leftovers or from the local markets, under a pastry crust. The mashed potatoes were
liberally covered in parsley gravy or "liquor".
This time, after eating plenty of tasty eel in Shanghai, I was finally up for the challenge. So, Lisa and I looked around,
trying to remember where the place was... but to no avail!

It turns out that this shop, founded way back in 1890, closed on November 12, 2006. The owners could no longer resist
the lure of a big offer to buy the property. In its place is just another anonymous chain store.
On the day Goddard's closed, the line stretched all the way to the Cutty Sark! Here's an picture of the shop before it was
renovated:

Luckily for me, the pie 'n' mash business is not dying, I can find eel pie somewhere if I put my mind to it — for
example, at G. Kelly's, established in 1937. According to their website, the pie shops replaced an earlier tradition — the
"pie men":
In 1851 the social historian, Henry Mayhew, decided to record the occupations of London's poor. This was
published as "Mayhew's London". Among the many activities he noted were that of the "street pie men" and
"the street-sellers of pea-soup and hot eels". The pie men sold meat, eel or fruit pies and would travel
around the streets and visit taverns, summer fairs and the races. The eel sellers traded differently having
stalls and stands in the street, many around Old Street. Around this time however, Mayhew writes that both
the street pie men and the eel sellers. trade went into a decline. This was attributed to the establishment of
the new penny-pie shops. Within a few years the street sellers had almost disappeared.
I could also go to M. Manze's shops, which claim to be the oldest pie shops in London. They date back to 1902 — but
now you can order your eel pies from them online!
In fact, eels have recently become fashionable in England, so I don't need to worry that the tradition of eel pie will die
from lack of interest. The real threat to this tradition lies elsewhere. The population of eel in European waters has
declined by as much as 99% since the 1970s!
Last year, eel were declared an endangered species. According to The Guardian:
Although they have never recovered the popularity they had at the end of the Second World War, when
there were as many as 100 eel-and-pie shops in London alone, tourism has ensured the survival of dozens of
pie-and-mash shops and jellied eel stalls in the capital's East End. A bowl of jellied eels from a stall costs
about £1.50; a supermarket sells the same amount for about £2.20. Eels are also appearing on the menus of
leading restaurants.
Peter Gordon of The Providores, a central London restaurant that serves smoked eel, said: "Eel is extremely
popular, especially with younger clients."
Rick Poole, who runs three pie-and-mash shops in south London, said: "We still sell all the eels we can get
hold of. They are still very popular with young people as well as the older generation. We wouldn't want to
see any drop in supply."
The slump in stocks of the European eel has been one of the most severe and puzzling in any fish species,
say conservationists.
They are thought to spawn only in the Sargasso Sea, an area of the Atlantic Ocean, and their larvae are
carried by the Gulf Stream back to European shores. Young eels - or elvers - then enter rivers and lakes in

Europe, before returning to the Sargasso when they are fully mature.
The decline has been blamed on over-fishing, changes in ocean circulation, pollution, dams, power stations
and weirs on rivers, and even the presence in the water of chemicals used to make non-stick frying pans.
The decision to list eels as endangered was made in The Hague last week. Meanwhile, at a meeting in
Brussels, the European Union agreed to implement plans that will require 40 per cent of adult eels to be
allowed to return to the Sargasso Sea to breed and for up to 60 per cent of baby eels caught to be retained
for restocking.
The biggest commercial wild eel fishery in Europe is on Lough Neagh, in Northern Ireland, a £4 million-ayear operation that employs about 350 fishermen. It produces about 700 tons of eel a year, 100 tons for sale
in the UK.
August 30, 2007
The last entry was suffused with the melancholy of things ending. Lest you think I've become an nostalgic old sourpuss,
I should let you know what I've been doing the last couple of days: working on a new wiki, and composing electronic
music on my laptop using free software!
This is great fun, and it shows that for every good old thing that's fading away, some good new thing is coming in.
Whether things are mainly getting better or getting worse seems to depend a lot on how you focus your attention.
My wife Lisa just finished her book Divining Cultures, which compares fortune-telling practices in China and Greece.
So, she was naturally attracted to this book of poetry:
James Harpur, Oracle Bones, Anvil Press Poetry Ltd, London, 2001.
which has a lot of poetry related to divination, and was partially inspired by Divination and Oracles, a book written by
Lisa's friends Michael Loewe and Carmen Blacker.
Here's a poem from Oracle Bones. It was written in Latin by Ausonius sometime in the 4th century AD, and translated
into English by Harpur:
To His Wife
Let us live, dear wife, as we have lived
And call each other by those names that lingered
On our lips the first night of our love.
As years add wrinkles to our aging skin
I hope to God the day does not arrive
When I forget you are my sweet young thing
Or you no longer see me as your suitor.
Though you outlive the prophetess of Cumae
And I surpass the age of old King Nestor
This ripe longevity we shall deny:
Instead of ticking off the days of life
We'll count the joys they bring, my dearest wife
In volume 1 of Hugh Evelyn-White's Ausonius, With an English Translation, available at the Internet Archive, we read
the following remarks dissing poor old Ausonius:
The same defects, narrowness in outlook and egoism, make sterile even those poems which commemorate
keener sorrows than a man of seventy might be expected to feel at the death of his father at the ripe age of

ninety: a favourite grandson is accidentally killed, and the cry is not "O the pity of it" but "Alas, all my
hopes are upset" (Parent, xi. 13). This is common, very common, human nature, but it is not great poetry.
And again, grief for the loss of his wife (Parent, ix.), deeply felt as it was and much as its expression may
command our pity, is too self-centred to engage entire respect. It is in the verses To his Wife (Epigr. xl.)
alone that an entirely natural and universal expression of human feeling is to be found; and even here the
pedant must needs drag in the stiff lay-figures of Nestor with his "triple span" and Deiphobe of Cumae to
chill the atmosphere of brave optimism and tenderness.
Heh. Why the author of these griping lines bothered to compile a whole book of Ausonius' poetry is beyond me! It's a
curious assumption, that a good poet should only express sentiments that "engage entire respect". As for me, I can
forgive a pedantic reference or two in an otherwise charming poem. It may not be great poetry, but there's something
very human about it.
For my September 2007 diary, go here.
Instead of ticking off the days of life
We'll count the joys they bring - Ausonius
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Diary - September 2007
John Baez
September 3, 2007
A correspondent sent me a link to this movie:
Cal Earth, Pegasus Cal Earth Project (in Nepal).

Cal Earth teaches people simple ways to make beautiful, cheap, practical, safe housing out of dirt, sandbags and a bit of
stucco. I've visited their place near Riverside, and it's really quite inspiring.
September 4, 2007
Some environmentalists are saying the fires in Greece (see my August 27th entry) are an effect of global warming and a
harbinger of desertification to come:
Silvia Poggoli, Blazes in Greece a wake-up call for climate change, All Things Considered, NPR, September 4,
2007.
Today I went to University College London and gave a talk on 2-Hilbert spaces at the Analysis and Probability Seminar,
where I'd been invited by my friend Minhyong Kim. Among the small audience was Ray Streater, coauthor with Arthur
Wightman of PCT, Spin, Statistics and All That. Like almost every mathematician who has seriously tried to understand
quantum field theory, I learned a lot from this book. So, it was fun meeting Streater, talking with him at dinner — and
finding out that he'd once been made an honorary colonel of the US Army to get a free plane trip to the Rochester
Conference!
He also described Geoffrey Chew's Rochester conference talk on the analytic S-matrix, given at the height of the
bootstrap theory fad. Wightman asked Chew: why assume from the start that the S-matrix was analytic? Why not try to
derive it from simpler principles? Chew replied that "everything in physics is smooth". Wightman asked about smooth
functions that aren't analytic. Chew thought a moment and replied that there weren't any.

(Now all mathematicians reading this are chortling in amusement at Chew's folly, while everyone else is scratching their
head. The first point is that Wightman succeeded in deriving the analyticity of the S-matrix from simpler principles. The
second point is that any good mathematician — but not necessarily every physicist, like Chew — will know examples
of smooth functions that aren't analytic.)
Streater is retired, but he has just come out with a new book called Lost Causes in and beyond Physics. You can see
some of his lost causes online. I don't mind him calling octonions a lost cause, despite my fondness for them. But, I wish
he'd spell them right!
September 5, 2007
Here's an interesting article on Titan Rain, a series of attacks on US government computers which appear to be Chinese
in origin:
Nathan Thornburgh, The invasion of the Chinese cyberspies (and the man who tried to stop them), Time, August
29, 2005.
I only heard about this recently, after newspapers here in England reported more recent Chinese attacks on British
government computers including those in the Foreign Office:
Richard Norton-Taylor, Titan Rain - how Chinese hackers targeted Whitehall, The Guardian, September 5, 2007.
The big story, though, happened this April, when Russia launched a crippling cyber-attack against Estonia in retaliation
for the relocation of the Bronze Soldier of Tallinn:
Joshua Davis, Hackers take down the most wired country in Europe, Wired, August 21, 2007.
Quoting a bit:
The minister of defense checked the Web page again — still nothing. He stared at the error message: For
some reason, the site for Estonia's leading newspaper, the Postimees, wasn't responding. Jaak Aaviksoo
attempted to pull up the sites of a couple of other papers. They were all down. The former director of the
University of Tartu Institute of Experimental Physics and Technology had been the Estonian defense
minister for only four weeks. He hadn't even changed the art on the walls.
An aide rushed in with a report. It wasn't just the newspapers. The leading bank was under siege.
Government communications were going down. An enemy had invaded and was assaulting dozens of
targets.
Outside, everything was quiet. The border guards had reported no incursions, and Estonian airspace had not
been violated. The aide explained what was going on: They were under attack by a rogue computer
network.
September 7, 2007
Tie a camera a balloon, set it to take a picture every minute, and use a Byonics MicroTrak 300 APRS Tracker to send
the pictures back. Let it float up until the balloon pops. Results:
South Alberta Balloon Launch Experiment #3
It reached about 35,000 meters - the middle stratosphere. If you check out that link, make sure you scroll down enough
to see the whole sequence of shots!
Or, if you prefer some math, watch a sphere turn inside out.

On a lark, Nadja Kutz came by to talk a bit. She reads the n-Category Café and has been visiting London lately; I guess
she read that I was in Greenwich. She used to work on completely integrable systems. Now she and her husband do
netart. They have an online gallery.
September 8, 2007
I discovered today that I'd lost my wallet, perhaps the day before yesterday. I lost my credit card, bank card, driver's
license, a horde of lesser cards, about 80 pounds and about 300 euros. Why hadn't I put those euros somewhere else? I'd
been so proud of saving them from my stay in Vienna. And I'd just had a new bank card fedexed from the US (the old
one had expired). How could I such an idiot to lose my wallet? Am I going senile this fast?
Many rounds of self-castigation...
Luckily I have some old traveller's checks, and with the help of Lisa I'll surely survive my last couple weeks abroad. A
new credit card should arrive here in 5 business days.
September 9, 2007
Today I'm taking a train up to Sheffield to attend the 22nd British Topology Meeting. It starts tomorrow, and then I'll
give my talk on higher gauge theory and the string group. But tonight, with any luck, I'll meet Bruce Bartlett, Eugenia
Cheng, Tom Leinster and Simon Willerton — friends who work on n-categories and related stuff. The plan is to meet at
the Fox and Duck and then have dinner at Café Thyme.
The widespread production of plastic is new enough that we haven't seen all the side-effects yet. You've probably read
about sea turtles choking on plastic junk, but that could be the tip of the iceberg. Alan Weisman has written a book
which — perhaps in some fit of wishful thinking, I don't know — imagines what the future of the Earth might be like
without humans:
Nobody home: earth without man would recover, review of The World Without Us by Alan Weisman, NPR,
September 7, 2007.
Here's something I hadn't heard about before:
Thompson's team realized that slow mechanical action — waves and tides that grind against shorelines,
turning rocks into beaches — were now doing the same to plastics. The largest, most conspicuous items
bobbing in the surf were slowly getting smaller. At the same time, there was no sign that any of the plastic
was biodegrading, even when reduced to tiny fragments.
"We imagined it was being ground down smaller and smaller, into a kind of powder. And we realized that
smaller and smaller could lead to bigger and bigger problems."
He knew the terrible tales of sea otters choking on polyethylene rings from beer six-packs; of swans and
gulls strangled by nylon nets and fishing lines; of a green sea turtle in Hawaii dead with a pocket comb, a
foot of nylon rope, and a toy truck wheel lodged in its gut. His personal worst was a study on fulmar
carcasses washed ashore on North Sea coastlines. Ninety-five percent had plastic in their stomachs — an
average of 44 pieces per bird. A proportional amount in a human being would weigh nearly five pounds.
There was no way of knowing if the plastic had killed them, although it was a safe bet that, in many, chunks
of indigestible plastic had blocked their intestines. Thompson reasoned that if larger plastic pieces were
breaking down into smaller particles, smaller organisms would likely be consuming them. He devised an
aquarium experiment, using bottom-feeding lugworms that live on organic sediments, barnacles that filter
organic matter suspended in water, and sand fleas that eat beach detritus. In the experiment, plastic particles
and fibers were provided in proportionately bite-size quantities. Each creature promptly ingested them.

When the particles lodged in their intestines, the resulting constipation was terminal. If they were small
enough, they passed through the invertebrates' digestive tracts and emerged, seemingly harmlessly, out the
other end. Did that mean that plastics were so stable that they weren't toxic? At what point would they start
to naturally break down — and when they did, would they release some fearful chemicals that would
endanger organisms sometime far in the future?
Richard Thompson didn't know. Nobody did, because plastics haven't been around long enough for us to
know how long they'll last or what happens to them. His team had identified nine different kinds in the sea
so far, varieties of acrylic, nylon, polyester, polyethylene, polypropylene, and polyvinyl chloride. All he
knew was that soon everything alive would be eating them.
"When they get as small as powder, even zooplankton will swallow them."
Two sources of tiny plastic particles hadn't before occurred to Thompson. Plastic bags clog everything from
sewer drains to the gullets of sea turtles who mistake them for jellyfish. Increasingly, purportedly
biodegradable versions were available. Thompson's team tried them. Most turned out to be just a mixture of
cellulose and polymers. After the cellulose starch broke down, thousands of clear, nearly invisible plastic
particles remained.
Some bags were advertised to degrade in compost piles as heat generated by decaying organic garbage rises
past 100°F. "Maybe they do. But that doesn't happen on a beach, or in salt water." He'd learned that after
they tied plastic produce bags to moorings in Plymouth Harbor. "A year later you could still carry groceries
in them."
Even more exasperating was what his Ph.D. student Mark Browne discovered while shopping in a
pharmacy. Browne pulls open the top drawer of a laboratory cabinet. Inside is a feminine cornucopia of
beauty aids: shower massage creams, body scrubs, and hand cleaners. Several are by boutique labels:
Neova Body Smoother, SkinCeuticals Body Polish, and DDF Strawberry Almond Body Polish. Others are
international name brands: Pond's Fresh Start, a tube of Colgate Icy Blast toothpaste, Neutrogena, Clearasil.
Some are available in the United States, others only in the United Kingdom. But all have one thing in
common.
"Exfoliants: little granules that massage you as you bathe." He selects a peach-colored tube of St. Ives
Apricot Scrub; its label reads, 100% natural exfoliants. "This stuff is okay. The granules are actually chunks
of ground-up jojoba seeds and walnut shells." Other natural brands use grape seeds, apricot hulls, coarse
sugar, or sea salt. "The rest of them," he says, with a sweep of his hand, "have all gone to plastic."
On each, listed among the ingredients are "micro-fine polyethylene granules," or "polyethylene microspheres," or "polyethylene beads." Or just polyethylene.
"Can you believe it?" Richard Thompson demands of no one in particular, loud enough that faces bent over
microscopes rise to look at him. "They're selling plastic meant to go right down the drain, into the sewers,
into the rivers, right into the ocean. Bite-size pieces of plastic to be swallowed by little sea creatures."
I'm not convinced that tiny plastic granules will kill off the little sea creatures of the world — these guys already have to
contend with silt. Are tiny granules of plastic worse than tiny granules of silica?
September 12, 2007
I just got back from Sheffield. I had a lot of great conversations with Eugenia Cheng (starting on the train), Bruce
Bartlett, Simon Willerton, and others. And, I found my wallet! It was in a pair of pants I brought along. I felt silly but
mainly relieved.
Speaking of The World Without Us, some people are dreaming about restoring the ecosystem of North America to the

way it was in the good old days: before people arrived.
Back then, there were many large mammals. I discussed them here last December. In the elephant department we had
the American mastodon, the woolly mammoth, and Jefferson's mammoth. We also had giant beavers, giant ground
sloths, the dire wolf, the giant short-faced bear, the Mexican horse, the western camel, and more.
All these North American "megafauna" went extinct shortly after people — the Clovis culture — crossed the Bering
strait around 11,500 BC. According to the Pleistocene overkill hypothesis, the sudden arrival of skilled hunters spelled
doom for these animals. Regardless of what killed them off, the American wilderness must have been reeling in shock
ever since. Big herbivores and top predators have a huge effect on the rest of the environment.
But, there are some who dream of reintroducing substitutes for these extinct beasts! One of them is C. Josh Donlan, a
biologist at Cornell University:
Josh Donlan et al, Re-wilding North America, Nature, Commentary, August 17, 2005.

A little quote:
We foresee several phases to Pleistocene rewilding, some of which are already under way. The 50-kg
Bolson tortoise (Gopherus flavomarginatus) was widely distributed across the Chihuahuan desert until the
Late Pleistocene. Today it survives only in a small part of northern Mexico and is critically endangered. A
number of appropriate sites exist for reintroduction, including Big Bend National Park, Texas. And
repatriation of captive Bolson tortoises to a private ranch in New Mexico is currently under study.
Restoring North America's largest surviving temperate terrestrial reptile to its prehistoric range could bring
ecological, evolutionary, economic and cultural benefits, with no apparent costs.
Likewise, horses and camels originated in North America, and many species were present in the Late
Pleistocene. Feral horses (Equus caballus) and asses (E. asinus), widely viewed as pests in the United
States, are plausible proxies for extinct American species. Also, given that most of the surviving Eurasian
and African species are now critically endangered, establishing Asian asses (E. hemionus) and Przewalski's
horse (E. przewalskii) in North America might help prevent the extinction of these endangered species and
would restore equid species to their evolutionary homeland.
Similarly, Bactrian camels (Camelus bactrianus) in North America could provide a modern proxy for
Camelops, a late Pleistocene camelid. Wild Bactrian camels are on the verge of extinction, currently

restricted to the Gobi desert. Domesticated or captive camels might benefit arid North American
ecosystems by browsing on woody plants that today often dominate southwestern US landscapes. With
proper management, camels could provide economic benefits as well. The overall benefits and
disadvantages of horses and camels as proxies will depend on local contexts, and possibly on the presence
of appropriate predators.
The second, more controversial phase of Pleistocene re-wilding could also begin immediately, with the
maintenance of small numbers of African cheetahs (Acinonyx jubatus), Asian (Elephas maximus) and
African (Loxodonta africana) elephants, and lions (Panthera leo) on private property. Many of these
animals are already in captivity in the United States, and the primary challenge will be to provide them with
naturalistic settings, including large protected areas of appropriate habitat and, in the case of carnivores,
live prey.
Lions? Yes! Besides the sabertooth, its smaller relative the scimitar cat, and the American cheetah, North America
played host to a species of lion: Panthera leo atrox. It probably evolved from cave lions that entered Alaska from
Siberia during the second to last ice age. Here's what we think it looked like:

Of course, American ranchers are already complaining mightily about the reintroduction of wolves and bears! They'd
probably like lions and elephants even less. And it's not just ranchers who don't want lions in their neighborhood — so
Donlan's proposal has raised hackles in many quarters. Read the story here:
Will Stolzenburg, Where the wild things were, Conservation in Practice, January-March 2006 (Vol. 7, No. 1).
But, the re-wilders have a long, slow 50-year plan in mind. With the depletion of the Ogalalla aquifer:

large areas of the Great Plains may become hard to inhabit. The permanent drought people are predicting will only
intensify this trend. So, some people are already dreaming of turning them into parks. Then some lions might not be so
bad!
Donlan et al put it this way:
The third stage in our vision for Pleistocene re-wilding would entail one or more 'ecological history parks',
covering vast areas of economically depressed parts of the Great Plains. As is the case today in Africa,
perimeter fencing would limit the movements of otherwise freeliving ungulates, elephants and large
carnivores, while surrounding towns would benefit economically from management and tourism-related
jobs. A system of similar reserves across several continents offers the best hope for longterm survival of
large mammals.
The importance of reintroducing big predators is clear from the case of the wolf. Stolzenburg writes:
The megafauna's most shining endorsement is now on public display in the dramatic greening of
Yellowstone National Park under the reinstated reign of the gray wolf. For 70 years following the wolf's
extermination from the park, Yellowstone's oases of aspens, cottonwoods, and willows had been browsed to
stubs by the world's largest herd of elk. Within five years of the wolves. return in 1995, the elk were
running scared and willows were sprouting three meters high. With the willows' return, the beaver followed
— from one colony before wolf reintroduction to ten colonies at last count. With the new beaver ponds
have come more fish and with the streamside groves more songbirds. The list of beneficiaries goes on, from
ravens and grizzlies fattening on wolf leftovers to the encouraging number of surviving pronghorn fawns
now that the lurking coyotes have been scattered by territorial wolves.
Other magazines have picked up on this "re-wilding" business:
C. Josh Donlan, Lions and cheetahs and elephants, oh my!, Slate, Thursday, August 18, 2005.
Jens-Christian Svenning, Bringing back Europe's prehistoric beasts, slide show, Scientific American, May 31,
2007.

From the latter:
A few years ago, a group of scientists conceived a "re-wilding" plan aimed at restoring North America's lost
Pleistocene ecosystems. The purpose: to restore lost ecological processes and evolutionary potential as well
as provide a safe haven for megafauna barely surviving in conflict-ridden, unstable or densely populated
regions elsewhere. Since that time, much of the discussion about re-wilding has remained focused on North
America. Meanwhile, other candidates for re-wilding have been largely overlooked, although there is a
major effort underwayin Siberia to preserve and extend Pleistocene-like grasslands at northern latitudes as
well as initiatives in Europe, the continent that may hold the greatest promise for bringing the Pleistocene
back to life.
In many ways, Europe is a more obvious candidate for re-wilding than North America. The reason: a large
portion of species lost in the Americas do not have any close living relatives. Europe has also seen its share
of extinctions, including the scimitar cat, cave bear, woolly mammoth, woolly rhinoceros, steppe rhinoceros
and giant deer, but many of Europe's lost species still survive or have close wild or domestic relatives
elsewhere in the world. Europe also has a historical advantage: The disappearance of its megafauna to a
large extent occurred more recently than in North America, with many species persisting well into the
Holocene.
Europe has already succeeded in reintroducing some previously extinct species. The bison, which was
extinct in the wild in the early 20th century, has now been reestablished in scattered populations across
eastern Europe. Small populations of musk ox that lived in Europe in cold climates until the late glacial
period have been successfully reintroduced in Scandinavia's mountains. The fallow deer, the closest relative
of the now extinct giant deer, survived marginally into Europe's Holocene, but persisted in Asia Minor.
After several millennia of reintroductions, the animal now prospers in most European countries. The
successful re-wilding of these species bodes well for larger scale projects.
But re-wilding initiatives in Europe must also include reinvigoration of megafauna populations already
there that have suffered severe range constriction. Among them: the wolf, brown bear, lynx and moose.
Scientists should also consider reintroducing 11 additional megafauna species: the Asiatic lion, leopard,
spotted hyena, dhole, horse, cattle, Asiatic wild ass, Asiatic elephant, hippopotamus, water buffalo and
hairy rhinoceros.
For more, I'll need to read this book:
Paul S. Martin, Twilight of the Mammoths: Ice Age Extinctions and the Rewilding of America, University of
California Press, 2005.
September 13, 2007
Wendell Berry has made an interesting and — not surprisingly — rather harsh reply to Freeman Dyson's article on the
future of biotech. And in another reply to Dyson, a grad student at CUNY, James Hermann, pointed out one of those
spooky blends of electronics and biotech that we'll certainly be seeing more of:
Feng Zhang et al, Multimodal fast optical interrogation of neural circuitry, Nature 446, 633-639.
Michael Häusser and Spencer L. Smith, Neuroscience: controlling neural circuits with light, Nature 446, 617-619.
The article is pretty technical, but Häusser and Smith's summary is less so. Very roughly: by taking two genes from
single-celled organisms like algae and putting them in simple animals like C. elegans, Zhang and his coauthors have
developed a way to use light for precise, millisecond control of neural circuits. Blue light turns the neurons on. Yellow
light turns them off.
September 17, 2007

We're back home! The garden looks in good shape, unlike last yeard — thanks in large part to the ministrations of our
gardener, Robert Rodriguez. Time to get organized and get ready for classes, which start on the 27th.
September 28, 2007
Prospects for restoring American wildlife to its Pleistocene state just got better:
DNA extracted from woolly mammoth hair, EurekAlert, September 27, 2007.
A team of scientists led by Stephan C. Schuster and Webb Miller have managed to sequence all the mitochondrial DNA
of some woolly mammoths. Mitochondria are little power supply gizmos in your cells that probably descend from
symbiotic bacteria. You inherit mitochondrial DNA only from your mother: it's not the same as the DNA in the cell
nucleus, which is what people more commonly talk about.
Back in 2005, members of a team led by Schuster and Miller were able to isolate and sequence 13 million base pairs of
the nuclear DNA from a mammoth that had been frozen for 28,000 years. It'll probably be quite a while before we're in
a position to clone mammoths, but people are definitely thinking about it.
Schuster and Miller have also sequenced a bunch of Neanderthal DNA, but there doesn't seem to be much interest in
cloning Neanderthals yet.
On a related note, Elaine Ostrander has recently studied the DNA of lots of dogs and cats:
Elaine A. Ostrander, Genetics and the shape of dogs, American Scientist, September-October 2007.
Dogs are now considered a subspecies of the gray wolf, which in turn is one of many closely related species of canids:

Wolf remains have been found in association with hominid remains as far back as 400,000 years ago. The precise time
at which some wolves became domesticated "dogs" will probably be argued forever. Some people claim that it
happened roughly around the end of the Pleistocene, between 17,000 and 10,000 years ago. I'm not sure what the
evidence is, or even what definition of a dog is being used in these debates. Dogs can and still do interbreed with wolves
and other canids, after all. One interesting possibility is that a canid counts as domestic when it will eat in the presence
of humans.
Personally, not being at all expert on this subject, I suspect a much earlier date for domestication. There's some evidence
that points to a time around 100,000 to 130,000 years ago.
Anyway, the above article by Ostrander argues that there are four general kinds of dogs, genetically speaking:

It's easy for me to imagine wolves being domesticated as soon as hominids started using fire to cook meat. The use of

fire dates back to around 1.4 million years ago, long before Homo neanderthalensis showed up. Cats, on the other hand,
seem to have befriended us only when the rise of agriculture led to stores of grain, which attracted rats! The earliest
known evidence of domestic cats seems to be a grave excavated in Cyprus in 2004, which contained skeletons, laid
close to one another, of both a human and a cat. This grave is estimated to be 9500 years old.
Cats may have only been domesticated a few times: a recent genetic analysis of almost 1,000 domestic cats and their
wild progenitors has revealed that today's dometic cats descended from a few that lived in the Middle East around 9,000
years ago:
Carlos A. Driscoll et al, The near eastern origin of cat domestication, Science 317 (2007), 519-523.
All this stuff became more vivid for me when, shortly before I left England, Julia Strauss got a new cat:

Julia is the woman who kindly let Lisa and me stay in her house in Greenwich this summer. She's quite a cat fancier, so
she drove all the way to Wales with Lisa to pick up a very special kitty, a Bengal named Seren. The fascinating thing
about Bengals is that they arise from crossing ordinary domestic cats with the leopard cat, Prionailurus bengalensis — a
small wild cat found in southeast Asia.
It takes some work to make these hybrids tame, but this particular one was very tame. I'm afraid it's absurdly cute, too:

For my October 2007 diary, go here.
Will you settle for an American wilderness emptier than it was just 100 centuries ago? - C. Josh Donlan
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Diary - October 2007
John Baez
October 1, 2007
On September 9th I wrote about the bad effects of plastic trash. Here's another story on that:
Elizabeth Shorgren, Remote waters offer no refuge from plastic trash, All Things Considered, National Public
Radio, October 1, 2007.
October 2, 2007
Today I flew to the Deep Beauty conference at Princeton. In the Denver airport, I bought a National Geographic
magazine. It was quite good, better than in the old days. I enjoyed the short article about a new species of clouded
leopard discovered in Borneo. Online, I can only find an earlier article on the same subject:
Ted Chamberlain, Photo in the news: new leopard species announced, National Geographic, March 2007.

People believe there are 5,000 to 18,000 of these Bornean clouded leopards, many in a mountainous rain forest called
the Heart of Borneo. Despite their name and appearance, they are not closely related to true leopards. They live in trees
and are very agile: they can descend tree trunks head-first, and even climb while hanging upside-down from a branch!
They probably hunt by dropping down on their prey, but this has not been seen: they're quite elusive.
Except for bats, new mammal species are hard to find nowadays. But the Bornean clouded leopard is not a new find! It
was first noted by Western zoologists in 1823. At the time it was considered a separate species, Neofelis diardi. It was
later reclassified as a subspecies of the clouded leopard Neofelis nebulosa, which is found in southern China, the eastern
Himalayas, north-east India and south-east Asia. However, in December 2006, genetic analyses convinced scientists that
the Bornean clouded leopard is actually a separate species. You can tell the mainland clouded leopard looks different:

But looks don't prove much. Genes matter more, and a molecular clock estimate says that the Bornean clouded leopards
separated from their mainland kin 1.4 million years ago, after they used a land bridge to reach Borneo and Sumatra.
Now they're different enough to be a separate species.
Someday, I hope not too late, people will regard each Bornean clouded leopard as a work of art more precious than any
masterpiece by Monet or da Vinci. Beautiful and more irreplaceable than any mere work of man, it has been honed
through eons of natural selection, almost perfectly adapted to its environment — until we showed up. Now all the rules
have changed. Now it survives only with our forbearance.
The World-Wide Wildlife Federation is trying to save 220,000 square kilometers of the Heart of Borneo. I support them,
and I hope you do too.
If you're not in love with the Bornean clouded leopard yet, watch this:

I don't know if the clouded leopards are related to the Asian leopard cat.
Here's another article I enjoyed:
Peter Gwin, The Strait of Malacca: dark passage — pirates haunt it; sailors fear it; global trade depends on it,
National Geographic, October 2007.
Since we visited Singapore and Malacca in the summer of 2005, and Lisa has gotten job feelers from the National
University of Singapore, it's not just a love of exoticism that makes me interested in the pirates that ply their trade in the
Strait of Malacca. I'm not sure I'd want to take a cruise near Singapore, given the high rate of piracy nearby! Check out
the International Maritime Bureau maps showing pirate attacks worldwide — you'll see a lot concentrated around
Malaysia and Indonesia. The National Geographic also had a good article on the comparative merits of different
biofuels:
Joek K. Bourne, Jr., Green dreams: making fuel from crops could be good for the planet — after a breakthrough
or two, National Geographic, October 2007.
Click on the boxes here to compare biofuels. Or if you just want the executive summary:
Ethanol from corn sucks. But that's what the US is subsidizing, thanks to the muscle of big agribusiness.
Biodiesel is better.
Sugar-cane ethanol is even better, as long as you don't tear down rainforests to grow it. That's what Brazil is
doing.
(See my June 15, 2005 entry for more.)
Making ethanol from cellulose or biodiesel from algae could be even better — but these technologies are still
under development.
But the best article of all was this:
Bill McKibben, Carbon's new math: to deal with global warming, the first step is to do the numbers, National
Geographic, October 2007.
The really cool part is a chart that Robert Socolow and Stephen Pacala made up in this paper:
Stephen Pacala and Robert Socolow, Stabilization wedges: solving the climate problem for the next 50 years
using current technologies, Science 305 (2004), 968-972.
It lists 15 measures, each of which could reduce carbon emissions by 1 billion tons per year by 2057. Here's an
executive summary of what they claim:
If we adopt 12 of these measures, we could lower our carbon emissions from the current figure of 8 billion tons
per year to 4 billion tons per year by 2057. This might mean 450 parts per million of CO2 in the atmosphere by
this time, and a global temperature rise of 2° C (or 3.6° F). With this, we could still expect coastal flooding that
affects millions of people per year. Cereal crop yields will tend to decrease in low latitudes. And up to 30% of
species might face the risk of extinction, with most coral reefs being bleached. But this is the "good" scenario.
If adopt only 8 of the measures, we could hold our carbon emissions constant at the current figure of 8 billion tons

per year. This might mean 525 ppm of CO2 in the atmosphere, and a global temperature rise of 3° C (or 5.4° F).
With this, we can expect the widespread death of coral reefs. We can also expect the bad consequences listed
above, and: 30% of coastal wetlands being lost, with most ecosystems becoming carbon sources as permafrost
thaws and vegetation burns or rots.
If we adopt none of the measures, we can expect carbon emissions to double by 2057, to 16 billion tons per year.
This might mean 800 ppm of CO2 in the atmosphere, and a global temperature rise of 5° C (or 9° F). With this,
we can expect that more than 40% of species will face extinction. We can also expect the bad consequences listed
above, and cereal crop yields decreasing in some mid- to high-latitude regions.
Here are the 15 measures, which Pacala and Socolow call "wedges":

I should do my part for wedge 2 and stop flying to so many conferences.
Of course I'll also vote against Bush in the next election — or at least whomever he supports.
October 7, 2007

I'm back from the conference Deep Beauty: Mathematical Innovation and the Search for an Underlying Intelligibility of
the Quantum World, organized by Hans Halvorson of the Princeton University philosophy department.
Here are some of the participants at von Neumann's grave, in a picture taken by Jamie Vicary — who therefore
remained invisible himself, alas:

From left to right: Simon Kochen, Jeffrey Bub, Bob Coecke, Peter Woit, John Baez, Mike Stay,
Andreas Döring, Camm Maguire and Chris Heunen.

The honor of being the "keynote speaker" (woo-hoo!) was almost completely balanced by the inconvenience of it all.
First of all, the conference took place for two days in the middle of the week: the first full week of class here at UCR.
Second, the trip there was a nightmare.
On Tuesday morning I caught a shuttle to Ontario airport at 5:15 am. My 8 am flight with United was cancelled, so I
wound up sitting in the airport until 11:40 am, flying to Denver, sitting around for a couple of hours, and arriving at
Newark airport after midnight. I made it to the Nassau Inn at 1:30 am and went to bed around 2. I got up at 8:30, slurped
down some coffee and inhaled a bagel, and gave my talk on Spans in Quantum Theory at 9:30.
I hate giving talks when sleep-deprived or jet-lagged. I can still fight my way through them, but the fine-tuned sense of
"nailing it" — of saying everything the best way, with drama and a sense of humor — is gone. Luckily, this time,
despite the punishing trip, I was feeling quite peppy when I gave my talk, perhaps because I'd slept a lot on the plane.
So, I nailed it, finished early, and enjoyed a nice long question-and-answer period afterwards. Later that day I sort of
crashed.
The conference was funded by the Templeton Foundation. It was one of a series of conferences at Princeton this week,
whose ostensible purpose was to honor the 75th anniversary of von Neumann's book The Mathematical Foundations of

Quantum Mechanics, but were also timed around a Templeton Foundation board meeting at held at Princeton. The
Templeton Foundation is controversial among scientists for its support of religion and especially its funding of the the
Discovery Institute, which promotes "intelligent design". However, in my indirect dealings with them — both at this
conference and in my work for the Templeton-funded Foundational Questions Institute — I've never heard anyone even
mention religion.
I hope to write more about this conference in This Week's Finds.
October 8, 2007
Today Thomas Riepe passed on an interesting article about a World Bank study on the "intangible capital" that citizens
of rich countries have access to:
Ronald Bailey, The secrets of intangible wealth, Reason Magazine, October 5, 2007.
Bailey asks:
When a Mexican, or for that matter, a South Asian or African, walks across our border, they gain
immediate access to intangible capital worth $418,000 per person. Who wouldn't walk across the border in
such circumstances?
The World Bank study is here:
Where is the Wealth of Nations?, The World Bank, Washington, D.C., 2006.
October 9, 2007
At the end of my June 28th diary entry I mentioned how Craig Venter's team had succeeded in giving a bacterium a
complete genome transplant. I said "Of course this is 'cheating' in at least two senses: it uses an already functioning cell,
and it uses the genome of an existing bacterium. The fun will start when they put in a novel, human-crafted genome."
The fun is starting! Mike Stay points out this article:
Ed Pilkington, I am creating artificial life, declares US gene pioneer, The Guardian, October 6, 2007.
The key part:
The Guardian can reveal that a team of 20 top scientists assembled by Mr Venter, led by the Nobel laureate
Hamilton Smith, has already constructed a synthetic chromosome, a feat of virtuoso bio-engineering never
previously achieved. Using lab-made chemicals, they have painstakingly stitched together a chromosome
that is 381 genes long and contains 580,000 base pairs of genetic code.
The DNA sequence is based on the bacterium Mycoplasma genitalium which the team pared down to the
bare essentials needed to support life, removing a fifth of its genetic make-up. The wholly synthetically
reconstructed chromosome, which the team have christened Mycoplasma laboratorium, has been
watermarked with inks for easy recognition.
It is then transplanted into a living bacterial cell and in the final stage of the process it is expected to take
control of the cell and in effect become a new life form. The team of scientists has already successfully
transplanted the genome of one type of bacterium into the cell of another, effectively changing the cell's
species. Mr Venter said he was "100% confident" the same technique would work for the artificially created
chromosome.
Of course the new chromosome has not been designed ab initio, but it's very sensible to start by modifying an existing

chromosome. Let's see if they're right about it having all the "bare essentials needed to support life". They may have left
something out. People may be just figuring out why we have an appendix, for example.
October 10, 2007
I bumped into a poem by Rumi that sent chills up my spine:
If you want what visible reality
can give, you are an employee.
If you want the unseen world,
you are not living your truth.
Both wishes are foolish,
but you'll be forgiven for forgetting
that what you really want is
love's confusing joy.
These starlings also send chills up my spine — though only metaphorically speaking:

And, the new Radiohead album is out: In Rainbows. You've probably heard about it, since everyone is talking about it
— but some of you, my friends, are far removed from the whirl of pop culture, so I thought I should mention it.
It's caused a big stir, since it's available online for a price you get to choose yourself, plus a $1 service fee. Right now
their website is so busy I can't get through. They're not saints. They're doing it for good economics reasons: and they'll
make a lot of money off this, as well as creating a lot of good publicity, which will help them when signing their next
contract with a record company (if they choose to do that). But, I like the idea a lot.
October 11, 2007
I'm not sure I believe this story Mike Stay pointed me towards. It reminds me of variou episodes of unreliable Russian
and Soviet science — like polywater, Kirlian photography and those Soviet military projects to harness paranormal
abilities. But it'll be really cool if it's true:

Heidi Ledford, Hungry fungi chomp on radiation Nature, May 23, 2007.
I assume you know about the Chernobyl disaster. This article says Ekaterina Dadachova and Arturo Casadevall of the
Albert Einstein College of Medicine have found two species of fungi in the entombed Chernobyl reactor —
Cryptococcus neoformans and Wangiella dermatitidis — that contain lots of melanin. Melanin is a name for a variety of
chemicals, including those that give you a tan: they protect against ultraviolet light. However, Casadevall and
Dadachova claim these fungi use melanin to obtain energy from gamma rays, much as plants obtain energy from light
using chlorophyll!
The actual paper is here:
Ekaterina Dadachova et al, Ionizing radiation changes the electronic properties of melanin and enhances the
growth of melanized fungi, PLoS One.
As far as I'm concerned, the key finding is this:
Melanized Wangiella dermatitidis and Cryptococcus neoformans cells exposed to ionizing radiation
approximately 500 times higher than background grew significantly faster as indicated by higher CFUs,
more dry weight biomass and 3-fold greater incorporation of 14C-acetate than non-irradiated melanized
cells or irradiated albino mutants. In addition, radiation enhanced the growth of melanized Cladosporium
sphaerospermum cells under limited nutrients conditions.
They're getting energy from radiation! Hmm — could it be not the gamma rays themselves that do the job, but instead
lower-energy radiation (X-rays or ultraviolet) produced by or accompanying the gamma rays?
Let's see. They zapped the fungi with radiation from a caesium-137 source, which puts out 662 keV gamma rays. That's
a wavelength of only 2 picometers, while hard X-rays go down to 10 picometers. So, these are honest gamma rays.
People even use them to sterilize things! But, I don't know what such gamma rays do when they hit the culture or
container the fungi are in. Maybe they produce lower-energy radiation.
They also tried infrared, visible light, and ultraviolet, and they all helped the fungi grow about equally well! So, maybe
melanin gets easily ionized by all sorts of radiation — I don't know the physics of melanin.
Lisa went to Shanghai tonight... she'll be gone for about a week.
October 13, 2007
Did you hear about the meteorite that landed near a small town in Peru on September 15th? The reports are quite
confusing and contradictory. People saw something fall from the sky, ran over and found big hole full of water.

Some say the water was boiling at first. Some say the cause was a meteorite, while others say it was an American
satellite or just a pre-existing lake. Some say that hundreds fell ill from strange fumes, possibly from arsenic in the
water. Others say this was a case of mass hysteria, or that only a few people got sick.
An early BBC report was pretty dismissive:
Scores ill in Peru 'meteor crash', BBC News, September 19, 2007.
However, later reports seem to confirm that a meteorite indeed hit the earth — a rocky meteorite called a chondrite, in
fact. You can see a video of the scene.
(I thank James Dolan for telling me about this meteorite. I didn't hear about it at the time.)

It took me a long time to love Brian Eno's album The Drop. I just realized I actually do.
Eno is always pushing the limits of music. Unfortunately this means that by the time you've learned to enjoy one thing
he does, he's off doing something else. On The Drop he forsook all the rich, subtle textures some of his music was
known for. In 1997, he went to live in St. Petersburg for a year and made music in his apartment. He strippped the

technology down to some cheap, almost cheesy-sounding synthesizers and drum machines. And, he played some weird
melodies that don't quite sound like anything you've ever heard — a bit jazzy, but definitely not jazz, a bit repetitive and
minimalist, but not in any style we're accustomed to. He called it "unwanted jazz", or "sour piano". When I first heard
this album it seemed like a cheap imitation of the Eno I'd come to expect. But by now, I know what he's up to.
The reviews on Amazon nicely capture his fan's reactions, which were my reactions too. Hans Stoeve writes:
He who expects never receives. This old saying has been haunting me for awhile now and I can't help but
think this is appropriate for this release. I have listened to The Drop quite a number of times now, and I'm
left with an empty feeling when I hear it. Now don't get me wrong. Eno is THE reason why I am on the air,
but maybe it's a good thing to look at your old ghosts from time to time and admit that either your tastes
have changed in a big way over the years (which they certainly have), or Eno simply hasn't come up with
anything new that is worth while. What I hear are fragments of Eno's past, fragments that include Neroli
and memories of Spinner and Shutov Assembly also. As well as Low and Heroes. This is almost an attempt
at some sort of jazz, but it's a sort of jazz you can't quite pinpoint and consequently you're left feeling
confused. Maybe this is the purpose of this recording. Eno has for a long time been at the forefront of
modern music. The man is a pioneer and a genius in my book and listening to this record raises many
questions for me like: what is the purpose behind this? Where is Eno heading? Is he quietly having a laugh
at us for taking it all so seriously?
Jesse Melat writes:
With all his astounding, influential and historic albums that the man has released, it's a mystery as to how
this came about in his body of work. Or is it? The Drop is unique in the musical territory it charts; there isn't
anything on Earth that sounds quite like it, but it just seems... dumb in some places. "Belgian Drop" really
does sound like an amateur noodling with a Casio.
These reactions are perfectly valid, but they haven't worked their way through to the deeper layers of the music, and
they seem to have forgotten that Eno's gift was always for making music that sounds bad at first but great eventually —
music that breaks rules, but follows new rules that you have to discover. So, his old stuff always sounds better than his
new stuff... but not because he's getting worse.
I think Kenneth Burstall come closer to what I'm trying to say here:
at first listening a nasty and very small CD. it seems to have no relation to any of enos previous work and
gives the impression that he had a really bad headache during recording and decided to transmit it. by laser.
directly to you. that's why i like it - in this country (the uk) eno is fast becoming a national treasure
(consultant to big projects, talker about future things etc). it's nice to be reminded that he's essentially an
anarchist and he will bite you if you get too close. spiky, unsettled music. you may not like it, but it likes
you in a concerned but faintly sinister way. now stop crying.
Right now Eno has an art exhibition near San Francisco, called 77 Million Paintings. I should have gone up to see it, but
I'm too lazy. And, someday it may appear on my TV.
October 15, 2007
It rained the night before last! And today it was foggy, moistening the plants! If you don't live around here, you don't
know how big a deal this is. The southwest US is in an 8-year drought, and southern California has been very dry this
year. We get water from northern California and from the Colorado River, and both these sources are planning to cut
back how much they supply us, by 25% or so. The state government is struggling to build new dams or other ways of
storing water, but the Democrats and Republicans have competing plans, and the legislature is in gridlock:
California grapples with water shortage, Morning Edition, National Public Radio, October 15th, 2007.

The little rain we just had won't help much. But, it's nice to see. And it's very nice to be able to turn off the sprinkler
system in our garden for two days in a row!
The garden is beautiful these days — I'll have to take some photos. I just had some soup made from an enormous kale
plant we harvested.
October 17, 2007
Clearing through old papers I found scrawled notes on a dream I had years ago; I can't remember when. I used to write
down my dreams a lot when I was in college and grad school; gradually I slacked off, but this one comes from much
later.
Riding through bog on horseback we spot two parrots ahead avoiding us. Someone running with us decides
to chase it down. He can run superhumanly fast and keep up with a gallop. The parrot keeps flying ahead,
looking back, pausing. "If we tire it and chase it down we can make it grant us a wish." We chase it until it
tires and falls from the sky into a pond. The man lunges after and grabs it.
Then the parrot's husband appears to defend its mate! It dives at me and threatens to peck and bite me. I
decide to catch it, so I resist its attacks and tire it until exhausted it gives up and I catch it. Then we are to
extract a wish.
We go to the parrot's home and they are people, beautiful people, and there is a third beautiful woman. I
realize we have done something terribly wrong and we will be cursed by the parrots for what we have done,
and I tell everyone in the party to apologize. Even this will not be enough, so I tell everyone to give the
parrots a gift of what they hold most dear.
Everyone does and then I realize I must too. I take a brooch of stones strung together by beads, and take it
apart, to remove the center stone, a gift from Lisa, which I hold most dear. As I do beads and stones fall to
the ground, and they are precious but I can't trifle to try to save all of them. I give the stone to the parrots,
and then kneel sadly to gather the stones and beads and string them together. Everyone watches me and
tries to help me find a new way, a new pattern, but without the center stone it is a bit pathetic. Someone in
my party says that it looks much worse without the stone Lisa gave me and I say "Of course, you fool!
That's the whole point!"
I am very regretful and I realize the only way I'll ever profit form this is that maybe if there is ever a forest
fire the birds, who have heard of us from the parrots, will bear me aloft and save me.
Or (I picture this) when Lisa and I have a child, and there is a forest fire, and the child is lost, and we cannot
save it, the owls will fly away with it and save it and leave it in a secret place by the coast. Lisa and I will
despair and look everywhere (with little hope) for the child, and then find it and know the owls have saved
it.
October 18, 2007
Todd Trimble pointed me to a interesting book:
Eric Tamm, Robert Fripp.
I've been a fan of Robert Fripp's guitar work ever since I heard Exposure back in high school.
I found the most illuminating section of this book to be chapter 10, on Tamm's experieces in the guitar school Fripp
founded. A quote:
Fripp told the story of his dozing in a friend's Chelsea loft in the early 1980s. He leapt from the sofa with a

sudden realization. "Music stands at the door and knocks," he said. "One day we hear it faintly, but by the
time we get through all the junk on our floor, it is gone. So we clean up the mess. Next time, we answer the
door and meet it, but the house has such a stench that it goes away. Finally we set our house in order,
because..." and here Fripp did one of his long pauses, turned his eyes down to the mid-foreground, and
grew visibly grave and saddened ... "because we just couldn't bear for it to go away and not return," these
last words pronounced in a quiet, slightly wavering voice. It took him a few minutes to recover from the
thought; he appeared disoriented and shaken.
For music, substitute whatever your true calling may be.
October 20, 2007
A peaceful, slightly lonely weekend without Lisa, who'll return (imshallah) from Shanghai very late tomorrow night. I
went to the gym today for the first time in way too long, and feel much better for it. Then I continued trying to finish my
paper A prehistory of n-categorical physics, for the conference proceedings I'm editing with Peter May. I'm having a lot
of trouble trying to pack all my thoughts on this subject into one place — or figure out which thoughts to put in, and
which to leave out.
So, it's been tough weekend, though very peaceful. In the afternoon I goofed off a bit composing some electronic music,
which didn't turn out well — perhaps because music doesn't want to be used as a form of procrastination.
I also wrote a reply to Sean Carroll's challenge for people to say what "God" means. Normally I avoid public
pronouncements on religion, since they tend to be tacky. But I think this challenge misses the point in a fundamental
way: it pushes the whole discussion down to a debased level (which of course is the level where most public discussions
of religion reside). And, I felt an urge to say why... which I will probably regret tomorrow. But here's what I wrote,
mildly edited:
"God" means many things to many people. But to me — just me — "god" is a desperate attempt to take the
awesome inexhaustible mystery of the universe — the fact that the deeper you go in any direction, the more
you find — the blinding beauty and heart-rending tragedy of it all — and package it into a kind of "thing".
In my work I often experience this sense of awesomeness, of depths that pass beyond my understanding. In
fact, that's what I live for. But I don't find it helpful to package it into a "thing". After all, this strange
"thing" can't be a normal sort of thing in the universe, so it's easy to conclude it's either in some other
universe (say, "heaven"), or doesn't exist at all, or exists in some very tricky sense. But all these alternatives
are just distractions, as far as I'm concerned.
So for me, saying that god "does not exist" is just as silly as saying that god "does exist". They both take me
further from the mystery of the universe into the realm of petty squabbles.
But, if we imagine that certain — not all — people talking about "god" are actually trying to convey an
experience of the hair-raising awesomeness of reality, its shattering majesty, some things they say might
make more sense. To take a few examples just from Christian theology:
No one has seen or can see God. (John 1.18)
He lives in unapproachable light. (1 Timothy 6:16)
The true knowledge and vision of God consists in this: in seeing that He is invisible, because what we seek
lies beyond all knowledge, being wholly separated by the darkness of incomprehensibility. (Gregory of
Nyssa)
God is infinite and incomprehensible and all that is comprehensible about Him is His infinity and
incomprehensibility. (John of Damascus)

These examples were all lifted from an Orthodox website on apophatic theology, known more generally (among
Christians anyway) as negative theology. Negative theology is a pretty good way to convey the mystical experience that
underlies some of the less rotten aspects of religion — though keeping cool and not talking about it at all may be wiser.
"Whereof one cannot speak, thereof one must be silent."
I chose Christian examples because the Anglocentric "culture wars" Carroll's blog are engaged in involve Christianity
more strongly than other religions: they're largely a political battle between secular humanists and fundamentalist
Christians in the United States (though Dawkins is British). But, I have no special affinity to Christianity, and if I were
just looking for "negative theology" quotes, it'd be easier to find them elsewhere, often in traditions where "theology" is
not even a concept. For example:
The way that can be trodden is not the enduring and unchanging way.
The name that can be named is not the enduring and unchanging name.
- Tao Te Ching
Santa Ana winds are blowing into town tonight. The broom hanging on the wall outside keeps knocking...
October 21, 2007
The Santa Ana winds are still blowing, and fires are spreading throughout Southern California. The year-long drought,
the worst in recorded history, has dried all the brush to make perfect kindling. Now we have winds blowing at speeds
exceeding 80 kilometers per hour (50 mph).
The biggest fires are west of us, near the coast:

Ventura County fires as seen from the towns of Piru and Lake Piru –
photo by Karen Loberg, Associated Press

Malibu, California – photo by Stephen Osman, LA Times

So far there are no fires here in Riverside County, and the skies looked blue today except for windblown dust near the
horizon. But, there are now three fires in neighboring San Bernardino County. Quoting the Riverside Press-Enterprise:
The largest was 300 acres near Interstate 15 in Fontana. One vacant home was destroyed and 500
homeowners were told they should evacuate. The second blaze had burned about 30 acres near the junction
of Interstate 15 and 215 in Devore. Five to 10 homes were threatened. Another fire had chewed through 35
acres south of the highway junction and winds were blowing between 50 mph and 80 mph, officials said.
Our house has a pretty good bunch of iceplant on the hill behind it, which is designed to protect us when the dry
parkland in back catches on fire. But, we've got a wooden trellis out back. So, I'm always on the alert when these Santa
Ana winds come — and especially this year, with everything bone-dry.
I'm happy that the world in general is getting wetter as global warming proceeds. This won't cheer up residents of
Bangladesh. I'm just happy because around here, it's not true — so I sometimes get the horrible feeling the whole world
is drying out, burning up and turning into a desert. The American southwest is getting drier... but in general, more
warmth means more water vapor, so more rain.
Fire's Fury Unlikely to Wane as Dangerous Conditions Intensify
Mark Muckenfuss
Riverside Press Enterprise, October 21, 2007
[...]
In fact, of the top 10 largest fires in California's recorded history, seven have taken place in the past 20
years. The most recent was this summer's Zaca Fire (240,000 acres) east of Santa Barbara.
Contributing to Troubles
Experts say several factors are involved. Decades of fire suppression have left forests overgrown. In earlier
times, such growth would have been limited by periodic low-grade fires. In recent years, efforts have been
made to reduce the excess vegetation by letting remote fires burn and conducting controlled burns, but

neither strategy is practical in Southern California's densely populated mountains.
Climate change has increased the length of the fire season, drying fuels out earlier, keeping them dry for
longer and leading to fires of greater intensity. The periodic drought cycle in which the region finds itself
has exacerbated those conditions, as has a bark beetle infestation that's killed millions of trees.
With increasing numbers of homes bordering wildland areas, when a fire does break out, more resources
are focused on saving structures, making it harder to contain other areas of the fire.
There is some disagreement as to the degree of importance of these factors, but most experts agree that each
plays a part.
Richard Minnich is an earth sciences professor at UCR. He says environmental factors are much more
important than the efforts of firefighters. "We're good at putting out little fires," Minnich says. "Once a fire
is large, all that knowledge has trivial influence. We have no ability to control large fires any more than we
can control earthquakes."
It wasn't until a cold front moved in during the fires of 2003, bringing rain and snow, that firefighters were
able to contain the blazes.
Battling Big Blazes
Minnich says few gains have been made in fighting large wildland fires. "In practice, I don't see any
difference between now and 1950," he says, "except that you have bigger and bigger planes and the fires are
getting bigger." The problem he says, is the forest, which was once able to regulate itself, has an
overabundance of vegetation.
"There is some historical evidence to support that Southern California used to look like what we see
presently in Baja (California)," says Minnich. There, the chaparral environment supports fewer and more
widely spaced trees.
Because of periodic natural fires, he says, the terrain is a checkerboard of areas with varying degrees of
vegetation. When a fire does start in an area with sufficient fuel, he says, it usually burns itself out once it
reaches an area with less vegetation. This can take awhile. Historic data indicates that before the 20th
century, fires in Southern California would sometimes burn for months before extinguishing themselves,
Minnich says. Back then, when there were few homes in the foothills and mountains, such fires weren't a
problem. But the San Bernardino National Forest is now home to 100,000 residents and is the country's
most densely populated forest. The presence of so many homes has necessitated policies of fire suppression.
Populated areas limit the ability of fire managers to conduct controlled burns that would thin heavy fuels
and, when fires do erupt, protecting those homes presents firefighters with greater challenges.
People, and the way they have changed the local landscape, are the greatest factor in bigger fires, says
Stephen Pyne, a professor of American studies at Arizona State University and an expert in fire history. "I
think there is a tendency to attribute to global warming the increase in fires," Pyne says. "It is a
precondition, but it is not enough to explain it.
"We know that we broke the cycle of (natural) fires by introducing livestock and by removing American
Indians who, the evidence suggests, burned very widely," he adds.
Recent removal of more than 1 million trees killed by a bark beetle infestation in the San Bernardino
mountains have helped thin the vegetation. But Minnich says it is not nearly enough. "The people in Lake
Arrowhead and Idyllwild need to start thinning seriously," he says. "They need saw mills in both places."
Lumber processing facilities are operating in the forest, but they primarily deal with trees killed by the bark
beetle. Minnich believes commercial lumber mills are needed to turn live trees into lumber.

Some experts argue that climate change is the primary driver in the phenomenon of larger fires.
Connie Millar studies climate and ecology for the U.S. Forest Service. "I think the underlying feeling
within the firefighting community (is) the growing realization of the increasing role of climate," Millar
says.
Climate Shifts
A study published last year in Science magazine connected earlier snowmelt and the later onset of winter
weather to an increase in the size and intensity of fires. "It was finally the coming out of the closet, as it
were," says Millar. Before the study, she says, "The agency had been more in the mode of assuming landuse changes were the primary (factor)."
Tony Westerling, professor of environmental policy at UC Merced, co-authored the study with Tom
Swetnam, a watershed management professor at the University of Arizona. Swetnam is scheduled to appear
tonight in a "60 Minutes" story on global warming on CBS.
The two scientists looked at historical data on fires and climate. They defined two periods, 1970-1986 and
1987-2003, and found the number of fires in the second period was four times what it was in the first and a
six-fold increase in the number of acres burned. The researchers also found that since 1986, the length of
the active fire season — when fires are actually — increased by 78 days.
Now it's 9:25 pm and there about 13 fires in Southern California. A nasty one is overrunning the city of Irvine, on the
coast:

A new one just started up in Ontario, about 50 kilometers from my house over in San Bernardino county.
I'm hoping the high winds don't stop Lisa's flight from landing in Los Angeles airport — she's supposed to arrive there
around 9:50 pm.
9:30 pm. Yay! Lisa called; her plane has landed.
In the town of Canyon Country there's a fire 5000 hectares in area (12,500 acres), and wind-blown embers are flying up
to 3 kilometers. The winds are picking up, and they'll blow even faster tomorrow — with gusts up to 130-145 kilometers
per hour (80-90 mph)!

Luckily, from all these fires, only one person has died so far.
October 22, 2007
It smells smoky outside, and I can see the haze. The wind died down overnight, but now it's picking up a bit.
You can see a map of the fires here.
None around here yet, luckily.

Firefighters trapped on a hill in the Santiago fire in Orange County –
photo by Karen Tapia-Anderson, LA Times

October 23, 2007
It's not windy here in Riverside, and there are no fires. The air is a bit smoky, but that's the only sign of the huge battles
going on nearby.

Firefighters on the run in Castaic –
photo by Al Seib, LA Times

Couple surveying the remains of their house, destroyed by the Santiago fire –
photo by Allen Schaben, LA Times

October 24, 2007
As winds lessen throughout Southern California, firefighters may start to get the upper hand. The worst is probably over
now. But, the Santiago fire (in Orange County, near the coast) and the fire near Lake Arrowhead (up in the mountains
north of us) remain out of control.
The fires have been worst down in San Diego, where the Witch Fire has forced evacuations of almost a million people.

Amazingly, there have been no fires here in Riverside County. It wasn't windy at all yesterday. Now the breeze is
picking up. I smell smoke, but the sky is mostly blue.
On a wholly different note: a while back Lisa spoke to the Rene Lysloff, who runs the gamelan here at UCR. I've been
doing some electronic music lately. He suggested the WinChime program for making random wind chime music, and
the Ableton Live and Sound Forge software for serious recording. I'll have to check these out...
Guess what's the biggest segment of the Italian economy.
October 25, 2007
Here's the situation as of this evening:

October 27, 2007
We had David and Michelle Scharffenberg over for dinner. They live up near Lake Arrowhead, between two of the big
fires, and that whole area has been evacuated, with police preventing people from driving back up. Their two cats,
Noggin and Newton, are stuck up there.
Amazingly, it rained a little this evening! Not much, just a drizzle, but it's a great change. On the other hand, the
"onshore flow" (wind coming from the sea) is blowing smoke back here, and the Santiago fire is burning right up to the
Riverside county line, so the air is much more polluted here now.
October 29, 2007
Yesterday was hot and dry, but today it's cloudy again with a chance of rain.
For my November 2007 diary, go here.
In the end, global warming presents the greatest test we humans have yet faced.... It's our coming-of-age moment, and
there are no certainties or guarantees. Only a window of possibility, closing fast but still ajar to let in some hope. - Bill
McKibben
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Diary - November 2007
John Baez
November 4, 2007
A cool story — downright chilly, in fact:
David Talbot, Measuring the polar meltdown, Technology Review, November/December 2007, pp. 54-59.

Next summer, at a base in northern Greenland, scientists hope to drill an ice core 2500 deep, all the way down to the
bedrock. This base is called NEEM, short for "north Greenland Eemian" — and near the bedrock, they hope to find a
120-meter-thick layer of ice from the Eemian interglacial. This was the warm period right before the last ice age,
between 130,000 and 115,000 years ago. During the Eemian, Greenland was between 7 and 8 °C warmer than now, and
sea levels were 3-5 meters higher.
This may shed light on our present plight. Right now, Greenland is melting a lot faster than had been expected, thanks in
part to streams flowing through cracks in the ice. In Helmheim, on the east coast, the glacier flow has sped up 60% from
2000 to 2005. A bit further north, in Kangerdlugssuaq, it's tripled in speed during that time. Over on the west, it's
doubled in speed from 1996 to 2005. The melting of Greenland is now causing sea levels worldwide to rise more than
half a millimeter per year. We can expect that rate to keep increasing.
This year's IPCC (International Panel on Climate Change) report predicts that the sea level will rise between 18 and 59
centimeters this century. But, they couldn't provide an upper bound. Eric Rignot of NASA believes that with the
accelerating flow of glaciers in Greenland and Antarctica, we should expect over a meter of sea level rise by the
century's end.
November 5, 2007

Last Wednesday I spent a night at my folks' house in Great Falls, Virginia. Then I drove down to Harrisonburg and gave
two talks at James Madison University in Harrisonburg — one on global warming and one on where we stand in
fundamental physics. On Friday I drove back to my folk's place.
It was fun driving from Great Falls to Harrisonburg and back — out from the suburbs, into the countryside, past the
Shenandoah River, through the rolling foothills of the ancient, weathered Appalachians, into autumn woodlands. I'd
never driven around this part of Virginia on my own, though my parents had taken me to some of these places when I
was a kid: Luray Caverns, Skyline Drive...
Besides reminding me of my childhood, the trip reminded me of drives from Boston to Bard College in New York,
where Lisa used to teach. Driving west along I66 is like driving west along the Massachusetts Turnpike, out of the city
into ever more rural landscapes, with Washington DC replacing Boston. Driving south along highway 81 to James
Madison University is like driving south along the Taconic to Bard. The same themes transposed to a southern key! It
was like one of those dreams where you find a door you'd somehow never noticed, open it, and discover a hidden suite
of rooms that eerily resembles the house where you grew up.
My father is now in a nursing home. He went there last month after suffering severe leg pains and spending some time
in a hospital. We all visited him on Sunday — my mom, my sister and I. He spends most of his time in a wheelchair,
though he can stand up with work, and his physical therapist is trying to get him back into using a walker. He's afraid of
falling, which he has done several times. He has a heart defibrillator, and the doctor says it's saved his life several times.
His memory is getting bad. My mother has done lot of work to make the insurance company pay for his stay at the
nursing home. He'll probably spend the rest of his life there; they'll pay for two years of this. He is 86 years old.
It's all very sad.
He was in good humor when we visited him. I brought him a recorder — unfortunately a tenor, instead of a soprano —
and also some jazz tapes. He listens to "Hot Jazz Saturday Night" once a week, and also other radio shows. He reads lots
of magazines. He has a roommate who speaks Spanish, so he gets to practice his Spanish a bit.
But, it's still sad.
It must be terrible to lose a parent when you're young. But there's a subtler sort of bad feeling that comes from watching
my parents age when I'm already middle-aged myself. (I'm 46: is that middle-aged?) In addition to worrying about them,
I start noticing signs of my own decay that I might otherwise ignore. My memory, eyesight and hearing are gradually
getting worse. I'm getting a bit more creaky and cranky. Sometimes I fail to understand — or maybe refuse to
understand — what Lisa is saying, in a way that reminds me of the stubborn slowness of the elderly. Having kids is
probably a good distraction from all this stuff: even though you're going downhill and getting dumber, your kids are
growing up and getting smarter, which is nice. For some reason I've never heard anyone come out and say this is why
they want kids. Some people admit this is why they want grandchildren.
November 6, 2007
My mom subscribes to Saudi Aramco World, a free magazine that's full of interesting articles about Arab and Islamic
culture. As long as you bear in mind that it's funded by petrodollars and subtly pushes the Saudi agenda, there's a lot to
be learned from this mag.
"Zillij" are the Islamic tile patterns you see in the Alhambra and elsewhere. I wrote about them in week247 after I heard
that Islamic tilings with 5-fold symmetry are the earliest examples of man-made quasicrystals, long predating the work
of Penrose. It's nice to see that this art is alive and well in Fez:
Louis Werner, Zillij in Fez, Saudi Aramco World, May/June 2001, 18-31. Version with more photos available at
Ceramics Today.

Zillij with 10-fold symmetry.
Photo by Peter Sanders/Saudi Aramco World/PADIA

Here's a quote:
Today, private patronage is still the key to sustaining labor-intensive zillij, which—though an unusually
expensive art form—is considered indispensable by Moroccans of all social and economic stations.
Benslimane's clients range from Shaykh Zayed bin Sultan Al Nahyan, president of the United Arab
Emirates, who owns several houses in Morocco, to businessmen and countless others of more ordinary
means. New homeowners on even the most limited budgets often yearn for a traditional Moroccan
reception room, or salon, which means zillij halfway up walls whose upper portions are finished by
elaborately carved stucco and topped with an inlaid wooden ceiling—and if they can't afford all of it at
once, it is commissioned piecemeal, over years.
A typical job for a zlayji starts with a call from an architect whose client has asked for a mosaic panel
measuring, let us say, two meters (78") square, to decorate a new home's salon. Any traditional design and
color scheme are possible, but the space and its proportions impose certain overall constraints: A 50-point
star, for example, needs room for its 24- and 12-point satellite stars, a common Islamic pattern that
Burkhardt called "a shimmering planetarium, in which each line starts from a center and leads to a center."
An encyclopedia could not contain the full array of complex, often individually varied patterns and the
individually shaped, hand-cut tesserae, or furmah, found in zillij work. Star-based patterns are identified by
their number of points—'itnashari for 12, 'ishrini for 20, arba' wa 'ishrini for 24 and so on, but they are not
necessarily named with exactitude. The so-called khamsini, for 50 points, and mi'ini, for 100, actually
consist of 48 and 96 points respectively, because geometry requires that the number of points of any star in
this sequence be divisible by six. (There are also sequences based on five and on eight.)
Within a single star pattern, variations abound—by the mix of colors, the size of the furmah, and the
complexity and size of interspacing elements such as strapping, braids, or "lanterns." And then there are all
the non-star patterns—honeycombs, webs, steps and shoulders, and checkerboards. The Alhambra's
interlocking zillij patterns were reportedly a source of inspiration for the tessellations of modern Dutch
artist M.C. Escher.

Saudi Aramco World also lists some albums I might like, including:
Tinariwen, Amassakoul. Electric guitar blues from Tuareg nomads from Mali who grew up in the 1980s in Libyan
refugee camps. I've heard this album and like it; I need to get it.

Yousra Dhahbi, Rhapsody for Lute. One of the few female oud virtuosos.

Oriental Music Ensemble, Emm el Khilkhal. Four teachers from Palestine's National Conservatory of Music
playing instrumental work from famous composers like Muhammad Abdul Wahab and the Rahbani Brothers
(neither of which I know). Check out some samples.

November 7, 2007

I've always completely distrusted Pervez Musharraf, ever since he first took power in that coup back in 1999. His latest
crackdown yet again makes his true colors clear. But he's doing a great job of maintaining US support by keeping us
scared of what Islamic fundamentalists would do if he lost power. Meanwhile, Osama bin Laden lives happily on the
Pakistan/Afghanistan border without ever getting caught. If he were caught, and the Taliban in Afghanistan defeated,
the US wouldn't need Musharraf. So, he has to act like he's doing something to fight those guys, while not actually
doing much — except whatever it takes to stay in power.
See my September 22, 2006 entry for more on Musharraf.
By the way: did you notice when the Israelis bombed that nuclear reactor in Syria on September 6th? The news was
strangely quiet about it until much later, when some photos came out. You can read a lot of details over at
GlobalSecurity.org — always a good place for news about shadowy military activity.
November 9, 2007
I sometimes think that many animals will keep from going extinct only if people can figure out a way to own them while
keeping them in their native habitats... sort of like long-distance pets. The ultimate status symbol. Crass? Sure, but
ownership has a wonderful way of bringing out our protective instincts.
I just got a booklet from the Worldwide Wildlife Fund that almost makes it seem this dream has come true. You can
find a comparable thing online. It says:
To start your animal adoption, click on any of the animal pictures below.
Polar bears are the most popular — you can pay either $100, $50, or $25 to adopt one, depending on how much stuff
you want to get in the mail. Next in popularity are those cute little meerkats, then pandas, then snow leopards, tigers,
vampire bats (!?), and so on. Stingrays are near the bottom.
I think this shows the glimmerings of a great idea — but the problem is, the adoptions are purely notional. When you
adopt a polar bear, there's not actually a specific polar bear that becomes "yours". The money is probably spent to do
something good, but you don't get to see precisely how. You certainly don't get letters in the mail saying how your polar
bear is doing, or photos, or a webpage where you can track its motions with a radio-transmitting collar. Only when
something like that happens will adopting wild animals really catch on!
But when it does, you'll see people willing to fight for the survival of "their" animals... just like they do for pets now. I
bet I would. And I'm not even completely crazy, like some people.
What happens when my adopted polar bear eats your adopted seal? Will you sue me? Let's cross that bridge when we
come to it.
November 10, 2007
I should have been finishing my paper on the prehistory of n-categorical physics; I should have been writing a mission
statement for Eureka!; I should have been working on my "Rosetta stone" paper with Mike Stay, about the relation
between logic, proof theory, tangles and quantum theory.
I should have been doing a million things, but after Lisa and I did our weekly grocery shopping, I spent the day
polishing three pieces of ambient music with a "glacial" theme: Kangerdlugssuaq, Sermersuaq, and pujuq kanirnartuq.
The weird titles are an invitation for the listener to do some web browsing. The minimalist, cold sound of the pieces
may seem threatening or downright annoying to most people, but I find it soothing.
I guess my soul just demanded it. I'm feeling a bit burnt out, sick of writing papers. It's very refreshing to lose myself in
sound, and also a bit of visual art:

Unfortunately I wound up feeling guilty about the work that's piling up. That infuriates me. It makes me want to retire!
But I just need to get my life in balance.
Part of my inspiration for this music is Thomas Köner's Permafrost, which I was able to obtain thanks to help from
Jeffrey Morton. Jeff says my glacial music also reminds him of A Peripheral Blur by Plotkin & Spybey, and a number
of things by Robin Storrey, a.k.a. Rapoon (a.k.a. Zoviet France). I'll have to check these out.
November 11, 2007
Someday I'll read this book:
Colin Thurbon, Shadow of the Silk Road, HarperCollins, 2007.
The author, a crusty British explorer, walks along the old Silk Road. Some folks in small towns in Kyrgyzstan,
Usbekistan and Tajikistan look back wistfully on the Soviet era, the rosiness of nostalgia mixing with the real pain
surrounding the collapse of an empire. Meanwhile, China spreads its power.
Some of the most astounding food I've ever had was in a hotel in Malacca. Hotel food is usually to be avoided, but we
couldn't find a restaurant... and it turned out this hotel food was magnificent. Nonya cuisine: a blend of Chinese
techniques with Malaysian ingredients. I'd never experienced it before — it's great.
This article reminds me of that experience:
Eric Hansen, The Nonya cuisine of Malaysia, Saudi Aramco World, September/October 2003, pp. 32-39.
A quote:

Key ingredients include coconut milk, galangal (a subtle, mustard-scented rhizome similar to ginger),
candlenuts as both a flavoring and a thickening agent, laksa leaf, pandan leaves (Pandanus amaryllifolius,
or screwpine), belachan, tamarind juice, lemongrass, torch-ginger bud (Etlingera elatior), jicama, fragrant
kaffir lime leaf (Citrus hystrix), rice or egg noodles and cincaluk — a powerfully flavored, sour and salty
shrimp-based condiment that is typically mixed with lime juice, chiles and shallots and eaten with rice,
fried fish and other side dishes. Even for Malaysians and some nonyas, cincaluk is an acquired taste.
November 12, 2007
Good news! I've known Steve Wolfram for a long time, since my friend Bruce Smith used to work on optimizing the
code of Mathematica. A while back I contacted him to see if I could create some music using his WolframTones cellular
automaton program, modify it using my home studio, and make it freely available on my website. He liked the idea.
Last week a lawyer working for him got in touch with me, and today I got a draft of a contract that would allow this. It
still needs some polishing: it doesn't clearly allow me to distribute this music on internet radio stations — or real radio
stations, for that matter — and it holds me liable if other people violate the terms of the agreement, which could be a
real nightmare. But, I think there's a real will to get something that'll work.
November 14, 2007
Robert Irwin is having a show at the Museum of Contemporary Art San Diego — a retrospective. Here's a piece of his at
the Museum of Modern Art in New York:

The photograph doesn't do justice to the work, which is 3-dimensional. Our eyes struggle to understand what it really is:
This untitled work is a convex, spray-painted disk held a foot or so out from the wall by a central post. Its
subtle, tactile surface modulates delicately from center to edge, and it is softly lit from four angles, creating

a cloverleaf pattern of shadow. The white center of the disk can seem to lie level with the white wall, so that
the eye spends time trying to understand what it sees — what is nearer and what is farther, what is solid and
what is immaterial light, or even light's absence.
I think it's hard to do really good visual art these days. At least, it's hard for me to find new visual art (painting,
sculpture, installations) that moves me anywhere nearly as much as new music can. It's somehow hard to take into
account everything about where we stand today when creating a work of visual art. I respect Irwin because he's thought
hard about what art really is, and this informs his work.
Some quotes:
To be an artist is not a matter of making paintings or objects at all. What we are really dealing with is our
state of consciousness and the shape of our perception.
Light has good physical properties for the question . . . of the substance of existence.... One of the things
that I like about light especially is the degree of its actual physical energy and the minimalness of the
identity: as bit information, it has almost none, and yet it has a very, very elaborate, very compound
physicality to it. It is a terrific medium for the problem right now.
However, I'll need to see this show to see if I really enjoy his work in large doses. Some of the things he's done seem a
bit clunky to me. Having great ideas about art isn't the same as making great art. It is, in fact, a different art.

The less an artwork has, the more everything about it matters. There are some wonderful old paintings full of gods,
goddess, philosophers, soldiers tramping around, etcetera. These are fairly forgiving if you decide to stick a faun or a
mermaid in the corner. But the above work by Irwin, called "Who's afraid of red, yellow and blue", is simply six 16×22foot laquered aluminum panels. I haven't seen the real thing. Apparently the reflections of one panel on another create a
subtle hall-of-mirrors effect. If I go to San Diego, I'll see what it's like. But in this picture the wooden floor, the
complicated struts on the ceiling, and the doorway at right seem terribly distracting and unaesthetic. When there's very
little to see, everything needs to be perfect.
There's another artist whose work explores similar themes, whose work I really want to see: James Turrell. Somehow
his work always makes me happy, even just seeing pictures of it:

I don't want to just see pictures of it. I want to walk into it and sit down — that's how a lot of his pieces work:

It's minimalist, but luscious. As with a good piece of ambient music, or a good swimming pool, you can immerse
yourself in it, stop thinking in words for a while, and just give yourself over to sensation.

You can read more about James Turell here:
James Turell, Public Broadcasting System.
I especially want to experience his Ganzfeld works like Atlan:
Surprising in its simplicity, "Atlan" is a work that plays on viewers' sense perceptions. Entering a dimly lit
room, viewers find what seems to be a deep blue rectangle or monochrome painting on the far wall. As
one's eyes adjust to the darkened room, the blue appears to swell in color. Compelling for the way in which
the color is evenly and luminously distributed, the viewer is drawn closer to the work for a detailed
inspection. Inviting exploration, a surprise is in store for anyone who dares to reach out and touch the work.
What at first appears to be a solid rectangle or drawing on the wall is actually an open window onto an
empty, light-filled room. It is difficult to discern the volume of the second space, and viewers often reach
through the window in an attempt to touch the opposite wall. This window in the wall is like a portal onto
another world, providing a view of a limitless space like the ocean or a starless sky.
From The Times:
Turrell's ethereal installations involve light in all its mystical manifestations. Sometimes indoor installations
create an illusion of infinite, diffused light. Sometimes they make something which appears almost tangible,
but which, when you reach out to touch, is only a space. Once he was sued by a woman who fell over in a
gallery. He had created a blue wall, she complained, but when she leaned against it, it wasn't there; it was
made of light.
If you can get ahold of this article about Turrell, read it:
Calvin Tomkins, Profile: Flying into the Light, The New Yorker (January 13, 2003), 62-71.
November 22, 2007
Suzhou is a city in China famous for its gardens dating back to the Ming Dynasty. I visited some of these gardens on
August 19th and 21st the summer before last, and I fell in love with this sort of garden. Now, craftsmen from Suzhou
are building a Ming-style garden in the Huntington Botanical Gardens near Los Angeles:

Annie Wells, Los Angeles Times

Artisans Re-create a Classical Chinese Oasis

Bettijane Levine
Los Angeles Times, November 22, 2007
While giving thanks today for all that's near and dear, it might not hurt to offer gratitude for folks you may
never meet: workmen from China who have toiled for six months in San Marino, applying skills passed
down through generations and not taught at any schools.
Their creation — the Garden of Flowing Fragrance — is springing up like some fantasy film set at the
Huntington Library, Art Collections, and Botanical Gardens. But it is authentic in all respects. Its design recreates botanical havens built by scholars who were the social elite during the Ming Dynasty, when the art
of classical gardens reached its zenith in the city of Suzhou. When the new garden opens in February,
visitors will find handmade bricks, tiles and wood structures, all with elaborate decorative details, all
crafted by artisans brought here by the Huntington because their skills are as ancient and rare as the garden
design itself. Like its predecessors, the garden sits within undulating white walls, its 1½ -acre lake dotted
with hand-carved stone bridges, swooping-roofed pavilions and pebbled paths.
To execute this art, pavers sift through little pails of stones, placing them one by one to form floral patterns
that make up the meandering walkways and plazas. They work deftly, finding the right size and shape,
gently hammering each into place with a mallet.

Annie Wells, Los Angeles Times

Stonemasons who specialize in calligraphy etch ancient characters into the spongy, hole-riddled limestone
rock, 850 tons of which were imported from the Suzhou area. Not calligraphers themselves, these men are
experts at transferring the masterful inscriptions of artists from paper onto stone. Each carving will tell
visitors the name of the pavilion in which they're standing or will describe the poetry of the view.
The lake is encircled by massive chunks of rock, positioned there by specialists from Suzhou. These men
also placed the 8-to-14-foot rocks that serve as sculptures, the kind of natural specimens valued in China
since the Ming era for the grace and beauty of their shapes.
Woodwork specialists install the burnished panels of ginkgo and fir, carved or etched with patterns and
classical themes passed down through centuries.
In the double-roofed, hexagonal Three Friends Pavilion, the ginkgo ceiling bears images of the three friends
of winter — pine, bamboo and plum blossom — all of which remain hearty through the cold months. Wood

carved into a traditional lattice-like pattern called "broken ice" is set like a delicate frozen curtain.
Tile specialists put finishing touches on pavilion roofs made exactly as they were 500 years ago. Clay is
hand-fitted into molds and then fired with rice straw in brick kilns for at least 40 days. The resulting roof
tiles are then placed — sideways instead of flat, and tightly overlapping — according to custom that has
survived the ages. Every tile has been imprinted by hand with a chrysanthemum.
It brings back good memories just looking at it!
This is a moon gate, looking out on a walkway that follows feng shui principles. The zig-zags are designed to fool
demons, who can only move in straight lines.

Annie Wells, Los Angeles Times

I'm especially fond of the mosaics which you can see being hammered into place, stone by stone, in the photo above.
The result looks like this:

Annie Wells, Los Angeles Times

For comparison, here's some stonework I photographed in the Yu Yuan garden in Shanghai on August 4, 2006:

Today Chris Lee came over for Thanksgiving dinner: we had roast duck with olive sauce, sage dressing, sweet potatos
and a nice bottle of wine. By the end of the night, he'd convinced me that I would have more fun and get more math
done if I wrote fewer papers and relied more on my samizdat methods of spreading information: This Week's Finds, the
n-Category Café, and videos. Indeed right now my main agony is the stack of papers I'm scheduled to write, which
makes me feel guilty for spending time thinking about new ideas or talking with James Dolan. Maybe I should just tell
some people sorry, I'm not going to write that paper.
Before Chris came, Lisa and I read some poems from Cid Corman's 2-volume magnum opus, Of. I'd read it once before
and found it brilliant. This time, just quickly dipping in here and there, I was a bit disappointed. Maybe the effect is

cumulative?
But there are certainly a bunch I like, including some that nicely fit the "minimalist" theme of this month's diary:
The appearance of
snow. It is as if
everything I
had thought possible
suddenly occurred
and nothing happened.

Some of his final poems are available online. For example:
A LIVING
You are here
to die and
that's what you
are doing.

November 23, 2007
This beautiful insect is a tarantula hawk:

Here Lisa caught it resting on the agave behind our house. The first time we saw one of these, it was struggling to carry
a paralyzed tarantula to a safe location where it could lay its eggs in the poor beast.
November 25, 2007
As you can tell, I've been thinking about minimalist art. On the 14th I mentioned the Robert Irwin show down in San
Diego, which I plan to see over the winter break. Today he was interviewed by the Los Angeles Times. Here are a couple
interesting things he said:
On breaking the frame
"At one point, I looked around and I realized that there are no frames in the world. That's not how we see at
all. We're like in an envelope, stuff happening on every dimension — visual, auditory, tactile, smell. Our
dialogue with the frame is part of a highly stylized, learned logic. It's a way we've learned to see, but it's not
how we actually see. In terms of how human beings see and understand and order the world for themselves,
it seemed we had to address that. I had to paint a painting that broke the frame. That's what the disks were.
Once you break the frame, all of a sudden you are in space. You're dealing with energy as opposed to
matter. [The disks] really do get lost. They become light and space."
On Modern art, abstraction and why the new isn't easy
"Most of our ideas are homogeneous. We maintain the basic structures, the basic ideas, the basic concepts.
We build on them. But once in a while, something comes along that actually challenges those most basic
assumptions. Modern art is doing that, or has done that. People used to ask abstractionists, 'What is it?'
That's a literate question that says, 'Take this, in front of me, and let me understand it, not by participat ing
in it directly, but by referencing it in the world.'
"And [the abstractionists] would say, 'It is.' That's a whole different way of looking at the thing. It's not
about something, it is something. When you make that kind of shift, it throws people off. It challenges the
basic structures we've built. So people have a great degree of difficulty, because that's asking too much, in a
way, to give up this structure and cut yourself loose, to float in this other realm. It's going to take a long
time to see if we really want to play the game in this new realm.
"The history of Modern art, in my mind, is at least a couple hundred years old. It will be another couple
hundred years before we're going to know if it works and what kind of idea it is. I pursue it because my
questions feel right, they hold water and I like the beauty of it."
I like the honesty of admitting that "Modern art" is something that may or may not really work in the long term.
November 29, 2007
Have you heard about the world's biggest bug?

Technically it's a sea scorpion, or eurypterid. I loved such things (and had nightmares about them) when I was a kid.
November 30, 2007
It's raining! Really raining, not just a drizzle. You readers who don't live in the desert, who aren't suffering through a
long drought and fires, who don't have a garden, may not know how exciting this is.

YAY! IT'S RAINING!

Here's a fun news story:
Man arrested at bank, with fake $1M dollar bill, Morning Edition, National Public Radio, November 30, 2007.
In fact, all bills larger than 100 dollars were made illegal by Nixon. For more see my Sept. 30, 2006 diary entry on
large-denomination bills, and the Wikipedia entries on large-denomination bills and fake bills.
A rainy day is good for doing housecleaning. So, today I'll finally post links to some things Thomas Riepe has been
telling me about for many months. I guess I'll concentrate on ecological news.
I've written about the Permian extinction elsewhere. Here's some news about it:
What we can learn from the biggest extinction in the history of the Earth, EurekAlert, August 8, 2007.
A quote:
Approximately 250 million years ago, vast numbers of species disappeared from Earth. This massextinction event may hold clues to current global carbon cycle changes, according to Jonathan Payne,
assistant professor of geological and environmental sciences. Payne, a paleobiologist who joined the
Stanford faculty in 2005, studies the Permian-Triassic extinction and the following 4 million years of
instability in the global carbon cycle. In the July issue of the Geological Society of America Bulletin, Payne
presented evidence that a massive, rapid release of carbon may have triggered this extinction.
"People point to the fossil record as a place where we can learn about how our actions today may affect the
future course of evolution," Payne said. "That's certainly true: The deep geologic record provides context

for modern events. We may miss very important processes or underestimate the magnitude of changes in
the future by using only the past couple thousand years as a baseline."
[...]
In 1991, scientists reported that the largest known volcanic event in the past 600 million years occurred at
the same time as the end-Permian extinction. Magma extruded through coal-rich regions of the Earth's crust
and blanketed a region the size of the continental United States with basalt to a depth of up to 6 kilometers.
The eruptions that formed the Siberian Traps not only threw ash, debris and toxic gases into the atmosphere
but also may have heated the coal and released vast quantities of carbon dioxide and methane into the
atmosphere.
Rapid release of these greenhouse gases would have caused the oceans first to become acidic and then to
become supersaturated with calcium carbonate. In the July Bulletin, Payne presents evidence that
underwater limestone beds around the world eroded at the time of the end-Permian extinction. This finding,
coupled with geochemical evidence for changes in the relative abundances of carbon isotopes, strongly
suggests an acidic marine environment at the time of the extinction. The rock layers immediately covering
this eroded surface include carbonate crystal fans, which indicate oceans supersaturated with calcium
carbonate.
"This end-Permian extinction is beginning to look a whole lot like the world we live in right now," Payne
said. "The good news, if there is good news, is that we have not yet released as much carbon into the
atmosphere as would be hypothesized for the end-Permian extinction. Whether or not we get there depends
largely on future policy decisions and what happens over the next couple of centuries."
[...]
Coral Reefs
Payne plans to learn more about the causes and consequences of this massive extinction event this summer.
Three students left Aug. 1 to join him in southern China for four weeks of field studies.
If volcanic activity released sufficient quantities of carbon into the air within less than 100,000 years, the
Earth would have transiently cooled and then experienced a prolonged period of global warming, Payne
said. This summer, Ellen Schaal, a graduate student in the Department of Geological and Earth Sciences,
will use one geochemical index to try to understand how climate did change during the end-Permian period.
Two other students will examine coral reef structures. The Great Bank of Guizhou contains the fossilized
reefs from just before and just after this extinction event. Undergraduate Mindi Summers hopes to describe
the ecological structure of coral reefs just before the extinction, and graduate student Brian Kelley will
study the development and diversification of reefs after the global carbon cycle began to stabilize.
Reef communities are a sort of canary in the mineshaft, Payne explained. Today, coral reef health is
considered a measure of environmental stability. When stressed by environmental conditions, the algae that
inhabit the reef leave, and the reef loses color-and one reason why algae might leave is temperature. For
example, when ocean temperatures rise during El Niño years, corals bleach. This type of immediate
response to environmental change is hard to track in the geologic record.
More on coral reefs:
TAU professor finds global warming is melting soft coral reefs, Tel Aviv University website, October 18, 2007.
John F. Bruno and Elizabeth R. Selig, Regional decline of coral cover in the Indo-Pacific: timing, extent, and
subregional comparisons, PLoS one, 2007.

A quote from the latter paper:
The results of our analysis of 6001 quantitative reef surveys indicate that the degree, geographic extent, and
duration of the Indo-Pacific coral decline have been significantly underestimated. Many coral reef scientists
know of exceptions to the general pattern of reef degradation: there are currently many, perhaps hundreds
or even thousands of high coral cover (i.e., >60%) reefs in the Indo-Pacific and Caribbean that resemble the
presumed historical coral baseline. But our results indicate that such observations are anomalies and
currently represent less than 2% of reefs in the Indo-Pacific. This study also highlights the urgent need for
conservation policies to restore coral reefs and the ecosystem services they provide, estimated to be worth
$23,100-$270,000 per square kilometer each year. Halting and reversing coral loss will require actions
across a range of scales including local restoration and conservation of herbivores that facilitate coral
recruitment and the reduction of fishing practices that directly kill corals, the implementation of regional
land use practices that reduce sedimentation and nutrient pollution, and the institution of global policies to
reduce anthropogenic ocean warming and acidification.
See my August 1, 2006 entry for more on the state of our oceans, coral bleaching, and the like.
From water, let's move on to dirt:
David R. Montgomery, Dirt: the Erosion of Civilizations, U. C. Press, 2007.
A blurb from the U. C. Press website:
Dirt, soil, call it what you want — it's everywhere we go. It is the root of our existence, supporting our feet,
our farms, our cities. This fascinating yet disquieting book finds, however, that we are running out of dirt,
and it's no laughing matter. An engaging natural and cultural history of soil that sweeps from ancient
civilizations to modern times, Dirt: The Erosion of Civilizations explores the compelling idea that we are —
and have long been — using up Earth's soil. Once bare of protective vegetation and exposed to wind and
rain, cultivated soils erode bit by bit, slowly enough to be ignored in a single lifetime but fast enough over
centuries to limit the lifespan of civilizations. A rich mix of history, archaeology and geology, Dirt traces
the role of soil use and abuse in the history of Mesopotamia, Ancient Greece, the Roman Empire, China,
European colonialism, Central America, and the American push westward. We see how soil has shaped us
and we have shaped soil — as society after society has risen, prospered, and plowed through a natural
endowment of fertile dirt. David R. Montgomery sees in the recent rise of organic and no-till farming the
hope for a new agricultural revolution that might help us avoid the fate of previous civilizations.
As you probably know, a lot of Iraq is desert. This wasn't true several thousand years ago: it's the result of human
activity. Here's a little tale about that, by Rania Masri:
The first procurement and subsequent deforestation originates from the site where civilization first
emerged, the Fertile Crescent. I would like to share with you an episode from the Epic of Gilgamesh known
as the Forest Journey. Through this story lies the understanding of ecological processes and the
consequences of human action.
Approximately 4700 years ago in Uruk, a city-kingdom in southern Mesopotamia, Uruk's ruler Gilgamesh
sought to ensure his immortality through the material greatness of his city. He wanted large amounts of
timber to accomplish his plans, and he set his sight on the cedars of Lebanon. Extending before Gilgamesh
lay an area of land so large its exact size was not known. An almost unbroken forest flourished near
southern Mesopotamia, in the hills and mountains surrounding the Fertile Crescent. The forest was so dense
that the suns light barely penetrated through its foliage.
The chief Sumerian deity Enlil protected these glorious forests by entrusting the ferocious demigod
Humbaba to protect the interests of nature against the desires of civilization. Enlil understood the unlimited
appetite of civilization, and predicted that once humans would enter the fo rest, they would remove all the
gods beautiful garden of trees; they would destroy the divine beauty where the cedars raise aloft their

luxuriance.
After a moment of enjoying the glory and awe of the magnificent, virgin cedar forest, Gilgamesh and his
lumberjack companions began destroying the "abode of the gods". They cut the cedars, chopped their
branches and trunks into transportable sizes. A fight erupted between the intruders and the mighty forest
demigod... the greed of civilization won; the forest's guardian lost his head; and the cedars wailed with fear
now that Gilgamesh was master of the forest. The trees were correct to cry, for the men stripped the
mountains of their cover, leaving bare rock. When Enlil, who forever must watch over the well-being of the
earth, learned of the destruction of the cedar forest, he sent down a series of ecological curses on the
offenders: May the food you eat be eaten by fire; may the water you drink be drunk by fire.
So ended the tale, lamenting the soon-to-be sorry state of southern Mesopotamia...and the many other
civilizations bent on destroying their forests.
The direction we're moving in seems almost hopeless sometimes. But, people are really starting to take global warming
and other massive changes seriously — even the relatively benighted citizens of the USA. In 2006, California passed the
Global Warming Solutions Act, which requires that greenhouse gas emissions be reduced to 1990 levels by 2020, and to
80% below this level by 2050. The California Air Resources Board just figured out how much greenhouse gases were
actually emitted in 2006 — a small first step, but a mammoth calculation in its own right. The answer: the equivalent of
427 million metric tons of carbon dioxide!
And there are a lot of good people trying to get us out of the mess we're making. For example, Thomas Riepe pointed
me towards the website of Graciela Chichilnisky. Her first paper was on pure math: group actions on spin manifolds, to
be precise. But, she quickly moved on to more useful things, like the mathematics of sustainable development, the
impact of the "knowledge revolution", and the meaning of property rights in a human-dominated Earth. She's now a
professor of economics and statistics at Columbia University. She's just one of many...
So, I wouldn't say things are hopeless. It's a complex struggle with a highly uncertain outcome.
For my December 2007 diary, go here.
The curving edges of the inset and its background match perfectly. From that center, the pattern expands infinitely to
cover the wall or, potentially, the universe. - Louis Werner, Zillij in Fez
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Diary - December 2007
John Baez
December 7, 2007
Another winter storm is blustering through Southern California, bringing a bit more much-needed rain. Not as much as
last time — not here, anyway. But, it's still nice.
Here's the view from our guest bedroom window — raindrops on the papyrus plant:

December 9, 2007
That storm brought quite a bit of rain: it lasted a day longer than predicted.
December 11, 2007
I've gotten curious about the Madrean sky islands on the border between the US and Mexico. These "sky islands" are
about 42 mountainous regions surrounded by the the dry grasslands and shrub of the Chihuahuan and Sonoran deserts.
They serve as the homes for isolated ecosystems, much like islands in the oceans. I first read about them here:
Joe Nick Patoski, Border crossing: securing a hidden wilderness on the Texas-Mexico border, Nature
Conservancy, Winter 2007.
Also check out the interactive map created by the Sky Island Alliance.
December 13, 2007

The UN's Intergovernmental Panel on Climate Change is meeting in Bali. Now the meeting is running into overtime. Al
Gore spoke to the gathering, saying "My own country, the United States, is principally responsible for obstructing
progress here in Bali".
This graph illustrates the huge challenges involved:

However, it's more depressing than absolutely necessary! There are better ways to tackle the problem of greenhouse
gases. For example, see the carbon wedges of Pacala and Socolow, described in my October 2nd diary entry.
December 15, 2007
I avoid talking about major news stories on this diary. Major news stories are, by definition, the stuff you're likely to
have already heard.
But, it's not often that international negotiations in a struggle to save our planet nearly collapse, run 20 hours overtime
— and only end when the representative of the world's most powerful country is pressured by boos from the audience
into signing a deal!
After a wrenchingly emotional drama, a climate agreement was signed in Bali: the Bali Roadmap. Listen to the story
here:

Richard Harris, Climate roadmap emerges from grueling Bali talks, Climate Connections: Solutions, National
Public Radio, December 15, 2007.
How the U.S. Caved at Bali
Brian Walsh
Time, December 15, 2007
[...]
The two-week-long negotiations, meant to craft the beginnings of a new global effort on climate change,
had already gone into overtime when diplomats emerged from behind closed doors at 2 AM Saturday
morning, claiming that a compromise deal between the EU, the U.S. and the major developing nations had
been reached. Delegates from some 190 nations reconvened several hours later for what should have been a
final approval session.
But delegates from India and China unexpectedly objected to aspects of the text, including the degree of
technical assistance poor nations would receive from the rich for low-carbon development. The impasse .
the latest in several tortured days of negotiations — led Rachlat Witolear, the chair of the conference, to
twice suspend the open session for further behind the scenes meetings, leading to a real fear that diplomats
might leave the island without a final agreement.
It was only with the help of UN Secretary-General Ban Ki Moon, who made an emergency stop in Bali, that
negotiations got kick started. The South Korean, in office for less than a year, is known as diplomatic even
by UN standards, but he arrived without mincing words. "Frankly, I am disappointed at the lack of
progress," said Ban to a packed audience. "Seize the moment, this moment, for the good of all humanity."
With that, Ban left the chamber to a standing ovation. Witolear reopened talks, and a representative from
China turned to speak. His anger audible, he asked why the UN secretariat overseeing the meeting had
earlier restarted the session while negotiators were still meeting away from the conference hall —
essentially accusing the officials of acting unfairly towards the developing nations. For Yvo de Boer, the
executive secretary of the United Nations Framework on Climate Change (UNFCCC) and the summit's
guide, it was too much. Visibly exhausted by all-night negotiations, the Dutchman appeared to momentarily
break down and fled the session, leaving a stunned audience in his wake.
But the real drama was to come. After India reiterated its objection — and was essentially supported by the
European Union — the lead American negotiator Paula Dobiansky turned to speak, and announced that the
U.S. would not accept India's changes, which sought to lighten the expectations from developing countries.
(The UN negotiating process requires total consensus.) Boos rained on the U.S. delegation from NGO
observers and even the press gallery, breaking the last remaining appearance of diplomatic placidity.
It's hardly the first time the U.S. has been jeered at a UN event, but what happened next was unique. Nation
after developing nation rose to criticize the U.S. in language more often reserved for a political debate than
a UN conference. A representative from tiny Papua New Guinea — one of many small island states most
immediately threatened by climate change — recalled the old Lee Iacocca line about leading, following or
getting out of the way. "If the U.S. will not lead, get out of the way," he said, to gallery cheers. "Please get
out of the way."
More importantly, with the exception of a confused statement from Japan, not one of the allies that had
generally stood with the U.S. the past two weeks — Australia, Russia, Canada — rose in its defense. The
near-total isolation of the U.S. on climate change — which had been building since its rejection of the
Kyoto Protocol nearly a decade ago — was now obvious, apparently even to the U.S. Dobiansky turned to
speak. "We've listened very closely to many of our colleagues here during these two weeks, but especially
to what has been said in this hall today," she said. "We will go forward and join consensus." Boos turned to

cheers, and the deal was essentially sealed.
For the exhausted delegates — not to mention the journalists and environmentalists who had stayed through
the night and the day following the negotiations — the simple elation at having reached an agreement was
palpable. "In 20 years of doing this, I've never seen anything like this," marveled Alden Meyer, director of
strategy and policy for the Union of Concerned Scientists (UCS).
You can watch videos of some of this:
Ban Ki Moon urges action on climate change, YouTube, December 12, 2007.
Yvo de Boer, concern over the pace of negotiations, YouTube, December 13, 2007.
Al Gore's speech, YouTube, December 14, 2007.
Yvo de Boer, closing press briefing, YouTube, December 15, 2007.
This blog gives a nice insider's view of the meeting in Bali:
Union of Concerned Scientists, Bali Bulletin.
The actual accomplishments are mixed. Some very bad news: the European Union lost its bid to institute specific targets
for cutting the emission of greenhouse gases. Some good news: unlike the Kyoto Protocol, the Bali Roadmap recognizes
the importance of forests, and tropical nations may eventually be rewarded for not cutting down their forests.
December 18, 2007
Wanna see what DNA actually does? Check out these cool movies, brought to my attention by Mike Stay:
WEHI-TV, DNA molecular animation.
The coolest part, starting around 1:45, shows how DNA replicates:

This is a replisome in action! That's the piece of molecular machinery our cells use to duplicate their DNA. The speed of
the process is realistic for actual human cells, in which the DNA replicates at a speed of 20-50 bases per second. The
bacterial replisome works 10 times faster!
Some details were omitted to make the movie easier to understand. But, what you see is quite close to reality. Two tau
subunits (shown in light blue here) connect the DNA helicase (dark blue) to a clamp loader (grey fingers). Each tau

subunit also connects to one of the two DNA polymerase enzymes (purple). The other two proteins you see DNA
clamps (green) and DNA primase (yellow-green), which adds RNA primers (yellow) to the single-strand DNA as it
emerges from the helicase.
For more information and other views of the same scene, try the WEHI-TV webpage.
December 19, 2007
Drive a few hours north of Riverside and you'll reach one of the hottest, driest, harshest spots in the United States: Death
Valley. Here temperatures soar above 49°C in the summer. It's also the lowest place in the Western Hemisphere: 86
meters below sea level at the bottom.
And, it's home to some of the world's toughest, most adaptable fish!
Sean C. Lema, The phenotypic plasticity of Death Valley's pupfish, American Scientist, January-February 2008.
During the Pleistocene, Death Valley was filled by a huge lake, called Lake Manly:

Fish called "pupfish" entered from the Colorado River. But as the last ice age ended and the region warmed up and dried
out, the lake split into many smaller lakes and marshes. Now the lake in Death Valley returns only when it rains — for
example, during the huge rains of 2005. A few permanent ponds are fed by an underground aquifer, whose dwindling
supplies of water are left over from the ice age. The pupfish struggle to survive, but separated in tiny habitats with
different conditions, they have split into seven different species:

Photographs by Sean C. Lema; map by Barbara Aulicino and Stephanie Freese.

Two salt-tolerant species of pupfish live in Cottonball Marsh (a) and Salt Creek (b). A tiny water-filled cavern, Devil's
Hole (c), holds its own species of pupfish. This is one of the rarest species known, with only 36 adults as of April 2006.
The Warm Spring pupfish lives nearby. Another species lives in Big Spring (d). The Amargosa River pupfish lives at
two locations along the Amargosa River (e), an intermittent stream starting in Nevada, which is dry except in a few
places most of the year. Yet another species lives in Saratoga Springs and Saratoga Marsh (f).
The adaptations of these various species are fascinating. But what's still more fascinating is their enormous "phenotypic

plasticity": the way their bodies and habits change depending on their habitat, regardless of their genome. For example,
the Devils Hole pupfish is only 20 millimeters in length. Since they were so rare, people transplanted some to other
locations. But then, after only 5 years, these pupfish grew much larger than the original breed! Sean Lema and
collaborators did experiments proving that this was not due to natural selection or genetic drift. It's due to phenotypic
plasticity.
Shades of Lamarck! See my June 28th diary entry for more on how the central dogma of molecular biology is turning
out to be an oversimplification.
I like science best when it surprises me. Biology does that a lot now, maybe more than physics. And it's explained very
well in American Scientist.
December 20, 2007
More rain! Not much, but enough to count for something.
December 21, 2007
California and 16 other states are trying to boost fuel efficiency standards to combat global warming. To do this, they
needed a waiver from the Environmental Protection Agency. Such waivers are routine. But, headed by the Bush
appointee Stephen Johnson, the EPA refused to even hear their case, saying that carbon dioxide was not a pollutant. The
states sued the EPA, took it all the way up to the Supreme Court — and the Supreme Court ruled that the EPA had to
consider the states' case.
Johnson promised to do that, and on December 19th he gave his decision:
Screw you! You can't fight global warming!
Two days later, the slimy details are leaking out. Turns out Johnson acted against the recommendations of all his staff
— and possibly influenced by vice-president Cheney, who met with executives of Ford and Chrysler last month:
EPA Chief is Said to Have Ignored Staff
Janet Wilson, Los Angeles Times
December 21, 2007
The head of the U.S. Environmental Protection Agency ignored his staff's written findings in denying
California's request for a waiver to implement its landmark law to slash greenhouse gases from vehicles,
sources inside and outside the agency told The Times on Thursday.
"California met every criteria . . . on the merits. The same criteria we have used for the last 40 years on all
the other waivers," said an EPA staffer. "We told him that. All the briefings we have given him laid out the
facts."
EPA administrator Stephen L. Johnson announced Wednesday that because President Bush had signed an
energy bill raising average fuel economy that there was no need or justification for separate state regulation.
He also said that California's request did not meet the legal standard set out in the Clean Air Act.
But his staff, which had worked for months on the waiver decision, concluded just the opposite, the sources
said Thursday. The sources spoke on condition of anonymity because they were not authorized to talk with
the media or because they feared reprisals.
California Air Resources Board Chairwoman Mary Nichols said she was also told by EPA staff that they
were overruled by Johnson.

She said Johnson's decision showed "that this administration ignores the science and ignores the law to
reach the politically convenient conclusion."
Nichols, who served as assistant EPA administrator overseeing air regulations under President Clinton, said
she had helped write waiver decisions there, and "I know California met all the criteria on this one."
California Gov. Arnold Schwarzenegger has vowed to fight in court to overturn the decision.
Technical and legal staff also concluded that if the waiver were denied, EPA would very likely lose in court
to the state, the sources said.
But if Johnson granted California the waiver and the auto industry sued, "EPA is almost certain to win,"
said two sources quoting the briefing document. They advised him to either grant the waiver outright or
give California a temporary one for three years.
Instead, three sources said, Johnson cut off any consultation with his technical staff for the last month and
made his decision before having them write the formal, legal justification for it.
"It's very highly unusual," said one source with close ties to the agency.
Normally the technical staff would be part of the final decision-making process, including briefing the
administrator and writing the formal legal document before his decision. In this case, the briefings were
done, but the formal finding has yet to be drafted.
[...]
Some staff members believe Johnson made his decision after auto executives met with Vice President Dick
Cheney and after a Chrysler executive delivered a letter to the White House outlining why neither
California nor the EPA should be allowed to regulate greenhouse gases, among other reasons. The Detroit
News reported Wednesday that chief executives of Ford and Chrysler met with Cheney last month.
"Clearly the White House said, 'We're going to get EPA out of the way and get California out of the way. If
you give us this energy bill, then we're done, the deal is done,' " said one staffer.
Chrysler spokesman Colin McBean said that records show that Chrysler submitted position papers on the
mileage issue with the Bush administration's Office of Management and Budget about five weeks ago.
Neither McBean nor a Ford spokeswoman would comment on whether company executives met with
Cheney.
The states have been battling to impose these new fuel efficiency standards since 2002. The only way we'll break this
logjam is by booting out Bush and electing a Democrat for president next year. (Or McCain — he's the only Republican
candidate who gives a hoot about the environment.)
December 22, 2007
Some good news, brought to my attention by the physicist Sabine Hossenfelder at her blog Backreaction (one of my
favorites):
Doug Saunders, The hush-hush regreening of Europe, Globe and Mail, December 20, 2007.
A quote:
According to a study released last month with absolutely no fanfare by the United Nations Ministerial
Conference for the Protection of Forests in Europe, the continent's forest cover has expanded by almost 10

per cent since 1990, and a much larger greening seems to be under way, reversing centuries of
deforestation. The greatest share of this growth is a result of deliberate policies designed to turn farmland
into woodland.
It is safe to say the European continent now has more forest than at any time since the beginning of the
industrial revolution.
You can see the results if you care to look. On the back forty of Mr. Thibert's farm, a thick glade of oak,
chestnut and poplar trees, lined with walking trails and visited by hunters, mushroom gatherers and nature
seekers, covers land that was productive field a decade ago and joins the forests of other farmers who have
turned the clock back on their land. Across the valley, you can see dozens of erstwhile farms reverting to
wild nature.
The European Commission's Department of Agriculture and Rural Development — the most expensive
department in the 27-nation federation, responsible for a huge and controversial system of agricultural
subsidies that eat up 44 per cent of the EU's tax revenues — is launching a new "afforestation" program this
month, with a budget of $3.6-billion over the next six years, that it hopes will turn hundreds of thousands of
hectares back into forest and encourage thousands of families to get out of farming.
This is great — and not just because forests are wondrous places, foster genetic diversity, and lock up carbon, while
agricultural subsidies waste money. The other reason it's great is that agricultural subsidies make it impossible for
farmers from poor countries to compete with farmers from rich ones! These subsidies are a major cause of third-world
poverty.
December 29, 2007
Good news! I got a contract in the mail that'll let me use the Wolframtones cellular automaton program to make an
album and distribute it freely from my music website!
December 31, 2007
Happy New Year!
An interesting New Year's resolution:
Instead of a hamburger for lunch, try a peanut butter and jelly sandwich — you'll save as much as 2.5 pounds of carbon
dioxide and 280 gallons of water! You don't need to be a vegetarian (I'm not) to realize that enormous herds of cattle are
a danger to the planet. They're responsible for 18% of greenhouse gas emissions, if we count the fact that methane
creates 23 times the greenhouse effect than CO2.
We had a small New Year's party with some UCR faculty and their mates: the mathematician Richard Block and his
wife the environmental activist Jane Block, the anthropologist David Kronenfeld and his wife the poet Judy Kronenfeld,
Vivian-Lee Nitray from the Department of Religious Studies and her husband Doug Oliver, and the English professor
John Briggs. My friends Danny Stevenson and Alissa Crans couldn't make it. It was a nice evening of conversation.
Some people had to leave early, but the serious ones stayed until 2:30 am!
For my January 2008 diary, go here.

The appearance of
snow. It is as if
everything I

had thought possible
suddenly occurred
and nothing happened.
- Cid Corman

© 2007 John Baez
baez@math.removethis.ucr.andthis.edu

home

For my December 2007 diary, go here.

Diary - January 2008
John Baez
January 1, 2008
Let's start the year with some feel-good stories about cats and mice.
The LA police department is hiring feral cats to protect police stations... from rodents! Feral cats don't make great pets,
so when they're caught they're usually killed. But, they're great at hanging around and scaring away rats. And, they work
for room and board.

A feral cat slinks through the parking lot of the LAPD's Southeast Division.
Picture by Bob Chamberlin / LA Times.

LAPD enlists feral cats for rat patrol
Carla Hall, Los Angeles Times Staff Writer
December 29, 2007
They are the homeless of the domestic animal world — colonies of feral cats that roam residential
neighborhoods and lurk around office buildings and commercial garages, scavenging for food.
Unlike other strays that might rub up against a leg hoping for a crumb or a head rub, these felines are so
unaccustomed to human contact that they dart away when people approach. Feral cats cannot be turned into
house pets. When they end up in municipal shelters, they have little hope of coming out alive.
But one animal welfare group has figured out a way to save their lives and put them to work in Los
Angeles. The Working Cats program of Voice for the Animals, a Los Angeles-based animal advocacy and
rescue group, has placed feral cats in a handful of police stations with rodent problems, just as the group
placed cats in the rat-plagued downtown flower district several years ago -- to great effect.
Six feral cats were recently installed as ratters in the parking lot of the Los Angeles Police Department's
Southeast Division, and another group will be housed at the Central Division early in the new year.
Their reputation as furtive and successful exterminators grew after feral cats were introduced to the parking
lot of the Wilshire Division nearly six years ago. Rats had been burrowing into the equipment bags that
bicycle officers stored in outside cages; inside the facility, mice were sometimes scurrying across people's
desks.

"Once we got the cats, problem solved," said Cmdr. Kirk Albanese, a captain at the Wilshire station at the
time. "I was almost an immediate believer."
After Albanese moved to the Foothill Division in the northern San Fernando Valley, he introduced feral
cats to the building's mice-infested basement in 2004.
"I think it's a very humane way to deal with a very stubborn problem," said Albanese, now assistant to the
director in the office of operations at Parker Center, which has its own rat problem.
The cats don't generally solve the rodent problem by killing rats and mice — although the cats are game for
doing so if they catch them. Rather, the cats simply leave their scent. Once rodents get a whiff of feline
presence, like gangsters under a gang injunction, they move on.
[...]
It takes work getting a feral cat acclimatized to a new location. You have to keep them caged up, since at first they'll do
whatever they can to get back to their old place. After about 30 days, they'll settle in.
On the other side of the eternal cat-mouse battle, the big new development is genetically engineered "marathon mice"
that can run much longer than an ordinary mouse and doesn't need to exercise to stay physically fit!
There seem to be a couple of different strains of marathon mice. The first was developed by Ronald Evans of the Salk
Institute in 2004, and involved getting a gene to create more PPARδ, a regulator that affects metabolism in fatty cells.
Somehow this resulted in a dramatic increase of "slow twitch" muscle fibers, the kind that don't get tired.
Ira Flatow and Alex Chadwick, Genetically Altered 'Marathon Mice' Created in Lab, Day to Day, National Public
Radio, August 26, 2004.
Gene targeting turns mice into long-distance runners, Public Library of Science Biology 2 (August 24, 2004).
However, last November researchers at Case Western Reserve developed an even more amazing strain, based on a
different principle: increased production of the enzyme phosphoenolpyruvate carboxykinase. While a normal mouse
typically runs 200 meters on a treadmill, this mouse can run 6 kilometers! It eats 60 percent more than a normal mouse,
but it weighs only half as much and has just 10% as much body fat. It lives longer, and at the elderly age of two and a
half years it can run twice as fast as normal mice that are only six months to a year old!
Genetically Engineered 'Mighty Mouse' Can Run 6 Kilometers Without Stopping, ScienceDaily, November 2,
2007.
P. Hakimi et al, Overexpression of the cytosolic form of phosphoenolpyruvate carboxykinase (GTP) in skeletal
muscle repatterns energy metabolism in the mouse, The Journal of Biological Chemistry 282 (November 9,
2007), 32844-32855.
You can see a mighty mouse in action here.
Of course, the serious side of the marathon mouse is what it will mean for genetic engineering of people.
January 4, 2008
One of our gates was ripped off its hinges during the last big windstorm. Now they say we're in for a lot of rain: up to a
foot in places (not here), and maybe ten feet of snow in the Sierras. This could really ease the drought in a serious way.
In the burnt hills, people are preparing for mud slides.
The rain is supposed to hit this evening — and before it, more high winds. I'd better take the trash bins in, so we don't
have garbage blowing everywhere. It's a good day to clean out the gutters, too!

January 7, 2008
It didn't help: the gutters in front of the house fell down. More repairs.
But, it snowed a lot in the mountains, and the hills are turning green, making for some pretty views. Lisa and I took a
hike in Box Springs Park, pretty close to our house, starting from the Two Trees entrance. Lisa took these photos:

Trails

Resting hummingbird

View of San Gorgonio Mountains

January 18, 2008
I've been knuckling down and working hard. Besides working on my classical mechanics course and the Geometric
Representation Theory Seminar, I'm trying to get a lot of papers done. I've been miserably burdened trying to finish off
papers for conference proceedings, papers with coauthors, and the like, but I think I'm beginning to see my way clear.
Here's the story: the struggles of a mathematician who's juggling too many balls at once.
I've been working on a paper with Danny Stevenson, The Classifying Space of a Topological 2-Group, leading up to the
construction of characteristic classes for certain 2-bundles. I'd also been committed to finish a paper for the Abel
Symposium conference proceeedings by this month or the next. In December I cleverly realized I could kill two birds
with one stone by making these the same paper, instead of writing a separate expository paper for the Abel Symposium,
as I'd been planning. By now this paper with Danny is almost done, but there are some niggling technical details left to
straighten out. I'm way too busy to sit and think about these with the attention they deserve, but Danny seems to be
figuring them out very nicely — when he gets ahold of a tough technical problem, he doesn't let it go until it's solved! I
hope to get at least a first version on the arXiv in a week or less.
So, that'll be two papers off my list, using some clever bookkeeping.
I've also been working on a paper with Aaron Lauda, called A Prehistory of n-Categorical Physics. This had been slated
to appear in the proceedings of a conference Peter May and I ran at the IMA in the summer of 2004: n-Categories:
Foundations and Applications. This proceedings has been coming to fruition very slowly. It's partially my fault, but
luckily I can blame André Joyal, since he's writing a huge introduction to quasicategories, the centerpiece of the whole
volume, which has taken forever to finish. I also have another paper in this conference proceedings, thankfully finished:
Lectures on n-Categories and Cohomology, with Mike Schulman. I suddenly realized that I don't need two papers in this

proceedings — and that it might even look bad to have more than one papers in a volume I'm editing. So, I got Peter and
Aaron's permission to pull out the Prehistory and place it in the proceedings for Deep Beauty: Mathematical Innovation
and the Search for an Underlying Intelligibility of the Quantum World, a conference that Han Halvorson ran this fall. I
sort of had to write a paper for that, since I was the "keynote speaker". I checked with Halvorson, and he said he liked
the Prehistory. Indeed, it fits the theme of his conference better than it fits the IMA proceedings. I'm almost done with it,
but now I have more time to finish it — it's due in the fall.
So, one more paper off my list, and one almost done, to be finished by autumn.
I'm also working on a paper with Mike Stay: Physics, Topology, Logic and Computation: A Rosetta Stone. This is due
by mid-February for a volume Bob Coecke is compiling on "new structures in physics". I'm finally in a position to work
hard on this, and it should go quick. I should be working on it right now! But, I'll burn out if I work all the time.
When that one is done, I'll have a bit of a breather.
There's a paper I'm writing with Laurent Freidel, Aristide Baratin and Derek Wise, Representations of 2-Groups.
Luckily, my coauthors all seem quite distracted, so I don't feel under much pressure just now.
There's also a paper I need to finish for a volume on mathematics and narrative, Why Mathematics is Boring. I'm
probably behind on this, but they haven't been pestering me.
I hope I can finish one of these two by September, along with the Prehistory, because then I'm giving a series of three
lectures in Glasgow — the Robert Rankin Lectures. The Glasgow Mathematical Journal Trust will provide someone to
transcribe these, and then I'll be stuck with the job of turning those transcripts into nice papers. That's always harder
than it seems, since a good talk should contain much less information than a good paper. But, it's a good opportunity to
try something fun, so I've decided to speak on My Favorite Numbers. The three lectures will be titled simply 5, 8 and
24. They'll cover a lot of curious special properties of these numbers. Someday I'd like to write a book on these theme,
with each chapter covering a number: 0, 1, 2, 3, 4, 5, 6, 7,... eventually skipping some of the less interesting ones.
However, I have more ideas for projects than time to do them, so this book may never get written.
There are also some papers I'm writing with grad students — but I don't feel nearly as worried about these, because it's
they who must finish these papers or pay the price. These days I meet with all my students for a mammoth session
every Wednesday. We spend most of that time talking math, but as they get further along, the balance is shifting
towards work on papers. Alex Hoffnung is close to finishing one called Chen Spaces: A Convenient Category for
Differential Geometry (or something like that). He also has a followup in the works, on connections and smooth
anafunctors. And, he and Chris Rogers have made a lot of progress on a paper about categorifying classical mechanics.
John Huerta will eventually start working on a paper about the algebraic structure of grand unified theories — we've got
the ideas worked out; he just needs to start writing. And, later, Christopher Walker should write something about the
categorified q-deformed harmonic oscillator (a topic of this quarter's seminar).
I also have another paper on the back burner: Higher-Dimensional Algebra VII: Groupoidification. But, I want to give
this one enough time to cook nicely.
So — lots of stuff! I felt it as a crushing burden this fall, but now I'm chipping away at it nicely. The math, of course, is
delightful. It's just the feeling of "deadlines" and "duties" that I have trouble with.
January 19, 2008
I've been getting into jazz more lately. I've always liked some jazz, but now I'm getting a bit more serious about it. For
example: I have Workin', Cookin' and Relaxin' by Miles Davis' first quintet, but now I feel the need to get Steamin' —
the last of this marvelous series of albums, all made on two days: May 11 and October 26, 1956. They feature an almost
unbeatable lineup: Miles Davis on trumpet, John Coltrane on tenor sax, Red Garland on piano, Paul Chambers on bass,
and Philly Joe Jones on drums.

It's amazing how they cranked out so much good music in such a short time, but this is what a group of stellar musicians
can do after playing together for years!
In fact, I've been getting pretty obsessed by Miles Davis, up to somewhere around Bitches Brew — everyone seems to
lose interest in him past some point, and that's probably it for me. (I find Bitches Brew fascinating but not actually much
fun to listen to; later he seemed to go flaccid, perhaps from too much cocaine.) His first quintet is great, but his second
quintet really blows my mind. Those melodies by Wayne Shorter are so elliptical, evocative, mysterious....
I'm also getting into Coltrane. He's one of those names you hear mentioned with a strange awe, as if he's more respected
than enjoyed. I'm finally overcoming the strange distaste this caused in me, and listening to his stuff. Naturally, it's
great. Besides his work with Davis, I've been enjoying Lush Life and Blue Train.

Today I got A Love Supreme — again, one of those things I'd heard about so often that I was somehow unwilling to try
it. Also the 8th edition of the Penguin Guide to Jazz Recordings. I like jazz now with almost the same passion I had for
rock as a kid... but jazz is music for grownups: more sophisticated harmonically and rhythmically, just as adventurous at
its best, always pushing the limits, but with a subtler, gentler spirit.
Mind you, I still like rock! It's not about growing out of old things; it's about growing into new ones.
January 24, 2008
Yay! Danny and I finished our paper The Classifying Space of a Topological 2-Group. It's good to be working myself
out of the paper jam I'd gotten into. Now I'm turning to the Rosetta Stone paper with Mike Stay. Time to think about
logic.
On a wholly different note — this rings so true:
A National Near-Death Experience

We're getting closer to the light — the one at the end of the George Bush tunnel.
Patt Morrison, LA Times.
January 24, 2008
One year from this very moment, someone other than George Bush will be sliding behind that antique desk
in the Oval Office. In embassies and outposts that fly the Stars and Stripes, photographs of a face other than
Bush's will be going up on the walls.
At long, long last. It is seven years since Bush plopped down behind that desk, seven years when hope and
honor and good faith and goodwill died a little for me, for many other heartsick Americans who love this
country, and for millions around the world who looked up to this country.
I say "died," and I mean that. The psychiatrist Elisabeth Kubler-Ross laid out the basic stages of grief and
coming to terms with loss. And Kubler-Ross' five stages track almost perfectly the arc of how we've
grappled and grieved over the sickening power crusade of the Bush administration against the nation for
these last seven years.
Denial: It can't be happening. Who could expect that the man who had to win election in court, not at the
polls, would instantly, arrogantly go on the attack — wiping out environmental protections unmatched
since Teddy Roosevelt, throwing out scores of health and safety and accountability and privacy rules and
protections that made life better for typical Americans, and making "caveat emptor" the only motto of U.S.
business? There must be some mistake, doctor.
Anger: It's not fair. How dare they? How can they practice retrograde isolationism abroad and rapacious
cronyism at home? How can they dishonor 9/11 by exploiting the nation's fears to justify upending the
Constitution and creating a metastasized secret government? Threatening librarians with prosecution?
Arresting people wearing anti-Bush T-shirts, thus conflating protest with sedition? Sneaking and peeking
on us without warrants — at the same time they're wrapping the White House in impenetrable secrecy in
the name of national security? I went to bed at night raging against the outrages — Abu Ghraib,
Guantanamo, Katrina, Blackwater, Terri Schiavo — and woke to fresh ones with the morning's news.
Bargaining: If they stop now, I'll make my peace. OK, they have the Supreme Court, and the war they lied
to get — maybe that's enough. Maybe it's enough that the war will bankrupt our children, just please don't
let it bankrupt our grandchildren too. He went to war with terrorism, so if he goes to war against global
warming and failing levees the way he did against terrorism, I live with a "Clear Skies" initiative that
pollutes the air and a "Healthy Forests" initiative that whacks more trees. Promise me it won't happen again,
and I'll let it go.
Depression: I can't even lift my head to pay attention. Saddam Hussein had WMD? Sure, fine, yeah. Dick
Cheney doesn't want to submit to a mandatory archive inspection, so he claims he's not part of the executive
branch? Naturally. The administration decides what it wants to do, then makes up its own facts to justify it.
Reality, like history, is written by the victors. Take the science out of NASA and the Interior Department,
and the Earth is suddenly in great shape; species are no longer endangered. Declare "mission accomplished"
with 150 dead American soldiers, and five years later, when the numbers are more than 20 times that,
observe offhandedly that the U.S. could "easily" be in Iraq another 10 years. Whatever. I've pulled the
shades.
Acceptance: Ready for whatever comes. Game over, peace out. I thought I was at the acceptance stage, but
not yet.
I can't forget that, in the nation's name, these men have abused power to defeat the constitutional remedies
for abuse of power. They've turned every government agency into a hit squad for Bush-Cheney Inc. They've
despoiled this exquisite, singular planet just to stuff a few more millions into billionaires' pockets.

Can I hold out for one more year? Can the nation? Will another election save us? Are we suckers to believe,
still, in the ultimate curative power of that brilliantly conceived human instrument, the Constitution? What
other choice do we have? I'm ready for a last-minute miracle cure.
Bring it on.
The latest outrage continues: the head of the so-called "Environmental Protection Agency", Stephen Johnson, is trying
to cover up the procedure (or lack of it) that led him to forbid 15 states the ability to cut automobile exhaust emissions:

January 25, 2008
The last speaker of the Alaskan language Eyak died yesterday: Udachkuqax*a'a'ch, born in 1918. In English she was
known as Marie Smith Jones.
January 26, 2008
A feral cat at your local police station is nothing compared to this:

Picture by Matthew Dickie

This was taken by Matthew Dickie, an engineer at the famous Jet Propulsion Laboratory in the hills near Pasadena, as
he walked to work in the morning. Joe Mozingo wrote about it in today's LA Times:
On its east side, the Arroyo Seco — a stream that goes from dry to torrent depending on the weather —
courses out of the mountains onto a sandy flood basin behind the Devil's Gate dam.
Because mountain lions and other wildlife routinely follow streams, the Arroyo Seco is a natural corridor,
funneling a 32-square-mile watershed down to a narrow cut — where Dickie spotted the cougar last week.
Until last year, when the upper JPL property was fenced, large deer herds roamed the facility's open areas.
"Whenever you have a lot of deer, you are asking for lions," said Lt. Martin Wall of the California
Department of Fish and Game. Two years ago, JPL employees found a partially eaten deer carcass under a
trailer. "That was an eye-opener for them," Wall said.
JPL spokeswoman Veronica McGregor said all sorts of animals — bears, foxes, coyotes — roam onto the
property. Generally, when security officers are notified of a mountain lion sighting, officials make an
announcement over the public address system and post an advisory on JPL's internal website. McGregor
said this has happened three times since 2004.
Joe Edmiston, director of the Santa Monica Mountains Conservancy, said such sightings should be
celebrated. "I think it's the most wonderful thing in the world that we still live in a place that's not tamed,
not domesticated," he said. "We should venerate the idea that this mountain lion is staring up at the
engineers in their pocket protectors."
Fish and Game biologists estimate that there are 4,000 to 6,000 mountain lions in the state, from the
redwoods to the Laguna Mountains on the Mexican border. One was killed by a vehicle on Angeles Forest
Highway near Acton earlier this month.
A nice book on Coltrane's music, with a nice dose of music theory, but nothing too heavy:
Ben Ratliff, Coltrane: the Story of a Sound, Farrar, Straus and Giroux, 2007.
John Coltrane's loquacious soloing was in strong contrast to Miles Davis' laconic style, which led to some conflict
during the golden years when Coltrane was in Davis' first quintet. From Ratliff's book:
This was the period when Coltrane occaisioned two of jazz's most famous punch lines. They both amount to

the same thing. One came from Cannonball Adderly: "Once in a while, Miles might say, 'Why did you play
so long, man?' and John would say 'I took that long to get it all in.'" The other seems to have no definite
source. Coltrane says to Davis that he can't figure out a way to stop his solos. Davis retorts: "Why don't you
try taking the horn out of your mouth?"
January 27, 2008
More rain down here — so, snow up in the mountains! Lisa and I went on a hike in Box Springs park:

January 28, 2008
If you care about the Earth, please don't vote for Romney. According to today's Los Angeles Times, Mitt Romney
recently "chided McCain for cosponsoring legislation aimed at fighting global warming, saying it would cost jobs and
raise gasoline and electricity prices. 'Don't you understand, they don't call it American warming, they call it global
warming,' he shouted. 'We don't need to have America have additional costs that the rest of the world doesn't bear.'"
It's also not called "Chinese warming", "Indian warming", etc. So, by Romney's logic, I guess nobody should do
anything about it. We should all wait for someone else.
January 30, 2008
Just a note to myself: someday I want to buy a bamboo saxophone, since they're a lot easier to play than the regular
kind! With only a few minutes practice I could make a sound on one in a market in Greenwich last summer. Here's a
place that sells them:

Chameleon Instruments.
and here's the website of the guy that makes them:
Xaphoon.
For my February 2008 diary, go here.

The water is rising. You try to rappel.
A rousing cheer for the boy in the well. - REM
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Diary - February 2008
John Baez
February 3, 2008
Another rainy day. Gutters and gate fixed by Kevin Otjen — they're holding up well. But it's not a wild windy storm
like the ones we had last month: it's a gentle steady drizzle. The snow pack in the eastern Sierras is doing much better
than last year:

On Sunday mornings, Lisa and I lie in bed reading the paper and listening to the radio. Here's a nice radio essay on one
of my all-time favorite pieces — Music for 18 Musicians by Steve Reich — and its award-winning new performance by
an ensemble from Michigan:
Music for 18 (Cornfed) Musicians, Weekend Edition Sunday, National Public Radio, February 3, 2008.
It's fun hearing just two xylophone performers from the Grand Valley State University New Music Ensemble play their
parts from one passage, letting the notes fall in place one at a time, starting from a simple phrase, growing to something
rich and strange. When this piece is fully underway, it's like the music of the spheres, or the whir of virtual particles
endlessly tracing out Feynman diagrams in the aether. It's excellent for doing mathematics.
If you like mysteries, this story has its own spooky charm:
For 50 Years, Nuclear Bomb Lost in Watery Grave, Weekend Edition Sunday, National Public Radio, February 3,
2008.
A few other items. First, one from the Technology Review. You have to register to read this, but it's free, and they don't
send you spam:

David Rotman, The Price of Biofuels, Technology Review, January/February 2008.
Bottom line, as already mentioned here on October 2: the corn-produced ethanol, so popular here in the US, is very
problematic. Right now 20% of US corn is being converted to ethanol. This has driven the price of corn to record levels,
but it's not nearly enough to make a serious dent in gasoline consumption. Apparently there's no way it ever will: "even
proponents of corn ethanol say that its production levels cannot go much higher than around 15 billion gallons a year",
while we now use 142 billion gallons of gasoline. Worse, it takes a lot of energy to make ethanol: the whole production
cycle only produces 25% more energy than it uses.
Cellulosic ethanol could be better. Cellulose from many sources can be converted to ethanol, and this doesn't require
using edible crops like corn: you could use waste wood chips from lumber, grasses that grow quickly just about
anywhere, and so on. However, the production methods are still experimental: not very efficient, not ready to be scaled
up:
Many researchers believe that the most promising way to make cellulosic biofuels economically
competitive involves the creation — or the discovery — of "superbugs," microörganisms that can break
down cellulose to sugars and then ferment those sugars into ethanol. The idea is to take what is now a
multistep process requiring the addition of costly enzymes and turn it into a simple, one-step process,
referred to in the industry as consolidated bioprocessing. According to Lee Lynd, a professor of engineering
at Dartmouth College and cofounder of Mascoma, a company based in Cambridge, MA, that is
commercializing a version of the technology, the consolidated approach could eventually produce ethanol
at 70 cents a gallon. "It would be a transformational breakthrough," he says. "There's no doubt it would be
attractive."
But finding superbugs has proved difficult. For decades, scientists have known of bacteria that can degrade
cellulose and also produce some ethanol. Yet none can do the job quickly and efficiently enough to be
useful for large-scale manufacturing.
[...]
Susan Leschine, a microbiologist at the University of Massachusetts, Amherst, believes she just might have
stumbled on a bug that will do the job. She found it in a soil sample collected more than a decade ago from
the woods surrounding the Quabbin Reservoir, about 15 miles from her lab. The Quabbin sample was just
one of many from around the world that Leschine was studying, so it was several years before she finished
analyzing it. But when she did, she realized that one of its bacteria, Clostridium phytofermentans, had
extraordinary properties. "It decomposes nearly all the components of the plant, and it forms ethanol as the
main product," she says. "It produces prodigious amounts of ethanol."
Leschine founded a company in Amherst, SunEthanol, that will attempt to scale up ethanol production
using the bacterium. There's "a long way to go," she acknowledges, but she adds that "what we have is very
different, and that gives us a leg up. We already have a microbe and have demonstrated it on real
feedstocks." Leschine says that other useful microbes are probably waiting to be discovered: a single soil
sample, after all, contains hundred of thousands of varieties. "In this zoo of microbes," she says, "we can
think that there are others with similar properties out there."
A more futuristic but perhaps ultimately better option: get bugs to convert cellulose and other stuff to hydrocarbons.
Second: there are lots of people here at UCR I'd enjoy meeting — but I'm so darn busy, I don't tend to go around
knocking on doors. I just read about these folks in a UCR magazine:
Cheryl Hayashi recently won a MacArthur for her work on the evolution leading up to spider silk — 1/10 the
diameter of the human hair, lighter than cotton, 5 times stronger than steel.
Allen Mills just created molecular positronium: that is, "molecules" where each "atom" is an electron-positron
pair. Now he's trying to make a Bose-Einstein condensate of positronium.

Timothy Lyons and others have detected traces of oxygen in the Earth's atmosphere about 100 million years
before the "Great Oxidation Event" 2.4 billion years ago.
Luckily Tim Lyons is my next-door neighbor! I'll ask him about the Great Oxidation Event next Saturday if he comes to
our Lunar New Year party.
Third: some Arabic music websites I keep meaning to check out:
Radio Casablanca - a blend of traditional and contemporary Arabic music.
Radio Méderranée Internationale - out of Tangiers, in French. Look under "musique".
Radio Cairo - extensive music archive.
National Radio of Tunis: a broad introduction to the modal malouf music of Tunis.
February 8, 2008
The bad word about corn-based ethanol is getting around, and — thank god — a policy debate is starting before we've
completely plunged from the frying pan into the fire:
Richard Harris, Study: Ethanol Worse for Climate Than Gasoline, Weekend Edition Sunday, National Public
Radio, February 7, 2008.
Environmentalists Debate the Promise of Biofuels, Talk of the Nation, National Public Radio, February 8, 2007.
Unfortunately, it's not just corn-based ethanol (darling of the government-subsidized farmers here in the US). According
to this paper, it seems all biofuels are potentially dangerous sources of extra CO2 if we rip up existing vegetation to
plant them:
Timothy Searchinger, Ralph Heimlich, R. A. Houghton, Fengxia Dong, Amani Elobeid, Jacinto Fabiosa, Simla
Tokgoz, Dermot Hayes, and Tun-Hsiang Yu, Use of U.S. croplands for biofuels increases greenhouse gases
through emissions from land use change, Science, January 28, 2008.
The abstract:
Most prior studies have found that substituting biofuels for gasoline will reduce greenhouse gases because
biofuels sequester carbon through the growth of the feedstock. These analyses have failed to count the
carbon emissions that occur as farmers worldwide respond to higher prices and convert forest and grassland
to new cropland to replace the grain (or cropland) diverted to biofuels. Using a worldwide agricultural
model to estimate emissions from land use change, we found that corn-based ethanol, instead of producing
a 20% savings, nearly doubles greenhouse emissions over 30 years and increases greenhouse gases for 167
years. Biofuels from switchgrass, if grown on U.S. corn lands, increase emissions by 50%. This result raises
concerns about large biofuel mandates and highlights the value of using waste products.
Alex Farrell of Berkeley says the biofuels industry needs a rapid switch of direction away from growing fuel towards
using various forms waste: "We could replace all of the ethanol that we consume in California just using waste that goes
to the landfill today, and turning that into ethanol."
Other suggest growing grass on lands that aren't suitable for crops. This sounds like a great way to destroy what's left of
our wilderness.
February 9, 2008
I've been hard at work on my Rosetta Stone paper with Mike Stay. But today is different - it's our Lunar New Year
party. We've invited 53 of our closest friends and will get a bunch of them to work making jiaozi:

Unfortunately both Lisa and I have been under the weather with colds. We'll try to shake 'em off tonight.
February 10, 2008
Great party! And, we're healthy now.
February 16, 2008
More people are beginning to realize that we're entering a new geological epoch: the Anthropocene:
Welcome to the Anthropocene Epoch, All Things Considered, National Public Radio, February 16, 2008.
It looks like this epoch will be tough on the world's oceans:
Map reveals extensive damage to world's oceans, Talk of the Nation, National Public Radio, February 15, 2008.
Global warming and the acidification of the ocean due to increased CO2 are killing off coral reefs. Global warming and
polluted runoff are causing the rapid spread of dead zones — patches of the ocean where the lack of oxygen kills all
higher life forms.

Dead crabs washed ashore in Oregon after oxygen levels dropped too low.
Photo by Elizabeth Gates, LA Times

Kenneth R. Weiss, Dead zones off Oregon and Washington likely tied to global warming, study says, Los Angeles
Times, February 15, 2008.
A quote:
Peering into the murky depths, Jane Lubchenco searched for sea life, but all she saw were signs of death.
Video images scanned from the seafloor revealed a boneyard of crab skeletons, dead fish and other marine
life smothered under a white mat of bacteria. At times, the camera's unblinking eye revealed nothing at all
— a barren undersea desert in waters renowned for their bounty of Dungeness crabs and fat rockfish.
"We couldn't believe our eyes," Lubchenco said, recalling her initial impression of the carnage brought
about by oxygen-starved waters. "It was so overwhelming and depressing. It appeared that everything that
couldn't swim or scuttle away had died."
Upon further study, Lubchenco and other marine ecologists at Oregon State University concluded that that
the undersea plague appears to be a symptom of global warming. In a study released today in the journal
Science, the researchers note how these low-oxygen waters have expanded north into Washington and crept
south as far as the California state line. And, they appear to be as regular as the tides, a lethal cycle that has
repeated itself every summer and fall since 2002.
"We seem to have crossed a tipping point," Lubchenco said. "Low-oxygen zones off the Northwest coast
appear to be the new normal."

Dead zones as of June 2006

Kenneth R. Weiss, Dead zones off Oregon and Washington likely tied to global warming, study says, Los Angeles
Times, February 15, 2008.
Yet another deadly blow to the oceans comes from overfishing. Many species of large fish are headed for extinction. For
example, bluefin tuna in the Atlantic are down 97% since the start of long-line fishing in the 1980s. White marlin are
down 94%. And so on.
What can you do? First: vote for politicians who seriously care about the Earth, not just the smaller problems that
distract us so. Second: only buy seafood from sustainable sources! Find out what's good and what's bad. The sustainable
seafood movement is already having an effect.
The seafood you should never eat:
Atlantic bluefin tuna
Chilean sea bass
Grouper
Orange roughy
Atlantic cod (especially US and Canada)
Atlantic halibut
Oreo
Caviar (wild-caught, North America or Caspian sea)
Atlantic salmon (farmed)
Snapper
Shark
These may seem like meager responses to a massive problem, and indeed they are — but very small things can make the
difference between low population levels, which can eventually bounce back, and extinction, which is forever. Don't
forget the Lazarus taxa!
February 27, 2008
Speaking of Lazarus taxa rising from the dead, the Svalbard Global Seed Vault on the icy Norwegian isle of Spitsbergen

has hit the news in a big way! It's an impressive structure, in a grand location, designed for a noble task:

photo by Dean C. K. Cox for the International Herald Tribune

Global Diversity Trust

Near Arctic, Seed Vault Is a Fort Knox of Food
Elisabeth Rosenthal
New York Times, February 29, 2008
Longyearbyen, Norway - With plant species disappearing at an alarming rate, scientists and governments
are creating a global network of plant banks to store seeds and sprouts, precious genetic resources that may
be needed for man to adapt the world.s food supply to climate change.
This week, the flagship of that effort, the Global Seed Vault near here, received its first seeds, millions of
them. Bored into the middle of a frozen Arctic mountain topped with snow, the vault.s goal is to store and
protect samples of every type of seed from every seed collection in the world.
As of Thursday, thousands of neatly stacked and labeled gray boxes of seeds — peas from Nigeria, corn
from Mexico — reside in this glazed cavelike structure, forming a sort of backup hard drive, in case natural

disasters or human errors erase the seeds from the outside world.
Descending almost 500 feet under the permafrost, the entrance tunnel to the seed vault is designed to
withstand bomb blasts and earthquakes. An automated digital monitoring system controls temperature and
provides security akin to a missile silo or Fort Knox. No one person has all the codes for entrance.
The Global Vault is part of a broader effort to gather and systematize information about plants and their
genes, which climate change experts say may indeed prove more valuable than gold. In Leuven, Belgium,
scientists are scouring the world for banana samples and preserving their shoots in liquid nitrogen before
they become extinct. A similar effort is under way in France on coffee plants. A number of plants, most
from the tropics, do not produce seeds that can be stored.
For years, a hodgepodge network of seed banks has been amassing seed and shoot collections in a
haphazard manner. Labs in Mexico banked corn species. Those in Nigeria banked cassava. Now these
scattershot efforts are being urgently consolidated and systematized, in part because of better technology to
preserve plant genes and in part because of the rising alarm about climate change and its impact on world
food production.
"We started thinking about this post-9/11 and on the heels of Hurricane Katrina," said Cary Fowler,
president of the Global Crop Diversity Trust, a nonprofit group that runs the vault. "Everyone was saying,
why didn't anyone prepare for a hurricane before? We knew it was going to happen."
"Well, we are losing biodiversity every day — it's a kind of drip, drip, drip. It's also inevitable. We need to
do something about it."
This week the urgency of the problem was underscored as wheat prices rose to record highs and wheat
stores dropped to the lowest level in 35 years. A series of droughts and new diseases cut wheat production
in many parts of the world. "The erosion of plants' genetic resources is really going fast," said Dr. Rony
Swennen, head of the division of crop biotechnology at the Catholic University of Leuven in Belgium, who
has preserved half of the world's 1,200 banana types. "We're at a critical moment and if we don't act fast,
we're going to lose a lot of plants that we may need."
The United Nations International Treaty on Plant Genetic Resources, ratified in 2004, created a formal
global network for banking and sharing seeds, as well as for studying their genetic traits. Last year, its
database received thousands of new seeds.
A system of plant banks could be crucial in responding to climate crises since it could identify genetic
material and plant strains better able to cope with a changed environment.
Here at the Global Vault, hundreds of gray boxes containing seeds from places ranging from Syria to
Mexico were moved this week into a freezing vault to be placed in suspended animation. They harbor a vast
range of qualities, like the ability to withstand drier, warmer climate.
Climate change is expected to bring new weather stresses, as well as new plant pests into agricultural
regions. Heat-trapping carbon dioxide emissions will produce not just global warming but an increase in
extreme weather events, like floods and droughts, the Intergovernmental Panel on Climate Change
concluded.
Already three-quarters of biodiversity in crops has been lost in the last century, according to the United
Nations Food and Agriculture Organization. Eighty percent of maize types that existed in the 1930s are
gone, for example. In the United States, 94 percent of peas are no longer grown.

photo by Mari Tefre, Global Diversity Trust

February 29, 2008
It's been raining a lot this month! It's nice to see how the snowpack in the Sierras is doing - especially compared to last
year:

But on January 1st, a mandatory 30% water reduction hit many California farmers who had signed up for a program that
gave them discounted water in exchange for being first in line when cutbacks were necessary. So, avocado growers in
southern California are 'stumping' hundreds of trees to save water:
Deborah Schoch, Water cuts slicing into avocado groves, Los Angeles Times, February 26, 2008.

Juan Flores walks among idled trees at the

Bejoca Co. avocado farm.
Photo by Mark Boster, LA Times

I think this 'stumping' doesn't kill the trees, but only renders them dormant... but I'm not sure: it looks pretty brutal.
While the gardener in me hates to see this happen to any tree, water-intensive agriculture is really not the right way to
use land in southern California. We need to face reality: too many people, not enough water — and a growing chance of
drought thanks to global warming, while the population grows.
Some water facts from the Environmental Protection Agency:
The average American uses about 160 gallons of water a day, at a cost of 27 cents.
Lawn watering accounts for at least 50% of an average household's water usage.
40% of the water used indoors is flushed down the toilet, at an average of 4-6 gallons a flush.
The average American uses 2 gallons of water a day to brush their teeth.
These facts suggest some strategies. For one: use reclaimed water for irrigation and toilets! The Irvine Ranch Water
District here in southern California is a leader in this field. 80% of business and community landscaping is irrigated with
reclaimed water! This water is delivered through a separate distribution system with more than 245 miles of pipeline,
eight reservoirs and 12 pump stations. Even cooler, reclaimed water is used in toilets in some buildings. This takes a
dual plumbing system, which must be expensive... I wonder how long it takes to pay for itself.
Another idea is to recycle greywater: the somewhat dirty water produced by washing dishes, laundry and bathing. In
principle this is an idea that could be adopted one household at a time, using systems like the one marketed by Ecoplay.
Again, I don't understand the economics.
The real trick would be to make this subject seem as fascinating to young scientists as biotech or computer science.
For my March 2008 diary, go here.

If society wishes to avoid catastrophic disruption of our lives, the time for action is now. - Jane Lubchenko
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Diary - March 2008
John Baez
March 1, 2008
It was a misty, moist day. Lisa and I drove down to Carlsbad, a town on the Pacific coast north of San Diego. We
looked at a house for sale down there — a house with an ocean view, for sale "cheap" because the owner committed
suicide. Not really all that cheap! Property prices have dropped about 10% since last year; it may be a good time to buy
something, or it may be still too early. Anyway, the main problem with the house was that it overlooked Highway 5 and
a bunch of shopping malls. It had an ocean view — and more importantly, a 15-minute walk to the beach — but the
noise from the highway was pretty unpleasant. So, we'll keep looking.
I haven't been spending much time on this diary lately: I've been too busy writing papers! I guess the truly great diarists
had lots of spare time... or else they took it as their true profession. The most I get is a relaxed evening now and then: let
me use this one to say what I've been up to lately... and what I'll do next.
Since January 24th I've been working with Mike Stay on a paper called Physics, Topology, Logic and Computation: a
Rosetta Stone. It's an attempt to help people from different disciplines talk to each other by explaining how category
theory provides a general language for systems and processes.
The section on logic, and even more the section on computation, has pushed up against the limits of my competence. I'm
learning a lot, but I feel pressured by the deadline — even though Bob Coecke gave me an extension to March 10th.
Lisa is going to Brown University next weekend, so I can do nothing but work on this Rosetta Stone paper. That'll be
sort of fun. It'll be really nice to be done, and have more time to think about things in a somewhat more relaxed way.
Winter quarter classes finish on March 14th. During the spring break, Lisa and I are flying to the National University of
Singapore on the 21st — arriving on the 23rd, and coming back on the 27th. I'll give a talk to the math and physics
departments, while she'll speak at the philosophy department.
Spring quarter is a "non-teaching quarter" for Lisa and me. We don't have to teach, since we compressed our courses
into the previous two quarters. But, we have to be on campus for all but a month. Lisa plans to spend a month at Fudan
University in Shanghai, starting around April 10th. For part of this time — maybe 3 weeks — I plan to visit the CASMPG Partner Institute for Computational Biology in Shanghai, invited by Andreas Dress.
Later, around May 6th-13th, I'll visit my pal Bill Schmitt at the math department at George Washington University, and
also visit my parents. Later, on May 20th, Alan Weinstein has invited me up to Berkeley to talk about groupoids.
My grad students are making good progress on various projects, enough so they want to spend the spring quarter talking
about their work in my seminar, instead of listening to me mouth off. So, both while I'm here and while I'm travelling,
the spring seminar will cover these topics:
John Huerta - representation theory in the Standard Model and grand unified theories
Christopher Walker - Hopf algebras and quantum groups
Alex Hoffnung - smooth spaces, sheaves and topos theory
Chris Rogers - categorified classical mechanics and Lie n-algebras
Alex has almost finished a paper with me on smooth spaces, so it's about my turn to jump in and polish it off. Alex and
Chris are working with me on a paper on categorified classical mechanics and Lie 2-algebras. I want them to finish it
soon, but I also want some time to recover from these other papers before tackling that!

There's another paper that's been hanging over my head for a long time: Representations of 2-Groups with Laurent
Freidel, Aristide Baratin and Derek Wise. Now Derek has sent it back to me... I need to look and see where it stands
now.
At times, writing all these papers feels like a rat race. What's the point of churning out so much stuff? More and more I
think my real goal in mathematics is not to solve as many problems as possible, or even come up with as many theories
as possible. What I really want is to promote a certain spirit, or attitude: clarity, simplicity, a sense of humor. I like to
write things that make people happy. But I can't do this well when I'm feeling overworked and stressed-out!
So, I want to slow down. But when I have ideas, it's hard to resist writing about them. And, writing about them always
takes a lot of time.
I can't help thinking about this annoying quote by Bertrand Russell:
Abstract work, if one wishes to do it well, must be allowed to destroy one's humanity; one raises a
monument which is at the same time a tomb, in which, voluntarily, one slowly inters oneself.
I really don't want this to be true.
I enjoy writing — it's one of my favorite activities. (Hey, I'm doing it now!) So, I don't want to stop, or even write less. I
just want to do it without feeling pressured by deadlines or collaborators.
Maybe the best thing would be to work only with Jim Dolan, and write all the papers myself, at whatever rate I feel like.
March 2, 2008
For some unknown reason, noctilucent clouds are becoming more widespread — clouds made of ice crystals in the
mesopause, 85 kilometers up. They can often be seen glowing at night, hence their name. Once they were rare, and seen
only near the poles. Now they're more common — and at lower latitudes, too!
Nobody knows why. But, here's one theory. It takes extreme cold for ice crystals to form this high up - that's why
noctilucent clouds form mainly near the poles. But, as greenhouse gases keep more heat in the lower atmosphere, less
gets out to the upper atmosphere. So, more noctilucent clouds — and at lower latitudes.
In fact, it seems noctilucent clouds were never seen before the Industrial Revolution. Can we be sure of that? If so, it's a
big piece of evidence.
On August 4, 2006 I showed you a photo of a noctilucent cloud taken by Lee Montgomerie:

It seems nobody knows what causes noctilucent clouds. Water vapor vastly prefers to condense or form a crystal where
there's a pre-existing speck of stuff to cling onto — a "seed" or "nucleator". I've heard it stated quite firmly that most
high-altitude ice crystals are seeded by dust from meteors. But I don't know if anyone has actually checked! A quick
search actually turns up a paper with a contrary slant:
Narayan R. Gokhale and James Goold Jr., Ice-nucleating properties of dust collected above 80 kilometers,
Journal of Geophysical Research 74 (1969), 5374-5378.
Abstract: A specially constructed apparatus was used to compare the ice-nucleating properties of dust
particles collected above 80 km with those of soil and AgI particles. The dust particles were found to be
relatively inactive in ice nucleation when compared with AgI and soil particles of terrestrial origin.
You've got to admire someone who actually takes the trouble to collect dust from 80 kilometers up instead of sitting
around theorizing. Of course this result doesn't disprove the claim I've heard, since AgI (silver iodide) is supposed to be
especially good at nucleating ice crystals — apparently because its crystal structure is similar:

Anyway, the new story is that most snowlflakes are seeded by bacteria!
Christner, B.C., C.E. Morris, C.M. Foreman, R. Cai, and D.C. Sands, Ubiquity of biological ice nucleators in
snowfall, Science 319 (February 29, 2008).
From the LA Times:
"Bacteria are by far the most active ice nuclei in nature," said Brent C. Christner, an assistant professor of

biological sciences at Louisiana State University.
Christner and colleagues sampled snow from Antarctica, France, Montana and Canada's Yukon and found
that as much as 85% of the nuclei were bacteria, he said. The bacteria finding was most common in France,
followed by Montana and the Yukon, and was even present in Antarctica.
The most common bacteria found were Pseudomonas syringae, which can cause disease in several types of
plants including tomatoes and beans.
In the past, scientists have tried to eliminate Pseudomonas, Christner said, but now that it turns out to be a
major factor in encouraging snow and rain, he wonders if that is a good idea. Eliminating the bacteria might
result in less rain or snow, or it might be replaced by other nuclei such as soot and dust.
I would be very interested to learn whether bacteria survive the process of serving as an ice crystal nucleus. If they do,
maybe this is part of their life cycle — it could be a good way to get around! The losers go to Antarctica, but the
winners could get a free ticket to almost anywhere.
On another note, here's an interesting article on corn:
Jerry Hirsch, Corn is king — and therefore a growing problem, Los Angeles Times, March 2, 2007.
In a nutshell: the growing US reliance on corn for ethanol could mean that the next drought across the Midwest causes
prices to shoot up, not just for food, but also for gasoline. Food supplies and fuel are now linked in a new way.
Back in 2002, according to the National Corn Growers Association, 58% of corn went for animal feed, and 10% went to
make ethanol. In 2007 just 46% went for feed and 25% went to make ethanol. (Other uses include food, exports, seed
and various industrial uses.)
March 3, 2008
These are some continents I want to learn more about — some hypothetical — and their very approximate dates:
Gondwana - 600 to 30 million years ago
Laurasia - 300 to 60 million years ago
Pangaea - 300 to 180 million years ago
Euramerica, also known as Laurussia or (most charmingly) the Old Red Sandstone Continent - 300 million years
ago
Pannotia - 600 to 540 million years ago
Proto-Laurasia - 540 million years ago
Proto-Gondwana - 540 million years ago
Rodinia - 1100 to 750 million years ago
Columbia, also called Nuna - 1800 to 1500 million years ago
Nena - 1800 million years ago
Baltica - 1800 million years ago
Kenorland - 2700 to 2100 million years ago
Ur - about 3000 million years ago
Vaalbara - about 3600 million years ago
The information on Wikipedia is hard to follow and even contradictory. Part of the problem is that there are conflicting
theories, especially for the really old stuff.
March 4, 2008
Yay! Darwinian reasoning triumphs again!

On March 2nd I guessed that some bacteria are good nucleators for ice crystals "on purpose", because it helps them
spreads around. It turns out the biologist Brent Christner, — whose work I was discussing — agrees. In fact, some
bacteria have a protein coat that mimics the structure of ice crystals!
Christopher Joyce, Snow flurries, bacteria likely, All Things Considered, National Public Radio, March 4, 2008.
March 5, 2008
In response to the above, my student Mike Stay's brother, Douglas Summerstay, wrote:
This is just the beginning. Soon they will discover that airborne amoebas can actually steer their snowflakes
by shifting their weight, consuming bacteria in an invisible ecosystem. Later, chemical communication
systems discovered between bacteria will lead to the realization that clouds are, in a sense, conscious, and
able to subtly alter wind currents by taking advantage of the "butterfly effect." These meta-organisms can
become malevolent, and seeking feeding material with a unquenchable appetite, spawn tornadoes. (Seeking
high concentrations of bacteria and refined sugar products, they are naturally drawn to trailer parks.)
The entire atmosphere will be reinterpreted as an ephemeral biomass. Thunder will be reinterpreted as a
kind of mating call.
And just wait until they discover the truth about volcanoes...
And — noctilucent clouds will turn out to be the way bacteria travel between planets!
Shades of Hoyle's panspermia theory! This is a theory I don't believe, but would like to be true:
Brig Klyce, Hoyle and Wickramasinghe's analysis of interstellar dust.
A quote:
These two scientists did not originally set out to prove that life comes from space. They were astronomers,
not biologists. They were trying to identify the contents of interstellar dust by finding something that would
match its infrared signature, or extinction spectrum. When they began working on this problem in the early
1960s, the standard theory was that the spectrum could be adequately explained by graphite grains. But an
imperfect match between the theoretical and actual spectra, and an implausible account of the formation of
the grains pushed Hoyle and Wickramasinghe to search elsewhere. In their work and others', molecules that
are more closely related to biology began to enter the picture.
In 1968, polycyclic aromatic molecules were detected in interstellar dust. In 1972, convincing evidence that
the dust contained porphyrins was obtained. Then in 1974 Wickramasinghe demonstrated that there are
complex organic polymers, specifically molecules of "polyformaldehyde" in space. These molecules are
closely related to cellulose, which is very abundant in biology. By 1975, Hoyle and Wickramasinghe were
convinced that organic polymers were a substantial fraction of the dust. This line of thought was considered
wildly speculative at that time. Now however, the idea that organic polymers in space are abundant and
may be necessary for life is well accepted. Today we often see stories about things like vinegar among the
stars, or "buckyballs" from space as "the seeds of life". To that extent the scientific paradigm for the origin
of life on Earth has already shifted.

Graph of extinction spectrum of interstellar dust
But Hoyle and Wickramasinghe were not satisfied. In the middle 1970s, they turned their attention to an
apparent anomaly in the spectrum. It had a low, broad "knee" centered at about 2.3 wavelengths per
micrometer (the slight convexity on the slope at the left side of the graph). This spectral feature could be
explained if the grains of dust were of a certain size, and hollow. After trying almost everything else first, in
1979, they looked at the spectrum for bacteria. Dried bacteria refract light as irregular hollow spheres, and
their size range is appropriate. The match between the spectrum for dried bacteria (solid line) and the ones
from the interstellar grains (dots, triangles and squares) was nearly perfect. Thinking without prejudice,
Hoyle and Wickramasinghe concluded the grains probably were dried, frozen bacteria.
When [Wickramasinghe] first made this calculation... he was dumbfounded. After almost
twenty years in which he had tried in vain to obtain a theoretical extinction curve closely
matching the observations, using theories that permitted a considerable measure of parameter
fitting, he now had a theory with no adjustable parameter, a theory which yet gave... excellent
results... .
This finding was ridiculed at the time, is still ridiculed today, and is definitely not accepted by mainstream
science. It has become common to wonder if Fred Hoyle has "gone off the deep end" as several other
British scientists have done in their latter years. But in fact, Hoyle spent ten productive years studying the
implications of this finding. And Chandra Wickramasinghe is still working on the evidence for life from
space. While exploring the vast new scientific territory they found, they have taken some wrong turns and
have changed their opinions on some questions. Certain other scientists have roundly criticised them for
such "inconststencies" and for sometimes having less than complete corroboration for their findings.
Criticism so bitter discourages all pioneering scientific enquiry. Perhaps their work will be honored
eventually.
March 10, 2008
Yay! Mike Stay and I finished our paper Physics, topology, logic and computation: a Rosetta Stone! It's an introduction
to category theory for physicists designed to help them make contact with other fields that use categories in analogous
ways. It should appear in Bob Coecke's book New Structures of Physics.

It was sort of nerve-racking work, since there was a deadline that I really wanted to meet, and it turned out I needed to
learn a lot more about logic and computation to do a decent job. So, it's a real relief to be done. I'm gonna goof off for
little bit, especially since classes are almost over and I'm making decent progress on finishing lots of papers. But, I want
to keep working on categories and computation with Mike Stay and also with Alex Hoffnung... trying to explain things
clearly made it clear there's a lot to be done, especially when it comes to categorifying the lambda calculus and its
quantum version.
March 12, 2008
This morning I was interviewed by Ben Wallace-Wells, who was commissioned by the New Yorker magazine to write a
piece on Garrett Lisi. He asked me lots of questions about the exceptional group E8, physics, Lisi's theory, and so on.
He said he'd just seen Garrett give a talk at the U.C. Davis seminar run by my former student Derek Wise.
March 15, 2008
Classes are over! It's been a relaxing Saturday so far. Last night and this morning I polished up my course notes on
classical mechanics. Then Lisa and I worked on the yard, pulling up weeds, transplanting succulents, and planting a new
rose and a cute grey-green plant whose name I don't know. We also played around with Jeepers.
Jeepers! In the last month this black cat has befriended us:

He belongs to our next-door neighbor, but he comes by almost every day. He was shy at first, but now comes running
when we call, and rolls playfully on his back as we pet him, pawing at us with claws sheathed. We give him milk but
often he's not very hungry. What he really wants is fun and friendship. He's made us happier.
My summer plans are gradually solidifying. From June 16th to 20th I'll go to a workshop on Categorical Groups in
Barcelona, organized by Pilar Carrasco. This is part of a big year-long program on homotopy theory and higher
categories. I'll also be in Barcelona from June 30th to July 5th to attend the main conference run by this program. In
between, say from June 21st to 29th, I'll visit Pilar Carrasco in Granada.
I'll spend most of July and part of August in Paris talking to Paul-André Melliès about categories and computation, with

a small side-trip to Portugal. It should be lots of fun, especially since I'll see a bunch of folks I know at Algebraic
Topological Methods in Computer Sciences from July 7th to 11th. I hope I can stay in the same apartment near the
Jardin du Luxembourg! I should try to arrange that, posthaste.
I asked Carlo Rovelli if he'll be in Paris this summer. He said no — but he gave me an enticing summary of recent
developments in loop quantum gravity:
July and August is a rather unlikely period for me to be in Paris. But I would very much like to have the
chance of talking with you, physics and else. Here is a telegraphic report of the latest spinfoam beautiful
developments that you are missing and will one day regret:
First, we have found a modification of Barrett-Crane that matches exactly with loop quantum gravity
in 4d, including the area spectrum, and including in the Lorentzian. It basically corrects an obvious
"quantization mistake" in deriving Barrett-Crane. So, finally the covariant and canonical approach
talk directly to one another.
Second, I believe the arguments are piling up pointing to the fact that the "many small chunks"
intuition is not the right one for approximating processes near flat space: the large-spin limit is the
right approximation. These arguments come from uncertainty relations, from cosmology, from the
ADM energy operator, and else.
End of the report.
If things work out as well as he says, especially regarding the all-important second point, I won't regret having stepped
aside from this subject... but I may want to jump back in! It was hard quitting quantum gravity. I'm glad I did, so I'll
never regret that. But, I won't feel the need to stay out if I get interested in it again.
March 21, 2008
Lisa and I took off for Singapore at 9 pm today, Friday...
March 23, 2008
... and we arrived today, Sunday, at 6 am! A 17-hour flight, a late-night departure, and the International Date Line
conspired to make us arrive two calendar days after we left.
The airport in Singapore was shiny and high-tech, a marked contrast to the dilapidated dirty old airport in Los Angeles. I
got an EZ-Link card for the subway system — Lisa already had one. Like the Octopus card in Hong Kong, this lets you
pay for the subway by just slapping your wallet or purse on a machine as you enter and leave — no need to take it out!
You can also use it to buy all sorts of stuff. Furthermore, all cars in Singapore are equipped with an In-vehicle Unit on
the lower right corner of the front windshield. This automatically bills you for driving in congested areas, parking in
parking lots, and so on. Needless to say, the government can use all these transactions to track your movements. It
doesn't bother me much; I just notice these things.
We took a train to the Park Hotel Orchard on Orchard Road, the main shopping street in Singapore. After a brief nap we
explored Arab Street.

Masjid Sultan
(Sultan Mosque)
Muscat Street and North Bridge Road, Singapore

Throughout the train station and everywhere in the streets we saw posters for Mas Selamat bin Kastari, alleged leader of
the Singapore branch of Jemaah Islamiah, who had been suspected of planning to bomb the airport, and detained
without charges in 2006 under the Internal Security Act:

This February 27th, Mas Selamat escaped from a detention center while his family was visiting him. He was being led
to a room to meet them when he asked to go to the toilet... and then he mysteriously disappeared!
Needless to say, this was a major loss of face for the Singapore government, which has mounted an energetic but so far
utterly fruitless campaign to recapture him. He might be in Malaysia or Indonesia by now. I later heard a summary of
rumors surrounding this incident, most notably: 1) it was an inside job and 2) he had been treated so badly during
captivity that the government found it necessary to have him disappear. My informant said: "One thing is sure: we'll
never know."
It's steamy and hot; beautiful tropical trees line the streets, some covered with epiphytes. Orchard Street is packed with
high-end shopping malls, expensive boutiques and fancy hotels.
Lisa and I bought guidebooks at Kinokuniya, a wonderfully large bookstore — part of a chain I'd earlier enjoyed in
Sydney. Lisa bought a general guide and I bought a guide to the local cuisine, which is incredibly diverse, including
various forms of Chinese, Indian, Malay, Indonesian and Peranakan cuisine, also known as Nonya cuisine. The
Perankans are descendants of Chinese who settled around the Strait of Malacca and intermarried with the local Malays.
Later this book came in handy: we had ayam buah keluak for dinner at a nearby Perankan restaurant, which however
took a while to find. "Ayam" means chicken, and "buah keluak" means it's cooked with the very distinctive nuts of the
kepayang tree, to make a rich brown sauce. Yum!
March 24, 2008

I gave a talk today — a joint math/physics talk on higher gauge theory at the National University of Singapore. Heavy
rain in the afternoon. Apparently the rainy season is lasting longer than usual this year.
March 25, 2008
I got an introduction to the Nanoscience and Nanotechnology Initiative at NUS. It's got a lot of people involved all over
campus doing lots of fascinating things, but it's headquartered in a lab in the basement of the physics department. They
noted it was a very small office and I, perhaps tactlessly, joked that it was good they're doing nanotechnology.
They've got a 10 million dollar (Singapore dollar) grant to work on graphene semiconductors, which have the potential
to run much faster than conventional silicon semiconductors. They're also trying to develop new materials for water
filtration. Amazingly, despite the rainy climate, Singapore suffers from water shortages! This city-state is so densely
packed that there's not enough room for reservoirs. So, they buy water from Malaysia, filter it, sell a bunch back and
keep some for themselves.
Lisa gave a talk at the philosophy department of NUS today. Afterwards we went to dinner with some friends of hers.
One asked how I liked Singapore. I said it was very easy to navigate compared to Hong Kong and (still more) Shanghai
— most everyone speaks English, it's very clean and orderly, etcetera. He agreed and said some people call Singapore
"Asia Lite".
March 26, 2008
Today Lisa and I mainly hiked around town today — we took the subway to Little India and poked around a bit:

Statue of Ganesha

Lots of small shops selling saris and other clothing, Indian CD and DVDs, groceries, incense, flower necklaces, and the
like. Lisa bought a DVD of a couple of movies by the director of Bombay. The woman selling it was probably Tamil.
We peeked into an Indian classical music store and saw a guy sitting on the floor repairing a harmonium. Lisa asked if
the son of her pal David Kelly had taken tabla lessons there. Yes!
We had lunch in a hawker center: a large open floor at the bottom of a building, packed with booths selling diverse
foods and drinks. Hawker centers were originally discouraged by the government of Singapore, being rather dirty places
at the time, but then they came to their sense, regulated them, and cleaned them up a bit. They're practically the beating
heart of Singapore cuisine — not fine dining, just great eating.
We had an order of satay for lunch, with appam for dessert: a kind of pancake made from fermented rice flour flavored
with coconut milk. The fellow who sold it to us asked where we were from. I cautiously said "California", thinking this
might deflect a little anti-American sentiment. He smiled, shook my hand, and said how he loved Americans, felt
terrible about 9-11, and so on. He said Singapore was a great place. "Do you know the circus — with all the animals
lined up, and the ringmaster in the middle?" According to him the different ethnicities in Singapore are kept under
control by Lee Kuan Yew.
The shocking pink milk-rosewater drink called bandung was available, along with the complex dessert drink called
chendol. However, I was feeling hot and tired, jet lag kicking in, so I had a Coke to chill myself and jolt myself awake
with caffeine and sugar. What a waste of an opportunity! I never got around to trying either chendol or bandung, despite
their omnipresence.

At 5 pm I had a meeting with Artur Ekert, head of the Centre for Quantum Technologies, which has been set up by the
Singapore government as a "centre of excellence" loosely affiliated with NUS. He'd just gotten back from Oxford,
where he spends three months a year. He was bursting with enthusiasm, the perfect guy to head a new institute like this.
He knew I'd been hanging out at the Perimeter Institute, talking to quantum information people there, and working on ncategories.
I've summarized some of the technical aspects of our conversation in week262 of This Week's Finds, but we also talked
a bit more broadly about the culture of Singapore. He said was that Singapore was a fascinating meeting of East and
West: the Greek tradition of argumentation and the more hierarchical Confucian tradition of meritocracy. I think this is a
lovely thought, much more appealing than mere "Asia Lite". He said he was fascinated by the time period around 400
BC, simultaneously the heyday of classical Greek and Chinese philosophy... he said if he could go back in time, it
would be to that time. I cracked up and told him my wife Lisa works precisely on comparing classical Greek and
Chinese philosophy from that time period.
March 27, 2008
Back from Singapore!
March 31, 2008
I talked to James Dolan about modular forms and his (possibly crazy, possibly great) idea that the modularity theorem is
deeply analogous to quadratic reciprocity. Actually this analogy can be found in the introduction to Diamond and
Shurman's A First Course in Modular Forms, but Jim is taking it more seriously and trying to develop it it further, and
I'm trying to help out.
For those of you who don't know about this stuff, the modularity theorem is the big, hard, conceptually beautiful result
that has Fermat's Last Theorem as a minor corollary. Before it was proved it was called the Taniyama-Shimura-Weil
conjecture. Andrew Wiles proved just enough of it to get Fermat's Last Theorem. Other people polished it off.
Jim also pointed out an amazing video of an elephant painting. You've got to watch it!
At night, I hear owl hooting, over and over, for the first time in a long while.
For my April 2008 diary, go here.

I rejoice that there are owls. Let them do the idiotic and maniacal hooting for men. It is a sound admirably suited to
swamps and twilight woods which no day illustrates, suggesting a vast and underdeveloped nature which men have not
recognized. They represent the stark twilight and unsatisfied thoughts which all have. - Henry David Thoreau
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This is an aerial photograph of Owens Lake by David Maisel, part of this travelling exhibit:
Imaging a Shattering Earth: Contemporary Photography and the Environmental Debate.
Quoting from the online catalog:
Owens (Dry) Lake in California is a beautiful place to be. The red dust swirling all around gives off a rich,
vibrant sheen of color as the wind kicks up the dust. What one doesn't realize when one sees this dust is that

it is highly toxic. Yet this wasn't always the case.
In the past, Owens Lake would overflow frequently to the south. It had done so like clockwork for about
800,000 years. During the late 1800s and early 1900s, the lake varied in depth between five and seven
meters, depending on the day's conditions. However, as American settlement of the West increased, water
began being diverted from the lake. Beginning in 1913, Owens Lake was diverted to Los Angeles for
irrigation purposes, and by 1926 the lake was dry.
Nothing remained of the lake but brine and hardy organisms that were able to survive in such saline
conditions. As a result, all of the groundwater and land became contaminated. In order to regulate
somewhat this contamination, the EPA has set a maximum contamination level of 0.005 milligrams per liter
of water. Regardless, the contamination levels have climbed to 23 times greater than the federal health
standard allows.
The contaminated soils contain high amounts of PCE, or tetrachloroethylene. This chemical was found at
the site in 1995. It is regularly used as a solvent in cleaning operations. Exposure to PCE can cause
dizziness, headaches, sleepiness, confusion, nausea, difficulty in speaking and walking, unconsciousness,
and death. Other side effects of this chemical are liver problems and increased risk of cancer.
To combat the problem, the Environmental Protection Agency has declared the region unfit for habitation
and began reclamation efforts. The land is being tested regularly and scientists believe that the land will
again be livable in as little as 70 years.
Everywhere I've ever been, natural landscapes make me feel happy — even the most desolate deserts. Humans have a
unique ability to create environments I find depressing. Some are melancholy, unloved, like a dimly lit highway
overpass at night covered with graffiti, or this building I saw this month in Shanghai:

Others are almost magnificent in their devastation — ruined on a vastly extravagant scale, like Lake Owen.

More and more I've come to believe people create around them external landscapes that match the internal landscape of
their soul. Perhaps because I do more gardening these days, I look at people's yards as I walk to work, and I read — or
imagine reading — their personalities from their gardening. Some people don't give a damn. Some actually go out the
way to make their yard ugly, filling it with trash. Others are a bit prim, going for rigid hedgerows. Some are wellbalanced and happy, in a wide variety of different way.
April 2, 2008
Maya Lin, the artist who created the haunting memorial for Vietnam veterans in Washington DC, is now tackling
something even bigger.
Maya Lin's earthly concerns
April 1, 2008
Anne-Marie O'Connor, LA Times
San Diego - Maya Lin has always had a deep feeling for the land. As a child, she roamed the leafy woods of
the Appalachian foothills in southern Ohio, listening to the mating calls of the songbirds that filled the
forest. Now Lin perceives a growing stillness, as the number of songbirds across America are decimated by
habitat destruction. The growing degradation of the natural world haunts Lin — celebrated as the creator of
the Vietnam Veterans Memorial and the reinventor of the American memorial genre —as she pulls together
the plans for what she says will be her "last memorial."
The title of this work-in-progress, like many of the details, is evolving: Perhaps "What is Missing," perhaps
simply "Missing." But the theme is clear: Lin's finale will grieve for the animals, birds and plants driven
into extinction — and warn of the urgency of acting now to halt the devastation.
Lin envisions it as a multisite chronicle, including photography and video, at places around the world and
with a commemorative list of names — this time the names of extinct species. It is to be launched with a
memorial table on Earth Day in April 2009 commissioned by the California Academy of Sciences in San
Francisco, which chose her design to include inits new building in Golden Gate Park, an academy
spokeswoman said.
"Do the math, guys. Where do we want to be in 50 years? That's the question," she said at the Museum of
Contemporary Art San Diego as she installed her latest exhibit in a cathedral-like gallery lighted by the
afternoon sun.
There's more in the article. What it shows of the memorial leaves me underwhelmed, but the idea is good.
I think it would be better to make replicas of 100,000,000 stuffed passenger pigeons. Lovingly mounted on individual
stands in a 10,000 × 10,000 square grid, they'd make a good reminder of what we've killed so far:

Except we actually killed between 10 and 50 times as many.
From the Chipper Woods Bird Observatory site:
Their flocks, a mile wide and up to 300 miles long, were so dense that they darkened the sky for hours and
days as the flock passed overhead. Population estimates from the 19th century ranged from 1 billion to
close to 4 billion individuals. Total populations may have reached 5 billion individuals and comprised up to
40% of the total number of birds in North America (Schorger 1995). This may be the only species for
which the exact time of extinction is known.
Namely: 1:00 pm on September 1, 1914.
April 3, 2008
The battle rages on:
In the UK, the mayor of London is imposing a heavy fee on gas-guzzling vehicles in the city center, but a German car
company is suing. In the US, the Environmental Prevention Agency is dragging its heels on reducing CO2 emissions,
but 18 states are suing.
April 4, 2008
On Monday evening, Lisa and I are going to Shanghai. Burning carbon, adding to the problem... I'm going to buy
carbon offsets after doing some more research on what are the best ways to do this:
EcoBusinessLinks, Price study of offsetting emissions of carbon.
Prices for offsetting a metric ton of carbon dioxide seem to range from $4 to $99 (where the lowest price only applies
when you buy 25 tons). Flying 3200 kilometers (2000 miles) in an airplane creates about one ton of CO2. So, I can
offset my CO2 emissions quite affordably if I make sure I'm really doing something useful, not getting scammed.
I'm almost done reading this SF novel:
Kim Stanley Robinson, Sixty Days and Counting, Bantam, 2007. See reviews by Greg L. Johnson and Rick
Kleffel.
This is the third and best of a trilogy which envisions a near future in which the chickens seriously come to roost: global
warming leading to global environmental collapse, and our last-ditch efforts of stave it off. It's suspensful. What's really
special about it, though, is the day-to-day lives of the characters and their thoughtful reflections, which ground the
whole thing and make it real.
There's a lot about China, which makes me think of where I'll be going in 3 days. And there's a lot about California,
which makes me think of life here. A long hike in the Sierras:
The stars were popping out overhead, swiftly surpassing in number and brilliance any starscapes they ever
saw at home. The Milky Way was like a moraine of stars. Sound of distant water clucking through the a
patch of meadow, the wind in the pines; black spiky horizons all around, the smooth airy gap of the pass
behind. It was a blessing to feel so tired in such a place. They had made the effort it took to regather, and
here they were again, in a place so sublime no one could truly remember what it was like when they were
away, so that every return had a sense of surprise, as if re-entering a miracle. Every time it felt this way. It
was the California that could never be taken away.

Except it could.
Charlie had, of course, read about the ongoing drought that had afflicted the Sierra for the last few years,
and he was also familiar with the climate models which suggested that the Sierra would be one of those
places most affected by the global rise in temperature. California's wetmonths had been November through
April, with the rest of the year as dry as any desert. A classic Mediterranean climate. Even during the
Hyperniño this pattern had tended to endure, although in El Niño conditions more rain fell in the southern
half of the state and less in the northern half, with the Sierras therefore getting a bit of both. In the past,
however, whatever the amount of precipitation, it has fallen on the Sierra in the form of snow; this had
created a thick winter snowpack, which then took most of the summers to melt. That meant that the
reservoirs in the foothills got fed a stream of melting snow at a rate that could then be dispersed out to the
cities and farms. In effect the Sierra snowpack itself had been the ultimate reservoir, far bigger than what
the artificial ones behind dams in the foothills could hold.
Now, however, with global temperatures higher, more of the winter precipitation came down as rain, and
thus ran off immediately. The annual reservoir of snow was smaller, even in good years and in droughts it
hardly formed at all.
California was in an uproar about this. New dams were being built, including the Auburn dam, located right
on an earthquake fault; and the movement to remove the Hetch Hetchy dam had been defeated, despite the
fact that the next reservoir down the Tuolomne had the capacity to hold all Hetch Hetchy's water. State
officials were also begging to Oregon and Washington to allow a pipeline to be built to convey water south
from the Columbia River. The Columbia dumped a huge amount of water into the Pacific, one hundred
times the maximum flow of the Colorado River, and all of it unused. It was immoral, some said. But
naturally the citizens of Oregon and Washington had refused to agree to the pipeline, happy at a chance to
stick it to California. Only the possibility that many Californians would then move north, bringing their
obese equities with them, was causing any of them to reconsider their stance. But of course clear costbenefit analysis was not the national strong suit, so on the battle would go for the forseeable future.
In any case, no matter what political and hydrological adjustments were made in the lowlands, the high
Sierra meadows were dying.
This was a shock to witness. It had changed in the three years since Charlie had last been up. He hiked
down the trail on their second morning with a sinking feeling in his stomach, able to cinch the waistbelt of
his pack tighter and tighter.
They were walking down the side of a big glacial gorge to the John Muir Trail. When they reached it, they
headed north on it for a short distance, going genly uphill as the trail followed the south fork of the Kings
River up toward Upper Basin and Mather Pass. As they hiked, it beame obvious that the high basin
meadows were much too dry for early August. They were desiccated. Ponds were often pans of cracked
dirt. Grass was brown. Plants were dead: trees, bushes, ground cover, grasses. Even mosses. There were no
marmots to be seen, and few birds. Only the lichen seemed okay — although as Vince pointed out, it was
hard to tell. "If lichen dies does it lose its color?" No one knew.
I'm pleased to report that this spring it rained enough for a profusion of flowers in the granite hills above our house. But,
this scenario reminds me very much of last year.
Anyway, as you can see, this novel is slow and meditative at times. I like that. But, it builds to quite a climax. If you
read it, I suggest reading Forty Signs of Rain and Fifty Degrees Below first, so you know the characters and understand
their situation — it's all one big novel. But this last part is the best.
April 13, 2008
Not much on my diary the last few days — as usual, the more that's going on, the less shows up here!

Lisa and I showed up in Shanghai on Wednesday the 9th, and on Thursday she gave her first lecture. She's giving 8
lectures on classical Chinese and Greek culture at the University of Fudan: two on Homer, two on strategy, two on
medicine and two on divination. She has a nice office with her Chinese name in big letters on the door:

Actually her Chinese name is Rue Li, but apparently they preferred Li Sa.
I'll visit the CAS-MPG Partner Institute for Computational Biology, but so far I've just been working on my own. She'll
stay for over a month; I'll just stay until the 26th.
We're residing in the Fudan University Dong Yuan Expert Building — academics from other countries are traditionally
called "foreign experts" here. We stayed here for a few days in the summer of 2006 before moving into an ordinary
apartment.
At first being here was a bit dreamlike, thanks to daze of jet lag and the strange sensation of returning to this Shanghai
neighborhood, originally so strange to me in every respect, now familiar, yet half-forgotten. The fact that we're now
living in a different place, and most of the streets have names beginning with Guo or Zheng, adds to this sensation: in
the old days I turned off Guoquan Ho Lu and walked down Zhengsu to the market, but now I turn off Guofu Lu and
walk down Zhengxiu — or something like that. Plus, every morning there's a wild storm of bird songs, since old men
gather on our street with their caged songbirds:

It's cool and cloudy now instead of miserably hot and humid. It's a real blessing to be able to walk down the street and
not be dripping in sweat after one block.
Our place was sadly lacking in kitchen supplies, so that was the first order of business. Luckily Lisa has some very good
friends from earlier visits living right next door! So, we could borrow some cups and plates and recover the trusty rice
cooker from our previous visit. We picked up some basics at local shops: soap, rice, soy sauce. We bought some bok

choy and ginger on the street. Country women sitting in a row on the sidewalk selling vegetables. How do they survive?
We took a bus downtown for other sundries. Things change fast here. Stores we once knew are already gone; new stores
take their place. They're building a new subway line to the university, so the mess of construction is even worse than
before. The old city downtown continues its radical transformation, slums dating back to the Ming being torn down and
replaced en masse by fancy apartment buildings, the original inhabitants given a bit of money and kicked out.

We bought some wooden bowls, a knife, and a teapot from a restaurant supply store on Renmin Road. Lisa had her
favorite tailor start making her a bathrobe; we'll pick it up next week.
Then we took a long hike to the nearest subway station. China is rising, building itself up: everyone in Shanghai is busy
making things, selling things.
But hiking through traffic along Huaihai Road, I got tired. The traffic etiquette in Chinese cities is strictly Darwinian.
Cars dodge trucks, motor scooters dodge cars and trucks, bicycles dodge motor scooters, cars and trucks, and
pedestrians like me have to dodge everything. Well, there are some rules: cars and strucks stop for stop lights, nobody
else does.
Huaihai Road was all torn up with construction, like so much of the city. I became quite depressed, thinking of all these
people slaving away in such ugliness, cogs in a machine they can't control, struggling to survive while enriching the
already rich and powerful.

And I wondered: who among us is free to do what we really want: what we've decided is best after considered

judgement? Not necessarily the "titans of industry" who seem to profit from all our labor. Not necessarily the
politicians, bound by the rigid rules of power. Maybe me. Maybe Lisa's tailor, an artist at his trade. Did he always want
to be a tailor, or was he thrust into this job and have to make the best of it? I couldn't ask him. I bet it's largely a matter
of attitude: another person in the same job could see it as a tiring chore, but he brings a sense of style to his work, he
makes it an art, so he enjoys it — and makes everyone around enjoy it, too.

Yesterday we looked for our favorite CD and DVD store: Artbook Rockmusic Artmovie.
When we discovered it in 2006 it was a small place, with a tiny cramped back room full of arcane movies: Bunuel's
L'Age D'Or, Orson Welles' Mr. Arkadin. When Lisa visited last fall it had moved to a slightly larger place a bit down the
street. This time we couldn't find it. We wandered all over: a guy in a guitar store said it had moved around the corner to
Handan Road, so we walked down there. Lots of small shops selling women's clothing, a place called Strangers Bar, but
no Artbook Rockmusic Artmovie. Finally Lisa asked for help at a camping goods store. She had a card with the phone
number of the place, and one of the staff phoned the place, found out where it was, and walked us down the street,
aiming us in the right direction. Back to the original street... hey, just where we were looking before! The reason we
didn't find it: now it has an even hipper name: "2046".
In case you're interested, it's on 300-8 Guoding Road.
I bought three CDs for a total of 75 yuan: Suzanne Vega's Beauty and Crime, Future Sound of London's Teachings from
the Electronic Brain, and Rabih Abou-Khalil's Songs for Sad Women. The exchange rate is 7 yuan to the dollar, so
experiments like these are affordable.
Today was perhaps our first "typical" day. We got up at 6 am and Lisa went to do taiji. Despite the lure of a warm bed I
tagged along, thinking to get a little exercise. We walked past the old men with their bird cages, past the wet market and
the xiaolong bao shop, which still thankfully survives, down another street, past a little stand that was selling ma chou
— yum, sesame balls! — and over to the university gymnasium. I walked briskly around the track while Lisa waited for
her taiji group to show up. They were late: Master Ma has a new grandchild, so he doesn't show up every day, and
discipline seems to slacken a bit when he's not around.
It was fun walking around the track, thinking about local cartesian closedness for categories of concrete sheaves,
watching the crowd of mostly older men and women jogging or walking around, some walking backwards, some doing
a bit of qi gong, with occasional people on the sidelines doing pushups, skipping rope, and the like. Lisa's taiji group

showed up, and so did some other groups, including an impressive one dressed all in black doing the Chen style. The
morning is a nice time here: the air is fresh, and people like to exercise in public spaces, and talk with their friends.
Afterwards, walking back, we bought two sesame balls for 0.7 yuan — just a dime! Then we picked up some dou jiang
and jian bing to take home for breakfast. Dou jiang is a very popular soy milk drink, often served warm — people also
like a bowl of it with a "you tiao" crumbled in — that's a fried dough stick. Jian bing is a marvelous kind of crepes-like
breakfast dish from northern China that people make on a big flat hotplates, usually on the side of the road. It's pretty
complicated, but they make it really quick — I explained how in my July 7, 2006 diary entry. Alas, the place where we
bought it today doesn't include peanuts. We'll try a different place next time.
Then breakfast at home, watching the English version of Chinese TV news. They say the Dalai clique is inciting
violence, making up lies about 40 Tibetans being killed in the March riots — and to add insult to injury, Westerners are
siding with them, ignoring all the deaths caused by rioters and looters, and using the business as an excuse to ruin the
Olympics!
(At home we get very different — and I hope more accurate — news. But it's worth imagining what would happen if,
back in 1893, Europe had threatened to boycott the Chicago World's Fair unless the US returned several western states
to the indigenous peoples whom we had slaughtered and confined to reservations. No way! We'd have been outraged!)
Then writing this diary.
April 15, 2008
My gloomy reflections above may not be shared by the Shanghainese themselves, or at least not most. Like Americans
from the late 1800s until a few decades ago, they have a can-do, optimistic spirit! At least that's what this person thinks:
Anne-Marie Slaughter, Expatriate in Shanghai inspired by Asian optimism, All Things Considered, National
Public Radio, April 14, 2008.
I think she's probably right: where I see a city torn apart by construction and people working their butts off, they see an
economic boom lasting several decades that's lifted millions from poverty to a standard of living they could never have
imagined!
It's interesting that Slaughter says America has lost this spirit of optimism. I think that's true too, but I don't think most
Americans are quite ready to admit it yet. For example, consider the recent uproar when Barack Obama was caught
saying that many small-town Americans have become "bitter" and turned for refuge to "God and guns".
Today was my third "typical day" in Shanghai — except today I didn't go to the track: it was raining. Lisa still did taiji,
somewhere sheltered from the rain. But, not the sword form; nobody wants a rusty sword. She found a stand that does
jian bing with peanuts, and brought some back for breakfast!
I've been working hard with my student Alex Hoffnung on a paper called Smooth Spaces: Convenient Categories for
Differential Geometry. We're fine-tuning it, it's starting to hum — it's at this stage in writing a paper that I can write all
day, touching up this detail and that, improving the wording, reorganizing proofs, feeling energized and happy.
But now I need to switch gears and put some time into another paper, Representations of 2-Groups on Higher Hilbert
Spaces. Some of my coauthors are getting antsy; they want it done now. Sounds good to me! I'm eager to dig out of the
pile of half-written papers I've buried myself under. But this paper is at a less happy stage of its embryonic
development: in some sense it's close to done, but we still need to fight our way through some technical issues involving
measure theory. We're not enjoying it now; we just need to do it. It takes me a bit of time to build up momentum for
struggles like this.
Still, it'll be good to to help bring categorification into the heartlands of analysis.
Trent Reznor has some cool instrumental stuff on his new album, Ghosts I - IV:

Tom Moon, Nine Inch Nails: "ghosts" of songs, All Things Considered, National Public Radio, April 14, 2008.
April 16, 2008
We took the 139 bus from Fudan University to Lu Xun Park, a nice big park not too far from here. The cherry trees and
plum trees were blooming, so, having read plenty of Chinese and Japanese literature, I finally got to see what all the fuss
is about. Here's a photo Lisa took:

Seeing this makes me want to learn xiangqi, also known as Chinese chess.
Then we visited Lu Xun's house. Lu Xun is the most famous Chinese writer of the 20th century. If you're like me,
you've never heard of him, or maybe know him as the author of Diary of a Madman.
His house was a townhouse in a cute little alley. We went up to the window of the house nearby to buy a ticket from a
woman sitting at a desk. A tall man in civilian clothes and some sort of military officer came out the door, and the
former asked us: "Meiguo ren? American?" Fighting back panic, I said "Yes". Then they took us on a guided tour.
His home, three stories, was suprisingly opulent — but as a popular writer in his day, he was quite well-off. His books
were still there, and Lisa spent a lot of time looking at them.
April 17, 2008

Yesterday we had dinner after 9 pm, so we did takeout at one of the that stays open late on the pedestrian street near
Fudan University (one of our main hangouts, lined with restaurants). It's a Szechuan place, so we had spicy lamb,
eggplant with peppers (but sweet, a concession to Shanghai taste), frog, and rice. Yes, frog!
But, we didn't order the dog. This was actually the first time I'd seen dog on a menu, so I started pondering whether I
would ever eat it, why wasn't I vegetarian, how much something had to be like me before I'd refused to make a meal of
it, etcetera. Lisa abruptly cut short these increasingly abstruse reflections by saying that in any case dog was probably
out of season. I was surprised that dogs became edible only in a certain season, but Lisa explained that old folks like to
eat dog in the winter, since it's supposed to strengthen their yang.
We also had roast frog with pepper as part of a late lunch today at the snack shop on Siping Road. It's good! I don't like
how amphibians are going extinct, but I bet these frogs must be farmed.
April 18, 2008
Lisa and I went downtown to pick up the bathrobe made by her tailor — I took a picture of this and stuck it back near
the end of my April 13th entry. Then we explored the old city. It was a great day, invigoratingly cool — and sunny, for
the first time since I've been here. A perfect spring day. So, I took a lot of photos.
Walking down Sipailou Road in the old city, you get a sense of the bustling vitality of a traditional urban Chinese
market — a thousand people doing a thousand things, a thousand things to buy, not constrained by zoning laws, not yet
flattened into blandness by big corporations. All these photos were taken in a single 20-meter stretch:

Of course, one downside is that lots of people are living right behind these storefronts, in conditions that most
Americans (at least) would find pitifully squalid. See that ramshackle house in the back of the above picture? Here's a
picture of the other side, taken by Lisa — I bet a lot of people live here:

Here's a picture of a shoemaker on Sipailou Road, also taken by Lisa:

April 20, 2008
We went down to the French Quarter today. We had tea in Fuxing Park, a popular location for families and old folks:

If you see a bunch of guys doing this in China:

you can bet someone's playing cards.
Guys also gather to watch guys playing Chinese chess:

And these people are not sneaking tippy-toe across the park; they're doing taiji, strangely late in the day, around 3 pm:

Then we visited Sun-Yat Sen's house nearby at 7 Xiangshan Road, and the museum they've built there. I found it
moving, both for the hopes that Sun Yat-Sen had, and for how they went awry (as usual with revolutions).
As the father (in some sense) of both the Kuomintang and the Chinese Communist Party, Sun Yat-Sen is revered both in
Taiwan and the People's Republic of China. Born in 1866, he was trained as a physician — like Lu Xun. In 1894 he
wrote a long letter to the governor-general of the province of Zhili, who was a reformer, but he was rebuffed... and
thenceforth he became a revolutionary.
While ceaselessly planning and raising funds for his revolutionary activities, often in exile, he also read and wrote

voraciously. The museum displayed copies of books by Russell and Schopenhauer that he had reviewed, as well as a
book on nutrition. Also the books he wrote. Later: the French curves he used to plan railroad lines, the edict where he
introduced the use of the solar calendar, and a pigtail or "queue" shorn from someone's head as a result his order
banning this hairstyle, which had been imposed in 1644 by the Manchus. Busy guy!
But, as usual with revolutions, all his idealism was caught in the undertow real-world politics and subverted. He reached
his height of power in 1912, as the first provisional President of the Republic of China. He allied himself with military
leader Yuan Shikai, who helped the Kuomintang force out the Empress Dowager Longyu, and then became Provisional
President himself, but then cracked down on the KMT. Sun Yat-Sen led a revolt against Yuan Shikai, which failed, so
he fled to Japan. Yuan Shikai named himself emperor; a complicated set of fights involving local warlords then ensued.
Sun Yat-Sen returned to southern China in 1921 and was elected president and generalissimo. He allied himself with the
communists in the attempt to retake the north... but died of liver cancer in 1925.
It makes me want to read more about this period of Chinese history: the late Qing dynasty, its fall, and the revolutions
and warfare that followed.
April 24, 2008
It's Wednesday, and I'm leaving on Saturday. Soon, all too soon! I'll miss this place.
Following Lisa's example, on Monday I bought an MP3 player at a local electronics store. Not an Ipod — a Teclast TLC260. It supposedly has 2 gigabytes of memory, and it's nice and cheap: 330 yuan, or about $47. Right now I'm trying to
get it to work, so far without success. A near-featureless flat interface and a manual in Chinese make this a bit tricky —
sort of like an alien artifact in a science fiction story. But Lisa got hers to work (an earlier, less cryptic model) and loves
it. And, the salespeople in that store are actually quite reliable — though I naturally lean towards skepticism, if I can't
get it to work soon, I bet they'll show me how (or admit it's busted and give me a new one).
Looking for a manual in English on the web, it seemed the only way to get one was to join a forum called MP4 Users;
the company is Chinese so I think it was these enthusiasts who translated the manual. And while looking around, I
found a bit about Chinese MP4 players...
Yes: I said I bought an MP3 player, but I did that just to sound comprehensible to Americans. Here in China MP4
players, which also play videos, are all the rage — and that's what I got. Wikipedia has an amusingly derogatory article
on them. It begins:
MP4 players are portable media players developed in the People's Republic of China and surrounding
regions which support the MPEG-4 video format.
A majority of these players are actually incompatible with the format, and are limited to low-grade
proprietary formats[1] that are considered to be cheaper alternatives for these players.
It then describes some of these formats, for example AMV:
The image compression algorithm of this format [4] inadequate by modern standards (about 4 pixels per
byte, compared with over 10 pixels per byte for MPEG-22 / DVD video), with a typical resolution of 128 ×
96 pixels and a framerate of 12 fps. A 30-minute video will be compressed into just 80 MB with a very
lossy bitrate.[5]
You don't need to know what all this means to pick up on the scornful tone. More relevant to my own problem is the
section on instruction manuals:
Manuals that are bundled with these players are considered to be inconsistent and are generally difficult for
users to comprehend due to its poor translation.[6] Manuals may also refer to features that the particular
player model may not possess. And due to the nature of the product, there is usually no contact or website

information.
Wikipedia is now urging that articles include authoritative sources, so you can click on the footnote and read Amazon
reviews of a "1GB Pastel Pink Mp4-Mp3 Player" that say things like:
I bought this MP3/4 player for my little sister for Christmas, and so far I am very pleased. The sound
quality is great and visually it is very attractive, however it is a lot smaller than what I expected.
Consequently the pictures when viewed are quite small and blurred. I am having trouble reading the
instructions which have been changed directly from Chinese and make no sense!! Consequently I haven't
been able to make use of all the player's features and I still cannot change and store videos on the player.
Despite this, it is a great little player & great value for money!! I am very happy!!
The point is: these Chinese MP4 players are so cheap you don't care that they're not perfect and you can't read the
instructions — or at least you shouldn't. Another reviewer writes: "I purchased this not knowing its size. It's tiny, the
size of a matchbox." That reminds me of an incredibly small one I saw in the store here, about the size of my thumbtip.
Maybe that was just an MP3 player, but still: how do you work something so small?
But the really informative website on these machines is this:
Dr. Elwyin Jenkins, A Guide to the Southern Chinese MP4 Players, eBay.com.au.
I'm going to quote a lot of this, since it conveys quite movingly the incredible drive and can-do attitude of the hundreds
of little Chinese companies who throw together technology like something out of William Gibson novel:

How Apple Shaped the Southern Chinese Industry
Long before Apple launched its iPod range of players, the Southern Chinese electronics industry was
already buzzing with activity in building personal instruments that could play CDs, could records from FM
radio stations and replay as many times as you want music from that source, and in building for western
countries small players that could house a range of .mp3 format tunes. It was in 1998 that Eiger Labs in
Europe created the first "non-mechanical" .mp3 player that could continue playing regardless of the
external shock caused to the player. Interestingly, Apple Computer's iPod range started not from this "nonmechanical" concept but rather from the concept of housing a mini-disk drive.
It was the popularity of the non-mechanical machines that began a stream of new products from around the
world made by Eiger Labs, HanGo Electronics (Southern China), EmpegCar, and many others. Just about
every manufacturer of consumer electronics had a version. Then came Apple iPod that from 2001 and
onward manufactured a number of versions of its popular player all with its signature round sensor keypad.
The important thing to note here is that while Apple is a worldwide company with its base strongly in the
USA, Apple subcontracted the manufacture of its iPod range to a number of manufacturers all of whom
were based or who had their primary base in Southern China.
Basically because of the large numbers of iPods Apple was now selling, Apple controlled the price of "flash
memory" the solid state memory used in the most popular iPods, and also now the most popular non-iPod
machines that were made by a number of manufacturers to meet Apple on the non-mechanical turf. Apple
also controlled a large portion of the Southern Chinese manufacturers due to the Apple Accessories it was
producing and having produced by manufacturers under license.
Hundreds of manufacturers in Southern China wanted to have a slice of the "Apple-pie" and were preparing
themselves to compete for licenses in producing Apple iPods or accessories. Most manufacturers were not
accepted for one reason or another. Having gained skills in manufacture to build iPod type machines, it was
these manufacturers who began flooding the worldwide marketplace with a range of iPod look alikes, as
well as many other designs of .mp3 players.

The MP4 Advantage
The bulk of manufacturers in Southern China having lost out in making iPods for Apple turned their
expertise elsewhere — making Apple iPod look alikes. Chinese people have a very different view on art,
the expression of art, and the way in which items are made, authored, or invented. If a very talented person
painted the Mona Lisa, then it is the duty of an artist who comes after that famous painting and painter to
perfect that art, or to change that piece of art with a new rendition. So it was with the arrival of the iPod. If
there was an iPod there should be a way for me, as a manufacturer, to build a better iPod, an iPod with a
different screen that would be useful to some other types of people using iPods.
However, a number of manufacturers saw that they could build a competitive advantage over an iPod.
Apple iPod's at the time in 2001, only played MP3 music format. The Southern Chinese factories saw a
competitive advantage that they could bring to the marketplace — manufacture an MP4 Player — which in
their interpretation of file formats is the populist format for video and video-like format that encases the
details necessary to reproduce a video picture along with music.
There are about 350 factories, assembly plants and marketing offices housed in the sprawling metropolis of
Shenzhen. Some of them have good research and development facilities whilst others have purely a
marketing interface to the world or have an assembly plant. Typically since 1998, any new producers/sellers
of "iPod" look alikes, and MP4 players, buy a wholesale pack of gear necessary to build a "common mould"
product; that is, a mould that is also sold to many other manufacturers. A new producer takes this common
mould product and what is basically an inventory of parts needed to assemble a product that looks like any
other producer's product. However, to be true to the Chinese manufacturing ethos, the new producer needs
to do something quite different to the common mould product that improves the look, operation or whatever
of the product. Therefore we have in the marketplace today, hundreds of MP4 machines that look very
much the same, but have some distinctive change technically or otherwise.
The author goes on to describe various southern Chinese MP4 players and their features, emphasizing: "there is no such
thing as a perfect Mp4 player. Every machine is lacking something, missing a promised capability, or in need of altering
the way something works."
The reference to 350 factories, assembly plants and marketing offices in Shenzhen reminds me of my visit to Shenzhen
in August 2005. It's quite a city. Not a tourist destination, except for shoppers from Hong Kong trying to save money.
But, it could be the city of the future.
The future is already here – it's just not evenly distributed.
- William Gibson
April 25, 2008
My last full day here — my flight leaves tomorrow at 7:30 pm. I'll miss Shanghai, and miss Lisa too.
Lisa got up at 6:20 am to do her taiji with Lao Ma and the rest of the gang. The others leave around 7:45 but he stays
longer to teach her extra stuff, and today he started teaching her the 42 — the only Yang style sword form she he hasn't
learned yet. She'd been hoping for this, but not expecting it, since Ma is getting old and busy with grandchildren.
Different forms are named after the number of movements; here's a video of the 42:
42 Tai Chi Sword Form.
Being a lazy bum, I woke up around 7:30 and went out to meet her. It's was a perfect sunny but crisp spring morning.
The bird fanciers were out in force, and I wished I'd brought my camera.
We came back and en route we got jian bing for breakfast as usual; being almost my last day I thought I'd try something
different for a change, so I had mine with a cruller inside instead of the usual crunchy cracker. Bad move! The crunch

turns out to be a key aspect of the jian bing's charm.
We also picked up a kind of scallion cake cooked in a tandoori-like oven at the usual sesame ball place, on the same
"now or never" principle — and these turned out to be okay, though Lisa liked them more than I did.
Later we took a walk and I picked up Chinese editions of Griffiths and Harris' Principles of Algebraic Geometry and
Marsden and Ratiu's Introduction to Mechanics and Symmetry for 78 and 72 yuan, respectively, at a book store near
Fudan University. They have a lot of math and physics books! I've been trying to learn some algebraic geometry lately,
so it'll be fun to tackle Griffiths and Harris again. When I tried it back in grad school I didn't get much past the basics of
sheaves, deRham and Doubeault cohomology, and Hodge theory, but now the stuff on curves and abelian varieties looks
mouth-watering.
Yesterday we took my Teclast MP4 player back to the store; it just didn't work at all! They replaced it with a good one,
and took the trouble to switch the language from Chinese to English — excuse me, that's not English, it's Russian! —
okay, English. And today Lisa and I figured out how to download some MP3s into, starting with what she had available:
Dylan's Desire, Satie's Gymnopedie, Dao Lang's 2002 Nian De Di Yi Chang Xue and Yo-Yo Ma's Classic Yo-Yo.
So, now I'm finally part of the MP3 generation! In a few weeks they'll probably move on to something else...
I don't know if you've been paying attention to the world food crisis. I tend not to mention news here if I feel everyone
knows it already, but on the off chance you don't, listen to some of these stories:
Soaring World Food Prices, National Public Radio.
Food prices are shooting up for a bunch of reasons, from rising oil prices (oil is used for obvious things like tractors and
transportation but also to make fertilizer), droughts hitting rice production hard in Australia, and rising demand from
China, to the sinking dollar, if that's your currency of choice. (Some claim China is getting rid of dollars and hoarding
grain — any real evidence of that?)
Another much-ballyhooed factor is the way grain is going to make ethanol. That would be scary if true: have we already
reached the point where rising energy prices suck major amounts of grain from starving poor countries into American
SUVs? It's hard for me to tell. The columnist Roger Cohen says it's exaggerated. But I'd like to see more hard numbers.
National Public Radio has been talking about rising food prices for weeks, but now I see people up in arms about how
Wal-Mart and Costco are limiting sales of rice. It seems that the Australian press is making an especially big deal about
this, calling it "rationing".
Some climate news: according to Sarah Das of Woods Hole and Ian Joughin of the University of Washington,
Greenland is not giving way to catastrophic melting. Meltwater is forming underground streams that lubricate the slide
of glaciers, already doubling their rate of motion in some places. Das and Joughin just found that lakes on the surface
can quickly cut through ice all the way down to the rock far below. They saw a lake of meltwater containing 45 million
cubic meters of water drain completely in an hour and a half — a flow of 8,000 cubic meters per second, more than
Niagara Falls. The water seems to have cut through over a kilometer of ice to the rock below! But, the rate of outflow of
glaciers at the sea's edge is not drastically speeding up. Right now they're raising global sea levels at less than a quarter
inch per century.
Ira Flatow, Water power cracks ice sheet, Science Friday, April 18th, 2008.
Woods Hole Oceanographic Institution press release, Lakes of meltwater can crack Greenland's ice and contribute
to faster ice sheet flow.
Sarah B. Das, Ian Joughin, et al, Fracture propagation to the base of the Greenland ice sheet during supraglacial
lake drainage, Science, April 17, 2008.

Scientists walk along the edge of a large canyon formed by many years of
meltwater stream flow across the surface of the Greenland ice sheet. The lines along the wall of the canyon
show the stratigraphic layers of ice and snow laid down over the years.
(Photo by Sarah Das, Woods Hole Oceanographic Institution.)

We've been having a lot of trouble with bark beetles killing pines in the San Bernardino mountains near Riverside,
causing bad fires — but it's nothing compared to this:
John Nielsen, Beetle infestation compounds effects of warming, Morning Edition, National Public Radio, April
24, 2008.
Susan Brown, Beetle tree kill releases more carbon than fires, Nature, April 23, 2008.
W. A. Kurz et al, Mountain pine beetle and forest carbon feedback to climate change, Nature 452 (24 April
2008), 987-990.
Since 1997, pine beetles have killed 120,000 square kilometers of pines in Canada — that's the area of Pennsylvania, an
order of magnitude bigger than any previous known infestation. Global warming seems to be aiding the rise of these
beetles. The death of these forests will cause the release of about 270 megatons of CO2 by 2020. By coincidence, this is
exactly the amount of reduction of CO2 emissions that Canada is seeking to accomplish by 2012.
So, we have a positive feedback loop: warmer climates mean more beetles mean more CO2 mean warmer climates, at
least until the pine forests all die.
Ready for some good news? I recently heard about an interesting negative feedback loop: the increased amount of CO2
dissolved in seawater seems to be leading to a rise in little algae called coccolithophores that have calcium carbonate
"shells". When these shells fall to the sea floor, it takes CO2 out of circulation. This fits nicely with Le Chatelier's
principle — but scientists had been expecting the opposite, since more CO2 in the water makes it more acidic, which
tends to dissolve sea shells and coral reefs and release more CO2. So, this comes as a nice surprise, especially since
there are a lot of these coccolithophores — apparently they play a big role in taking CO2 out of the atmosphere:
Christopher Joyce, As oceans grow more acidic, a tiny plant thrives, National Public Radio, Morning Edition,
April 18, 2008.
Debora Iglesias-Rodriguez et al, Phytoplankton calcification in a high-CO2 world, Science 320 (April 18, 2008)
336-340.

April 28, 2008
Back home, jetlagged and slightly sick, busy trying to make a deadline on a grant proposal to get money for my
students. On the shuttle ride back from the airport late Saturday night, I saw the hills of Sierra Madre on fire. We're
having record heat here - 100 Fahrenheit in April is unusual! (That's 38° C.)
It's very strange having fires so early in the spring — not a good sign. On the TV show 60 Minutes I hear that half the
forests in America are likely to be gone in the next century, victim to fires, thanks in part to global warming.
April 29, 2008
If you've enjoyed my Shanghai diary, try this:
Chengdu Diary, National Public Radio.
It's a lot of fun. I've had a fondness for Chengdu ever since my visit in August of 2005.
April 30, 2008
Jimmy Giuffre died last week. My dad had a great album by him... I need to get ahold of it:
Steve Schwartz, Jazz clarinetist Jimmy Giuffre: a look back, WGBH, April 28, 2008.
They don't make 'em like they used to! The jazz age is gone now. We can't recreate it, and imitations fall flat, but you
can still feel its spirit.
Here you can see Billie Holiday, Ben Webster, Lester Young, Coleman Hawkins and Gerry Mulligan all together. This
is their December 8th, 1957 performance of Billie Holiday's song Fine and Mellow, from the CBS television special The
Sound of Jazz.

You can see the sadness in Billie's eyes turn to a smile as she listens to Lester Young's solo. Long past his prime, he had
to summon up his strength to stand up for this. He drank himself to death 15 months later. He was the one who named
Billie "Lady Day". She called him "The Pres". They'd had a close artistic relationship for many years. I can't help but

wonder if they were in love, but Billie seemed to always be involved with abusive men.
(Her second husband, whom she married in 1952, was an enforcer for the Mafia. Like her other men, he beat her. But —
all her biographers say at this point — at least he tried to get her off drugs. You see, she'd gotten into heroin in her later
years, and had been busted a few times, put in prison for a year... and in 1947 she'd been banned from performing in all
clubs in New York. "I can play Carnegie," she said, "but I can't play the crummiest gin joint in New York." Still,
somehow she managed to sing regularly at Birdland.)
On the ride to Lester Young's funeral, Billie Holiday told the jazz critic Leonard Feather, "I'll be the next one to go".
Sure enough, she died only 4 months later, from cirrhosis of the liver, under house arrest at the hospital for heroin
possession. When her body was examined she was found to have $750 taped to her leg. She had only 70 cents in the
bank. She was 44 years old. She is buried in St. Raymonds Cemetary in the Bronx.
Sad self-destructive behavior. But somehow all the foolish misery of their lives is transmuted to beauty in the alchemy
of music.
This was her most devastating song of all:

From happier days:

Here's to Billie! I've been listening to her stuff a lot these days.
For my May 2008 diary, go here.

Through new uses of corporations, banks and securities, new machinery of industry, of labor and capital — all
undreamed of by the Fathers — the whole structure of modern life was impressed into the service of economic royalists.
It was natural and perhaps human that the privileged princes of these new economic dynasties, thirsting for power,
reached out for control of government itself. They created a new despotism and wrapped it in the robes of legal
sanction. - Franklin Roosevelt
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Diary - May 2008
John Baez
May 1, 2008
Todd Trimble pointed out an interesting movie of CO2 emissions in the US. Later I saw a similar movie of air traffic,
which starts out great but degenerates into goofy visual effects near the end. They're both worth watching.
If you're feeling depressed about mysteriously crashing populations of bats and bees, amphibians, and other species, let
the ginkgo be a lesson: there's a big difference between being almost extinct and being extinct. So, it pays to work hard
to save species even when it seems almost hopeless.
The modern ginkgo tree is a "living fossil", the only surviving member of the phylum Ginkgophyta, which had its
heyday in the Cretaceous, about 145 million years ago. The Cretaceous was the last period when dinosaurs walked the
earth. During the cataclysm that killed the dinosaurs, all but two species of the ginkgo family died out. Their range has
been contracting almost ever since. It's possible they had evolved to have their seeds dispersed by dinosaurs, in which
case they may have been pining away ever since.
(Excuse the pun.)
Ginkgos are marked by some special features: extreme longevity, slow reproduction rate, low population density, and
strong "ecological conservatism": they only like light soils around rivers. Presumably all these factors contribute to
make ancient ginkgos almost indistinguishable from ginkgos today.
By the time the ice ages began — the end of the Pliocene and the start of the Pleistocene, 1.8 million years ago — they
only survived in a certain part of central China.
After the apes evolved into humans and some in Europe became scientists, these western scientists found fossil ginkgo
leaves and decided this was an extinct species of plant:

But, they were wrong! The ginkgo had survived in China, mainly in monasteries in the mountains and in palace and
temple gardens, where Buddhist monks cultivated the tree starting around 1100 AD. Only a few wild ginkgos are known

in China, especially around the southern slope of Jinfo Mountain near the border of Guizhou Province.
The Buddhists monks later took the ginkgo to Japan around 1190...
In 1691, a German physician and botanist named Engelbert Kämpfer, in Japan on a mission with the Dutch East-India
Company, found ginkgos in Japan and brought back seeds to Holland. The trees from these first seeds survive today!
They were taken to America in 1784, and by the late 1800s it had become a popular tree for city streets on east coast
urban areas. Now Ginkgo biloba is fashionable for its medical properties.
In short: its story continues! For more:
Cor Kwant, The Ginkgo pages: history.

May 7, 2008
I gave a talk on the number 5 at George Washington University. I'm staying with my old pal Bill Schmitt, who
teaches there.
Bill and I were math grad students at MIT, and he's one of the few people I've kept up with since then. It's strange
how this sort of thing works — you can't guess ahead of time who you'll still be talking to twenty years later.
Bill's interest in Hopf algebras and combinatorics seemed far from my work on quantum field theory when I was a
student, but now they look awfully similar to me. We also just get along — and we've managed to see each other
often enough to keep the connection alive.
First Bill had a job at the University of Southern California and lived in Venice, California, within range of
Riverside. Then he got at the University of Tennesee, in Memphis, but was kind enough to invite me to give a talk
there. Now he's teaching in DC, conveniently located near my parents. So, it's fun to visit him when I go to DC —

especially since visits carry a certain sadness, a certain darkness now that my dad is confined to a nursing home,
and my mother lives alone, struggling with some tough decisions.

The last time I visited Bill, he lived right off Dupont Circle — a fashionable spot in the heart of DC. Now he's
living out in Bethesda, to be near his daughter. But a lot remains constant: in both these places, and also in
Memphis, he lived near the top of an apartment building, in a sparsely furnished set of rooms dominated by a
grand piano and an incredibly good stereo system.
He's one of the few people who not only loves music as much as me, but loves it in a similar way, so we can enjoy
listening to it together and talking about it. I tend to think of him as a "confirmed bachelor", who likes women but
needs the freedom of living alone. So, I really enjoy doing bachelor things with him: eating out at restaurants
where he's a favored "regular", staying up late, listening to music, talking math, and drinking. All the stuff I'd do
if I lived alone — except I'd be absolutely miserable, since living alone is not my thing. So for me, visiting Bill is
like an idealized temporary taste of the bachelor lifestyle backed by the comforting knowledge that it's not a
permanent condition. The part-time presence of his 4-year-old daughter throws a monkey wrench into this pattern,
but somehow less than you might think. The fact that she's basically delightful helps.
Best piece of music I've discovered on this visit: Thom Yorke's album The Eraser. The first song that really
caught my attention was Skip Divided, because I'd already heard the flashy remix by the German group
Modeselektor over at NPR. But, I've gotten to love almost all these songs — try Black Swan, It Rained All Night,
Analyse and The Eraser. I suggest ignoring the videos: I'm just using YouTube as a way to let you hear cheap
versions of these songs! In their full-fledged album versions, some of these songs are so high-tech and sonically
thick that they come out like pure noise on my cheaper pair of headphones... but sound great on good speakers.
They're also full of soul. I like this album better than In Rainbows.
If you get stuck in other people's impressions of what you do, it actually starts informing how you
carry on — and then you know you're in trouble, because then you're part of this noise that actually
was nothing to do with you in the first place. - Thom Yorke

May 10, 2008
I'm visiting my mom, dad and sister — and my aunt came out from Pasadena to join us! Fun family reunion. The
shadows of old age haunt us all, but we love each other, and rarely get to see each other all at once.
My aunt gave my dad a CD by Jimmy Giuffre, the jazz clarinetist I mentioned on April 30th. This CD is actually
a double album containing Tangents in Jazz, the record my dad had that I loved so much as a kid! Wow! This
stripped-down, slightly countrified jazz — dominated by clarinet, drum silent except when needed, completely
lacking piano — was so far ahead of its time! It sounds like something Bill Frisell would do. It's gentle, but funky.
It makes me happy.
From an online review of a larger collection:
There is a kind of poetic imagination at work in the early solo recordings of Jimmy Giuffre. He knew
what sound he was looking for; could hear it in all its breezy complexity; but had to experiment for a
number of years before hitting upon it: a varied and rich tapestry that may be overlooked by
mainstream jazz fans who are still goo-goo-eyed over all the '50s had to offer; but shouldn't be. Taken
in part or as a whole, The Complete Capitol and Atlantic Recordings of Jimmy Giuffre, (six CDsworth from the Four Brothers sessions), reveal truly original statements sung by a master of dynamic,
harmonic, and timbral invention and counterpoint. Giuffre (and Dave Brubeck) studied counterpoint
with French composer Darius Milhaud, and it shows. The music contained here is considered, even
today, with its strange lineups and odd ghostly voicings, to be sometimes quirky or iconoclastic.
The evidence, of course, is in the recordings themselves, beginning with 1953's Four Brothers
session. Giuffre alternates on clarinet, baritone, and tenor, with side men that include pianist Russ
Freeman, trumpeter Jack Sheldon, bassist Curtis Counce, and drum king Shelly Manne, on half the
session, and altoist Bud Shank, Shorty Rogers on flugelhorn (and subbing Ralph Pena on bass), and
vibist Bob Enevoldsen. On Four Brothers, one can hear Giuffre's discontent with the idea of the piano
carrying the body of the harmonic groove and the skittering of the drums during the solos.
The next step would be, of course, to jettison the piano for the scandalous (at that time) Tangents in
Jazz. Featuring Giuffre and his army of horns with Sheldon, Pena, and drummer Artie Anton,
Tangents in Jazz set the pens of critics to scrawling across the page. Here was a quartet set that
decided the piano — even before Chet Baker — was dispensable, and that linear development and
improvisation would be better served by accenting timbre and dynamic rather than an overabundance
of harmonic considerations.
Right or wrong, and despite the controversy, the album has proven to be a classic. The reason is
simple: Giuffre's insistence on subtle shades and textures in melodic improvisation made his music
— no matter how "odd" sounding — palatable. The muted tones and nuances of Tangents in Jazz are
balanced by the sheer melodic invention of the soloing of all players as they develop along
contrapuntal lines, showcasing timbral shifts that would normally go unnoticed as key elements in the
linear — not horizontal — erection of a series of melodic ideas in a composition; all joined by
improvisation that added a block that harmony may or may not be considered as a stepping stone to
another rung. And hell yes, Tangents in Jazz, like Four Brothers before it, swung smooth; but it
swung tough.
May 20, 2008
Another trip — now Lisa and I are in Berkeley, where I gave a talk on my work with Jim Dolan at the Groupoids
in Analysis and Geometry Seminar run by Alan Weinstein. This was a real pleasure, since I've been hearing about
Alan Weinstein's work on the math of classical mechanics ever since I studied the subject with Victor Guillemin
(his east-coast rival) at MIT, and he's one of geometers who has most fully embraced categories — or at least
groupoids, Lie algebroids, stacks and the like.

He told me he jokingly refers to categorification as "higher mathematics".
I also met Jenny Harrison, and was delighted to hear that she enjoys This Week's Finds. She said that when it
shows up, she knows it'll be a fun day! That's what I'm always striving for... I'm glad it's working for some people.
Lisa and I had dinner with Alan, his wife, and a postdoc. Jenny was unable to make it.
May 22, 2008
Lisa and I are now visiting Stanford, where she gave a talk at the Center for East Asian Studies. This afternoon I
visited my student Mike Stay at Google — that's where he works now.

They have lots of lectures on all subjects at Google, so I gave a talk there. To make it fun for people, I decided to
give my talk about the number 5. Unfortunately, it turned out I was giving it at the same time Condoleeza Rice
was giving a talk! I was pleased that some people still came.
Afterwards Mike and I discussed his thesis, which will be about the analogies between computation and physics
(broadly speaking) and categorifying the lambda calculus (narrowly, at least to start with). Mike was excited
about something called the blue calculus, which more closely models current object-oriented programming. I need
to catch up on a lot of material before I can address this sort of thing intelligently, connecting the practice of
computation with the elegance of abstract category theory. But, it would be fun.
The Google "campus", as they call it, is a sight to see. Swimming pools, a Tyrannosaurus rex, a replica of Space
Ship One (a spaceplane that completely the first privately funded flight in space), a bunch of video screens
mapping web traffic in real time, the obligatory whiteboards all over, free coffee bars, free juice bars, free
cafeterias serving all sorts of tasty food... they've clearly put thought into keeping their employees happy. I could
sense myself becoming jealous.

The place is also a bit like a dream school for bright overgrown kids: lots of primary colors, toys, and all your
needs met as long as you do wonderful things. That made me feel a bit nervous. As a university teacher, I'm used
to being the "grownup" amid kids.
Dinner with Lisa's colleagues, including Yiqun Zhou and Mark Lewis, whom I'd met before in Cambridge.
May 23, 2008
Back in Riverside, it's raining and chilly! That's a real shock, especially since it was about 40° C when we left.
But it's nice.
We have an agave in our back yard that's revealed itself to be a century plant, sending up an enormous stalk and
flowering magnificently before it dies. A couple weeks ago it looked like some sort of mega-asparagus:

Now it looks like this:

For my June 2008 diary, go here.

How charming is divine Philosophy!
Not harsh and crabbed, as dull fools suppose,
But musical as is Apollo's lute,
And a perpetual feast of nectar'd sweets,
Where no crude surfeit reign. - Milton, Comus
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Diary - June 2008
John Baez
June 1, 2008
My days especially quiet now that Lisa is visiting Taiwan, especially since I'm on a non-teaching quarter. I'm writing a
lot, listening to music in my office at home: mainly jazz, Radiohead and Thom Yorke, and a bit of techno and other
stuff.
Today it's Sunday; I went to a cafe called Panera at the Riverside Plaza and spent several hours polishing up a draft of a
paper I'm writing with my students Chris Rogers and Alex Hoffnung, called Categorified Symplectic Geometry and
Classical String Theory.
I need to finish off a number of papers and prepare a few talks before I go to Barcelona on the 14th. I can get nervous if
I think about how much I'm committed to do. And I still haven't found a place to stay for our stay in Paris starting July
6th! But I'll muddle through.
I read an article about some charmingly persistent scientists seeking radio broadcasts from extraterrestrial life —
especially Rick Forster, who is working on an array 42 new radio dishes devoted to this search up in Hat Creek, a valley
near Mt. Shasta in northern California:
John Johnson Jr., Aliens get a new switchboard: a SETI radio telescope in Northern California, Los Angeles
Times, June 1, 2008.
A little quote of this fun story:
Frank Drake made his first attempt to find Earth's sister planet in 1960, using an 85-foot-diameter antenna
at the National Radio Astronomy Observatory in West Virginia. Radio waves have long been considered
ideal for communication with alien civilizations because the waves are easy to produce and receive, which
is why we use them on Earth to carry television and radio signals. They also penetrate the gas and dust
between stars.
Drake pointed the antenna at two nearby stars, Epsilon Eridani and Tau Ceti — virtually next-door
neighbors in galactic terms at just over 10 light-years from Earth.
In April 1960, Drake picked up a signal. His first thought, according to Seth Shostak, was: "Can it be this
easy?"
The second was, "Holy cow, what do I do now?"
"It wasn't that easy," said Shostak, who is writing a book about the search for alien intelligence.
Drake, now 78, had mistaken a passing aircraft for an alien broadcast. It was the first of many false alarms
to haunt the field, presenting a problem that persists today: separating the man-made and natural radio
signals from the electronic "Howdy, neighbor" of an alien civilization.
Shostak calls it the "E.T. or AT&T?" problem.
So how does one go about tuning in intergalactic radio? It's a lot more complicated than simply pointing
your antenna at the right star, just as tuning in your favorite radio station on Earth requires more than being

within broadcast range. You have to spin the dial.
The radio spectrum ranges over frequencies of 3 kilohertz (3,000 hertz) to 300 gigahertz (300 billion hertz).
The alien version of "I Love Lucy" could be hiding anywhere in between.
With the Hat Creek array, SETI will be able to scan a much broader range than ever before: everything
from 0.5 gigahertz to 11 gigahertz, a range of 10 billion channels.
When researchers get a promising signal, the real work begins.
The key test, according to Tarter, is the bandwidth. Nothing in nature produces signals narrower than 300
hertz.
"Quasars, pulsars, things like that make signals much broader," Shostak said. "A narrow signal must have
been produced by a transmitter."
But whose? Ours or theirs?
The next step after finding a signal is to watch it for a while. Does it change, or does it sit there on the dial
giving off a continuous whine or beeping as regularly as a metronome? An alien signal would undergo
subtle changes as Earth's orbital position changed relative to the other planet, whereas a man-made signal
would be constant.
"Getting a signal is not such a big deal," Shostak said. "At Arecibo, we got one every six seconds."
With the Hat Creek array, he expects to get a promising signal every couple of hours. Every six months, he
expects, researchers will get one that seems to pass all the tests. But that's just the beginning. After that,
SETI will alert other observatories for confirmation.
Over nearly 40 years of searching, no signal has panned out to be anything more than a satellite
transmission or some mundane natural pulse.
But the time period is deceptive. All the actual search time added together amounts to only 18 months of
concerted effort, Shostak said — hardly enough to conclude that our galactic brethren either are not there or
are not interested in communicating.
For the truly dedicated, patience is not only a virtue but a requirement. Just ask Jill Tarter.
She began her search in the late 1970s at NASA's Ames Research Center in the Bay Area, where scientists
were interested in following up on Drake's work.
Tarter signed on. "I realized I was alive in the first generation of human beings who could answer the arewe-alone question rather than going around asking priests and philosophers," she said. "Good grief, why
wouldn't I want to become involved in that?"
The NASA search was killed by Congress in 1993, but Tarter refused to give up.
Jill Tarter was the basis for the main character in Carl Sagan's novel Contact. She was played by Jodie Foster in the
movie version of this story — one of my favorite science fiction movies, despite a few infuriating aspects. Jodie Foster
did a good job. I can just imagine her saying line: "Good grief, why wouldn't I want to become involved in that?" There
are so many obvious answers to that question, I can't help but smile... but at the same admire the spirit. The childlike,
earnest naivete of the scientist who just won't quit!
Maybe science requires a certain quixoticism: you're trying to do amazing, wonderful things, and most attempts fail —
but overall science succeeds in doing amazing, wonderful things.

On another note: I recently read somewhere that Arecibo-quality radio antennas on other solar systems could only pick
up the carrier wave of TV broadcasts from Earth like the I Love Lucy show mentioned above — not the actual signal.
But the big question is: is anyone out there? I last talked about the so-called Fermi paradox in my December 14, 2006
diary entry. It's not really a paradox, more like a puzzle. Here's a new article on the subject:
Nick Bostrom, Where Are They? — Why I Hope The Search for Extraterrestrial Life Finds Nothing, Technology
Review, May-June 2008.
I'm not sure I agree with his logic, but here's the core of his argument:
I hope that our Mars probes discover nothing. It would be good news if we find Mars to be sterile. Dead
rocks and lifeless sands would lift my spirit.
Conversely, if we discovered traces of some simple, extinct life-form — some bacteria, some algae — it
would be bad news. If we found fossils of something more advanced, perhaps something that looked like
the remnants of a trilobite or even the skeleton of a small mammal, it would be very bad news. The more
complex the life-form we found, the more depressing the news would be. I would find it interesting,
certainly — but a bad omen for the future of the human race.
He notes that with lots of stars and planets, and so far no signs of any life, there must be a "Great Filter" making it hard
for intelligent life to sweep across the cosmos. This is the usual Fermi paradox argument. Then:
So where is the Great Filter? Behind us, or not behind us?
If the Great Filter is ahead of us, we have still to confront it. If it is true that almost all intelligent species go
extinct before they master the technology for space colonization, then we must expect that our own species
will, too, since we have no reason to think that we will be any luckier than other species. If the Great Filter
is ahead of us, we must relinquish all hope of ever colonizing the galaxy, and we must fear that our
adventure will end soon — or, at any rate, prematurely. Therefore, we had better hope that the Great Filter
is behind us.
What has all this got to do with finding life on Mars? Consider the implications of discovering that life had
evolved independently on Mars (or some other planet in our solar system). That discovery would suggest
that the emergence of life is not very improbable. If it happened independently twice here in our own
backyard, it must surely have happened millions of times across the galaxy. This would mean that the Great
Filter is less likely to be confronted during the early life of planets and therefore, for us, more likely still to
come.
If we discovered some very simple life-forms on Mars, in its soil or under the ice at the polar caps, it would
show that the Great Filter must come somewhere after that period in evolution. This would be disturbing,
but we might still hope that the Great Filter was located in our past. If we discovered a more advanced lifeform, such as some kind of multicellular organism, that would eliminate a much larger set of evolutionary
transitions from consideration as the Great Filter. The effect would be to shift the probability more strongly
against the hypothesis that the Great Filter is behind us. And if we discovered the fossils of some very
complex life-form, such as a vertebrate-like creature, we would have to conclude that this hypothesis is
very improbable indeed. It would be by far the worst news ever printed.
I agree that finding evidence for a Great Filter behind us would be good news for us, while finding evidence that it's
ahead would be bad news. But, I'm finding simple life forms on Mars might not necessarily be "disturbing" — wouldn't
it suggest the Great Filter was behind us? Actually, I think the details matter immensely: we'd need to see how much the
death of life on Mars said about our own situation.
For example, it would be really scary finding remnants of a dead civilization in the midst of an endless series of primary
elections between two candidates in the same political party, either one of whom could have saved the day.

June 2, 2008
I finished a draft of the paper with Chris and Alex, and rewarded myself by buying Trent Reznor's new album, Ghosts IIV. I'm listening to it now. It's good music, and a great idea: two CDs of music for only 10 bucks, or download it even
cheaper — and it comes with a Creative Commons Attribution Non-Commercial Share Alike license that lets. you to
reproduce it. This is partially to encourage you to make your own music videos of it and show them as a part of a "film
festival" they're planning on YouTube.
I've been studying Pythagoreanism ever since giving the first trial runs of my talk on the number 5, which features the
so-called Pythagorean pentagram. The idea behind that pentagram was almost completely without historical basis, just a
nice mathematical "just so story". But, it can't hurt to learn the history.
And, despite a profusion of legends in the later Greek literature, it turns out almost nothing is known of Pythagoras
himself — and very little about the Pythagoreans of the 5th century BC. Tim Silverman. recommended this book:
Walter Burkert, Lore and Science in Ancient Pythagoreanism, Harvard U. Press, Cambridge, Massachusetts,
1972.
It's very scholarly and thorough... and it clearly shows the futility of trying to extract the "historical Pythagoras" from
the dark cloud of myths surrounding him:
No other branch of history offers such temptations to conjectural reconstruction as does the history of
mathematics. In mathematics, every detail has its fixed and unalterable place in a nexus of relations, so that
it is often possible, on the basis of a brief and casual remark, to reconstruct a complicated theory. It is not
surprising, then, that gap in the history of mathematics that was opened up by a critical study of the
evidence about Pythagoras has been filled by a whole succession of conjectural supplements.
It's much easier to learn about the Renaissance "neo-Pythagoreans". This book is a lot of fun, though too romantic to be
truly scholarly:
S. K. Heninger, Jr., Touches of Sweet Harmony: Pythagorean Cosmology and Renaissance Poetics, The
Huntington Library, San Marino, California, 1974.
It seems clear that the Renaissance neo-Pythagoreans, and even the Greek Pythagoreans, and perhaps even old
Pythagoras himself were much taken with the tetractys, a symbol that looks like this:

To get the importance of the tetractys, you have to temporarily throw out modern scientific thinking and get yourself in
the mood of magical thinking, or correlative cosmology. To the Pythagoreans, the four rows of the tetractys represent
the point, line, triangle and tetrahedron, respectively. The "fourness" of the tetractys also represents the four elements:
earth, air, water and fire. I'm not sure if there are specific elements that correspond to the numbers 1, 2, 3, and 4, though.
The Renaissance thinkers liked to organize the elements using the chain of analogies
fire : air :: air : water :: water : earth

(running from light to heavy), or in a pattern like this:

Fire is primarily hot and secondarily dry.
Air is primarily wet and secondarily hot.
Water is primarily cold and secondarily wet,
Earth is primarily dry and secondarily cold.
Hmm? Air is primarily wet, while water is only secondarily wet? This theory sounds all wet.
The tetractys also took the Pythagoreans in other strange directions. For example, who said this:
"What you suppose is four is really ten..."
A modern-day string theorist, talking to a loop quantum gravity theorist about the dimension of spacetime? No! Lucian
attributes it to Pythagoras, referring to the tetratkys and the fact that 1 + 2 + 3 + 4 = 10. This somehow led the
Pythagoreans to consider the number 10 as representing perfection.
Pythagorean music theory is a bit more comprehensible. The Greeks, and the Babylonians before them, knew that nicesounding intervals in music correspond to nice rational numbers. For example, they knew that the octave corresponds to
a ratio of 2:1. We'd now call this a ratio of frequencies; one can get into some interesting scholarly arguments about
when and how well the Greeks knew that sound was a vibration, but never mind — read Burkert's book if you're
interested in that question.
Whatever these ratios meant, they also knew that the fifth corresponded to a ratio of 3:2, and a fourth to 4:3.
They then figured out that the octave could be divided into a fourth and a fifth:
2/1 = 4/3 × 3/2
and at some point they defined a whole tone to be the difference, or really ratio, between a fifth and a fourth:
(3/2)/(4/3) = 9/8
So, when you go up one whole tone in Pythagorean tuning, the higher note should vibrate 9/8 as fast as the lower one. If
you try this on a modern keyboard, it looks like after going up 6 whole tones you've gone up an octave. But in fact if
you buy the Pythagorean definition of whole tone, 6 whole tones equals
(9/8)6 = 531441 / 262144

2.027286530...

which is, umm, not quite 2. Another way to put it is that if you go up 12 fifths, you've almost gone up 7 octaves, but not
quite: the so-called circle of fifths doesn't quite close, since
(3/2)12/27 = 531441/524288

1.01264326...

This annoying little discrepancy is called the Pythagorean comma.
Unfortunately, this sort of discrepancy is an unavoidable fact of mathematics. Our ear likes to hear frequency ratios that
are nice simple rational numbers, and we'd also like a scale where the notes are evenly spaced, but we can't have both.
Why? Because you can't divide an octave into equal parts that are rational ratios of frequencies: a nontrivial nth root of
2 can never be rational.
So, irrational numbers are lurking in any attempt to create an equally spaced (or as they say, "equal-tempered") tuning
system. And you might imagine this pushed the Pythagoreans to confront irrational numbers. This case has been made
by the classicist Tannery, but Burkert doesn't believe it: there's no written evidence suggesting it.
You could say the existence of irrational numbers is the root of all evil in music. Indeed, the diminished fifth in an equal
tempered scale is called the diabolus in music, the "devil in music", and it has a frequency ratio of √2.
Or, you could say that this built-in conflict is the spice of life! It makes it impossible for harmony to be perfect and
therefore dull.
Anyway, Pythagorean tuning is not equal-tempered: it's based on making lots of fifths equal to exactly 3/2. So, all the
frequency ratios are fractions built from the numbers 2 and 3. But, some of them are nicer than others:
first = 1/1
second = 9/8
third = 81/64
fourth = 4/3
fifth = 3/2
sixth = 27/16
seventh = 243/128
octave = 2/1
As you can see, the third, sixth and seventh are not very nice: they're complicated fractions so they don't sound great.
They're all a bit sharp compared to the following tuning system, which is a form of "just intonation":
first = 1/1
second = 9/8
third = 5/4
fourth = 4/3
fifth = 3/2
sixth = 5/3
seventh = 15/8
octave = 2/1
A long and interesting tale could be told about this other system, but I won't tell it here. Instead, let's just study how the
third, sixth and seventh differ:
In just intonation the third is 5/4 = 1.25, but in Pythagorean tuning it's 81/64 = 1.265625.
In just intonation the sixth is 5/3 = 1.6666.., but in Pythagorean tuning it's 81/64 = 1.6875.
In just intonation the seventh is 15/8 = 1.875, but in Pythagorean tuning it's 243/128 = 1.8984375.
For more information on Pythagorean tuning, try the Wikipedia article. For now, I just want to say how it's related to
other aspects of Pythagorean or Platonic numerology, especially the so-called "Platonic Λ".

The "Platonic Λ" is a certain way of labelling the edges of the tetractys by powers of 2 on one side, and powers of 3 on
the other:
1
2

3

4

9

8

27

I can't help wanting to flesh it out like this, so going down and to the left is multiplication by 2, while going down and to
the right is multiplication by 3 — or in musical terms, going up an octave and going up an octave and a fifth:
1
2
4
8

3
6

12

9
18

27

So, I was pleased when in Heninger's book I saw some of these numbers in a plate from a 1563 edition of the De Natura
Rerum, a commentary on Plato's Timaeus written by the Venerable Bede sometime around 700 AD.
In this plate, the elements fire, air, water and earth are labelled by the numbers 8, 12, 18 and 27. This makes the
aforementioned analogies:
fire : air :: air : water :: water : earth
into strict mathematical proportions:
8 : 12 :: 12 : 18 :: 18 : 27
In my effort to get to the bottom of this, I was soon led to a bizarre passage in Plato's Timaeus — a passage I'd never
before come close to understanding! It describes the Platonic Λ and further ideas which seem closely related to
Pythagorean tuning and perhaps the "music of the spheres".
Before I show you this passage, which is quite dense and bewildering, let me quote the introduction to the Timaeus
written by Jowett, one of the main translators of Plato into English. First, some general stuff about the role of number in
Greek thought:
Number and figure were the greatest instruments of thought which were possessed by the Greek
philosopher; having the same power over the mind which was exerted by abstract ideas, they were also
capable of practical application. Many curious and, to the early thinker, mysterious properties of them came
to light when they were compared with one another. They admitted of infinite multiplication and
construction; in Pythagorean triangles or in proportions of 1:2:4:8 and 1:3:9:27, or compounds of them, the
laws of the world seemed to be more than half revealed. They were also capable of infinite subdivision — a
wonder and also a puzzle to the ancient thinker (Republic). They were not, like being or essence, mere
vacant abstractions, but admitted of progress and growth, while at the same time they confirmed a higher
sentiment of the mind, that there was order in the universe. And so there began to be a real sympathy
between the world within and the world without. The numbers and figures which were present to the mind's
eye became visible to the eye of sense; the truth of nature was mathematics; the other properties of objects
seemed to reappear only in the light of number. Law and morality also found a natural expression in
number and figure. Instruments of such power and elasticity could not fail to be 'a most gracious assistance'
to the first efforts of human intelligence.
Second, a summary of the passage I'm about to clobber you with:

The proportions in which the soul of the world as well as the human soul is divided answer to a series of
numbers 1, 2, 3, 4, 9, 8, 27, composed of the two Pythagorean progressions 1, 2, 4, 8 and 1, 3, 9, 27, of
which the number 1 represents a point, 2 and 3 lines, 4 and 8, 9 and 27 the squares and cubes respectively
of 2 and 3. This series, of which the intervals are afterwards filled up, probably represents (1) the diatonic
scale according to the Pythagoreans and Plato; (2) the order and distances of the heavenly bodies; and (3)
may possibly contain an allusion to the music of the spheres, which is referred to in the myth at the end of
the Republic.
Okay, now for the passage itself! Hang on to your seat! Including some explanatory text by Jowett, it reads:
Now God did not make the soul after the body, although we are speaking of them in this order; for having
brought them together he would never have allowed that the elder should be ruled by the younger; but this
is a random manner of speaking which we have, because somehow we ourselves too are very much under
the dominion of chance. Whereas he made the soul in origin and excellence prior to and older than the
body, to be the ruler and mistress, of whom the body was to be the subject. And he made her out of the
following elements and on this wise: Out of the indivisible and unchangeable, and also out of that which is
divisible and has to do with material bodies, he compounded a third and intermediate kind of essence,
partaking of the nature of the same and of the other, and this compound he placed accordingly in a mean
between the indivisible, and the divisible and material. He took the three elements of the same, the other,
and the essence, and mingled them into one form, compressing by force the reluctant and unsociable nature
of the other into the same. When he had mingled them with the essence and out of three made one, he again
divided this whole into as many portions as was fitting, each portion being a compound of the same, the
other, and the essence. And he proceeded to divide after this manner:
First of all, he took away one part of the whole (1), and then he separated a second part which was double
the first (2), and then he took away a third part which was half as much again as the second and three times
as much as the first (3), and then he took a fourth part which was twice as much as the second (4), and a
fifth part which was three times the third (9), and a sixth part which was eight times the first (8), and a
seventh part which was twenty-seven times the first (27). After this he filled up the double intervals (i.e.
between 1, 2, 4, 8) and the triple (i.e. between 1, 3, 9, 27) cutting off yet other portions from the mixture
and placing them in the intervals, so that in each interval there were two kinds of means, the one exceeding
and exceeded by equal parts of its extremes (as for example 1, 4/3, 2, in which the mean 4/3 is one-third of
1 more than 1, and one-third of 2 less than 2), the other being that kind of mean which exceeds and is
exceeded by an equal number, e.g:
- over 1, 4/3, 3/2, - over 2, 8/3, 3, - over 4, 16/3, 6, - over 8: and
- over 1, 3/2, 2, - over 3, 9/2, 6, - over 9, 27/2, 18, - over 27.
Where there were intervals of 3/2 and of 4/3 and of 9/8, made by the connecting terms in the former
intervals, he filled up all the intervals of 4/3 with the interval of 9/8, leaving a fraction over; and the interval
which this fraction expressed was in the ratio of 256 to 243, e.g.
243:256::81/64:4/3::243/128:2::81/32:8/3::243/64:4::81/16:16/3::242/32:8.
And thus the whole mixture out of which he cut these portions was all exhausted by him. This entire
compound he divided lengthways into two parts, which he joined to one another at the centre like the letter
X, and bent them into a circular form, connecting them with themselves and each other at the point opposite
to their original meeting-point; and, comprehending them in a uniform revolution upon the same axis, he
made the one the outer and the other the inner circle. Now the motion of the outer circle he called the
motion of the same, and the motion of the inner circle the motion of the other or diverse. The motion of the
same he carried round by the side (i.e. of the rectangular figure supposed to be inscribed in the circle of the
Same) to the right, and the motion of the diverse diagonally (i.e. across the rectangular figure from corner to
corner) to the left. And he gave dominion to the motion of the same and like, for that he left single and
undivided; but the inner motion he divided in six places and made seven unequal circles having their

intervals in ratios of two and three, three of each, and bade the orbits proceed in a direction opposite to one
another; and three (Sun, Mercury, Venus) he made to move with equal swiftness, and the remaining four
(Moon, Saturn, Mars, Jupiter) to move with unequal swiftness to the three and to one another, but in due
proportion.
Whew! The last paragraph still has me completely befuddled, but Jowett says it sets up a correspondence between
planets and numbers as follows:
Moon 1, Sun 2, Venus 3, Mercury 4, Mars 8, Jupiter 9, Saturn 27
These are, of course, the numbers in the Platonic Λ:
1
2
4
8

3
9
27

What does it all mean? I'm not sure. All I can say is that we're seeing a strange strand of numerological mysticism
starting with the murky unnamed "Pythagoreans", flaring into visibility in Plato's Timaeus, and lasting for thousands of
years, perhaps peaking in the work of Renaissance "neo-Pythagoreans".
June 3, 2008
I do math and physics of a rarefied, abstract sort. It's mindblowingly fun, but in a subtle way. It's a sublimated
fulfillment of my love for intensity. When I was a kid, I would have preferred to build a 26-ton sphere of steel full of
molten sodium and spin it around really fast! That's what Dan Lathrop does for a job. No wonder he's smiling.

Check out the video here, as well as the radio show:
David Kestenbaum, Building a baby earth to test its magnetic field, June 2, 2008.
People who don't get jobs like that may want to spend time in a media immersion pod. Ever tried that? Not me. But lots
of people have:
Virginia Heffernan, In Tokyo, the new trend is 'media immersion pods', New York Times, May 14, 2006.
A little quote:
[...] the Gran Cyber Cafés are enshrouded in the urgent, furtive atmosphere of a hot-sheet motel. Eyes
averted, customers sign in, head to the library of entertainment options, and load up on fashion magazines,
video games and DVD's of "24" as if stocking up on Jim Beam. Then they beetle-brow it to their solitary
pods.
What they do there is up to them. Some people channel-surf. Others trade stocks. You can download music,
read novels, watch pornography, play video games, have sex, go to sleep.

According to Mr. Isshow, Japan's "petit iede," or little runaways, come for downtime, free lattes and
smoothies, and, at some branches, showers. They use the places as trial separations from home — staying a
few hours, overnight or a few days, long enough to scare their parents. (A "night pack" allows use of the
pod from 11 p.m. to 8 a.m. for about $10; some places sell toothbrushes and underwear too.) Periodically
the management will remind a customer that the cafe is not a hotel, but above all they respect people's
privacy.
On a recent afternoon, at around 5:30, I visited the Gran Cyber Café in the Shinjuku neighborhood for the
first time, to read e-mail and visit a news site or two. Checking in, I was assigned to pod 16-A.
I loved 16-A the instant I saw it. I closed the door, slipped into a low-slung leatherette seat and surveyed the
all-you-can-eat tech feast, which includes VHS and DVD players, satellite and regular television on a
Toshiba set, PlayStation 2, Lineage II and a Compaq computer loaded with software, all the relevant
downloads and hyperspeedy Internet. In the nearby library were thousands of comic books, magazines and
novels. On the desk was a menu of oddball snacks, like boiled egg curry and hot sandwich tuna.
The atmosphere is airless and hot, with a permanent cloud of cigarette smoke. Over all the effect is of a
low-wattage, low-oxygen casino.
When I spoke to Japanese cultural critics about the Gran Cyber Cafés, most gave high-flown theoretical
accounts of their appeal. But Takami Yasuda, a professor at the School of Informatics and Sciences at
Nagoya University who writes about virtual reality, shrugged. "I do not know exactly why people, young
guys in particular, love to stay in such a dark place," he said.
I don't know exactly why I stayed either. But 10 books, two DVD's, seven magazines, two newspapers and
a video game later, I found that eight hours had elapsed.
I discovered this through a fun interview of Virginia Heffernan, part of a very interesting longer conversation about the
spaces in which we consume media:
Brooke Gladstone and Bob Garfield, Space odyssey, On the Media, National Public Radio, May 30, 2008.
June 4, 2008
A cool gray day — rare treat in June, here.
I've been enjoying watching baby birds practice flying, launching themselves off the palm tree in our front yard and
awkwardly winging around while chirping in a cute, childish way.
The year before last, a nest of hawks occupied that tree, so we got to see baby hawks fly about and practice diving,
sometimes pretending to attack their parents. Last year it was owls: at night we could hear hooting, and see vague white
shapes doing strange things. This year I don't know what kind of baby bird I'm seeing. It's annoying. A mockingbird,
maybe?
Mockingbirds are one of the dominant bird species here, energetic and intelligent, endlessly inventive in their song as
they sit on a nice tree or rooftop. I love listening to them: they usually sing the same phrase three times in a row, then
modify it and sing the new phrase three times, and so on, for hours. Usually you'll hear one nearby and another further
away — presumably males battling it out, trying to impress the females with their talent. They're the most active in the
morning, but in the spring they also sing starting right around midnight. I'm not sure why. But, it always makes me think
of that old Elvis song:
We're gonna mock,
We're gonna mock,
We're gonna mock,

Around the clock tonight...
Hey, I hear the baby birds chirping now! I've got to go out and take a look.
June 6, 2008
It's late at night — midnight, in fact — and a mockingbird is singing away madly in front of my office. What is it trying
to prove? Maybe that it's well-fed and energetic, with lots of time to kill.
My student Alex Hoffnung passed his oral today, and can now officially start work on his thesis. Yay!
I'm working on the talks I'll be giving in Europe. The first will be at 10 am the Monday after next, June 16th, at the
workshop on Categorical Groups in Barcelona. I'll talk about my work with Danny Stevenson on classifying spaces for
2-groups. My former student Derek Wise, now a postdoc at U. C. Davis, will talk about representations of 2-groups on
2-Hilbert spaces. Bruce Bartlett, whom I feel a kind of avuncular academic relationship to, will be speaking on
representations of 2-groups on finite-dimensional 2-Hilbert spaces. Eugenia Cheng will also be there. Derek has never
met these other great pals of mine, so I'm looking forward to that.
Plus, I've never been to Barcelona. I've read that it's the coolest city on the planet! So, it should be fun. I wish I could
spend months there and get to know it... but I'll only stay a week and then go to Granada, where I'll hook up with Lisa.
I've got to remember to get tickets to the Alhambra. That'll be great.
But right now I've got to prepare talks. Actually, right now I've got to sleep.
June 9, 2008
Okay, I've got one talk done — Classifying Spaces for Topological 2-Groups, for the Categorical Groups conference in
Barcelona. I also have my talk ready for the next conference in Barcelona, namely Homotopy Theory and Higher
Categories. I'll do that one on a blackboard, so I don't need to make slides — and I've already given this talk once. But
now I want to prepare my talk for Algebraic Topological Methods in Computer Sciences III, which will take place
sometime during July 7th-11th In Paris.
It's a hectic nuisance now, but if I get all these talks ready now, I can enjoy myself when I'm actually visiting these
wonderful places, meeting people and seeing old friends.
Here's an interesting article by a traveler who urges us not to destroy delicate ecosystems by engaging in so-called
"ecotourism":
Dan Neil, Please don't go, Los Angeles Times, June 1, 2008.
It's a great example of "do as I say, not as I do". But just because someone is a hypocrite (or had a sudden change of
heart) doesn't mean they're wrong. You can read more and discuss this issue here:
Sarah Handel, No reservations, Blog of the Nation, June 9, 2008.
Personally I need to find ways to travel less. I think I should become more fussy about what invitations I accept, and
stay at a few places for a long time instead of jetting around madly.
June 13, 2008
I finished my talk on Computation and the Periodic Table, which I'll give in Paris on July 7th as part of a conference on
Algebraic Topological Methods in Computer Science. Tomorrow I leave for Barcelona &mdash the official beginning
of summer! I've been frantically busy, but now the fun starts.

June 15, 2008
I made it to Barcelona okay, though my departure from Heathrow was delayed an hour because President Bush decided
to visit Britain just then. Now I'm in the hotel, which has good wireless. I met Tim Porter, a mathematician I met in
Bangor, and we'll have dinner at 9 pm with anyone we can round up. The city of Barcelona is beautiful!
(We wound up having dinner with Chenchang Zhu and a friend of hers — they're here for another conference, on
integrable systems. After dinner they walked over to the sea, but I went to bed. I met Adrian Ocneanu in the lobby —
he's developing an interesting generalization of Lie algebras, and maybe of quantum groups, by generalizing the McKay
correspondence from quantum SU(2) to other quantum SU(n)'s. One gets a more general notion of "Dynkin diagram"; I
found pictures of SU(3) examples on page 18 of Jean-Bernard Zuber's review article.)
June 16, 2008
In rural Nepal they're starting to cook using charcoal briquettes made using an invasive forest-destroying weed instead
of using wood. This means they're saving the forest instead of chopping it down, and the briquettes are smokeless so the
home kitchens are healthier. Local women are making the briquettes and selling them. It sounds like a win-win
situation:
Sjoerd Nienhuys, The Beehive charcoal briquette stove in the Khumbu region, Bioenergy Lists: biomass cooking
stoves.
June 21, 2008
I wish my math department had a courtyard like the one here at the Universitat de Barcelona:

Still, it's great a place to visit, listen to talks about categorical groups, and speak with friends. I described some of the
talks in week266. I had some really productive conversations with Derek Wise and Bruce Bartlett — we're starting to
understand more deeply the beautiful geometry behind representations of 2-groups on higher Hilbert spaces. I'm
tempted to include this new understanding in our paper, but it's taken forever to write already. Oh well.

Chenchang Zhu, with Carles Cascabuerta talking to student in background

Timothy Porter and Bruce Bartlett

Aurora del Río, Alain Rousseau, Pilar Carrasco and André Joyal
(photo by Tim Porter)

Derek Wise, John Baez and Bruce Bartlett at La Pedrada
(photo by Mathieu Anel)

June 18, 2008
Our math conference went on a field trip to La Pedrada, an apartment complex designed by Gaudi in the early 20th
century. The exterior lines are curvy and "natural", like the rooftop decorations below, but the interiors are less far-out.

Overall I prefer the typical apartments of Barcelona.

Scene atop La Pedreda

Apartments in Barcelona

I'm staying in the Residència d'Investigadors southeast of the Plaça Catalunya. What language is this? Català! — or as I
would usually say, Catalan. Yes, Barcelona is the thriving heart of Catalonia. I've been interested in Catalan and other
lesser-known Romance languages ever since my visit to Nice, where I bumped into traces of the Occitan dialect called
Nissart.
Near the Residència d'Investigadors there's a rest home for cats recovering from surgery... or so I've been assured,
though one of my email correspondents remains dubious. All I actually saw was a fenced in yard full of listless cats next
to the hospital:

If you know the full story, please contact me.
June 21, 2008
After the last talks, some of us met at 8 for dinner in a restaurant near the hotel. Afterwards Bruce Bartlett needed to
pick up some cash at a cash machine; since he was a little nervous we started talking about crime, and a guy standing
there said yeah, don't leave any valuables in your car: people will just smash the window and take them. They aren't
locals; they're gangs that prey on tourists.
Then a few of us — Bruce Bartlett, Tim Porter, Alain Rousseau and a student of Bertrand Toen named Mathieu Anel —
went to a bar. Mathieu took us to a bar famous from Hemingway's writings. Sadly, it was closed, so we walked on
through increasingly seedy areas to find another. It was around 11 pm; some women who looked like prostitutes were
displaying their wares, but many more people were standing or sitting on the sidewalks talking in small groups, shabby
but not obviously disreputable. Guys were carrying around sixpacks of red cans, trying to sell what I inanely assumed
was some sort of cola, but in fact beer. Not the sort of scene I'm used to. We found a bar with a soccer game on the TV
in a back room but a reasonable place to talk in front. Tim Porter immediately went home, tired, but the rest of us talked
politics and math until 1. On our way back we found the Hemingway bar was open and packed. We considered going in,
but there was a bouncer in front regulating the inflow, and I was tired, so we decided not to.
June 22, 2008
I flew to Granada and took a bus to the center of town and then a taxi to the Carmen de la Victoria, a hotel for university
guests at 9 Cuesta del Chapiz in the old city south of Albayzin.

It's a very beautiful old hotel, with trellises covered with wisteria and grapes, and fountains that burble away all day and
even all night long. The rooms have heavy wood doors and cabinetry. But what makes it unique is its proximity to the
Alhambra. Here's the view from my third-floor room on a clear cool morning before the sun roasts the city:

Lisa and I will tour the Alhambra on Wednesday. I've been waiting to do this for several years, after a near-visit that fell
through. I've spent a lot of time reading Andalusian history, and I'm really psyched.

June 23, 2008
Lisa arrived at 1 am last night, her flight having been delayed 4 hours. I'm eager to tour Granada but she's catching up
on sleep, so I'm writing my diary and watching swifts fly past the window. They're very common here; they swoop and
dive solo or in packs with exuberant, seemingly unnecessary energy — as if motion was their natural state. Presumably
they're catching insects, but it's hard to tell. They seem to like the big altitude gradients: the tall buildings on steep hills.
For me it's a joy to be in an urban environment dominated by some bird other than the pigeons and sparrows typical of
American cities. I'm not a pigeon-hater: I commend their adaptability! I don't think they should be poisoned. But, they
need some predators to keep their population under control.
Lately peregrine falcons have been moving into some urban environments, nesting on tall buildings and feeding on
pigeons. Tim Porter, an avid bird-watcher, says there are six peregrine falcons in Barcelona. Each eats just one pigeon a
day. That's not much! Will the falcon population increase until they make the pigeon population drop, or is there some
other factor limiting the spread of falcons? Perhaps lack of suitable nesting spots?
June 23, 2008
I found my way to the Department of Algebra at the University of Granada and met my host, Pilar Carrasco. After a
coffee with her and Antonio Garzón, I gave the first of two lectures on Lie 2-algebras. I started out with strict Lie 2algebras, emphasizing their formal resemblance to strict 2-groups (also known as categorical groups). In the next lecture
I'll switch to semistrict Lie 2-algebras, describe how they're classified using cohomology, give the string Lie 2-algebra
as an example, and explain its relation to affine Lie algebras.
June 24, 2008
Together with Lisa's colleague Alicia and an artist named Paloma Fadón Salazar, we went first to a great tapas bar and
then a truly delightful wine bar called La Bodequilla de al Lado. This place has room for only five or six people. It's run
by a wonderful woman who will ask you what kind of wine you like, list choices and compare them intelligently and
enthusiastically, writing the tab in chalk on the bar. Flamenco music is playing on an old record player.
The address of this place is Tendillas de Santa Paula 4, near the intersection with Calle de San Jeronimo, a few blocks
from the Monasterio de Santa Paula. I hear the owner has a sister who runs a similar place called La Tana on Calle
Rosario 9. Apparently they're both experts on flamenco and eager to talk about it (if you know Spanish).
June 25, 2008
Lisa and I went to the Alhambra: a magical, beautiful place. I've been waiting to see it for years. I took lots of pictures
of tiles and someday I'll do a This Week's Finds about them. Here are a couple:

While touring the Alhambra, I became fascinated by the hydraulic technology so crucial to making this place what it is:
a paradise of fountains, streams and gardens. Water was originally collected in cisterns and also carried up by hand...
but the Alhambra bloomed only after Roman aqueduct technology was adapted to bring water from River Darro to
water the gardens. The Arab name for an irrigation canal is "as-saqiya" in Spanish this became "acequia", and the dry
regions of the New World once dominated by Spain still have elaborate acequia systems. At the Alhambra, construction
of the Acequia Real was began sometime after Ibn Al-Nasr, founder of the last Muslim dynasty in Andalusia, worked
out a a desperate deal with Ferdinand III of Castile, who had just invaded Cordoba: Ferdinand could also have Saville if
Al-Nasr could keep control of Granada.
Like the Sierras in California, the snow pack in these Sierras is low this year, due to a drought. Pilar Carrasco says they
resorted to artificial snow for the ski resorts near Granada this year. Meanwhile, in California, the snow pack started out
promising but never got very big: it was a dry spring, and now wildfires are devastating northern California. Naturally I
suspect global warming.

June 26, 2008
I gave my second talk on Lie 2-algebras, leading up to the string Lie 2-algebra associated to a simple Lie algebra. It
went over well. This time I met Antonio Cegarra, one of the driving forces behind categorical groups and n-category
theory at Granada. Cegarra and Carrasco are currently writing a paper on tricategories.
Lisa and I are getting into the habit of taking siestas after lunch, since it's really hot here during the day, with no air
conditioning in most buildings. Then the Spanish habit of having dinner at 9 pm or later makes sense: the sun sets late,
but then it cools down and becomes delightfully refreshing, as usual in dry climates.
While lying on the hotel bed in the afternoon, windows shuttered to keep out the blazing sun, sometimes I hear people
practicing flamenco guitar or Arabic music. There's a renewed Arab presence in Granada due to immigrants from
Morocco, who are very visible working at the falafel and kebab joints lining some streets in the touristy part of town. I
hear there's ethnic tenion between them and the Spanish-speaking natives. I don't see much sign of that; the walls around
here are covered with graffiti but I can't read most of it.
In the evening we hike along the steep narrow streets looking for good tapas bars, distracted by the views. Note the
omnipresent swifts overhead:

In Andalusia, you often get a free tapas with every round of drinks; dinner comes as a gradual side-effect of a night on

the town. I've grown to like the roasted green peppers called pimientos del Padrón. Some people call these "Russian
roulette" peppers. Most are mild, but supposedly one in ten is hot. However, I've only hit a single hot one in all my
munching so far, and even that wasn't bad. Of course, I'm half Mexican and not easily impressed by hot foods.
Another great discovery was a drink called pacharan, which is made by soaking sloe berries, coffee beans and a vanilla
pod in anisette. It's got a great flavor, and not terribly strong.
But when it's hot, there's nothing like cerveza con limón.
June 27, 2008
We had dinner with Pilar Carrasco and Lisa's colleague Alicia.
Earlier this week we picked up some CD's from a great little store. They're mostly put out by the obscure but
magnificent Pneuma label. Lisa had already gotten ahold of one on her previous visit:
Eduardo Paríagua and El Arabí Trio, El Agua del Alhambra, Pneuma.
It featured poems by Ibn al-Jatib (1313-1375), set to Andalusi music, with various different fountains in the Alhambra
and the Generalife gardens gurgling or bubbling in various ways in the background of different pieces. Described this
way, you may expect some goopy new age treacle, but the compositions are structurally cogent and the performers are
rhythmically tight and serious about early music — especially, it seems, Eduardo Paríagua, who previously led an
ensemble called Musica Antigua, and now manages the Pneuma label. He plays flute and percussion.
My favorite of the new crop is this one:
Eduardo Paríagua, Waifr Sheik, Jamila Ghalmí and Luis Delgado, Jardín de Al-Andalus, Pneuma.
This is Arab-Andalusian music from Medieval Seville, consisting of maluf and moaxajas. Maluf is a style of Andalusian
music now found in Tunisia — it made its way there as part of the massive Muslim exodus in the 13th century when the
Christians conquered all of Spain except Granada. Moaxajas are a once popular style of Andalusian poem invented by
Moadem ben Moafa of Cordova (840-920). Sung to music, they were carried by traders and travellers throughout the
Muslim world: one practitioner of the art bragged that his moaxajas were sung in Baghdad just three months after he
wrote them!
The album is peppy but gentle, mostly instrumental, dominated by lute but often backed by percussion. It features Wafir
Sheik on lute, viola and other string instruments, Luis Delgado on percussion, and Eduardo Paríagua on flute, ney, flauta
de caña and various still more obscure instruments, including percussion. The occasional singing is by Jamila Ghalmí.
June 29, 2008
Today Lisa and I flew from Granada back to Barcelona for a conference on Homotopy Theory and Higher Categories at
the Centre de Recerca Matemàtica (CRM). We had arranged to come down to the front desk of the Carmen de la
Victoria at 7:30 am and get a taxi to the airport, so we went to bed early... and woke at 1 am to the sound of a rock
concert outside our window! A lousy group played set after set of songs by Queen, Buddy Holly, and the like, at
maximum volume. After a few hours of this torture Lisa went down to complain; the man working the hotel desk was
sympathetic but said the police never come when this happens. We read science fiction until 4:30, then fell asleep in a
haze of noise.
Now I know the band they'll hire to play in hell.
When the alarm rang, we groggily found our way to the SERHS Campus Hotel on the campus of the Universitat
Autonoma de Barcelona (UAB) in Bellaterra, a suburb 18 kilometers north of Barcelona. The hotel refused to serve us
lunch, even though there was a big buffet and lots of free tables: they said we needed to make reservations ahead of

time. They also refused to fix the broken wireless internet, saying it was the responsibility of the campus — and refused
to give us a phone number for the campus, saying they'd contact the relevant officials themselves.
Later we discovered that this hotel is run by students at the hotel management school of the UAB.
Goodbye, Granada!

Granada: view from the Carmen de la Victoria

June 30, 2008
I bumped into Julie Bergner at breakfast and she helped me find CRM in the mammoth building that constitutes most of
the campus here. I gave the first talk... a talk on groupoidification. Some people said they enjoyed it, but I was a bit
intimidated by having André Joyal in the front row, since most of my examples of groupoidification were slight variants
of his work on species. I felt I should have spent more time describing newer examples. But that's always how it goes:
you have to decide how much you're going to educate and entertain the nonexperts, and how much you're going to
impress the experts. Most mathematicians lean too far in the latter direction; I've made a committment to the former.
For my July 2008 diary, go here.

If white is the colour
of mourning in Andalusia,
it is a proper custom.
Look at me,
I dress myself in the white
of white hair
in mourning for youth. - Abu l-Hasan al-Husri (d. 1095)
© 2008 John Baez
baez@math.removethis.ucr.andthis.edu
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Diary - July 2008
John Baez
July 1, 2008
I'm at a conference on homotopy theory and higher categories in Barcelona. Here's my friend the category theorist
Marco Grandis in front of a building designed by Gaudi:

Marco works on cubical n-categories and directed algebraic topology. Experts will recognize Mark Weber's impressive
head in the background.
July 5, 2008
Having spent a little time wandering the old neighborhoods of Beijing, this book appeals to me:
Michael Meyer, The Last Days of Old Beijing: Life in the Vanishing Backstreets of a City Transformed, Walker &
Company, 2008.

I read a nice review of it in the International Herald Tribune today, flying from Barcelona to Paris.
July 6, 2008
Our apartment in Paris is magnificent, enormous. We're renting it from the same woman we rented from last year, but
she sold that old place and got something far more grand, centrally located on Rue Soufflot. She's on vacation and needs
someone to water the plants. If you lean out the balcony and look left, you see the Pantheon:

In the other direction, at street level, you can see the Jardin du Luxembourg, with the Eiffel Tower peeping above the
trees:

The street itself is sometimes bustling with tourists, sometimes calm; there's an Italian ice cream store next to our front
door. After a hotel room in Granada with a view of the Alhambra and this marvelous apartment in Paris, I can't help but
feel it's all downhill from here. Did you ever get the feeling you're too lucky, and bound to pay for it later? The
mortgage crisis, spiralling oil prices, and fires in California add to this sensation. I may look back on this as a charmed
moment...
But no time for idle guilt today: I had to find the 89 bus to the monstrous towers of the Bibliothèque nationale de France
and then an obscure location in Paris 7, where I gave a talk on Computation and the Periodic Table at a conference on
Algebraic Topological Methods in Computer Science. I met my host at Paris 7, Paul-André Melliès. I also met Eugenia
Cheng, Marco Grandis, Yves Lafont, Tim Porter and Mark Weber, all of whome had come from Barcelona. Sometimes
I feel like part of a travelling circus troupe.
The conference was in a horrible concrete building that resembled a parking garage, with some walls painted orange.
But, we made the best of it:

July 7, 2008
I enjoyed Rick Jardine's talk on path categories, and Paul-André's talk on a normalization theorem for the lambda
calculus, which should have a nice interpretation in terms of 3-categories. I've got to get going with Mike Stay on
categorification and the lambda calculus.
Later, Eugenia and I had a long talk on Steve Lack's paper on composing PROPs; you can see some of the results in a
post at the n-Category Café.
July 13, 2008
Today I flew to Lisbon for agregãço of Alexsandar Mikovic, who works on spin foam models of quantum gravity. An
agregãço is a bit like what the Germans call a "habilitation": a further step after the doctorate. In Portugal you need to
pass the agregãço to become a full professor.
I met Roger Picken and Louis Kauffman at my hotel just as I was checking in, and we went out to dinner. It reminded
me a bit of the early 90's, when I went to Porto for Pickens' conferences on topological quantum field theory. I never
met Kauffman at one of those, but we both often met Louis Crane and other mutual friends. Those were the heady early
days of quantum topology, when higher categories first met physics.

July 14, 2008
In the morning Louis Kauffman gave a talk on virtual knot theory and I gave a talk on classifying spaces for topological
2-groups. In the afternoon we carried out the first phase of the agregãço, which required that Kauffman read Mikovic's
resume and comment on it. Mikovic sat in a chair below while Kauffman and the other members of the jury sat on a
raised stage behind a long table.
Kauffman and I had dinner and talked math. I'd like to understand the category theory underlying virtual knot theory.
Abstractly, it seems to concern the free symmetric monoidal category on one object equipped X with a morphism R: X
X → X X that satisfies the Yang-Baxter equation. This gives our category a braiding in addition to the original
symmetry. We draw the new braiding as a crossing, and the original one as a "virtual crossing".

July 15, 2008
In the morning I had nice conversations with João Faria Martins and his wife Rachel Martins. I later wrote about João's
work on week267, and I should learn about Rachel's work on double Fell bundles and write about that too.
In the afternoon we completed the agregãço, with Mikovic giving a talk on his research and me asking questions about
it.
I should tell you about the weather in California! The snow pack in the Sierras started out promising this year, at least
compared to last — and we had some nice rains down in Riverside. But overall, it fell short of the average:

This may have contributed to the fires this year. I haven't been saying much about these fires, because I'm in Europe and
this year the fires are in the north, far from my home in Riverside. But, they've been enormous:
California Wildfires Set a Record
Mike Nizza, New York Times
July 15, 2008
Three weeks after lightning storms ignited an early start to California's wildfire season, a state official said
history had been made this time around. From The Los Angeles Times:
“That has definitely surpassed any of our large fire events,” said Daniel Berlant, a spokesman
for the California Department of Forestry and Fire Protection.
According to statistics from Mr. Berlant's agency, as many as 1,781 fires were burning at one point earlier
in the battle; nearly 300 of them remain unquenched. In all, 861,385 acres were scorched by them, mostly
in the northern part of the state. (A map shows where).
Because this year's fires were mainly in sparsely populated rural areas, the biggest fire season has by no
means been the most destructive, at least so far. Last year's wildfires in southern California prompted the
“largest evacuation in California's history” and destroyed at least 1,800 homes.
By contrast, this year's batch has mostly torn through forests, claiming only about 100 homes and
prompting evacuation orders on a much smaller scale. Still, several populated areas did come under threat,
including Big Sur, the mostly high-end tourist destination on the central coast. It was cleared in early July
after a stubborn fire intensified.
July 17, 2008
From a speech by Al Gore:

Ladies and gentlemen:
There are times in the history of our nation when our very way of life depends upon dispelling illusions and
awakening to the challenge of a present danger. In such moments, we are called upon to move quickly and
boldly to shake off complacency, throw aside old habits and rise, clear-eyed and alert, to the necessity of
big changes. Those who, for whatever reason, refuse to do their part must either be persuaded to join the
effort or asked to step aside. This is such a moment. The survival of the United States of America as we
know it is at risk. And even more — if more should be required — the future of human civilization is at
stake.
I don't remember a time in our country when so many things seemed to be going so wrong simultaneously.
Our economy is in terrible shape and getting worse, gasoline prices are increasing dramatically, and so are
electricity rates. Jobs are being outsourced. Home mortgages are in trouble. Banks, automobile companies
and other institutions we depend upon are under growing pressure. Distinguished senior business leaders
are telling us that this is just the beginning unless we find the courage to make some major changes quickly.
The climate crisis, in particular, is getting a lot worse — much more quickly than predicted. Scientists with
access to data from Navy submarines traversing underneath the North polar ice cap have warned that there
is now a 75 percent chance that within five years the entire ice cap will completely disappear during the
summer months. This will further increase the melting pressure on Greenland. According to experts, the
Jakobshavn glacier, one of Greenland's largest, is moving at a faster rate than ever before, losing 20 million
tons of ice every day, equivalent to the amount of water used every year by the residents of New York City.
Two major studies from military intelligence experts have warned our leaders about the dangerous national
security implications of the climate crisis, including the possibility of hundreds of millions of climate
refugees destabilizing nations around the world.
Just two days ago, 27 senior statesmen and retired military leaders warned of the national security threat
from an "energy tsunami" that would be triggered by a loss of our access to foreign oil. Meanwhile, the war
in Iraq continues, and now the war in Afghanistan appears to be getting worse.
And by the way, our weather sure is getting strange, isn't it? There seem to be more tornadoes than in living
memory, longer droughts, bigger downpours and record floods. Unprecedented fires are burning in
California and elsewhere in the American West. Higher temperatures lead to drier vegetation that makes
kindling for mega-fires of the kind that have been raging in Canada, Greece, Russia, China, South America,
Australia and Africa. Scientists in the Department of Geophysics and Planetary Science at Tel Aviv
University tell us that for every one degree increase in temperature, lightning strikes will go up another 10
percent. And it is lightning, after all, that is principally responsible for igniting the conflagration in
California today.
Like a lot of people, it seems to me that all these problems are bigger than any of the solutions that have
thus far been proposed for them, and that's been worrying me...
Yet when we look at all three of these seemingly intractable challenges at the same time, we can see the
common thread running through them, deeply ironic in its simplicity: our dangerous over-reliance on
carbon-based fuels is at the core of all three of these challenges — the economic, environmental and
national security crises.
We're borrowing money from China to buy oil from the Persian Gulf to burn it in ways that destroy the
planet. Every bit of that's got to change...
But if we grab hold of that common thread and pull it hard, all of these complex problems begin to unravel
and we will find that we're holding the answer to all of them right in our hand.
The answer is to end our reliance on carbon-based fuels.

Today Lisa and I went to the Musée du Cluny, which is very close by. A real gem! I enjoyed the special exhibit on
Islamic art and its influence on Spain, borrowed from the Louvre, but the permanent collections were also great. The
symbolism of the Lady and Unicorn tapestries was much more complex and interesting than I'd suspected. Almost like a
Buddhist metaphor of transcending the senses.
I also didn't know they used dodecahedral dice in the Middle Ages. Lisa took this picture, which I may add to my talk
on the dodecahedron someday:

July 18, 2008
I was quoted in this article about a very tricky subject, namely the vacuum:
Tim Folger, Nothingness of space could illuminate the theory of everything, Discover, July 18, 2008.
To my great relief the quotes are sensible and throw cold water on some ideas that deserve a healthy splash. Science
reporters often seek sensational stuff; I'm trying to learn the art of making quotable remarks that deflate overblown
ideas.
I was also quoted in the same issue of New Yorker magazine that featured a controversial cartoon of Barack Obama and
his wife on the front cover. This was for an article on Garrett Lisi and his much-hyped "theory of everything" based on
the group E8. My quote wasn't anything I actually said, but I'd failed to veto it forcefully enough at the fact-checking
stage.
Lisa and I went shopping at the open-air market at the east end of Saint-Germain. It turns out they still eat horses in
Paris, though the history of this practice is a bit obscure:

"Boucherie chevaline", or horse butcher, in the Latin Quarter of Paris

But, we didn't buy any horse meat. Instead we bought the makings for a particularly charming dinner of leek soup, frisée
salad, sausage and chèvre, backed by a baguette.

Great ingredients make for great simple meals — that's the way of Provençal cooking. Another tradition, of fancy
Parisian cuisine with lots of sauces, apparently arose as a way of dealing with food that was beginning to go bad.
July 23, 2008
Paul-André organized a little microconference at Paris 7 today:
10h – Mark Weber: A tutorial on monads with arities
11h – Nicolas Tabareau: Computing free models as Kan extensions
14h – John Baez: Groupoidification

15h – Dimitri Ara: Weak infinity-categories: Grothendieck versus Batanin
16h30 – Samuel Mimram: A tutorial on polygraphs and their applications to semantics
17h30 – Jonas Frey: a 2-dimensional adjunction between triposes and toposes
Alan Weinstein, Yvette Kosmann-Schwarzbach and Jamie Vicary came by to hear my talk. Jamie is spending the
weekend here.
July 24, 2008
After espresso and a croissant at Escritoire — Lisa's favorite café in the courtyard of the Sorbonne — we stayed home
and worked all day. Lisa worked on an entry about Taoism and Greek philosophy for the forthcoming Oxford
Companion to Taoist Philosophy. I worked on two nearly-finished papers, on smooth spaces and categorified classical
mechanics.
July 26, 2008
In the morning, Jamie Vicary and I had a nice conversation about commutative Frobenius algebras and how they link
the classical and quantum worlds. I've long been interested in commutative Frobenius algebras, since they give rise to
2d TQFTs, but this is strangely different role for them. And, Jamie's ideas were especially interesting to me since PaulAndré just explained to me some of Ross Street's results on "Frobenius pseudomonoids", which can be seen as
categorified Frobenius algebras. For example, he shows a pseudomonoid is Frobenius iff it's *-autonomous. Since *autonomous categories play a biggish role in logic, something interesting must emerge if we can sort out everything
that's going on here.
To add to the stew, my former student (if I may call him that) Aaron Lauda has obtained Frobenius pseudomonoids
from categorified ambidextrous adjunctions, and related both of these to 3d topology. I think I see a glimpse of some
wonderful patterns, very tantalizing because I don't quite understand them.
July 27, 2008
We had Henry Crapo and a friend of his over for dinner. Henry is an expert on incidence geometry who has worked
with my pal Bill Schmitt on using Hopf algebras to study matroids. He has a large house in Montpellier, and he's
thinking of holding an informal conference next summer on Hopf algebras in quantum field theory... or something like
that.
After dinner we walked over to the Île de Saint-Louis to get ice cream at our favorite place: Berthillon's. They've got
some far-out-flavors: I had a scoop of the praline-and-coriander. Yum! Sounds weird, but it's great.

Île de Saint-Louis

The Île de Saint-Louis is one of two islands in the Seine right in the heart of Paris. On our way back home we took a
bridge over to the other: the le de la Cité. This is the site of the Notre Dame cathedral, always packed with tourists.
Henry led us down some steps to a plaque commemorating Jacques de Molay, the last Grand Master of the Knights
Templar, who was burned at the stake on the Île de la Cité in 1314.
Here's one of those views every visitor to Paris sees:

Île de la Cité

July 30, 2008
As I get older, I'm more susceptible to the charm of nostalgia for old technology. Imagine the days when letters were
sent using pigeons! They were the fastest method of sending a message from at least 2900 BC to the invention of the
telegraph in 1844. From Wikipedia:

Before the telegraph this method of communication had a considerable vogue amongst stockbrokers and
financiers. The Dutch government established a civil and military system in Java and Sumatra early in the
19th century, the birds being obtained from Baghdad. In 1851, the German-born Paul Julius Reuter opened
an office in the City of London which transmitted stock market quotations between London and Paris via
the new Calais to Dover cable. Reuter had previously used pigeons to fly stock prices between Aachen and
Brussels, a service that operated for a year until a gap in the telegraph link was closed.
Details of the employment of pigeons during the siege of Paris in 1870-71 led to a revival in the training of
pigeons for military purposes. Numerous societies were established for keeping pigeons of this class in all
important European countries; and, in time, various governments established systems of communication for
military purposes by pigeon post. After pigeon post between military fortresses had been thoroughly tested,
attention was turned to its use for naval purposes, to send messages to ships in nearby waters. It was also
used by news agencies and private individuals at various times. Governments in several countries
established lofts of their own. Laws were passed making the destruction of such pigeons a serious offense;
premiums to stimulate efficiency were offered to private societies, and rewards given for destruction of
birds of prey. Before the advent of radio, pigeons were used by newspapers to report yacht races, and some
yachts were actually fitted with lofts.
During the establishment of formal pigeon post services, the registration of all birds was introduced. At the
same time, in order to hinder the efficiency of the systems of foreign countries, difficulties were placed in
the way of the importation of their birds for training, and in a few cases falcons were specially trained to
interrupt the service war-time, the Germans having set the example by employing hawks against the Paris
pigeons in 1870-71. No satisfactory method of protecting the weaker birds seems to have been developed,
though the Chinese formerly provided their pigeons with whistles and bells to scare away birds of prey.
However, as radio telegraphy and telephony were developed, the use of pigeons became limited to fortress
warfare as early as in the 1910s. As an example, the British Admiralty discontinued its pigeon service in the
early 20th century, although it had attained a remarkably high standard of efficiency. Nevertheless, large
numbers of birds were still kept at the great inland fortresses of France, Germany and Russia at the outbreak
of the First World War.
Here in Paris, let us take this moment to salute the brave pigeons that defended this city against the Germans and their
hawks during the Franco-Prussian war!
The pigeon post which was in operation while Paris was besieged during the Franco-Prussian War of 18701871 is probably the most famous. Barely six weeks after the outbreak of hostilities, the Emperor Napoleon
III and the French Army of Chalons surrendered at Sedan on 2nd September 1870. There were two
immediate consequences: the fall of the Second Empire and the swift Prussian advance on Paris. As had
been expected, the normal channels of communication into and out of Paris were interrupted during the
four-and-a-half months of the siege, and, indeed, it was not until the middle of February 1871 that the
Prussians relaxed their control of the postal and telegraph services. With the encirclement of the city on
18th September, the last overhead telegraph wires were cut on the morning of 19th September, and the
secret telegraph cable in the bed of the Seine was located and cut on 27th September. Although a number of
postmen succeeded in passing through the Prussian lines in the earliest days of the siege, others were
captured and shot, and there is no proof of any post, certainly after October, reaching Paris from the
outside, apart from private letters carried by unofficial individuals. For an assured communication into
Paris, the only successful method was by the time-honoured carrier-pigeon, and thousands of messages,
official and private, were thus taken into the besieged city.
July 31, 2008
Alex, Chris and I came closer to finishing our paper on 2-plectic geometry. Later Paul-André came by and we continued
dreaming of a grand scheme linking categorified Frobenius algebras to logic and topological quantum field theory. It's
nice that our thoughts are converging...

Here's a poem by John Ashbery:
Some Trees
These are amazing: each
Joining a neighbor, as though speech
Were a still performance.
Arranging by chance
To meet as far this morning
From the world as agreeing
With it, you and I
Are suddenly what the trees try
To tell us we are:
That their merely being there
Means something; that soon
We may touch, love, explain.
And glad not to have invented
Some comeliness, we are surrounded:
A silence already filled with noises,
A canvas on which emerges
A chorus of smiles, a winter morning.
Place in a puzzling light, and moving,
Our days put on such reticence
These accents seem their own defense.
For my August 2008 diary, go here.

The hand holds no chalk
And each part of the whole falls off
And cannot know it knew, except
Here and there, in cold pockets
Of remembrance, whispers out of time. - John Ashbery
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Diary - August 2008
John Baez

Statue in Jardine du Luxembourg

August 2, 2008
Yay! Alex, Chris and I put our paper about categorified symplectic geometry on the arXiv! I hope this will be the
beginning of a larger exploration of the interface between categorification and classical mechanics. Chris Rogers may
work more on this.
Ken Caldeira thinks the most practical way to fight global warming is putting lots of sulfur dioxide into the upper
atmosphere:
Chris Mooney, Can a million tons of sulfur dioxide combat climate change?, Wired, June 23, 2008.
Lots of people don't like this idea, for some obvious reasons. Once we get into geoengineering, we'll have a whole new
level of responsibility for not screwing up... and no real way to practice and get things right before trying things. But, in
some sense we've already gotten into geoengineering by cutting down forests, killing large land mammals, overfishing

and burning vast amounts of buried carbon. As Thom Yorke said:
To me, it's like spinning plates: I'm not sure how long we can keep this trick going.
An example: one-third of the more than 700 species of reef-building corals are threatened with extinction. A decade ago
only 2% of corals species were endangered... but over the last 50 years, we've lost about a quarter of all reefs, and we
can expect more to go.
Bryan Walsh, Coral reefs face extinction, Time, July 11, 2008.
August 3, 2008
Our landlady is back from her travels. So, today we moved out of our magnificent apartment to a small studio around
the corner, at 6 Rue Victor Cousin, right behind the Hotel de la Sorbonne. The building is very old, as witnessed by a
wooden beam running across the room, but it's been broken up into small flats and modernized. Our place is
mysteriously hot, and rather cramped, but Paul-André managed to make it seem quite romantic. His first words on
entering were:
Ah! A love nest!
This became a running joke between Lisa and me for the rest of our stay.
August 4, 2008
Now the truth can be revealed: together with my graduate students Alex Hoffnung, John Huerta, Chris Rogers and
Christopher Walker, I applied for an received a grant from the Foundational Questions Institute, for a project on
categorifying fundamental physics. This will allow these students to spend more time doing research for the next two
years.
August 6, 2008
Paul-André and I have been meeting regularly at Café Rostand across from the Luxembourg Garden. He brings with
him a Mac and an enormous artist's sketchpad on which he draws string diagrams. We're trying to understand
computation and logic using higher categories, a project I've been working on with Mike Stay ever since the fall of
2006. To do this I want to understand such things as "the free cartesian closed 2-category on a lambda-theory", in which
2-morphisms are processes of computation. Paul-André instantly brought a higher level of sophistication to the project,
since he's been working for quite a while on rewrite rules and game semantics in proof theory. So, we're now engaged in
some fascinating explorations.
Today I took a break and wrote up some of what I've learned in "week268" of This Week's Finds. I'm particularly
fascinated by the mysterious relation between propositional logic and 2d topological quantum field theories!
August 8, 2008
This evening we went to the Louvre with Paul-André and his daughter; they're open late on Fridays. We saw a lot of
Greek, Etruscan and Egyptian art. It made me want to learn more history! I was especially struck by the sophistication
of some Etruscan stautes dating back to the 8th century BC. They have a liveliness and informality that seemed so
different from the formality of most, say, Egyptian or Babylonian art of the time. What were the Etruscans like?
But then I saw a cute little Egyptian statue of a cat playing with a kitten... so, clearly not all their art was the
monumental serious religious stuff we're used to seeing.
August 11, 2008

We'd only been able to lease our studio apartment until the 11th, so today we moved to an even smaller place around the
corner: a room at the Hotel des Trois Colleges on Rue Cujas. It's sort of sad moving to ever smaller places — it's like
we're gradually leaving Paris, a bit at a time — but it has the advantage of making me eager to return home.
We've been walking around more on the right bank.

August 15, 2008
Back home in smoggy Southern California. Our garden is fine except for a dead jasmine plant and some ground cover
and tomato plants that had mysteriously vanished — our gardener must have gotten rid of them. The century plant is
doing great.
It's time to get a lot of work done!
August 19, 2008
If you're one of the people who is saddened by the decline of popular science magazines Scientific American and The
New Scientist, I strongly urge you to subscribe to American Scientist. It's great! There's a wonderful article in the latest
issue:
David Sloan Wilson and Edward O. Wilson, Evolution for "the good of the group", American Scientist,
September-October 2008, 380-389.
It re-evaluates the case for group selection, the idea that natural selection can lead organisms to evolve traits that are
good for some group to which they belong, even if these traits come at their own personal expense. By the middle
1960s, this idea had gotten a bad rap. Evolutionary biologists tended to emphasize that evolution was all about the

replication of individuals — or in fact, individual genes. A gene "succeeds" if it manages to create lots of copies of
itself; higher-level abstractions such as the success of a "group" don't count for anything. Altruism must be explained by
phenonena such as kin selection: you'll risk death for your sister or brother since they have half your genes.
David Wilson has recently been pushing for a more nuanced view called multilevel selection. Groups of different sizes
— cells made of organelles, organisms made of cells, families made of organisms, herds or tribes made of families,
species made of herds or tribes — can succeed and propagate as groups thanks in part to altruistic behavior of their
constituents. As the Wilsons (themselves a family group!) put it:
These interacting layers of competition and evolution are like Russian matryoshka dolls nested one within
another. At each level in the hierarchy, natural selection favors a different set of adaptations. Selectrion
between individuals within groups favors cheating behaviors, even at the expense of the group as a whole.
Selection between groups within the total population favors behaviors that increase the relative fitness of
the whole group — although these behaviors, too, can have negative effects at a still-larger scale. We can
extend the hierarchy downward to study selection between genes within a single organism, or upward to
study selection betwen even higher-level organisms.
They present some fascinating evidence involving slime molds, termite colonies, biofilms formed by the bacterium
Pseudomonas fluorescens, and so on. And, there are some downright scary experiments:
William Muir of Purdue University compared two kinds of selection for egg productivity in hens. The hens
were kept in cages, with several hens per cage. In the first experiment, the most productive hen within each
cage was selected to breed the next generation (within-group selection). In the second experiment, all hens
within the most productive cages were used to breed the next generation (between-group selection). In the
first experiment, the most productive hen in each cage achieved her productivity largely by bullying the
other hens. After six generations, a hyper-aggressive strain had been produced, with hens plucking each
other's feathers in incessant attacks that were sometimes fatal. Egg productivity plummeted over the course
of the experiment, even though the most productive hens had been chosen in every generation. In the
second experiment, group-level selection resulted in a docile strain of hens, and egg productivity increased
160 percent in six generations.
(Why does the first experiment remind me of conservative talk radio shows in the US?)
I'm sure the arguments about the unit of selection are just starting; it's a very slippery subject. Someday I hope
mathematicians will get interested in "games with ill-defined players": players that can themselves be loosely defined
alliances of other players.
August 20, 2008
The Bush administration continues its criminal habits: now it seems that up to 225 days of White House email have
been "lost". These emails have been sought for months, since they're important in a number of investigations. But, we
won't be seeing them anytime soon:
Washington (AP) - The White House is missing as many as 225 days of e-mail dating back to 2003,
according to an internal draft document obtained by The Associated Press.
The nine-page document invites companies to bid on a project to recover the missing messages. It outlines a
process in which contractors would try to retrieve lost e-mail from 35,000 disaster recovery backup tapes
dating back to October 2003. The period covers such events as growing violence in Iraq, the Abu Ghraib
prison scandal and the probe into the disclosure of a CIA operative's identity.
The project would apparently not include backup tapes going back to March 2003, even though an earlier
White House assessment suggested e-mails were also missing from that period.

The work would be carried out through April 19th, 2009, according to the request by the Office of
Administration for contractors' proposals, which was dated June 20th.
Last week, the White House declined to comment on the document.
Earlier today, the White House said only that the information is "outdated and seriously inaccurate."
Also check out the Sierra Club's list of eco-heroes: civil servants trying to do their jobs and protect the environment,
who were either forced to quite, or were fired by Bush and his cronies. A typical case:

WHAT WENT WRONG: Asked by his superiors to assess a proposal to divert water from the Klamath
River to downstream farmers, Mike Kelly argued that threats to endangered coho and chinook salmon and
other protected species made the plan illegal. He was overruled by the "God Squad," a committee appointed
by Vice President Dick Cheney to allow emergency exemptions to the Endangered Species Act. The
irrigation plan went forward, resulting, in 2002, in a river choked with 70,000 dead salmon.
THE HEAVY: Former Interior secretary Gale Norton and Cheney's "unseen hand."
THE PRICE: Faced with political interference, Kelly resigned in 2004 and now works as a private
environmental consultant.

Limulus polyphemus, the horseshoe crab

On a happier note: people are working to save the horseshoe crab on the Atlantic coast of the US, and it may be
working!
Jennifer Uscher, Jurassic Beach, Nature Conservancy Magazine, Summer 2008, 34-43.
The horseshoe crab goes back way before the dinosaurs: it's an arthropod but it's more closely related to spiders, ticks
and scorpions than crabs. Spiders, ticks and scorpions — do I hear you say yuck? That's not fair They may look scary,
but horseshoe crabs are harmless — in particular, their tail doesn't have a stinger. And, their immune system uses
Limulus amebocyte lysate, a chemical that's now used in an important test for bacterial toxins. A horseshoe crab can be
worth $2500 over its lifetime for periodic blood extractions!
There are lots of threats to horseshoe crabs. Fisherman chop them up and use them as bait — in fact they're sold for this
purpose, for just $1 each. And every year, about 10% of horseshoe crabs die when surf flips them on their back and they
can't succeed in righting themselves.

So: Just flip 'em! Not by the tail, though.
Another cool thing about horseshoe crabs is that their blood uses hemocyanin instead of hemoglobin. So: copper instead
of iron! I'm not sure if that's true of all arthropods, or just some. Like all arthropods, they also have an open circulatory
system: there's no distinction between blood and the interstitial fluid between cells.
August 21, 2008
The Weaire-Phelan structure is in the news:

Another interesting article:
Vaclac Smil, Water news: bad, good, and virtual, American Scientist, September-October 2008, 399-407.
A rational approach to food takes into consideration the water used from planting to production to harvest
to animal husbandry to distribution to the table and to the garbage. In western countries, this process is
remarkably inefficient for a variety of reasons. First, and perhaps foremost, the average U.S. citizen
"consumes" 3,900 kilocalories per day, far more than the 1,500 to 2,900 kilocalories per day needed for
good health. Of this, some 35 to 45 percent goes to waste — enough to supply 80 percent of the typical
Bangladeshi's diet. Altogether, this amounts to about 5,000 liters of virtual water per day per person,
distributed between water to grow plants that are in turn fed to animals, which are then fed to human
beings, who deposit at least a third in the garbage. The author argues that simply by practicing sensible
carnivory (reducing meat eating by 30 percent), U.S. and European Union residents could eliminate the
need for about 250 cubic kilometers of virtual water per year.
Virtual water is perfectly real: it's just a name for the total amount of water used to accomplish something. It's a term
invented in the 1990s by John Anthony Allan of the School of Oriental and African Studies at the University of London.
On another front, Infinera and Luxtera are coming out with integrated optical circuits — that is, roughly, chips based on
photonics instead of electronics. So far these chips have at most 100 optical circuits each. But wait and see...
There's a new album by two of my favorite musicians: David Byrne and Brian Eno. It's called Everything That Happens
Will Happen Today. And, it's free online!
In fact you can listen to it right here:

The world is so cool...
Some reviewers think the song "I Feel My Stuff" is too weird. I think it's great. It's got that chilly piano that Eno used on
"Iced World" — but now mixed with a funky back beat and utterly insane lyrics sung with complete conviction by
Byrne. Then comes the Brazilian samba-esque chorus of Eno singing "deh, deh-deh, deh-deh deh". Then an aggressive
horn section joins in... and then we get a blistering guitar solo. What more could you want from a song?
But, this song is actually very different from most on the album. Most of them have suspiciously simple, folky, uplifting
harmonies — they call it "electronic gospel". The album is utterly, totally different from their last one, the worldshattering My Life in the Bush of Ghosts, so if you're looking for some sort of repeat of that, forget it.
If you can't stand listening to this new album, you may still have fun reading about it:
John Pareles, Together again in different time zones, New York Times, August 15, 2008.
John Doran, David Byrne and Brian Eno talk about new album, The Quietus, August 4, 2008.
August 24, 2008
We got our last Sunday edition of the Los Angeles Times today. We'd been subscribing for years, but today came the
straw that broke the camel's back.
The LA Times used to be a great paper. It was a key part of our morning routine: I'd get up, make coffee and bring in the
paper, and Lisa and I would read it while talking and listening to the NPR's morning news show.
But in 2000, the LA Times was bought by the same company that owns the Chicago Tribune, and they began rounds of
cutbacks and layoffs in a misguided attempt to combat the effects of gradually declining subscriptions. John Carroll,
former editor of the Baltimore Sun, was brought in to edit the paper. During his reign he eliminated more than 200 jobs
— but that wasn't enough for the Tribune Company. The LA Times was making a profit — but not enough to make the
Tribune Company happy. The LA Times was only making 20% profits, while the Chicago Tribune was making 30%
profits.

John Carroll resigned in 2005 after refusing to make still more cutbacks, and he was replaced as editor by Dean Baquet.
The LA Times was still great during this era: its investigative journalism won more Pulitzer prizes than any other paper
than the New York Times. There were often more interesting articles than I had time to read.
But in November 2006, Baquet was himself ousted for not meeting the demands of the Tribune Group. He was replaced
by James O'Shea.
Sometimes when you take a job, you deserve what you get. On January 20th of this year, James O'Shea was fired by
publisher David Hiller after refusing to make $4 million more in cuts.
And then, on July 14th, while I was in Europe obliviously enjoying myself with my subscription to the Times on hold,
David Hiller himself resigned. The editor of the Chicago Tribune, Ann Marie Lipinski, resigned on the same day. Why?
Perhaps because the Times was slated for further cuts: 250 more positions gone, including 150 in the newsroom.
Now, for a long time, the book review section is the first thing Lisa reaches for on Sunday mornings — simultaneously
with a cup of coffee. She continued doing this even as this section gradually shrank to a pale shadow of its former self.
Earlier this year, it was ignominiously merged with the "opinion" section — a collection of editorials and political
cartoons that once was a proud section of its own. The two were stuck back-to-back, each one upside-down with respect
to the other, so you had to flip the darn thing midway while reading it. Still, that is what she read first.
I began to feel sorry for Lisa. There's a special kind of pity you feel for someone who respects a once noble institution
after it's gone bad and ceases to return that respect. I suggested quitting our subscription, but Lisa convinced me that
newspapers should still be supported. You can get your news off the internet, she said, but there still need to be reporters
somewhere to get this news. I agreed: the Los Angeles Times was going through bad times, but it had good journalists,
so there was always a chance that it could recover. We decided to wait and see.
There were lots of rumors that some rich Los Angeles moguls would get together, buy the Times, and restore it to its
former glory. But on April 2nd, the Tribune Company sold the LA Times, Chicago Tribune and other "media assets" to
Sam Zell, a billionaire with no ties to Los Angeles. Intitial hopes that he'd save the paper were quickly dashed, and he
became the butt of many jokes.
On July 21st, while we were away, the LA Times completely canceled the Sunday book review. Four former editors of
the section wrote a joint letter complaining about this:
LOS ANGELES, Calif. — As former editors of the Los Angeles Times Book Review (1975 through 2005),
we are dismayed and troubled at the decision by Sam Zell and his managers to cease publishing the paper's
Sunday Book Review.
This step signals the end of an era begun 33 years ago when Otis Chandler, then the paper's publisher and
owner, announced the debut of the weekly section. Since then, the growth of the Los Angeles metropolitan
region and the avidity of its numerous readers and writers has been palpable. For example, every year since
its founding in 1996, the Los Angeles Times Festival of Books has attracted upwards of 140,000 people to
the UCLA campus from all walks of life throughout Southern California. Four hundred writers from all
over America typically participate. The written word is celebrated. It is the most significant civic event
undertaken by the Los Angeles Times to deepen literacy and to strengthen the bond between its news
coverage and its far-flung community of readers. But without the Book Review itself, the book festival will
be a hollow joke.
The dismantling of the Sunday Book Review section and the migration of a few surviving reviews to the
Sunday Calendar section represents a historic retreat from the large ambitions which accompanied the birth
of the section.
To be sure, no section of any newspaper can remain hostage to past ways of covering the news of the day.
We are convinced, however, that the way forward is to increase coverage of our literary culture — a culture
that every day is more vibrant and diverse in the thriving megalopolis of Los Angeles.

Angelenos in growing number are already choosing to cancel their subscriptions to the Sunday Times. The
elimination of the Book Review, a philistine blunder that insults the cultural ambition of the city and the
region, will only accelerate this process and further wound the long-term fiscal health of the newspaper.
We urge readers and writers alike to join with us as we protest this sad and backward step.
Sonja Bolle
Digby Diehl
Jack Miles
Steve Wasserman
When we returned from our vacation, our subscription didn't automatically restart the way it was supposed to. It took a
few tries to get it restarted. So, we didn't get the paper last Sunday.
Today is Sunday. I made coffee, brought in the paper and "deveined" it as usual, removing the clotted masses of
advertising supplements and throwing them in the trash. I brought it into the bedroom. Lisa looked for the book review
section and didn't find it. Sometimes I throw it out by mistake. So, I retrieved everyhting from the recycling bin and
helped Lisa try to find the this section. We couldn't find it! Then I looked online and discovered the sad truth: it was
gone.
Goodbye, Los Angeles Times.
August 29, 2008
I had my first Skype chat with Paul-André Melliès — me at home, him in a café.

I hope this becomes a regular thing, so we can keep our collaboration moving forwards. It's easy enough to finish up
papers from afar, I've found — but not so easy to come up with ideas in the first place.
August 30, 2008
Very soon I've got to prepare some talks for the 2008 Rankin Lectures in Glasgow. I'm giving three talks on "My
Favorite Numbers". The first, on the number 5, is basically ready. That one is supposed to be fun for a general audience,
so it has lots of pretty pictures. I've given it twice already, but I'm not completely satisfied with the results — people
weren't swooning in the aisles, so I need to tweak it a little. But mainly I need to prepare talks on the numbers 8 and 24.

I leave on September 13th, so I have about one week to prepare each talk.
I've been working hard with Aristide Baratin and Derek Wise on a paper about infinite-dimensional representations of 2groups. It's coming together nicely.
Before switching to work on my talks, I felt the need to take a break — so yesterday I wrote an issue of This Week's
Finds: "week269". I wound up spending most of my energy fitting the Weaire-Phelan structure into a bigger historical
context. I only wanted to say a little about it, but history is like pulling on a loose thread: once you get started, it just
keeps going!
Among other things, I ran into an interesting foreshadowing of current theories of global warming in the work of the
great physicist Lord Kelvin. This is from an article in the New Castle News dated October 9, 1901:
Lord Kelvin's conclusions were stated in a lecture recently delivered before the British association for the
promotion of science. He has made a study of the subject for many years. He is now past middle age, and
ranks as the foremost living physicist.
The following is a summary of the important points of Kelvin's theory:
'The extravagant waste of oxygen by modern manufacturing processes may leave the inhabitants of the
earth without air for breathing, and that within a short and calculable time. At the present rate of progress
five centuries will exhaust the full supply of the world. This means the exhaustion of oxygen.
'The sum total of oxygen at our disposal is 1,020 millions of tons. Every ton of fuel used three tons of
oxygen in combustion. Consequently the burning of 340,000,000 of tons of combustibles will destroy the
world's air for breathing. The population of the earth is 1,500,000,000 persons. Each has to his credit
200,000 tons of combustibles. Burn this and we die, not from lack of fuel for keeping warm, but from lack
of oxygen for breath. Considering the rate at which manufacturing and commerce are depleting the coal
supply, less than 500 years may see the end of the human race.'
Science has rarely offered so strange and so terrible a picture of the end of the world as Lord Kelvin's
theory suggests. From various scientific authorities in New York (Hallock, Woodward, Hovey, Van Ingen,
Burgess and others) interesting speculation as to the gradual approach of the final catastrophe has been
gathered.
With the decrease of oxygen in the air the heat of summer would become intense. This would not be the
pitiless, parching heat of the desert. Moisture would hang heavy in the air. Steam would rise from the
ground and the sun would be veiled in clouds of vapor.
August 31, 2008

Line of access shafts to a dawoodi falaj in Wadi al Batha, Oman. Photo by Sue Hutton.

Lots of people think tunnels, crypts and catacombs are cool, right? It's not just me, I hope! The appeal of deep mysteries
may reach its most refined form in mathematics — or maybe archaeology, or certain forms of mysticism — but surely
it's not just practitioners of such esoteric arts who enjoy thinking about "buried treasure", "secret passages" and the like.
It's even better when we've got ancient underground water tunnels bringing life to the desert, right? There's the added
appeal of history, and the contrast between the parched surface of the landscape and the deep tunnels full of running
water. How romantic can it get?

A qanat in Iran, from an article by Jona Lendering

I got interested in these irrigation systems when I read how they were being destroyed during the war in Iraq. I got more
interested when I saw the canal system called an acequia at the Alhambra — see my June 25th diary entry. So, I've been
poking around, trying to learn more about them.
In fact, underground irrigation systems are common throughout the Middle East, and they can be found all the way from
the Gobi Desert to Spain. They have different names in different cultures: in Berber Arabic, they're called foggara; in
Turkish, qanat; in Persian, qarez. You can read more about them here:
Wikipedia, Qanat.
Richard Covington, The art and science of water, Saudi Aramco World, May/June 2006.

Sylvia Volk, Building a better qanat, in her website Pages of Asia.
Nizwa.net, The traditional aflaj irrigation system.
Anthony Smith, Blind White Fish in Persia, E. P. Dutton & Co., 1953.
Owen Lattimore, The Desert Road to Turkestan, Little, Brown & Co., 1929. Republished by Kodansha Globe in
1996. (Contains a description of qarez in the Gobi desert).
John and Susy Pint, The cave that became a qanat, The Desert Caves Project, 2005.
Anthony Smith's book looks like one of those classic adventurer's diaries. I was amazed to find it freely available online
at the Universal Library. Owen Lattimore's The Desert Road to Turkestan is another of these — and I really should read
it, because he used to live in the same neighborhood as my folks. Sylvia Volk's page is also fun to read, and part of a
fascinating website. For example, she writes:
All the Iranian qanats have fish in them. These fish are healthy, normal fish, neither blind nor white; the
local people do not know where they come from, but they could get into the qanats in the spring, when
rivers and springs overflow their banks and whole areas become flooded. In the nineteen-fifties, Iranian
peasants believed that qanat fish lived forever, needing no nourishment but their own eggs; but then they
also believed that the snails which lived in the qanats were actually fish eggs. They believed that hedgehogs
live on sunlight, that crocodiles flourished in the desert, and that all porcupines were immortal; they also
believed that a treasure lay at the source of every qanat, and upon one day every year, the largest fish in
each individual qanat wore a golden crown borrowed from this treasure hoard.
What follows is part of an article on the aflaj of Oman — perhaps the best-preserved example of an underground
irrigation system. (Five of these aflaj were chosen as World Heritage sites in 2006.) I've supplemented this article with
photos taken by Sue Hutton, which can be seen together with commentary on a website she runs.
Oman's "Unfailing Springs"
Lynn Teo Simarski
Saudi Aramco World, November/December 1992
A pre-lslamic poet sang long ago of verdant Oman as "a goodly land, a land abounding in fields and groves,
with pastures and unfailing springs." But in the region at the desert.s margin, where no natural rivers flow
and where farming is impossible without irrigation, it is the splendidly-engineered aflaj, the system of
underground and surface canals, that have watered the country's agriculture for millennia.
Ancient aflaj (singular: falaj) still course like arteries beneath the hills and plains of Oman, twisting along
precipitous cliffs and threading villages and date-palm groves, bringing to the parched land water and
coolness and life itself.

A dawoodi falaj watering a date plantation
in a village at northern edge of Wahiba Sands in Oman.
Photo by Sue Hutton.

The word aflaj itself denotes not only the water canals but also the irrigation network that relies on them
and the social system that apportions water to the owners of water-shares. The aflaj have helped to shape
the history and settlement patterns of Oman, and they continue even now to tie together each community
that draws upon the falaj's flow. As part of traditional greetings, an Omani will invariably ask about the
condition of the aflaj, which evokes the reply, "Insha'allah, they are full." As concern expands over the best
use of Oman's precious water resources, the state of the aflaj will undoubtedly continue to affect Omani life
in the oil age and beyond.
"We have no rivers and our underground reservoirs are very limited," points out Kamal Abdurredha Sultan,
a prominent Omani businessman and farm-owner concerned about the future of agriculture in Oman. "The
rainfall on the whole, throughout the country, is unreliable. The past generations, perhaps realizing the
circumstances, used the available water resources as efficiently as possible.... The wonderful and intricate
falaj system was in complete harmony with the water circumstances and responded well to the wet and dry
periods, each lasting several years, that were a feature of Oman's climate — and still are."
Different types of aflaj were built to suit the water sources available. Some 90 percent of precipitation
falling on Jabal Akh-dar, northern Oman's mountainous core, percolates down to the underground water
table. Those canals, known as qanat aflaj, collect water in the rock, sand, and gravel aquifers skirting the
mountains' edge, and run beneath the land surface for kilometers to emerge at an oasis. The supposed length

of aflaj is, in fact, grist for fables: A camel stick, dropped by the Caliph of Baghdad into the Euphrates, is
said to have surfaced in an Omani well called Ain Sariq.

Cross-section of a qanat falaj. In Oman, these are also called dawoodi or iddi falaj.
About 26% of aflaj in Oman are of this type, while 47% are ghayl aflaj and 27% are ayni aflaj.
Photo by Sue Hutton.

Other aflaj exploit shallow or surface waters. Most mountain wadis, or valleys, are lined with gravel and
silt, which overlie consolidated rock in the valley floor. Water flows perennially through the surface layers
of the wadi deposits, and this may be tapped by a ghayl falaj, which collects and conveys the water in an
open channel to an oasis. Still other aflaj — ayni aflaj — simply conduct water above-ground from a
spring, such as those channeling the hot springs welling up from diaphanous, calcite-encrusted pools near
the towns of Nakhle and Rustaq.
The skills of falaj construction and repair are preserved today in Oman by the Awamir, a partly settled,
partly nomadic tribe based near Izki, whose falaj specialists still travel throughout Oman, carrying out their
trade. They have a respected reputation for water divining.
To begin a new qanat falaj, a diviner generally scrutinizes the topography, soils, and vegetation at a
promising site for a mother well, or umm al-falaj, the vertical shaft down to the aquifer. Some Omani
diviners are said to use less orthodox methods: A hydraulic engineer recently observed one enter a
prolonged trance, during which he called upon Sulayman ibn Da'ud - Solomon, the son of David - and
summoned a jinn from Africa to assist his search.

The mother well of the falaj on the Quriyat road.
Photo by Sue Hutton.

The shaft of a mother well averages 20 meters (66 feet) deep, but some mother wells descend as much as 60
meters (200 feet). At the bottom, the horizontal channel or gallery that is excavated downslope from the
well is left unlined, so that the water can seep into it from surrounding porous layers.
After the collection gallery for the mother well is dug, the builders move down slope. Here they dig another
vertical shaft and begin burrowing back almost horizontally toward the mother well. Crouching in the
tunnel, they excavate with hammer and chisel. Successive vertical shafts extend the underground tunnel
toward the point at which it surfaces kilometers away. The Awamir are particularly accomplished at
excavating aflaj through hard rock - a daunting task, for a tunnel one kilometer (1100 yards) long and onehalf meter (20 inches) in diameter requires removing between 3000 and 4000 tons of rock.
From the air, Oman's landscape, particularly the mountainous heartland, is dotted with holes that look like
chains of bomb craters. These holes mark the successive vertical shafts sunk to excavate the horizontal
tunnel of a falaj, and they indicate its course from source to the oasis. The original builders left the holes
open after the underground canal was completed, so that their access shafts could be used for subsequent
inspection and repair.
The hazards of falaj work are legion. In Iran, excavators baldly call the qanat falaj "the murderer" in
Persian. An Oman Ministry of Agriculture engineer marvels at the skills of the original builders, who
worked without air pumps or safety equipment. In an access shaft, a worker may be struck by falling stones,

while tunnels pose the danger of collapse. Added to this, the stifling heat and poor air circulation within a
falaj may allow work for only 20 minutes at a time. The worker faces particular danger when, tunneling
uphill, he nears the mother-well gallery where water has collected. Many have drowned in the onrush of
water as the final rock gives way between the tunnel and the gallery.
Oman's rugged topography tested the ingenuity of ancient planners, who produced engineering solutions
that are part of Oman's architectural heritage. Some aflaj run along the contour lines, tracing the curves of
wadis or valleys, like the falaj near Tanouf in the Jabal Akhdar that hugs the cliff wall high above the wadi
floor. Parallel abandoned channels, cut into the wadi wall some distance above the flowing falaj, probably
testify to past changes in water level or flow.
Where a falaj crossed wadis, such as near Rustaq and Nakhle on the Jabal's coastward slopes, architects
bridged the valleys with arched aqueducts often more graceful than the sturdy poured-concrete ones built
today. Wherever the torrential flood of a wadi was strong enough to wash away an aqueduct, engineers built
inverted siphons — closed U-shaped tunnels. In these, the horizontal falaj flow disappears down a vertical
shaft on one side of the wadi, tunnels straight across beneath the wadi floor, and reemerges up a second
vertical shaft on the other side. Because the lip of the second shaft is slightly lower than the siphon
entrance, the head of water forces the flow through the structure.
For my September 2008 diary, go here.

You got warheads stacked in the kitchen
You treat distraction like it's a religion. - Beck, "Walls"
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Diary - September 2008
John Baez
September 12, 2008

Lisa went to visit her folks on the 9th, and since then I've been hunkering down preparing three talks on My Favorite
Numbers. It's been intense, exciting but lonely spending days trying to strip certain lovely ideas to their barest form,
packing as much information as I can into pictures, hoping to blow away the audience with a kind of ascent from the
simple to the elaborate without losing them in detail.
Luckily, when my airplane reaches its destination after a long journey I will be greeted (with any luck) by two of
favorite folks: Tom Leinster from the University of Glasgow, who organized these talks, and Eugenia Cheng, now at
Sheffield University. My pal Danny Stevenson, formerly a visiting assistant professor here at Riverside and now blessed
with a permament position at Glasgow, will also be there. To top it off, Bruce Bartlett and Simon Willerton, both also
from Sheffield, will also be there. Together, they constitute a substantial fraction of the British n-category revolution!
But what makes it fun is that we're friends.

This afternoon I finally finished preparing the most elementary talk, on the number 5. As usual, it's a lot harder to design
a good "elementary" talk than a good "advanced" one, since you can't make big assumptions about your audience: you
have to avoid all the convenient professional jargon and get straight to the point. This requires a severe effort. Most of
all, you have to remember what the point actually is! — why the subject was intriguing even before you became fatally
enchanted by it.
These talk posters by Tom Leinster are great. They're like ads for a math rave.
Now I'm watching Hurricane Ike bear down on Galveston.
September 13, 2008
American political hysteria is rising as we approach the presidential election. I can't resist becoming absorbed in it, but
to avoid contributing to it I will spare you my opinions. Let me just say this: ignore polls of the "popular vote", since
what matters is the electoral vote. For constantly updated estimates of the electoral vote, keep looking at this:
www.electoral-vote.com
The following is also interesting, but I haven't heard about it before and don't know if it's reliable:
http://election-projection.net/
September 21, 2008
Back in Riverside. My talks went well, and it was a delightful week for me...
... except that the world financial system was crashing. The impact hasn't really hit yet; we'll see that in the months and
years to come. Right now it's like titanomachy: little folks like us are watching gods and giants throw thunderbolts up in
the clouds, but it will take a while for the fallout to filter down:
Monday September 15 — Lehman Brothers goes bankrupt.
Monday September 15 — The investment bank Merrill Lynch sells itself to Bank of America for $50 billion, half
its value early last year.
Tuesday September 16 — The US government bails out the crashing insurance giant AIG (American International
Group), lending it $85 billion and taking an 80% share.
Wednesday September 17 — Russia temporarily suspends stock trading.
Thursday September 18 — The rapidly sinking bank HBOS (Halifax Bank of Scotland) is bought by Lloyds TSB
for £12 billion.
Friday September 19 — the American Security and Exchange Commission bans short-selling of many stocks,
following Britain's lead.
Friday September 19 — President Bush proposes a $700-billion bailout of banks, to be run by the Treasury
Secretary with no mechanism for oversight by Congress or the courts.

Sunday September 22 — Morgan Stanley and Goldman Sachs, the last two big investment banks left standing,
decide to quit that status and become bank holding companies, which allows them to take deposits.
The problems underlying the crash are anything but news. The Economist magazine has been warning us for years of a
dangerous bubble in the real estate market. For years, Warren Buffett has been calling complicated derivatives that
conceal bad debt "instruments of mass financial destruction".

But now that it's happening, things are moving too quickly for adequate reflection. Just a few obvious thoughts:
Depending on how it's handled, the proposed 700-billion-dollar bank bailout could be an enormous transfer of wealth
from taxpayers to the banking sector. Note: nobody is proposing to bail out the people who can't pay their mortgages.
Instead, we'll be bailing out the banks that vastly multiplied this debt by passing it on to each other in complicated ways
that nobody fully understands.
As President Bush plans it, this bailout will also hand enormous power to Treasury Secretary Henry Paulson, or
whoever becomes his successor in January. Paulson was CEO of Goldman Sachs, and we can expect his successor to be
similarly entwined in the financial sector, since nobody else understands the technical aspects of this business. Congress
needs to impose enough oversight to keep the game honest. And I hope enough people demand serious reforms.
In the longer term, we can expect that the US government will be saddled with one extra Iraq War's worth of debt. This
debt will mainly be owed to China and other fast-growing economies. So, among other things, it represents another step
in the decline of US power and the rise of China.
September 25, 2008
Piano sales have been dropping in the US, thanks first to the decline of the tradition of piano lessons, and more recently
to the sagging economy. The Riverside Press Enterprise has an interesting article on this. Here's a graph from there:

We can only imagine what will happen now.
September 26, 2008

A while back, Garrett Lisi pointed out a great video of someone flying over mountains in a wingsuit with jet engines.
Now Yves Rossy has used such a contraption to fly across the English channel in less than ten minutes!
Speaking of flying things, check out this:

It's a robot fly! Great for spying on people. It was created by Robert Wood of Harvard. His research was paid for by the
U. S. Defense Advanced Research Projects agency, who are developing stealth surveillance robots for battlefields and
urban environments. Too bad he's not focusing more attention on positive uses for his cleverness.
Rachel Ross, Robotic insect takes off, Technology Review, Thursday, July 19, 2007.
September 30, 2008
Some new books I'd like to read from the University of California Press:
Richard Mackay, The Atlas of Endangered Species, revised edition, U.C. Press, 2008.
Michael Lannoo, Malformed Frogs: the Collapse of Aquatic Ecosystems, U.C. Press, 2008.
Maybe this will shed some light on the crisis of crashing amphibian populations.
David Carle, Introduction to Fire in California, U.C. Press, 2008.
Theodore W. Pietsch, Oceanic Anglerfishes: Extraordinary Diversity in the Deep Sea, U.C. Press, 2008.
Anglerfish are fascinatingly ugly.

Kevin Bales, Ending Slavery: How We Free Today's Slaves, U.C. Press, 2008.
According to this book, thare about 27,000,000 slaves in the world today. How can we change this?
For my October 2008 diary, go here.

Try to relax and enjoy the crisis. - Ashley Brilliant
© 2008 John Baez
baez@math.removethis.ucr.andthis.edu
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Diary - October 2008
John Baez
October 13, 2008
Not much here lately. As usual, the amount I write in this diary is inversely proportional to the amount I'm doing.
Whoops - that's not true! As a mathematician, I should be more precise about these things. Here's the actual truth: if T is
the number of hours I spend per day writing my diary, and t is the number of hours I spend doing other things, then:
T = 24 - t
This is the First Law of Blogging.
Anyway, today we've been hit by Santa Ana winds. They're no big deal here — at least not yet. But further west, north
of Los Angeles, they've been spreading wildfires:

Residents evacuating their homes this morning.
Photo by Dan Steinberg/Associated Press

October 14, 2008
I remember being electrified by Laurie Anderson's song "O Superman" as a college student... and I've enjoyed her work
ever since. I hardly ever go to concerts, but tonight Lisa and I went to a concert by her at UCR: part of her Homeland
tour. The concert consisted mainly of dark reflections on American politics: even the few humorous songs like "Only an
Expert" sank quickly into the grim spirit of political life here. The most cheerful moment came at the end, when her
husband Lou Reed came out to join her, playing scalding electric guitar and singing along on "The Lost Art of
Conversation". You can see a mellower version here — but unfortunately he doesn't sing on that. His voice is instantly
recognizable to anyone schooled in rock, so it was great to hear him!
October 23, 2008
I'm visiting Matt Ando and Eugene Lerman at the University of Illinois at Urbana-Champaign. Today I gave two talks: a

math/physics seminar on classifying spaces for 2-groups, and a colloquium talk on the number 8.
Right now I'm lying in bed trying to keep from getting a cold, watching the news. (Only in hotels do I watch TV in bed.)
The news is solidly about the presidential election 12 days from now: every tiny portent is carefully analyzed. The wind
is blowing in Obama's favor, both in big ways and tiny ones.
Big ways: election projections based on state polls are down to giving McCain a 0.0% chance of winning! Last night it
was 0.1%.

And tiny ways: the latest news blips involve outrage about Sarah Palin's $150,000 wardrobe paid for by the Republican
National Committee, and McCain's article in the Washington Times lashing out against George Bush:
"Spending, the conduct of the war in Iraq for years, growth in the size of government, larger than any time
since the Great Society, laying a $10 trillion debt on future generations of America, owing $500 billion to
China, obviously, failure to both enforce and modernize the [financial] regulatory agencies that were
designed for the 1930s and certainly not for the 21st century, failure to address the issue of climate change
seriously," Mr. McCain said in an interview with The Washington Times aboard his campaign plane en
route from New Hampshire to Ohio.
"Those are just some of them," he said with a laugh, chomping into a peanut butter sandwich as a few
campaign aides in his midair office joined in the laughter.
[...]
He rejected Mr. Bush's use of issuing "signing statements" when he signs bills into law, in which the

president has suggested that he would ignore elements of the bills, labeling them potentially
unconstitutional.
"I would veto the bills or say, 'Look, I don't like it but I'll obey the law that's passed by Congress and signed
by the president.' I think the signing statements was not a correct implementation of the power of the
executive. I think it was overstepping," he said.
And Mr. McCain emphatically rejected Mr. Bush's claims of executive privilege, often used to shield the
White House from scrutiny.
"I don't agree with that either. I don't agree with Dick Cheney's allegation that he's part of both the
legislative and the executive branch," he said.
Too bad he didn't say this earlier and more often. As this point, it comes across as desperate.
Since I don't want a Republican choosing the next two Supreme Court justices, pandering to the rich and the "religous
Right", and trying to drill our way out of the energy crisis, I'm very happy. But since the Democrats have lost the last
two elections against one of the worst candidates in history, I'm not counting my chickens until they've hatched.
October 30, 2008
Greg Egan is back from Iran! It was his first trip outside Australia. He'll probably have more to say about this himself,
later. I'm sort of jealous — but I'm glad he let me show you some photos he took.
Here's a tiling with five-fold symmetry from the Friday Mosque in Isfahan:

Tilings of this general sort were discovered by the mathematician Penrose, but it turns out Penrose was beaten to the
punch: you can see them in Islamic architecture from the 1600s! In week247 of This Week's Finds I showed some
examples — like this, also from Isfahan:

From the Darb-i Imam shrine in Isfahan, Iran.

I found that photo here:
Peter J. Lu and Paul J. Steinhardt, Decagonal and quasi-crystalline tilings in medieval Islamic architecture,
Science 315 (2007), 1106-1110.
Lu and Steinhardt also discuss the mosque Egan visited!
Here are some photos he took in the marvelous ancient city of Yazd:

The second one shows a bad gir, or windcatcher — a natural cooling system based on the Bernoulli effect. They're
especially effective in conjunction with a qanat — an underground water tunnel, commonly used for irrigation in the
Middle East. I gave a detailed intro to qanats back on August 31. Here's how people combine a qanat and a
windcatcher:

I love the idea of this sort of system, since it doesn't use any external power source — just the wind, water and the laws
of physics. Green technology, centuries old!
Here's a picture of Yazd from an Iranian tourist website:

I wanna go there! I was a bit scared of the Islamic morality squads, but Egan says everyone he met was friendly:
"Really, unless you felt compelled to wander the streets half-naked drinking alcohol and behaving lasciviously with
your wife, I don't think you'd find anything the least bit arduous about visiting the place."
For my November 2008 diary, go here.

I am new enough on the national political screen that I serve as a blank screen on which people of vastly different
political stripe project their own views. As such I am bound to disappoint some, if not all of them. Which perhaps
indicates a second, more intimate theme to this book — namely how I or anybody else in public office, can avoid the
pitfalls of fame, the hunger to please, the fear of loss, and thereby retain that kernel of truth, that singular voice within
each of us that reminds us of our deepest commitments. - Barack Obama
© 2008 John Baez
baez@math.removethis.ucr.andthis.edu
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Diary - November 2008
John Baez
November 1, 2008

Lisa and I pulled up a big dried-up pride of Madeira plant from our back yard, and went to the local nursery to buy a
dwarf citrus tree to put in its place. We already have a blood orange tree, a lime, a Meyer lemon and a kumquat. Also a
kaffir lime, still in a pot, waiting to be planted.
In the parking lot we met a women who warned us that the election would be stolen from Barack Obama. She said:
Oprah Winfrey used an electronic voting machine and had her vote dropped before her very eyes!
(True, at least according to Oprah.)
Diebold and Sequoia, prominent manufacturers of voting machines, are run by Republicans!
(Indeed, Diebold's chief executive announced in 2003 that he'd been a fund-raiser for Bush and said he was
"committed to helping Ohio deliver its electoral votes to the president next year". A top programmer at Diebold
was convicted of 23 counts of felony for planting "back doors" in ATM software he designed in an earlier job.

Sequoia, whose voting machines are used here in California, has its own problems — but I don't see any links to
Republicans.)
Karl Rove has trained teams of operatives in the Justice Department to rig the vote!
(I don't know.)
It's all in Greg Palast's book, Armed Madhouse!
(He indeed has a book, but I can't vouch for it.)
Not having heard about most of this stuff, I wasn't sure how paranoid she was being. I told her I still thought Obama
would win. She said she hoped so, but...
There are clearly some very nervous people on both sides of this election, busy demonizing the opposition. There also
seem to be plenty of real dirty tricks and legal wrangling going on — great fodder for conspiracy theories.
It's raining tonight! It hasn't rained for many months. A real treat!
November 2, 2008
We only got a little rain — but since it was the first rain since spring, it was very welcome. We're having a serious
drought, not just here in the desert but more importantly up north, where we get lots of our water. I was taken aback
when I first heard this, since the snowpack in the Sierras looked great on February 3rd; by July 18th it had fallen short,
but it didn't seem disastrous.
California water shortages could lead to rationing, officials say
Bettina Boxall, LA Times
October 31, 2008
State water deliveries could be slashed next year if California continues its dry streak, a move that could
lead to widespread rationing.
California Department of Water Resources officials Thursday said water agencies could get as little as 15%
of their State Water Project allocations, although that figure could go up if Sierra Nevada rain and snowfall
return to normal in the coming months.
"We're clearly making a major call for extra conservation, but also permanent conservation," said water
resources director Lester Snow, who renewed the Schwarzenegger administration's call for the construction
of new reservoirs.
Officials at Southern California's major water supplier, the Metropolitan Water District of Southern
California, say its board soon will discuss whether to initiate cutbacks.
"We are preparing for the real possibility of water shortages and rationing," said Jeff Kightlinger, the
MWD's general manager.
Last spring was the driest since 1921 in the northern Sierra, depleting reservoirs in the State Water Project,
which provides about a third of urban Southern California's water.
A court ruling to protect delta smelt has reduced pumping from the Sacramento-San Joaquin Delta, the
crossroads for sending water south to the San Joaquin Valley and the Southland.
Snow said state reservoirs are starting the rainy season at their lowest levels since 1977, when California

was hit by a severe drought.
But state records show that if all the reservoirs that supply California, including major ones on the Colorado
River, are taken into account, the picture is not so bleak.
The overall water storage is roughly 70% of the average for this time of year.
This year's flows into Lake Powell, which catches water from the upper Colorado River Basin, were above
average, easing a long-term drought on the river.
Storms are expected statewide in the next few days and state meteorologist Elissa Lynn also said there is a
potential for more precipitation this rainy season than last.
Water agencies rarely get their full allotment of deliveries from the State Water Project, which promises
more water on paper than it usually has the ability to deliver.
Initial state project allocations, such as the 15% figure announced Thursday, also can change dramatically
over the course of a year.
The lowest was in 1993, when the state anticipated that it would deliver only 10% of its customers' water
requests. But conditions improved and contractors wound up getting 100%.
Two dry years in a row in the state, delta pumping cutbacks and an eight-year drought on the Colorado
River led to scattered urban rationing this year and irrigation cutbacks in the San Joaquin Valley.
The MWD, which supplies water to agencies that serve 19 million people, mounted a voluntary
conservation program that Kightlinger said has reduced water use by 8% to 10%.
But the MWD's Diamond Lake reservoir is nearly half empty and the agency's water reserves are down by a
third.
November 4, 2008
Lisa and I had an election-watching party with some anthropologist friends of ours. It was my idea, but we held it at
their house: their huge flat-screen TV, our home-made pizza.
There wasn't too much suspense, but still McCain's concession speech came as a tremendous relief. It was noble and
gracious.
In Grant Park, Chicago, a crowd of 240,000 people went wild.
Then, together with those people and millions more across the world, we watched Obama's acceptance speech. It was
moving in a way that you can only feel at the end of a year of suspense and worry.
I'm glad both Obama and McCain rose to the occasion tonight. It may help us stop squabbling, and begin the work we
need to do. "The road ahead will be long. The climb will be steep."
November 7, 2008
I like this headline:
J. Freedom du Lac, Obama Win Gives Baez Something To Sing About, Washington Post, November 7, 2008
November 8, 2008

For what it's worth, here is a map showing states that voted for Obama (blue) or McCain (red), followed by a map
showing the percentage of the population with less than 9 years of education:

This may explain why Republicans like to attack "elitists".
The red and blue map was brought to my attention by Toby Bartels. It was made by Mark Newman, who also has a
much more interesting map showing the same results, but with each state given an area proportional to its population:

November 9, 2008
The Mission Inn in downtown Riverside is a baroque and whimsical building, built from 1902 to 1935 by an architect
named Frank Miller. Miller worked on it obsessively, and he had a taste for the flamboyant. It has narrow passageways,
exterior arcades, a medieval-style clock with moving figures — a monk, a bear, and so on — a five-story rotunda, a
Chinese Room, a Japanese room, a simulated Spanish Mission, castle towers, minarets, flying buttresses, Mediterranean
domes, a pedestrian skybridge, a garden containing 800 bells, and much more.
When I first moved to Riverside, the hotel had been closed for a long time. The city had a project to renovate it — but
when the first Bush recession hit, the city ran out of money for this project. It even failed to pay contractors for work
they'd done!
As you may or may not know, President Taft was extremely fat: he weighed over 300 pounds. He visited the Mission
Inn, and they had a large and sturdy chair specially built for him. You can see it there now. One carpenter whom the city
owed stole President Taft's chair from the inn and held it for ransom in an undisclosed location (a warehouse somewhere
in town). The city eventually paid him.
Later, when the economy improved, work on the Mission Inn continued. I remember being able to walk right in and
wander around the labyrinth of bizarre rooms. It was great fun. Now the Inn has reopened and only guests are allowed to
nose around the place! (But, you can pretend to be a guest.)
But: I never knew the Mission Inn had catacombs.
Elaine Yeung, The Mission Inn catacombs: what are they hiding?, Highlander, November 7, 2008.
Let me quote it:
The expansive underground catacombs beneath the Mission Inn consist of numerous chambers and tunnels.
They stretch from the bottom of the Mission Inn to as far as the old Riverside city hall, and out the back of
the hotel to what used to be the servant's quarters across Sixth Street. The old city hall used to be across the
street from Mission Inn Avenue.
There are also rumors that the catacombs lead to Mount Rubidoux, but others claim that the catacombs only
head in the direction of Mount Rubidoux.
However, even though the catacombs underground extend outside of the Inn's property lines, they are still
sealed to the Mission Inn underneath.

The catacombs were created by the original architect, Frank Miller, in 1915. He filled the subterranean
corridors with numerous artifacts he obtained near the end of San Francisco's 1915 Panama-Pacific
International Exposition.
Some of the most significant figures are the life-sized wax figures of Pope Pius X of the Papal Court and
his 13 attendants. Miller also acquired 38 paintings of the 21 California missions done by a prominent artist,
Henry Chapman Ford, in the 1960s and 1970s.
Miller exhibited the paintings in the catacombs, and he named the location where the paintings were on
display "El Camino Real," the Royal or King's Highway, after the road where the California missions are
located. The underground museum drew many visitors during its opening period. Unfortunately mildew,
dust, insects, and other aspects damaged many of the underground artifacts over the years.
However, the catacboms were closed down to the public when the Mission Inn was re-opened in 1992 after
a massive renovation project, safety issues being the main concern. In the event of a fire or earthquake,
there are no easy escape routes.
Closing of the catacombs stirred even more rumors among Riverside inhabitants. Some staff workers at the
Mission Inn previously claimed that there was activity in the area of the foyer during the years following
the Mission Inn's reopening.
The Mission Inn's financial controller during the time of the hotel's re-opening even resigned after
supposedly seeing someone in the area late one evening. So you probably don't want to find yourself alone
there.
Few people have been allowed to venture into the catacombs after their closure, but recently, the Mission
Inn allowed people 10 chances to see them in late October. There were five tours of a maximum of 24
people on October 24th and 25th.
Darn! I missed them! But they were somewhat goofy Halloween-themed tours — you can see some photos.
November 10, 2008
Thomas Friedman is succeeding in publicizing some things we should all know:
Hot, Flat, and Crowded: Why We Need a Green Revolution — and How it Can Renew America, Farrar, Straus and
Giroux, New York, 2008.
From the Woodrow Wilson School:
The book's title identifies three major trends of this century: Climate change is warming our planet; the rise
of a global middle class is flattening the differences between rich and poor; and a rapidly expanding
population is crowding the world. According to Friedman, these converging trends are driving "five global
mega-trends" that will determine our future stability:
Energy and natural resource supply and demand: While some countries are taking steps to become
more energy-efficient, the explosive growth of developing-country cities is outpacing these gains.
Friedman asserts that there are not enough energy and natural resources for everyone to consume at
Americans. current rates and that everyone, Americans included, must address energy supply and
demand.
Petrodictatorship: We are "funding both sides of the war on terrorism," said Friedman: the U.S.
military with tax dollars, and terrorist groups (and the states that sponsor them) with gas dollars.
Climate change: Friedman emphasized that the pace of climate change is exceeding many scientists'
predictions, including those of the Intergovernmental Panel on Climate Change, and that we have

little time to act.
Energy poverty: The lack of a consistent electricity supply not only cripples 1.6 billion people's
ability to obtain high-quality health care and adapt to the effects of climate change, but also prevents
them from accessing the myriad educational and economic opportunities provided by the Internet.
Biodiversity loss: The Earth is losing species 1,000 times faster than normal, claimed Friedman. "We
are the first generation of humans that is actually going to have to think like Noah," said Friedman, to
save rapidly disappearing plants and animals.
Friedman thinks these trends are "a series of incredible opportunities masquerading as impossible and
insoluble problems" because all five can be reversed by "abundant, cheap, clean, reliable electrons" and
energy efficiency. The country that becomes the leader in new energy technology (ET) will have the most
stable economy and garner the most respect on the international stage, said Friedman. If the United States
does not take the lead in the ET revolution, others — China, India, Europe — will, but they won't do it as
fast or as well as the United States, he says.
November 12, 2008
In the Chicago Tribune, Garrison Keiller writes:
Sitting on Top of the World
The city of Chicago is celebrating the rise of one of their own to the office of president of the United States.
Be happy, dear hearts, and allow yourselves a few more weeks of quiet exultation. It isn't gloating, it's
satisfaction at a job well done. He was a superb candidate, serious, professorial but with a flashing grin and
a buoyancy that comes from working out in the gym every morning. He spoke in a genuine voice, not
senatorial at all. He relished campaigning. He accepted adulation gracefully. He brandished his sword
against his opponents without mocking or belittling them. He was elegant, unaffected, utterly American,
and now (Wow) suddenly America is cool. Chicago is cool. Chicago!!!
We threw the dice and we won the jackpot and elected a black guy with a Harvard degree, the middle name
Hussein and a sense of humor - he said, "I've got relatives who look like Bernie Mac, and I've got relatives
who look like Margaret Thatcher." The French junior minister for human rights said, "On this morning, we
all want to be American so we can take a bite of this dream unfolding before our eyes." When was the last
time you heard someone from France say they wanted to be American and take a bite of something of ours?
Ponder that for a moment.
The world expects us to elect pompous yahoos, and instead we have us a 47-year-old prince from the prairie
who cheerfully ran the race, and when his opponents threw sand at him, he just smiled back. He'll be the
first president in history to look really good making a jump shot. He loves his classy wife and his sweet
little daughters. At the same time, he knows pop music, American lit and constitutional law. I just can't
imagine anybody cooler.
It feels good to be cool, and all of us can share in that, even sour old right-wingers and embittered
blottoheads. Next time you fly to Heathrow and hand your passport to the man with the badge, he's going to
see "United States of America " and look up and grin. Even if you worship in the church of Fox, everyone
you meet overseas is going to ask you about Obama, and you may as well say you voted for him because,
my friends, he is your line of credit over there. No need anymore to try to look Canadian.
And the coolest thing about him is the fact that back in the early '90s, given a book contract after the hoo-ha
about his becoming the First Black Editor of The Harvard Law Review, instead of writing the basic
exploitation book he could've written, he put his head down and worked hard for a few years and wrote a
good book, an honest one, which, since his rise in politics, has earned the Obamas enough to buy a nice
house and put money in the bank. A successful American entrepreneur.

Our hero who galloped to victory has inherited a gigantic mess. The country is sunk in debt. The Treasury
announced it must borrow $550 billion to get the government through the fourth quarter, more than the
entire deficit for 2008, so he will have to raise taxes and not only on bankers and lumber barons. His
promise never to raise the retirement age is not a good idea. Whatever he promised the Iowa farmers about
subsidizing ethanol is best forgotten at this point. We may not be getting our National Health Service cards
anytime soon. And so on and so on.
So enjoy the afterglow of the election awhile longer. We all walk taller this fall. People in Copenhagen and
Stockholm are sending congratulatory e-mails - imagine! We are being admired by Danes and Swedes! And
Chicago becomes The First City. Step aside, San Francisco. Shut up, New York. The Midwest is cool now.
The mind reels. Have a good day.
November 18, 2008
I now route my math department email through Google's "gmail" because it does a better job of filtering out spam. With
gmail, there's always a little inconspicuous one-sentence advertisement on top, based on the words in your mail. So, I
get lots of ads related to math and physics. But today, when I was scanning through my spam, I got this:
Spam Fajitas - Serves 8, add extra salsa if desired
November 19, 2008
The events move faster and it becomes hard to keep up with them. Record-breaking temperatures in Southern California
have triggered another round of devastating wildfires, this time in Santa Barbara and Los Angeles. Again our town
lucked out: no fire here.
Meanwhile, after years of huge profits from selling gas-guzzling monster cars, the American automobile industry is
collapsing. This could be good thing. While the layoffs will hurt the American economy in the short term, in the long
run we need to move away from the pernicious petroleum addiction this industry helps perpetuate. Influential people —
not just starry-eyed visionaries like me — are starting to talk about the need for a green revolution. Shouldn't we take
the opportunity to hasten it? The carbon-burning economy will eventually die; the big question is whether it will take us
down with it.
This week the Big Three — Ford, General Motors and Chrysler — have been in Congress, begging for $50 billion of the
taxpayer's money. Now it's the Republicans and Bush who are being sensible, not the Democrats: today they managed to
derail this bailout. We'll see what happens.
When I was a kid, history seemed like a thing of the past. Now it's happening every day.
November 24, 2008
The October 15th New Scientist has a bunch of good articles about the need to end our quest for perpetual "economic
growth" — at least as this term is defined now.
I think Gus Speth hits the nail on the head in his interview here:
Liz Else, Interview: champion for green growth, New Scientist, October 15, 2008.
He says:
My conclusion is that we're trying to do environmental policy and activism within a system that is simply
too powerful. It's today's capitalism, with its overwhelming commitment to growth at all costs, its
devolution of tremendous power into the corporate sector, and its blind faith in a market riddled with

externalities. And it is also our own pathetic capitulation to consumerism. Even as the environmental
community swims more strongly against the current, the current gets ever stronger and more treacherous, so
environmentalism slips under. The only solution is to get out of the water, take a hard look at what's going
on and figure what needs to be done to change today's capitalism.
For more details on how tough a spot we've gotten ourselves into, try this:
Tim Jackson, Why politicians dare not limit economic growth, New Scientist, October 15, 2008.
A quote:
The Ehrlich equation, I = PAT, says simply that the impact (I) of human activity on the planet is the product
of three factors: the size of the population (P), its level of affluence (A) expressed as income per person,
and a technology factor (T), which is a measure of the impact on the planet associated with each dollar we
spend.
Take climate change, for example. The global population is just under 7 billion and the average level of
affluence is around $8000 per person. The T factor is just over 0.5 tonnes of carbon dioxide per thousand
dollars of GDP - in other words, every $1000 worth of goods and services produced using today's
technology releases 0.5 tonnes of CO2 into the atmosphere. So today's global CO2 emissions work out at 7
billion × 8 × 0.5 = 28 billion tonnes per year.
The Intergovernmental Panel on Climate Change (IPCC) has stated that to stabilise greenhouse gas levels in
the atmosphere at a reasonably safe 450 parts per million, we need to reduce annual global CO2 emissions
to less than 5 billion tonnes by 2050. With a global population of 9 billion thought inevitable by the middle
of this century, that works out at an average carbon footprint of less than 0.6 tonnes per person considerably lower than in India today. The conventional view is that we will achieve this by increasing
energy efficiency and developing green technology without economic growth taking a serious hit. Can this
really work?
With today's global income, achieving the necessary carbon footprint would mean getting the T factor for
CO2 down to 0.1 tonnes of CO2 per thousand US dollars - a fivefold improvement. While that is no walk in
the park, it is probably doable with state-of-the-art technology and a robust policy commitment. There is
one big thing missing from this picture, however: economic growth. Factor it in, and the idea that
technological ingenuity can save us from climate disaster looks an awful lot more challenging.
First, let us suppose that the world economy carries on as usual. GDP per capita will grow at a steady 2 or 3
per cent per year in developed countries, while the rest of the world tries to catch up - China and India
leaping ahead at 5 to 10 per cent per year, at least for a while, with Africa languishing in the doldrums for
decades to come. In this (deeply inequitable) world, to meet the IPCC target we would have to push the
carbon content of consumption down to less than 0.03 tonnes for every thousand US dollars spent - a
daunting 11-fold reduction on the current western European average.
Now, let's suppose we are serious about eradicating global poverty. Imagine a world whose 9 billion people
can all aspire to a level of income compatible with a 2.5 per cent growth in European income between now
and 2050. In this scenario, the carbon content of economic output must be reduced to just 2 per cent of the
best currently achieved anywhere in the European Union.
The potential for technological improvements, renewable energy, carbon sequestration and, ultimately
perhaps, a hydrogen-based economy has not been exhausted. But what politicians will not admit is that we
have no idea if such a radical transformation is even possible, or if so what it would look like. Where will
the investment and resources come from? Where will the wastes and the emissions go? What might it feel
like to live in a world with 10 times as much economic activity as we have today?

Instead, they bombard us with adverts cajoling us to insulate our homes, turn down our thermostats, drive a
little less, walk a little more. The one piece of advice you will not see on a government list is "buy less
stuff". Buying an energy-efficient TV is to be applauded; not buying one at all is a crime against society.
Agreeing reluctantly to advertising standards is the sign of a mature society; banning advertising altogether
(even to children) is condemned as "culture jamming". Consuming less may be the single biggest thing you
can do to save carbon emissions, and yet no one dares to mention it. Because if we did, it would threaten
economic growth, the very thing that is causing the problem in the first place.
November 25, 2008
Kevin Kelly writes:
John,
This oddity is your kind of thing: The Ladder Stuck in Time
http://www.geocities.com/Athens/Oracle/1631/ladder1.html
-- KK
It's indeed my sort of thing: a mysterious and seemingly useless wooden ladder that has been perched below a window
on the Church of the Holy Sepulchre at least since 1840:

Photograph by R. Malcolm Brown, 1999

James Lancaster tracks down the story of this ladder in the page cited above.
November 30, 2008
Lately I've become interested in the case of M. S. El Naschie, editor of Chaos, Solitons & Fractals, whose editorship is
now due to end in January.
If you're into this sort of thing, you may be reminded of the Bogdanoff Affair. And you may wonder: whatever
happened to the Bogdanoff brothers? Here's an interesting bit of news about them. It comes from a correspondent who
may prefer to remain anonymous:
I would like to bring to your attention some information about the Bogdanoff brothers (in the case you are
not acquainted with it):
1. It seems that Igor and Grichka Bogdanoff hold the chair in theoretical physics at the "Megatrend
University of Applied Sciences" in Belgrade, Serbia. This was reported in an article in the French
newspaper Le Figaro on February 20th, 2008, which claims that the Bogdanoffs were hired already
in November 2005 and taught theoretical physics and cosmology since December 2005. Apparently
they are also heads of the General Cosmology Laboratory at the same university.
Amusingly, the information provided about this lab is identical to the description found on the
homepage of the Mathematical Center of Riemannian Cosmology (which is mentioned in your article
regarding the Bogdanoff affair).
2. At the end of 2006 the Bogdanoffs published also the Serbian version of their book Avant le Big
Bang. Interestingly, this version is co-authored by the chancellor of the "Megatrend University",
Mica Jovanovic, whose primary field of interest is business management (sic!).
Furthermore, the Bogdanoffs promote themselves as geniuses in cosmology comparable to Hawking

(e.g. in an interview for a students. newspaper/blog). Luckily, not everyone in Serbia is fooled by the
twins, despite the traditional Serbian praise for Russians or Russian descendants.
For my December 2008 diary, go here.

Rosa Parks sat so Martin Luther could walk. Martin Luther King walked so Obama could run. Obama is running so our
kids can fly. - Jay-Z
© 2008 John Baez
baez@math.removethis.ucr.andthis.edu
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Diary - December 2008
John Baez
December 1, 2008
On the East Coast of America, the oak trees aren't producing any acorns this year. Hickories aren't producing any nuts
either! Nobody knows why: the weather has not been outlandish. No matter what the case, squirrels are in trouble this
winter. Hawks and foxes eat squirrels, so they'll be in trouble too, come spring.
Interestingly, each oak tree undergoes a 2-4 year cycle: sometimes it produces lots of acorns, sometimes few. But I don't
see any way for the cycles to synchronize in an area as large as the whole East Coast, and I don't believe this has been
observed. So, something mysterious is happening. I don't like it. There are too many weird die-offs going on: bees, bats,
frogs, and so on.

A flying squirrel retrieves food put out by the staff at Long Branch Nature Center in Arlington County.
Richard A. Lipski, The Washington Post

On a lighter note: Greg Egan reports a story about "Israeli spy pigeons":
BTW, I don't know if you remember that I'd planned to visit the city of Kashan in Iran, but ended up
dropping it from my itinerary because I lost two days due to a delayed flight. On the weekend, a friend told
me that the Iranian authorities had "arrested Israeli spy pigeons" at the nuclear site near Kashan! I thought
he must have got the story from The Onion, but it turned out to be true ... or at least it was published in an
Iranian reformist newspaper, so maybe they actually had their tongue in their cheek as much as the editors
of The Onion do:
Iran arrests 'spy pigeons' near uranium plant, The Australian, October 21, 2008.
I wrote about the long-lived reign of pigeon technology on July 30th. Pigeons were the fastest method of sending longdistance messages from 2900 BC to 1844 AD! They played a crucial role in the Franco-Prussian war. But I'd never
heard of spy pigeons before.

Sheer ignorance on my part: pigeons were used to carry spy cameras over enemy lines in WWII. They looked pretty
cute:

Spy pigeon, from the International Spy Museum.

Finally, here's a charming email I received in response to my October 30th entry about the Iranian city of Yazd:
Hi,
I was reading your book Gauge Fields, Knots and Gravity - J. Baez, J. Muniain. I said to myself, "Whose is
this sweet pen opening the knots of this difficult subject? Let me find him on the Internet!" I have a djvu
copy of your book torrented into my computer. When I got to your place, I saw some familiar pictures. I
became gobsmacked. You also liked me: pictures from Iran and Yazd. I am originally from Yazd. You
called that place, "cool!" Do you know why I like maths and quantum mechanics and other things? People
of Yazd are very hard working. My father was a great lawyer, a legislator and a famous judge of highest
rank in Iran. He also was a disciple of existentialism school of philosophy of Molla Sadra (1570-1648).
Modern followers of this philosopher believe that he in his (existential) evolutional motion of essence
attributed to the matter essentially has introduced the time dimension of Einstein's relativity. From that
point they became very interested in studying the relativity theory. My father was also one of them. After
being fifty years old he started reading Bertrand Russell's ABC of Relativity and such things. At the law
school they were not taught any mathematics, and his familiarity was only of some basic maths and
geometry. So he decided to learn all about differentials and integrals in a hope to understand tensors. One
night he came with Gamov's book One, Two, Three,... Infinity and he talked about everything from that
book including the worm in the apple and making a human inside-out, having all the universe inside him.
At that time he was fifty eight and he died in 1960 when he was fifty nine years old. So it became my
adventure to continue his road. Now, I am fifty-seven and have just got to understand your book. Let me
tell you some stories about Yazdi people to let you know how much they liked green world and recycling.
Their qanat system shows how much they were fighting with the lack of water sometimes they had qanat
bringing water as far as 250 miles away. It is a joke that if around Yazd somebody in the empty remote
desert sits to make himself lighter suddenly a shovel comes under him and a voice with the accent of the
Yazdi people (it's like the Liverpool accent in Britain) tells him, "Don't waste it!" They have to keep the
land fertile to fight back the moving dunes. It is believed that when Cyrus the Great was going from Shiraz
to Bacteria to fight nomads attacking Iran he was passing Yazd and all the way his army riding in almond
forests. But inner lakes receded and only small thickets and gardens of almonds remained that people were

keeping with difficulties. Their baklava made of almonds is the sweet memory of those forests.
All the best and good luck
Yanis Hakeem (UK citizen)
December 5, 2008
Kevin Kelly pointed me to an interesting article about "mineral evolution". The number of different minerals on this
planet keeps going up — and ever since life ran wild, it's soared! Some examples are obvious: seashells become
limestone, which gets squashed into marble. Some are less so: there was very little clay before the advent of life. But
this article tackles the subject head-on:
Robert M. Hazen, Dominic Papineau, Wouter Bleeker, Robert T. Downs, John M. Ferry, Timothy J. McCoy,
Dmitri A. Sverjensky and Henxiong Yang, Mineral evolution, American Mineralogist 91 (2008), 1693-1720.
Here's a timeline loosely taken from this paper:
The era of planetary formation.
Primary chondrite minerals (> 4.56 billion years ago): 60 species of mineral.
Chondrites are stony meteorites that formed early in the history of the solar system. They're made of
chondrules — millimeter-sized spheres of olivine, pyroxene and other minerals — together with CAIs
(calcium-aluminum rich inclusions) and other stuff. These chondrules began life as molten droplets back
when the Sun was a T Tauri star, heated only by gravitational collapse.

Aqueous alteration, thermal alteration, and shocks form achondrites and iron meteorites (4.56 to 4.55
billion years ago): 250 species of mineral.
The era of crust and mantle reworking.
Igneous rock evolution (4.55 to 4 billion years ago): 350 species of mineral.
The Hadean eon began with a bang: the event that formed the moon around 4.55 billion years ago! The
currently popular explanation of this event is the giant impact theory, sometimes called Big Splat Theory.
The idea is that a planet about the size of Mars occupying one of the Lagrange points of Earth's orbit
gradually drifted out of this stable location and eventually smacked into the Earth. This hypothetical
doomed planet goes by the name of Theia. You can watch a simulation of it hitting Earth. Ouch!

Whatever caused it, Earth's crust and outer mantle were melted by this event. No rocks on Earth are known
to survive from before 4.03 billion years ago, so the details of this time period are greatly debated.
However, many igneous rocks, especially basalt (composed mainly of plagioclase and pyroxene) must have
been formed at this time.

Granitoid formation and the first cratons (4 to 3.2 billion years ago): 1000 species of mineral. Cratons are a
bit like small early "plates" in the sense of plate tectonics: they're ancient fragments of the earth's crust and
mantle, many of which survive today. While most cratons only finished forming 2.7 billion years ago,
nearly all started growing earlier, in the Eoarchean era. Cratons are made largely of granitoids. Granitoids
are more sophisticated igneous rocks than basalt. Modern granite is made in a variety of ways, for example
by the remelting of sedimentary rock, and it consists of quartz, plagioclase and alkali feldspars. Early
granitoids were probably simpler.

Emergence of plate tectonics (3.2 to 2.8 billion years ago): 1500 species of mineral.
In the Paleoarchean and Mesoarchean eras, plate tectonics as we know it began. A key aspect of this
process is the recycling of the Earth's crust through subduction: oceanic plates slide under continental plates
and get pushed into the mantle. Another feature is underwater volcanism and hydrothermal activity.
Anoxic biology leading up to photosynthesis (3.9 to 2.5 billion years ago): 1500 species of mineral.

The earliest hints of life include some banded iron formations that date back 3.85 billion years. The real fun
starts with the rise of photosynthesis leading up to the Great Oxidation Event about 2.5 billion years ago.
But organisms from the domain Archea can do well in a wide variety of extreme environments without
oxygen, and as the name suggests, many of these organisms are very ancient. These organisms gave rise to
an active sulfur cycle and deposits of sulfate ores starting in the Paleoarchean era. They also made the
atmosophere increasingly rich in methane throughout the Mesoarchean and Neoarchean.

The era of bio-mediated mineral formation.
The Great Oxidation Event (2.5 to 1.9 billion years ago): over 4000 species of mineral.
The Archean eon ended and the Proterozoic began with the Great Oxidation Event 2.5 billion years ago. In
this event, also known as the Oxygen Catastrophe, photosynthesis put enough oxygen into the atmosphere
to make it lethal to most organisms of the time. The oyxgen-rich atmosphere in turn led to a wide variety of
new minerals.
The intermediate ocean (1.9 to 1 billion years ago): over 4000 species of mineral.
In the Mesoproterozoic era, increased oxygen levels in the ocean put an end to many anoxic life forms. For
example, around 1.85 billion years ago, banded iron formations suddenly ceased. The next gigayear was
rather static and dull — if you're mainly interested in new minerals, that is.
Snowball Earth and the Neoproterozoic oxygenation events (1 to 0.54 billion years ago): over 4000 species
of mineral.
The Neoproterozoic era probably saw several Snowball Earth events: episodes of runaway glaciation during
which most or all the Earth was covered with ice. Since ice reflects sunlight, making the Earth even colder,
it's easy to guess how this runaway feedback might happen. The interesting questions are why this feedback
doesn't happen now — and how it stopped back then!
Here's a currently popular answer to the second question. Ice sheets slow down the weathering of rock.
Weathering of rock is one of the main long-term processes that use up atmospheric carbon dioxide, by
converting it into various carbonate minerals. On the other hand, even on an ice-covered Earth, volcanic
activity would keep putting CO2 into the atmosphere. So, eventually CO2 would build up, and the
greenhouse effect would warm things up again. This process might be very dramatic, with perhaps as much
as 13% of the atmosphere being carbon dioxide (350 times what we see today), and temperatures soaring to
50 Celsius! But, the details are still the subject of much controversy.
At the end of these glacial cycles, it's believed that oxygen increased from 2% of the atmosphere to 15%.
This may be why multi-celled oxygen-breathing organisms date back to this time. Others argue that the

"freeze-fry" cycle imposed tremendous evolutionary pressure on life and led to the rise of multicellular
organisms.

Phanerozoic biomineralization (0.54 billion years ago to now): over 4300 species of mineral.
The Phanerozoic eon, beginning with the Cambrian 540 million years ago, marks the rise of of life as we
know it. During this time, sea life has given rise to extensive deposits of biominerals such as calcite,
aragonite, dolomite, hydroxylapatite, and opal. There has also been increased production of clay and many
different types of soil.
Here's a cool chart from the paper:

There are lots of cool things to learn about lurking in this chart: the Late Heavy Bombardment, dike swarms, the Slave
craton and Archean supercratons, and those supercontinents with wonderful names like Kenorland, Nuna (also called
Columbia), and Rodinia.
For a more polished version of the above story, see week273. I also added some of this inforation to my timeline.
In the future, various kinds of human trash will give rise to new species of minerals. You've already seen glass and
styrofoam pellets on the beach, and huge landfills. A lot of this trash looks ugly now, but maybe time will beautify it...
the glass already looks pretty.
December 8, 2008
Another sign of the economic crisis: the Tribune Company, which owns the Chicago Tribune, the Los Angeles Times
and nine other newspapers, filed for bankruptcy today. They have $13 billion of debts and assets of only $7.6 billion. I
quit taking the LA Times on August 24th — the management had run the paper into the ground. I didn't expect it to go
under so soon. Indeed, the LA Times made $100 million in profits this year. But it seems Sam Zell's risky business
strategies are part of the problem: they made him lots of money when times were good, but now he's in trouble.
December 12, 2008

I woke up to a phone call — my mother. I thought she said my father had died: I yelled out to Lisa, "Dad's dead!" But
after some explanation it turned out he was alive. He had caught a virus that was running around the nursing home
where lives, even though they'd locked down the place to prevent its spread: my mother wasn't able to visit him last
Sunday, because of this quarantine. His blood pressure was extremely low: 60 over 30. They gave him a few hours to
live.
I guess I haven't written about my father here since June 13, 2006. He's been in a nursing home ever since a serious
illness laid him up in the hospital in the summer of 2007. His health has slowly deteriorated since then, though he
certainly had plenty of good days. He stopped using a walker and started using a wheelchair. His memory gradually
became worse. A few months ago he got a bad case of pneumonia and could barely breathe; they gave him oxygen. A
recent checkup of his implanted defibrillator showed he'd had another heart attack at 7 in the morning a few weeks ago
— he didn't recall this, so maybe it happened when he was asleep. He had more and more trouble doing the simplest
things. Last week he called my mom at 3 am and asked her if it was day or night. Later she showed him how to open the
blinds to look outside. All this has been very sad, so I feel a lot of the grief has already been squeezed out of me, though
there's probably more somewhere.
Later I called my mom at the nursing home. She and my sister Alex had been visiting my father. Sometimes he was
asleep, sometimes awake: when they arrived he said "What's up, girls?" By the end of their long vigil, the nurse said my
dad might pull through.
December 13, 2008
I tried calling my mother but she wasn't available — she's never taken to cell phones. Around 11 am, while Lisa and I
were in the middle of our usual shopping routine, having breakfast at a cafe near Trader Joe's, she called me. She had
visited my father again; the nurse said he was somewhat better. She was back home, tired, and wanted a nap.
At dinner my mother called and told me my father had died. Shortly before midnight (back east) she'd been woken by a
phone call with this news.
It turned out that at 5 pm, she'd been struck with an urge to visit my dad again. She drove over to the nursing home. He
was in bed with his shirt pulled off, dripping in sweat. He asked her to massage his chest. As she did, he winced and
said "Goudzie, Goudzie..." That was his nickname for her, since her maiden name was Goudzwaard. And those may
have been his last words.
She wondered if he'd had another heart attack. She stayed for a long time, until he fell asleep. She asked the nurse if he
should be transferred to a hospice. The nurse said to call about it on Monday. But there's no need now.
December 14, 2008
I talked to my mom and sister on the phone, took a hike with Lisa in the hills behind campus, and finished writing
week273, which I dedicated to my father. It was a nice excuse to think about what he was like back when he was
healthy, and all the cool things he did.
I wrote:
I'd like to dedicate this issue of This Week's Finds to my father, Peter Baez, who died yesterday around
midnight at the age of 87. His health had been failing for a long time, so this did not come as a shock. It's a
curious coincidence that I was already writing an issue about minerals, since my dad majored in chemistry
and returned to school for a master's in soil science after serving in the Army in World War II. After that he
worked in the Blackfeet Nation in Browning Montana, riding around in a jeep, digging up soil samples, and
testing them back at the lab for the Army Corps of Engineers. When he found "medicine wheels" - stone
circles laid down by the native Americans for ritual reasons - he would report them to his friend the
archeologist Tom Kehoe. Later he moved to California, became an editor for the Forest Service, and met
my mother.

He got me interested in science at an early age because he was always taking me to museums, bringing me
books from the public library, and so on. As a little kid, when I spilled something, he'd say "So you don't
believe in the law of gravity?" He liked to joke around. Whenever I said an ungrammatical sentence, he'd
tease me for it. "I'm not that hungry." "What do you mean? You're not how hungry?"
I learned a lot of math, physics and chemistry from his 1947 edition of the CRC Handbook of Chemistry
and Physics - an edition so old that it listed "mesothorium" among the radioactive isotopes. He brought
home the book "From Frege to Gödel" — a sourcebook in mathematical logic — because it was in the math
section of the library and he misread "Gödel" as "Googol": he knew I liked large numbers! I didn't
understand much of it, but it had a big effect on me.
I owe a lot to him.
December 17, 2008
It's been raining heavily for several days now, on and off. It's great! — the first really serious rain since spring. The hills
will turn green. Up in the mountains, they're having heavy snows. Over the mountains in Victorville — normally a hot,
dry and sunny place — here's what my friend's yard looks like:

When the clouds clear I'll have to go look at the mountains: by now they have several feet of snow. Maybe I'll even
drive up there when the roads are cleared.
December 18, 2008
In Iraq, the reporter Muntader al-Zaidi flung his shoes at Bush, shouting "This is a gift from the Iraqis, this is the
farewell kiss, you dog!....This is from the widows, the orphans and those who were killed in Iraq!"

Nobody knows how many Iraqis have died violent deaths since Bush led the invasion of Iraq based on false claims of
"weapons of mass destruction": estimates range from 86,000 to 151,000 to 1,033,000.
It has been pointed out that if a journalist had thrown a shoe at Saddam Hussein, he and his family would have been
tortured and killed. That's true. Al-Zaidi seems to have been beaten, but he probably won't be killed, and I hope his
family is okay. It's a bit sad when we need to reach to a notorious dictator to find a comparison that makes Bush look
good. We can only hope that Iraq someday winds up a better place than it was.
Here's a graphic from Harper's Magazine illustrating the 10-trillion-dollar bill Bush racked up during the two terms of
his presidency. Click on the link for more details.

Obama has his work cut out for him. And not just when it comes to the economy: last Thursday, December 11th, Bush's
Secretary of the Department of the Interior, Dirk Kempthorne, announced some new rules. He eliminated 35-year-old
regulations in the Endangered Species Act that required an independent scientific review of federal projects to
determine their effect on protected plants and animals. And, he allowed oil and gas drilling in polar bear habitat off
Alaska's coast — a move designed to prevent the Endangered Species Act from being used to regulate greenhouse gas
emissions.
These are just a few of Bush's last-minute regulatory moves — over 90 of them! Today Stephen Johnson, head of the
Environmental "Protection" Agency, issued a memo saying that carbon dioxide is not a pollutant that needs to be
considered when approving new power plants.

You can play an online game to see more of Bush's "midnight rules".
December 19, 2008
The clouds have cleared, so we can see the snowy mountains rising above the smog of San Bernardino:

It's beautiful here, but there's icy weather in the midwest and northeast of the country, and the news is not good.
After years of growing fat and stupid making lots of money on inefficient monster vehicles, the US auto industry was
felled by the one-two punch of soaring oil prices followed by the collapse of the US economy. Gas is cheap again — I
bought some for $1.85 today, and it was cheaper than that last week. But that's just because so many people are going
broke — it's not making Americans want to buy more gas-guzzling SUVs, at least not yet. So now the Big Three
automakers are begging for money from the US government. Today President Bush announced a $13.4 billion bailout
plan for General Motors and Chrysler. Chrysler is taking an extended Christmas vacation, closing all its plants at least
until January 19th.
I actually think it might be good, in the long term, if we let the auto companies fail. Lots of jobs would be lost, so it
would be very painful for many people in the short term. But the US needs to move in a new direction, and the collapse
of the auto industry could be history's way of telling us that certain dinosaurs are headed for extinction.
Another big company filed for bankruptcy today: Polaroid. Long past its heyday, crushed by the unexpected rise of
digital cameras, Polaroid is by now owned by the "Petters Group" — whose founder, the entrepreneur Tom Petters, was
accused of swindling and arrested in October, caught while he was preparing to flee in a yacht filled with bags of cash.
December 20, 2008
My sister Alexandra sent me this obituary which she is preparing for the local papers:
Peter Baez, who worked for the USDA Forest Service for 25 years before retiring in 1994, died on Dec. 13
at the Inova Cameron Glen Care Center in Reston. He was 87 years old.

Mr. Baez moved to the Washington area in 1964. He was born in Puebla, Mexico and grew up in Brooklyn,
New York. His brother, the physicist Dr. Albert Baez, was the father of singer Joan Baez. Mr. Baez
received his B.A. degree from Drew University and then served with the Air Transport Command in the
China-Burma-India Theater during World War II. After this, he earned a B.S. degree in soils from Cornell
University and an M.S. in soils from the University of Minnesota, Minneapolis.
Mr. Baez worked as a soil scientist with the Bureau of Indian Affairs on two Indian reservations and
afterwards, as an engineering technician with the U.S. Corps of Engineers. He then took a civilian editorial
position with the U.S. Navy and later held editorial positions with the USDA Office of Information, the
Agricultural Research Service, and the USDA Forest Service.
After retiring from Federal service, Mr. Baez volunteered for the Forest Service for three years.
Subsequently, he volunteered as an ESL tutor in a county program for about two years. Finally, he
volunteered as on ombudsman at the Inova Cameron Glen Care Center in Reston for four and a half years.
Survivors include his wife of 49 years, Phyllis Baez, of Great Falls, VA, his son, John Baez, of Riverside,
CA, and his daughter, Alexandra Baez, of Alexandria, VA.
An obituary of this sort, like the dehydrated remains of man's life, doesn't really say anything about what he was like.
For example, it says "Mr. Baez worked as a soil scientist with the Bureau of Indian Affairs on two Indian reservations."
But, it doesn't say that while working in the Blackfeet Reservation near Browning Montana my dad lived in a shack,
cooked using laboratory glassware, built stereo speakers into a door for good resonance, and received a gift of buffalo
meat from some native American friends on Christmas... or that he and his friends had to drive 50 miles to the town of
Cut Bank to get a drink.
Nor does it say that he later moved to the Colorado River Indian Reservation in Poston: a tiny town in Arizona that had
been an internment camp for Japanese Americans during World War II... or that he quit his job in disgust after
complaining about how his bosses discriminated against a Jewish colleague and friend of his.
And these anecdotes, too, are just a pale shadow of a man's daily life.
December 22, 2008
Some good news: grownups will soon be running US science policy.
Barack Obama appointed Nobel laureate physicist Steven Chu as head of the Department of Energy. On May 9, 2007,
Chu said "If I were emperor, I would put the pedal to the floor on energy efficiency and conservation." As director of
the Lawrence Berkeley National Laboratory, Chu pushed scientists to develop technologies to reduce greenhouse gas
emissions.
Obama appointed Macarthur prizewinner and Woods Hole director John Holdren to be his science advisor. Holdren
recently compared our current approach to climate change to:
being in a car with bad brakes driving towards a cliff in the fog.
In the October issue of Scientific American, Holdren wrote:
Unfortunately, the Bush administration has wasted the last eight years. It should have been taking decisive
action but engaged instead in systematic understatement of the danger: it has made ridiculous assertions that
the U.S. should not do anything that China does not agree to do and has stubbornly insisted that no action
should be taken to improve climate change 'if it hurts the economy.' This last rationalization translates into
'if it costs anybody any money' and is roughly akin to saying that the country should not defend itself
against terrorism because that costs money.

He recently gave this speech at Harvard:
John Holdren, Global Climate Disruption: What Do We Know? What Should We Do?, speech at the John F.
Kennedy School of Government at Harvard University, November 6, 2007.
He begins by explaining the problem and its causes. Then, starting on page 30 of the PDF file of his speech, he
describes what we can realistically do. The short answer: there's no panacea; we need to pursue many strategies. But the
"cheapest, fastest, cleanest, surest source of emissions reductions is to increase the efficiency of energy use in buildings,
industry and transport."
Obama has also appointed Macarthur prize winner and zoology professor Jane Lubchenco to head NOAA, the National
Oceanic and Atmospheric Administration, which does most of the US government research on climate change, and
regulates fisheries.

Jane Lubchenco surveying the seafloor off Oregon.
Photo by Kenneth R. Weiss

She recently gave this speech:
Jane Lubchenco, Advocates for Science: The Role of Academic Environmental Scientists, speech at the
conference The Scientist as Educator and Public Citizen: Linus Pauling and His Era, Oregon State University,
October 29-30, 2007.
She says that her research in oceanography started out being fun, but then
Over time, many, many ecologists observed that the systems they were studying were changing before their
very eyes. Ecologists that would go back to the same places year after year after year started seeing changes
that had not been documented before. The changes were different, they were happening faster, and many
more ecologists began to take note of "how is it changing," and "why is it changing," not just "how does it
work?" The next sort of step in that process was "what are the consequences of these changes," not just to
the ecosystems but to the people who depend on them, and finally, "how can we do a better job of
managing activities that are causing the changes, or of mitigating the changes that are underway?" And so,
over the thirty years that I've been a practicing scientist, there has been a real revolution in the nature of the
questions that ecologists have been asking of the world, driven in part by larger-scale changes that they
were observing.
As part of this revolution, she helped propose Sustainable Biosphere Initiative. I hope that at NOAA she can start to
implement some of these ideas. The oceans, in particular, are under a double assault by climate change and overfishing.
She writes:

Fisheries peaked in the mid 80's and have been on the decline since then. This represents, in part, the
sequential depletion of one fishery after another, after another. We also have data suggesting that 90% of all
the big fish of the ocean are gone. The huge tuna, sharks, swordfish, marlin, and other icons of the sea have
been very significantly depleted primarily by industrial-scale fishing over the last couple of decades.
There are major changes underway in oceans. In addition to that, more and more ocean ecosystems are
undergoing very rapid, abrupt change. They are complex, nonlinear systems that are characterized by
tipping-points, and we're seeing very rapid changes, loss of resilience in these systems, loss of ability to
cope with changes, and in fact very radical change as a result.
For my January 2009 diary, go here.

Empty-handed I entered the world
Barefoot I leave it.
My coming, my going Two simple happenings
That got entangled. - Kozan Ichikyo, 1360.
© 2008 John Baez
baez@math.removethis.ucr.andthis.edu
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Diary - January 2009
John Baez
January 1, 2009
Happy New Year!

In the last week I reached some sort of tentative completion on two papers. They're not done, but they're done enough to
put on the arXiv:

John Baez, Alexander Hoffnung and Christopher Walker, Groupoidification.
John Baez, Aristide Baratin, Laurent Freidel and Derek Wise, Infinite-dimensional representations of 2-groups.
It's a huge relief! I feel like I've been wading through molasses the last year, finishing old projects instead of thinking
about new ones. But now I can see the light at the end of tunnel. (Okay, so I'm wading through a tunnel of molasses —
sue me.)
My next job is to finish the final section of the Rosetta Stone paper with Mike Stay. Then I need to finish my history of
n-categorical physics with Aaron Lauda. And then my slate will be close to clean! I've been thinking a lot about what I
want to do next. Not more of the same. Waking up and not knowing what I have to do — that would be nice.
On Saturday I'll fly to DC to visit my mother and sister. Later I'll visit my friend Bill Schmitt and give two talks at the
2009 Joint Mathematics Meetings in downtown DC. This mega-conference runs from Monday to Thursday. I'm really
looking forward to meeting lots of friends there — odd, but the prospect of talking to friends seems vastly more
interesting than the mathematics. (Maybe that's normal, but I'm not normal, normally.)
I'll then spend more time with my family, and come home on Saturday the 10th.
Then I'll dive into teaching. This quarter I'm continuing my seminar on Lie theory and also teaching an undergraduate
course on the geometry of curves and surfaces, based on Thorpe's book Elementary Topics in Differential Geometry.
I've never taught a course like this, and I've always been skeptical of doing differential geometry without the modern
notion of manifold. But now it seems charming, in a "retro" kind of way.
(Once upon a time manifolds were just higher-dimensional surfaces embedded in Rn. Now they're defined by gluing
together coordinate patches that look like copies of Rn. As Jim Dolan pointed out, both approaches are clunky, but in
dual ways: we start with Euclidean space, and then build more general spaces using either equalizers or coequalizers!
Why does the modern approach using coequalizers seem more "intrinsic" to most people? I know Alain Connes never
liked the modern definition of manifold, building the darn things by stitching together little pieces of Rn. He says this is
why he invented noncommutative geometry.)
It's New Year's Day. As always on this day, Lisa is writing a poem. So far I seem to be regurgitating my recent activities
and short-term plans. Maybe that's what a diary is good for — not so much to record all this crud, but simply to get it
out of my system.
(There's a theory that this is what dreams are for.)
Anyway, moving on... here's a fun essay by the inimitable Nicholson Baker:
Nicholson Baker, The charms of Wikipedia, The New York Review of Books, Volume 55, Number 4, March 20,
2008.
If you've written a bunch of Wikipedia articles you may know much of this stuff — but it's still amusing.
And here's an interesting article on antibiotics:
Robert L. Dorit, Routes of resistance, American Scientist, January-February 2009, 20-22.
Antibiotics are often naturally produced by various organisms, so the question arises: why do they do it? Some
antibiotics are really weapons used by one bacterium to kill another: for example, bacteriocins. A single molecule of this
sort of protein can kill its target! But many antibiotics are naturally produced in concentrations too low to be lethal. And
it turns out that many of these are used as signals:
At sublethal concentrations, antibiotics can have profound and unexpected effects on surrounding cells.
Several different antibiotics, when present at a small fraction (less than 1 percent) of their lethal

concentration, coordinate the expression of whole sets of genes in bacteria that sense the antibiotic. These
coordinated responses are not simply the molecular expression of panic (the aptly named "SOS response")
expected when an antibiotic is present. The signal may, for instance, induce Pseudomonas aeruginosa
bacteria to develop into a bacterial biofilm — an architecturally complex, surface-bound conglomeration of
cells — which, regrettably, makes bacteria much less sensitive to antibiotics in clinical settings. In another
irony, low concentrations of of antibiotic appear to upregulate the expression of a suite of genes responsible
for increased virulence, in effect transforming a benign bacterium into a pathogen.
Some other curious bio-news: there's a kind of sea slug that can take the chloroplasts from the algae it eats and use them
to do its own photosynthesis. Even weirder, the sea slug also takes genes from the algae — genes that produce proteins
required for photosynthesis — and incorporates these genes in its own DNA! Even cooler, these genes are found in the
sea slugs' sex cells, so it can pass on these genes to its descendants:
Mary E. Rumpho et al, Horizontal gene transfer of the algal nuclear gene psbO to the photosynthetic sea slug
Elysia chlorotica, Proc. Nat. Acad. Sci. 105 (2008), 17867-17871.
Mary E. Rumpho, Elizabeth J. Summer and James R. Manhart, Solar-powered sea slugs: mollusc/algal chloroplast
symbiosis, Plant Physiol., 2000 123 (2000), 29-38.
These sea slugs even look like plants:

January 3, 2009
Today I flew to Dulles Airport and took a cab to my mom's house. The cab driver had been a computer security engineer
until he was laid off; he's looking for a job that pays about what he used to earn — he said if you take a step down it's
hard to ever get a job paying what you used to earn.
The plan is for me to spend a day at my mom's house and then go into DC on Monday for the Joint Mathematics
Meetings — a big annual math conference combining the MAA, the AMS and other organizations. While there, I'll stay
with my friend Bill Schmitt. Then on Friday I'll come back home and spend some time with my mom and sister.
January 9, 2009
Today I took the Metro from DC to my sister's apartment, and she drove us to my mother's house. It was great seeing
her; we talked a lot and looked at old family photos. But the task of the day — which didn't take very long at all — was
to sprinkle my father's ashes on our yard, as he had requested.

My mom originally thought they should be sprinkled in the back yard, but I suggested that the area near the old
woodpile would be better, since that's where he spent the most time, chopping wood for the cast iron stove.
The ashes were in a cardboard box: no urn, he hadn't wanted that. My mom and sister seemed reluctant to open it, so I
decided to take charge. I opened it up. Inside there was a plastic bag held closed a plastic tie that was hard to cut.
Eventually I succeeded, and then we took the bag outside.
Nothing marked the site of the old woodpile. No logs anymore: my parents had stopped using that stove to heat the
house when my dad got too weak to chop logs. We had to guess where the old place was.
Suddenly my mom asked me or my sister to say some words. We hadn't planned for this, and neither of us were quite
ready to improvise a speech or sermon. My sister didn't want to say anything. I said something about how my father had
never wanted any ceremony to mark his death, and that these ashes were not really my father in any true sense, just the
remains of his body. Not very inspirational or eloquent.
I sprinkled the ashes around, finding to my slight horror that instead of a fine powder, as I'd imagined, they contained
lumps of stuff and things that looked like small rubber bands. I didn't dare examine them closely.
My mom cried and I hugged her. We walked back into the house. I looked down and noticed that my shoes were
covered with ashes.
January 14, 2009
A correspondent told me some fascinating things about the youth orchestra program in Venezuela called El Sistema:
It's a massive social project in Venezuela that rescues children from extreme abject poverty by giving them
instruments and music lessons and getting them to play in orchestras. It's extraordinarily successful. I
believe there are currently 100,000 children in the system ("Sistemas"). It started about thirty years ago
when Venezuela only had two professional orchestras, and now there are 30 professional orchestras and
200 youth orchestras, and the national one is the Simón Bolivar orchestra. It's now one of the greatest
orchestras in the world, and the children who've been trained through it have gone to professional jobs in
the greatest orchestras in the world, including Gustavo Dudamel, who's been appointed conductor in LA.
The children come from the slums and aren't allowed to take their instruments home because of mugging.
Some of them come from drug centres, have criminal records etc. Every successive government has poured
money into this project because it's so successful. I am rather sceptical about such a thing working in the
UK though. Living in the north has opened my eyes to some hidden class issues in the UK. I think people
assume that the "upper classes" (whatever they are) are maintaining the supposed "class system" here, and
oppressing the "lower classes". But there's another issue which is the proud working classes e.g. of the
North. I had never heard anyone describe themselves as any class at all until I came here, and all over the
place there are people who declare themselves to be proud working class people. They don't want to be any
other class. They don't want to do anything that they perceive as being for "posh people". They don't want
to go to university if they perceive it as being for posh people. And if you gave their children instruments
and put them in an orchestra, I fear they would say "Oh no, music like that isn't for us working class people,
it's for the posh people!"
Maybe it's because we don't have the sort of extreme abject poverty that is found in the slums of Venezuela.
Apparently the children are prone to headaches because their families don't have any food. I compare this
with the English beggar to whom I gave a loaf of bread. He said "Oh no, I don't eat bread!" to which I rather
astonishedly replied "You don't eat bread???" to which he replied "Well, not without anything on it!"
However, they're now trying to emulate the Venezuelan program in Scotland.
January 16, 2009

This morning Lisa flew to Paris for a conference. I'll be on my own for a week — nice in some ways, but a bit lonely.
January 17, 2009
For a harrowing true story that illustrates the chaos the American invasion unleashed in Iraq, read this:
God is my shelter, Harper's Magazine, February 2009.
A less harrowing tidbit concerns the War On Telephone Poles:
For a short time, the telephone was little more than a novelty. For ten cents you could see it demonstrated
by Bell himself, in a church, along with singing and recitations by local talent. From some distance away,
Bell would receive a call from "the invisible Tom Watson". Then the telephone became a plaything of the
rich. A Boston banker paid for a private line between his office and his house so that he could let his family
know exactly when he would be home for dinner. Mark Twain was among the first Americans to own a
telephone, but he wasn't completely taken with the device. "The human voice carries entirely too far as it
is," he remarked.
By 1889, the New York Times was reporting a "War on Telephone Poles". Wherever telephone companies
erected poles, homeowners and business owners were sawing them down, or defending their sidewalks with
rifles. Property owners in Red Bank, New Jersey, threatened to tar and feather the workers putting up
telephone poles. A judge found that a man who had cut down a pole because it was "obnoxious" was not
guilty of malicious mischief. Telephone poles, newspaper editorials complained, were an urban blight. The
poles carried a wire for each telephone — sometimes hundreds of wires. There were also telegraph wires,
power lines, and trolley cables. The sky was netted with wires.
The War on Telephone Poles was fueled, in part, by the American concern for private property and the
reluctance to surrender it to a shared utility. And then there was a fierce regard for aesthetics, an obsession
with purity, a dislike for the way the poles and wires marred a landscape that other new inventions —
skyscrapers and barbed wire — were just beginning to complicate. There was also a fear that distance, as it
had always been known and measured, was collapsing.
The city council in Sioux Falls, South Dakota, ordered policemen to cut down all the telephone poles in
town. And the mayor of Oshkosh, Wisconsin, ordered the police chief and the fire department to chop down
the telephone poles there. Only one pole was chopped down before the telephone men climbed all the poles
along the line, preventing any more chopping. Bell Telephone Company stationed a man at the top of each
pole as soon as it had been set, until enough poles had been set to string a wire between them, at which
point it became a misdemeanor to interfere with the poles. Even so, a constable cut down two poles holding
forty or fifty wires. And the owner of a cannery ordered his workers to throw dirt back into the hole the
telephone company was digging in front of his building. His men threw the dirt back in as fast as the
telephone workers could dig it out. Then he sent out a team to dump a load of stones into the hole.
Eventually the pole was erected on the other side of the street.
Despite the War on Telephone Poles, it would take only four years after Bell's first public demonstration of
the telephone for every town of more than 10,000 people to be wired, although many towns were wired
only to themselves. By 1900, telephones outnumbered bathtubs in America.
January 20, 2009
I woke up at 8:30, turned on the TV, and watched the inauguration. Then I put on my President Obama T-shirt and went
to work.
The mood at the inauguration was electric, thanks to the enormous crowd and the months, even years of anticipation —

topped off by the huge concert in front of the Lincoln Memorial the day before yesterday, and the Martin Luther King
celebrations yesterday.

Obama's speech was, as usual, carefully crafted to the mood of the moment: not triumphant or soaring, but bracing. It
began by painting a bleak picture of the mess we've gotten ourselves into:
That we are in the midst of crisis is now well understood. Our nation is at war, against a far-reaching
network of violence and hatred. Our economy is badly weakened, a consequence of greed and
irresponsibility on the part of some, but also our collective failure to make hard choices and prepare the
nation for a new age. Homes have been lost; jobs shed; businesses shuttered. Our health care is too costly;
our schools fail too many; and each day brings further evidence that the ways we use energy strengthen our
adversaries and threaten our planet.
These are the indicators of crisis, subject to data and statistics. Less measurable but no less profound is a
sapping of confidence across our land — a nagging fear that America's decline is inevitable, and that the
next generation must lower its sights.
Then came a powerful attempt to make us come to our senses before it's too late:
On this day, we come to proclaim an end to the petty grievances and false promises, the recriminations and
worn out dogmas, that for far too long have strangled our politics.
We remain a young nation, but in the words of Scripture, the time has come to set aside childish things. The
time has come to reaffirm our enduring spirit; to choose our better history; to carry forward that precious
gift, that noble idea, passed on from generation to generation: the God-given promise that all are equal, all
are free and all deserve a chance to pursue their full measure of happiness.
"Set aside childish things" — that hit with the force of bucket of cold water. Since when has a president told us in his
first moment of office that we are behaving childishly?
And consider this:
What the cynics fail to understand is that the ground has shifted beneath them — that the stale political
arguments that have consumed us for so long no longer apply.
This is the sort of thing one tries to make true by saying it is true. Obama is trying mightily to make it true, and while he

didn't seek office knowing he would preside over an economic crisis, he is smart enough to take advantage of this as a
window of opportunity for drastic change. We'll see how it goes.
People outside the United States — citizens of older, wiser, more cynical countries — may underestimate how
Americans, even pessimists like me, can be fired up by patriotic words, biblical allusions and a rousing call to action. I
can't imagine this speech working in England, for example. But Americans still clutch to a dream of greatness, a dream
they feel slipping away.
Here are the words that predominated Obama's speech, courtesy of Kate Day at the Telegraph, made using worlde.net:

The Chinese media omitted or altered two sentences in Obama's speech:
Recall that earlier generations faced down fascism and communism not just with missiles and tanks, but
with sturdy alliances and enduring convictions.
and, even more telling:
Those who cling to power through corruption and deceit and the silencing of dissent, know that you are on
the wrong side of history.
January 22, 2009
As if rousing us from a long nightmare, Obama signed executive orders that forbid torture and start the shutdown of the
prisons in Guantanamo.

Executive Order regarding Interrogation
Executive Order revokes Executive Order 13440 that interpreted Common Article 3 of the Geneva
Conventions. It requires that all interrogations of detainees in armed conflict, by any government agency,
follow the Army Field Manual interrogation guidelines. The Order also prohibits reliance on any
Department of Justice or other legal advice concerning interrogation that was issued between September 11,
2001 and January 20, 2009.
The Order requires all departments and agencies to provide the ICRC access to detainees in a manner
consistent with Department of Defense regulations and practice. It also orders the CIA to close all existing
detention facilities and prohibits it from operating detention facilities in the future.
Finally, the Order creates a Special Task Force with two missions. The Task Force will conduct a review of
the Army Field Manual interrogation guidelines to determine whether different or additional guidance is
necessary for the CIA. It will also look at rendition and other policies for transferring individuals to third
countries to be sure that our policies and practices comply with all obligations and are sufficient to ensure
that individuals do not face torture and cruel treatment if transferred. This Task Force will be led by the
Attorney General with the Secretary of Defense and the Director of National Intelligence as co-Vice Chairs.
Executive Order regarding Guantanamo Bay detainees
Executive Order requires closure of the Guantanamo detention center no later than one year from the date
of the Order. Closure of the facility is the ultimate goal but not the first step. The Order establishes a review
process with the goal of disposing of the detainees before closing the facility.
The Order sets up an immediate review to determine whether it is possible to transfer detainees to third
countries, consistent with national security. If transfer is not approved, a second review will determine
whether prosecution is possible and in what forum. The preference is for prosecution in Article III courts or
under the Uniform Code of Military Justice (UCMJ), but military commissions, perhaps with revised

authorities, would remain an option. If there are detainees who cannot be transferred or prosecuted, the
review will examine the lawful options for dealing with them. The Attorney General will coordinate the
review and the Secretaries of Defense, State, and Homeland Security as well as the DNI and the Chairman
of the Joint Chiefs of Staff will participate.
The Executive Order directs the Secretary of State to seek international cooperation aimed at achieving the
transfers of detainees.
The Order directs the Secretary of Defense to halt military commission proceedings pending the results of
the review.
Finally, the Executive Order requires that conditions of confinement at Guantanamo, until its closure,
comply with Common Article 3 of the Geneva Conventions and all other applicable laws.
So, the vile art of tying people down and pouring water into their lungs until they confess whatever you want, developed
by the Spanish Inquisition and practiced here in America by Bush's henchmen, is no longer allowed.

Obama also barred his aides from lobbying any executive agency for the duration of his administration, putting an end
to the revolving door practices of the Bush administration, which blurred the line between regulators and the industries
they regulate.
And Obama issued three orders to make government more transparent. For example, he revoked executive order 13233,
a rule instituted by Bush that allowed former presidents, vice presidents (guess who?) and their heirs to block the
release of documents after they have left office.
January 23, 2009
I got invited by Physics World to write a feature article on the history of the Earth — they liked my discussion of that in
week273. I think I'll try it.
January 24, 2009
Saul Griffith is a Californian inventor who received a MacArthur "genius" award in 2007. Here is Stewart Brand's
summary of a talk by Griffith at the Long Now Seminar. The talk was called 'Climate Change Recalculated'.
Engineer Griffith said he was going to make the connection between personal actions and global climate
change. To do that he's been analyzing his own life in extreme detail to figure out exactly how much energy
he uses and what changes might reduce the load. In 2007, when he started, he was consuming about 18,000
watts, like most Americans.
The energy budget of the average person in the world is about 2,200 watts. Some 90 percent of the carbon
dioxide overload in the atmosphere was put there by the US, USSR (of old), China, Germany, Japan, and

Britain. The rich countries have the most work to do.
What would it take to level off the carbon dioxide in the atmosphere at 450 parts per million (ppm)? That
level supposedly would keep global warming just barely manageable at an increase of 2 degrees Celsius.
There still would be massive loss of species, 100 million climate refugees, and other major stresses. The
carbon dioxide level right now is 385 ppm, rising fast. Before industrialization it was 296 ppm. America's
leading climatologist, James Hanson, says we must lower the carbon dioxide level to 350 ppm if we want to
keep the world we evolved in.
The world currently runs on about 16 terawatts (trillion watts) of energy, most of it burning fossil fuels. To
level off at 450 ppm of carbon dioxide, we will have to reduce the fossil fuel burning to 3 terawatts and
produce all the rest with renewable energy, and we have to do it in 25 years or it's too late. Currently about
half a terawatt comes from clean hydropower and one terawatt from clean nuclear. That leaves 11.5
terawatts to generate from new clean sources.
That would mean the following. (Here I'm drawing on notes and extrapolations I've written up previously
from discussion with Griffith):
"Two terawatts of photovoltaic would require installing 100 square meters of 15-percent-efficient solar cells
every second, second after second, for the next 25 years. (That's about 1,200 square miles of solar cells a
year, times 25 equals 30,000 square miles of photovoltaic cells.) Two terawatts of solar thermal? If it's 30
percent efficient all told, we'll need 50 square meters of highly reflective mirrors every second. (Some 600
square miles a year, times 25.) Half a terawatt of biofuels? Something like one Olympic swimming pools of
genetically engineered algae, installed every second. (About 15,250 square miles a year, times 25.) Two
terawatts of wind? That's a 300-foot-diameter wind turbine every 5 minutes. (Install 105,000 turbines a year
in good wind locations, times 25.) Two terawatts of geothermal? Build 3 100-megawatt steam turbines
every day — 1,095 a year, times 25. Three terawatts of new nuclear? That's a 3-reactor, 3-gigawatt plant
every week — 52 a year, times 25."
In other words, the land area dedicated to renewable energy ("Renewistan") would occupy a space about the
size of Australia to keep the carbon dioxide level at 450 ppm. To get to Hanson's goal of 350 ppm of carbon
dioxide, fossil fuel burning would have to be cut to ZERO, which means another 3 terawatts would have to
come from renewables, expanding the size of Renewistan further by 26 percent.
Meanwhile for individuals, to stay at the world's energy budget at 16 terawatts, while many of the poorest
in the world might raise their standard of living to 2,200 watts, everyone now above that level would have
to drop down to it. Griffith determined that most of his energy use was coming from air travel, car travel,
and the embodied energy of his stuff, along with his diet. Now he drives the speed limit (no one has passed
him in six months), seldom flies, eats meat only once a week, bikes a lot, and buys almost nothing. He's
healthier, eats better, has more time with his family, and the stuff he has he cherishes.
Can the world actually build Renewistan? Griffith said it's not like the Manhattan Project, it's like the whole
of World War II, only with all the antagonists on the same side this time. It's damn near impossible, but it is
necessary. And the world has to decide to do it.
Griffith's audience was strangely exhilarated by the prospect.
—Stewart Brand
Over at the n-Category Café there was some discussion of how Griffith arrived at such a large area as "the size of
Australia". I asked Brand and he said:
The Australia line came from Saul, in relation to an earlier version, where 2 terawatts of power was to come
from algae instead of half a terawatt. Also I gave the wind only in terms of turbines; they take up
formidable acreage.

An interview with James Lovelock gives another slant on these issues:
Gaia Vince interviewing James Lovelock, One last chance to save mankind, New Scientist 2692 (January 23,
2009).
Here are a few selected quotes. He seems to agree with the idea, noted above, that wind power requires vast amounts of
area. He's less optimistic about our ability to build 'Renewistan':
Question: Your work on atmospheric chlorofluorocarbons led eventually to a global CFC ban that saved us
from ozone-layer depletion. Do we have time to do a similar thing with carbon emissions to save ourselves
from climate change?
Answer: Not a hope in hell. Most of the "green" stuff is verging on a gigantic scam. Carbon trading, with
its huge government subsidies, is just what finance and industry wanted. It's not going to do a damn thing
about climate change, but it'll make a lot of money for a lot of people and postpone the moment of
reckoning. I am not against renewable energy, but to spoil all the decent countryside in the UK with wind
farms is driving me mad. It's absolutely unnecessary, and it takes 2500 square kilometres to produce a
gigawatt - that's an awful lot of countryside.
Question: So are we doomed?
Answer: There is one way we could save ourselves and that is through the massive burial of charcoal. It
would mean farmers turning all their agricultural waste — which contains carbon that the plants have spent
the summer sequestering — into non-biodegradable charcoal, and burying it in the soil. Then you can start
shifting really hefty quantities of carbon out of the system and pull the CO2 down quite fast.
Question: Would it make enough of a difference?
Answer: Yes. The biosphere pumps out 550 gigatonnes of carbon yearly; we put in only 30 gigatonnes.
Ninety-nine per cent of the carbon that is fixed by plants is released back into the atmosphere within a year
or so by consumers like bacteria, nematodes and worms. What we can do is cheat those consumers by
getting farmers to burn their crop waste at very low oxygen levels to turn it into charcoal, which the farmer
then ploughs into the field. A little CO2 is released but the bulk of it gets converted to carbon. You get a
few per cent of biofuel as a by-product of the combustion process, which the farmer can sell. This scheme
would need no subsidy: the farmer would make a profit. This is the one thing we can do that will make a
difference, but I bet they won't do it.
Question: Do you think we will survive?
Answer: I'm an optimistic pessimist. I think it's wrong to assume we'll survive 2 °°C of warming: there are
already too many people on Earth. At 4 °C we could not survive with even one-tenth of our current
population. The reason is we would not find enough food, unless we synthesised it. Because of this, the cull
during this century is going to be huge, up to 90 per cent. The number of people remaining at the end of the
century will probably be a billion or less. It has happened before: between the ice ages there were
bottlenecks when there were only 2000 people left. It's happening again.
I don't think humans react fast enough or are clever enough to handle what's coming up. Kyoto was 11
years ago. Virtually nothing's been done except endless talk and meetings.
Read the rest to find out why he's an 'optimistic' pessimist. I think it's related to how Saul Griffith's audience was
"strangely exhilarated" — as Lovelock says, "We're much better equipped to deal with [this] kind of thing than long
periods of peace."
January 25, 2009

Just as a universal computer can be programmed to simulate any other computer, John von Neumann imagined a
universal constructor — a machine that could be programmed to construct any machine. He even designed a toy model,
which lived not in our universe but in a cellular automaton.
Since such a machine could build any other machine, it could also build itself. So, it would be a self-replicating
machine. Von Neumann imagined building such machines in the real world and letting them spread throughout the
universe. NASA actually tried to design such a machine in 1980. But it seems they never worked out all the details.
My friend Bruce Smith just pointed me to this interesting website:
RepRap
You may have heard of 3d printers. A 3d printer can build three-dimensional objects of any desired shape by laying
down successive cross sections of plastic. People use them for rapid prototyping: that is, quickly building rough models
of various products.

Percentage use of rapid prototyping worldwide, as of 2000.

It would be nice to have a 3d printer that could print out a copy of itself. And that's the idea of the RepRap — short for
"replicating rapid prototyper". It doesn't completely build itself yet, but it can make 60% of its own parts out of 500
euros worth of raw materials. The rest of the parts are supposed to be fairly cheap. Some hand assembly is required.

The RepRap doesn't just make copies of itself. It can also make flyswatters, coat hooks, children's shoes and many other
things.
January 26, 2009
Above I compared Obama's words to "a bucket of cold water", and his actions to "rousing us from a long nightmare". It
turns out I'm not the only one reaching for such metaphors.
On December 21, 2007 I described how Stephen Johnson — Bush's head of the Environmental Protection Agency —
had been trying to stop California and other states from boosting fuel efficiency. They wanted to do it to fight global
warming. They needed a waiver from the EPA to do it. Johnson, acting against the recommendations of his staff,
refused to even hear their case. Four labor unions representing most of the EPA's professional staff published an open
letter to Johnson, complaining that he had ignored the EPA's official Principles of Scientific Integrity.
Here's some news on that from the Riverside Press Enterprise:
Last year, Obama co-sponsored a bill with Democratic Sen. Barbara Boxer of California to approve the
waiver.
"If confirmed, I will immediately revisit the waiver," Lisa Jackson, Obama's choice to head the
Environmental Protection Agency, told Boxer at her confirmation hearing last week.
Boxer, head of the Senate Environment and Public Works Committee, is expecting quick approval. She
compared the EPA under Bush's leadership to Sleeping Beauty, saying that the agency now "needs to be
awakened from a deep and nightmarish sleep."

January 30, 2009
Lisa was in Paris at the beginning of the Year of the Ox, but now she's back — and today we had our big annual lunar
new year's day party. We had about 40 guests, and made about 360 jiaozi, the traditional food for this celebration. Folks
coming between 5 and 7 pm helped prepare these dumplings in the dining room, with Lisa's Chinese grad students doing
most of the work.

The big crowds showed up around 7. Lisa boiled batch after batch of jiaozi for hours afterward, talking to people in the
kitchen. I roamed about doing random chores, and kept coming back to the kitchen to make bowls of dipping sauce: 4
tablespoons light soy sauce, 4 tablespoons rice wine vinegar, 2 tablespoons sesame seed oil. The party ended around
11:30.
For my February 2009 diary, go here.

If it does not do justice, what is the government but a great criminal enterprise? - Augustine, City of God
© 2009 John Baez
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Diary - February 2009
John Baez
February 1, 2009

The mood of the country is grim and fearful, as big companies lay off tens of thousands.
I bought three rose bushes today, and as is my habit these days, I asked the sales clerk at the plant nursery how business
was doing. She said it's been bad: "people are scared." When people are scared, I guess they don't buy flowers. But she
said people are buying lots of vegetables for their gardens!
The state of California is broke, unable to pass a budget, and the University of California is starting to get hit with
cutbacks. Nonetheless, I have enough confidence to buy 30 bucks worth of roses:
First of all, a Don Juan. This is a dark red climbing rose, popular because it's one of the few fragrant climbing
roses. We had a Don Juan before, but it was mysteriously chopped down — or bitten off by some crazy critter —
before it had a chance to bloom. This made me angry and determined to get another. With luck, it will grow to 8
feet tall. We planted it against the wooden wall on the west side of our property.
Second, a Black Magic. This is a hybrid tea rose. As one website says, it's the "deepest, darkest red rose ever, but
not black red, just a deep bold red.... velvety black buds swirl open to magnificent, dark garnet blooms on

extremely long stems against lush, deep green leaves." We planted it directly to the left of our fountain, which
already has two red roses to the right.
Third, a Lavender Simplicity. Up to now we've stuck to classic red and white roses, avoiding more dainty shades,
but this time we decided to throw caution to the winds and get a lavender-colored rose, which we'll plant to the
left of the Black Magic. It's supposed to have a citrus scent! "Simplicity" is a strain of floribunda rose that got its
name both for its clean simple appearance and because it needs little care.
"Needs little care" sounds nice — but apart from the mysterious demise of our Don Juan, we've had great luck with
roses here, even knowing nothing about them. They flower endlessly in this warm dry climate, and grow like mad.
February 6, 2009
My student Chris Rogers and I were supposed to fly to Göttingen on Tuesday the 3rd for a workshop on higher
structures in topology and geometry. Another of my students, Alex Hoffnung, successfully flew from New York directly
to Frankfurt, and then took the train to Göttingen. But thanks to the worst snowfall in 18 years on Monday, life in
England ground to a halt and hundreds of flights passing through Heathrow were cancelled. This included our flight
from Los Angeles to Heathrow.
I found out at the last minute, just as I was waiting for my ride to come. I was given a choice of taking an earlier flight
or one leaving the next day.
After a brief spell of agonizing indecision, I realized it would be unlikely I could get to the airport in time for the earlier
flight. So, I decided to wait for the next one. So, Chris and I were doomed to miss the first day of the 2-day workshop. I
emailed our host, Chenchang Zhu, and she kindly rescheduled our talks for the second day.
On Wednesday our flight left uneventfully from Los Angeles. I fell asleep as soon as possible, and got 6 hours of sleep.
Unfortunately our flight was a bit late to Heathrow, so we missed our connection to Frankfurt. The next flight to
Frankfurt left about 3 hours later, and arrived after the last train to Göttingen. I'd known all along that catching this train
would be a close call, so we'd planned for this eventuality: we spent the night in a hotel next to the airport.
At 6:42 the next morning — i.e. today, Friday — we took a train to Göttingen. From then on, things got better. On the
train ride we talked about some cool new math ideas. We easily found our way to the legendary mathematics institute in
Göttingen, which was the world headquarters of math back in the days of Hilbert until the Nazis took over. I gave my
talks and Chris gave his. We'd missed the talk of my student Alex Hoffnung on the previous day, and some talks by Ieke
Moerdijk... but apart from that everything was great. The audience asked lots of interesting questions.
Here are some photos of my talk and the dinner later that night, taken by Nadja Kutz:

Dazed me at left, Chenchang Zhu talking to Urs Schreiber on right.

Alex Hoffnung at left.

Chris Rogers and Alex Hoffnung acting like they don't know each other.

February 7, 2009
Today a bunch of us walked around town and saw the sights, most notably Gauss' tomb:

February 12, 2009
It's Darwin's 200th birthday! There was an interesting radio show about why he took so long to publish. He may have
done it for love... and he may have finally gotten up the nerve to publish after his daughter died. I guess nobody really
knows, but it's fun to speculate:
Robert Krulwich, Death of child may have influenced Darwin's work, Morning Edition, National Public Radio,
February 12, 2009.

February 13, 2009
It would be really interesting if this theory turned out to be true... but I'm not betting on it, yet:
D. J Kennet et al, Nanodiamonds in the Younger Dryas boundary sediment layer, Science 323 (2006), 94.
Here's a nice expository account:
Joel Achenbach, Gems point to comet as answer to ancient riddle, Washington Post, January 2, 2009.
Quoting a bit:
Something dramatic happened about 12,900 years ago, and the continent of North America was never the
same. A thriving culture of Paleo-Americans, known as the Clovis people, vanished seemingly overnight.
Gone, too, were most of the largest animals: horses, camels, lions, mammoths, mastodons, saber-toothed
cats, ground sloths and giant armadillos.
Scientists have long blamed climate change for the extinctions, for it was 12,900 years ago that the planet's
emergence from the Ice Age came to a halt, reverting to glacial conditions for 1,500 years, an epoch known
as the Younger Dryas.
In just the last few years, there has arisen a controversial scientific hypothesis to explain this chain of

events, and it involves an extraterrestrial calamity: a comet, broken into fragments, turning the sky ablaze,
sending a shock wave across the landscape and scorching forests, creatures, people and anything exposed to
the heavenly fire.
Now the proponents of this apocalyptic scenario say they have found a new line of evidence:
nanodiamonds. They say they have found these tiny structures across North America in sediments from
12,900 years ago, and they argue that the diamonds had to have been formed by a high-temperature, highpressure event, such as a cometary impact.
A more traditional theory is that the Clovis people killed off the North American megafauna. This is called the
"Pleistocene overkill hypothesis", and I talked about it here on December 10, 2006. There are lots of reasons to be
skeptical of the new theory — read more of the above article to see some.
February 15, 2009
The recent collision between near-Earth satellites has some people worried about a chain reaction in which collisions
make debris that causes more collisions. In fact this worry has been around for a while:
Chris Gorski, Scientists fear space debris problem worsening, Inside Science News Service, American Institute of
Physics, April 28, 2008.
Quoting:
St. Louis, MO — In the wake of the Chinese government's destruction of one of its retired satellites in orbit
last year, scientists are increasingly concerned that space debris poses a significantly greater risk to
satellites than previously believed. Indeed, scientists at a recent American Physical Society meeting in St.
Louis said they fear the chances of a destructive "supercritical chain reaction" collision in space are
increasing.
Scientists have long been concerned about debris in space, particularly in the band between 500 to 600
miles above Earth, where many other satellites orbit. Space debris is also a problem in the lower orbits
around 200 miles up, typically used by the Space Shuttle.
One phenomenon that scientists fear is the supercritical chain reaction, in which a collision between two
pieces of debris creates more pieces that then collide with other debris. The result is a slow cascade of
collisions that breaks existing debris into thousands of smaller pieces. Each one of those pieces poses a
threat to orbiting satellites. This chain reaction problem, said David Wright, codirector of the global
security program for the Union of Concerned Scientists, "is worse than assumed."
In January, 2007, the Chinese blew up the defunct satellite, Feng Yun-1C, with an anti-satellite missile,
creating a cloud of debris in space. Scientists studied the explosion and determined that the NASA Standard
Breakup Model used to predict the amount of debris produced by a collision underestimated the actual
number by a factor of three.
In addition to the explosion occurring in the most crowded orbital zone, Wright said that because of
extremely low atmospheric density at that altitude the pieces of the Chinese satellite may linger for decades
before falling into the lower atmosphere and burning up.
The Chinese explosion made what was already a bad problem worse. A 2006 study by NASA scientists
published in the journal Science suggested that the number of pieces of debris would continue to grow for
the foreseeable future. The study based its predictions only on items in orbit at the time.
While gravity and atmospheric drag remove pieces of debris from orbit, the process is slow. In a
supercritical chain reaction, collisions create more debris than those forces remove, causing the amount of
debris to build up and increasing the likelihood of collisions.

Previous research has shown that a particle of the right size scoring a direct hit on a 10-ton satellite in lowearth orbit would double the amount of debris presently in the band. Now, said Wright, "the Chinese test
suggests that [the impact] would be even bigger."
Presumably this sort of chain reaction becomes inevitable after the density of satellites exceeds a certain threshold,
unless people can get satellites to dodge junk, or set up some system for debris removal. Is anyone suggesting treaties to
keep the density of satellites below this threshold?
For more, try Orbital Debris Quarterly News.
February 16, 2009
Yesterday the second of three storm systems rolled into California. By today, snow blanketed the more mountainous
parts of the state:

See those tiny white spots near the southernmost part of this picture? Those are some mountains we can see from here.
They're expecting 18 inches of snow up there today. Here it's raining. When the clouds clear up, the mountains will be
beautiful.
Last night we stayed home and I made a pot roast for dinner. I support vegetarianism for many reasons, but on a cold
wet windy night something in me still enjoys slowly cooking meat over a flame. It's the vegetables, though, that make
the pot roast smell good: garlic, onions, leeks, carrots and turnips!
February 19, 2009
After staying awake for 45 hours, the California Senate finally passed a budget for the state. It was months overdue, and
our state had started laying off employees and handing out IOUs instead of checks where money was due. It was an
enormous game of chicken between the Democrats and Republicans, with the Republican governer Arnold
Schwarzenegger eventually siding with the Democrats in their demand to raise takes... a story too complicated and
sordid for me to retell here, with a dramatic ending.
Lots of things will happen now, few of them pleasant. To confront the $42 billion dollar shortfall, the new budget raises
taxes by $12.5 billion, cuts $14.8 billion in spending, borrows $5.4 billion and relies on $7.8 billion in federal stimulus
funds. Those numbers don't add up to $42 billion, but hey! — that's okay as long as nobody knows how to add. And
fewer people will! Funding for kindergarten through 12th-grade public education will be cut by $4.8 billion, on top of
this year's $400 million cut. That means $750 less per student per year. The University of California, where I work, and
California State University will also each suffer a 10 percent budget cut.
February 20, 2009
My neighbor Sarah Simpson picked me up and drove me to work. She was going to pick up her husband and take her

kids up to the mountains to see the snow.
She's a contributing editor at Scientific American who specializes in earth sciences. Her husband, Tim Lyons, is a
professor of biogeochemistry at UC Riverside. He works on the early history of the Earth's climate. Sarah said lately
he's been spending a lot of time in Oman. I didn't get a chance to ask why, since I had to jump out and go teach my
class.
I'd picked up a free local newspaper sitting in my driveway right before Sarah picked me up. Waiting for class, I gave it
a look. The headline was "Professor Finds Evidence of Oldest Animals". It was about Gordon Love, who also works in
biogeochemistry at UCR. He too has been spending a lot of time in Oman. He found rocks containing traces of
chemicals that suggest the presence of sponges dating between 750 and 635 million years ago — the chilly period
known as "Snowball Earthquot;. These would be the oldest known multicellular organisms!
For details, read this:
Sponges on steroids, Astrobiology Magazine, February 6, 2009.
February 21, 2009
Two graphs have been making the rounds, thanks to the blog East Coast Economics.
The Federal Reserve is the US government-run banking system established in 1913 in response to the panic of 1907,
when the stock exchange dropped 50% and there was a run on banks. If you haven't read about the panic of 1907, now is
a good time.

A swarm gathers on Wall Street during the bank panic in October 1907.

The following graph shows how much money US banks borrowed from the Federal Reserve between 1919 and
December 2007. Note that the top of the scale is $10 billion. The sharp spike is the savings and loan crisis at the end of
the 1980s:

The second graph shows the same thing during the period between 1919 and November 2008. Now the top of the scale
is $800 billion, and all the ups and downs of earlier eras are dwarfed by the crisis we're in now:

February 22, 2009
On this diary I talk a lot about the drought in California. If you live somewhere where it rains a lot you may think that's
just a reflection of my overall nervousness about climate change, but it's not just that. The drought has been going on for
years. It's real. And despite the delightful rains we've had last week, it's so bad that farmers in the Central Valley — the
big valley that produces a quarter of all the food grown in the US — may not get any water this summer. On top of the
general economic crisis and the special problems faced by California, this will really hurt. But it's something we need to
get used to: the southwest United States is probably headed for a permanent drought, as discussed in my April 6th, 2007
diary entry.

Central Valley Farmers Told No Water Will be Delivered This Year
Janet Zimmerman
Riverside Press-Enterprise
Feburary 21, 2009
Many farmers in the state's agricultural heartland will get zero water allocations this year because of
drought, a problem that will likely spur more fallowed and abandoned fields, tens of thousands of job losses
and higher food prices, officials said Friday.
It is the first time the U.S. Bureau of Reclamation expects to provide no water to its agricultural customers
in the San Joaquin Valley, said Donald Glaser, regional director of the bureau's mid-Pacific region. The
allocation can be re-evaluated and increased if the state has a very wet spring, but that is not expected to
happen.
Last year's allocation was 40 percent. The previous low, during the last drought in the early 1990s, was 25
percent. The growing region, which includes Stockton, Fresno and Bakersfield, produces a quarter of the
nation's food supply.
"There will be as much as a million acres of land in the Central Valley that will not receive water," Glaser
said at a news conference in Sacramento. "This is going to be a tough year."
Farmers will cut back on production, which "is going to have a ripple affect through the economy. Food's
going to go up, they don't need as much labor, they don't need as many supplies, fuel, tractors, trucking,
boxes, pallets," said Steve Pastor, executive director of the Riverside County Farm Bureau.

California's agriculture is a $36.6 billion a year industry.
Richard Howitt, chairman of the UC Davis Department of Agricultural and Resource Economics, has said
water deliveries of 15 percent of full allocation could cause the loss of 40,000 jobs in California and $1.15
billion in farm and related income.
The Bureau of Reclamation administers the Central Valley Project, fed by Northern California reservoirs
that are at historic lows. The project also supplies residents and industry in the San Francisco Bay area and
wildlife refuges, which all will get 50 percent to 75 percent of their allotments.
The allocations are based on predictions of snowpack runoff into Shasta Reservoir, which is at about onethird of capacity. If the runoff is greater than expected, agricultural users would get a 10 percent allocation
and other users would get 60 percent to 100 percent, Glaser said.
February 23, 2009
Some good news for a change. The air in Southern California is getting better! Trucks bringing in goods from the ports
clog our highways, and they're a big part of why the air is so bad. Finally someone is doing something about it.
Cleanup at the ports of Los Angeles and Long Beach begins to pay off
Ronald D. White
Los Angeles Times
February 23, 2009
An ambitious plan to clean up once-filthy air around the ports of Los Angeles and Long Beach has shifted
into high gear.
Hundreds of 1988-and-older trucks have been banned since October. Others that don't meet 2007 air
pollution standards began paying a $70 fee last week each time they haul cargo to and from the ports. This
week, the first of a fleet of electric trucks will debut. And within three years, most ships will be able to plug
into the ports' electrical grid and turn off their exhaust-belching diesel engines.
For more than a decade, South Bay and Long Beach residents have complained about pollution from the
ports, and 1,200 annual premature deaths have been linked to the ports' air pollution problems. But in
October, the ports launched the cleanup, and it's beginning to pay off.
"This is the No. 1 health issue in our city," said Long Beach Mayor Bob Foster, who was pleased with the
new truck fees introduced last week. "By paying these fees, the people who benefit from the goodsmovement industry have become part of the solution to cleaning the air."
Los Angeles Mayor Antonio Villaraigosa agreed. The new fee collection "marks a milestone in our efforts
to clean up the ports as we roll ahead with taking 16,800 dirty-diesel trucks off the road for good."
The National Resources Defense Council, long one of the ports' toughest critics, was impressed. It praised
the step in October to remove about 2,000 trucks that were at least 20 years old. As a result, the group
estimated that diesel particulates emissions may have been reduced 50%.
February 26, 2009
Today my student John Huerta will take his oral exam! He'll talk about The Algebra of Grand Unified Theories. If he
passes, he'll do his thesis work on the octonions and their role in super-Yang-Mills theory, superstring theory and other
physical theories.

I've been frantically trying to finish up a paper with Mike Stay in time for an end-of-the-month deadline. We've been
working on this paper for years! The tough part was finding and then nicely explaining a programming language
suitable for quantum computation. Once this is done — and it will be done this weekend — he can move ahead on his
thesis, which will be about 2-categories and computation. After going broke as a math grad student at UCR (he has a
family to support), he took a job at Google, but he's going to get a PhD in computer science at the University of
Auckland, where he got his master's, with me as one of his thesis advisors.
Some books I'd like to read if I had time. These are the latest offerings from the University of California Press:
Joan Roughgarden, The Genial Gene: Deconstructing Darwinian Selfishness. I'm curious to see how thorough a
framework this author constructs to understand evolution in a way where cooperation plays just as crucial a role
as competition.
David J. Metzler, First Peoples in a New World: Colonizing Ice Age America. This book puts together the
evidence to tell the story of how humans colonized North America around 12,000 years ago. I'm fascinated by
Beringia and the Clovis culture, so I've got to read this one.
Susan Freinkel, American Chestnut: The Life, Death and Rebirth of a Perfect Tree. Chestnuts grew all over
Laurasia before this supercontinent split into North America and Eurasia; then different species evolved in
different regions. In one of the worst blows to the ecology of North America since the last ice age, four billion
American chestnut trees died from a blight that was accidentally introduced to this continent in 1900. Many of
their root systems still survive, but the blight attacks any shoots that grow up. I've seen them! No cure has been
found, but the American Chestnut Foundation is struggling to develop a disease-resistant strain. For more, read
the first chapter of this book.
February 27, 2009
John Huerta passed his oral with flying colors.
My friend Oz pointed me to this nice picture from NASA:

On Tuesday February 24th, cold winds coming down from Greenland collided with moist air over the Greenland Sea,
forming wonderfully regular rows of clouds called "cloud streets". When these hit the island of Jan Mayen, they formed
a string of eddies called a von Kármán vortex street. If you look carefully you can see the same phenomenon when
water in a stream flows past a protruding rock!
The NASA picture is incredibly detailed. Here's a blowup:

We could use some of those clouds down here in California, where Governor Schwarzenegger declared a state
emergency today.

February 28, 2009
A fun story in yesterday's Los Angeles Times: an octopus in the Santa Monica Pier Aquarium figured out how to flood
the place.
For my March 2009 diary, go here.

From the war of nature, from famine and death, the most exalted object which we are capable of conceiving, namely,
the production of the higher animals, directly follows. There is grandeur in this view of life. - Charles Darwin
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Diary - March 2009
John Baez
March 1, 2009

The Dar al-Hajar, northwest of the capital of Yemen.
This five-story palace was built by Yemeni ruler
Imam Mansour Ali Bin Mehdi Abbas in 1786.

March 7, 2009
There's new evidence that horses were domesticated around 3500 BC, a thousand years earlier than previously thought:
Sandra J. Olsen, Botai: early horse herders on the steppes of Northern Kazakhstan.
The predecessors of the Botai were nomadic hunters of red deer, moose, aurochs, saiga antelope and horses. They
travelled in small bands. But sometime around 3500 BC, the Copper Age culture of the Botai emerged, with large
permanent settlements. Their economy became centered on the horse, both eating horsemeat, drinking mare's milk,
making tools from horse bones and also using their skin. (Fermented mare's milk is still used by many peoples of the
Eurasian steppe.) The Botai were unusual in being non-nomadic pastoralists: usually it takes agriculture to keep people
in one place.
Horses seem to be latecomers to domestication compared to dogs and cats. As I explained on September 27th, 2007,
wolf remains have been found in association with hominids as far back as 400,000 years ago, and the time they became
domesticated is much argued: sometime between 130,000 years ago and the end of the last ice age around 10,000 years
ago, depending on who you listen to. Cats showed up later, when agriculture attracted rats: the earliest evidence of
domestic cats is 9,500 years old.
March 15, 2009
Anyone interested in climate change and how we can find our way towards a sustainable civilization should read this
free book:
David J.C. MacKay, Sustainable Energy — Without the Hot Air, Independent Publishers Group, 2009.
He cruches the numbers and explains the results in clear English. See why wind power can only be of limited help, and
why hydrogen-powered cars are a pointless indulgence, while electric cars are not.
Thanks to Robert Smart and Jeff Tansley for bringing this to my attention.
March 18, 2009
Using its magic powers, the Federal Reserve snapped its fingers, created 1 trillion dollars, and used it to buy Treasury
bonds and mortgage secruities. Whee!
March 20, 2009

I've been hard at work trying to finish a paper on The Algebra of Grand Unified Theories with John Huerta. Today John
flies to England for a conference on algebraic structures from physics at the Newton Institute.
The government of Abu Dhabi is trying to build a "green city" — a car-free, zero-carbon-dioxide-emissions, zero-waste
city that will be mostly solar-powered and use 20 percent as much power as a conventional city of similar size. It's
called Masdar, and it's due to be built in 2016. It's being designed by Gerard Evenden.

Kevin Bullis, A Zero-Emissions City in the Desert, Technology Review, March-April 2009.
A quote:
One of the first things Evenden did was subtract cars: with the highways gone, the city's buildings could be
separated by passages just 7 to 12 meters wide, close enough to shade each other yet far enough apart to let
in indirect light. That's a cheap way to reduce the need for not only air conditioning but electric lighting, the
largest drain on electricity in commercial buildings. Insulation is cheap, too: in the Masdar Institute,
Evenden plans to use 30-centimeter-thick insulation to keep out the heat. He's also incorporating "skins" of
copper foil that reflect light and conduct heat away from the buildings. The foil will be protected from the
desert dust by a self-cleaning Teflon-like plastic. To reduce the need for energy-intensive desalination,
Evenden's design will cut water consumption by 75 percent through recycling, low-flow fixtures, and
waterless urinals.
A small fraction of the energy that's still needed to run the city will come from waste-based fuel and
perhaps geothermal power. The rest will come from the sun--but not all of it through expensive
photovoltaics, which convert sunlight into electricity. Much cheaper devices that concentrate heat from the
sun will heat water and run a type of air conditioner called an absorption chiller. (This is the same kind of
technology that is used now in propane-powered refrigerators.)
Previous projects along these lines have not done well: reality throws unexpected curve-balls, making everything less
effficient than planned. Windblown dust lands on solar cells, easily reducing their efficiency by 20%. Fancy automated
control systems fall into crazy feedback loops. And so on. But it's worth trying, and learning from mistakes.
Two things I really like about Masdar: narrow streets to keep things cool, and wind cones inspired by the bad gir, or
windcatchers, used in traditional Middle Eastern architecture. (In my October 30th entry I showed you a nice picture of
a bad gir in the city of Yazd, taken by Greg Egan.) These are very simple things that take advantage of the laws of
physics to keep things cool in the desert without using any power.

March 29, 2009
Wonder what's going on with the economy? The main reason I'm not writing more about it is that I know I don't know.
Here's one financier's view:
Economic Darwinism, Letter to Obama: Our Voices Will Be Heard.
A short quote, just to get you to read the whole thing:
Dear Mr President,
It is almost unfair to criticize you given the extraordinary circumstances surrounding this country when you
took the oath of office. Time was a precious commodity and you were forced to make urgent decisions. To
be clear, I cannot think of anyone else I would rather have at the helm now than you. Choosing generals
was job number one and, for the most part, you did a fantastic job.
However, we clearly find ourselves in a severe financial crisis that, due to improper handling and an initial
failure to recognize the scope of the problem, has mutated into a full blown economic crisis. Continued
failure to right the ship is increasing the chances of a total global economic and social breakdown. In 2007,
Bernanke and Paulson's assurances that the subprime mortgage crisis would be contained only served to
illustrate their complete lack of understanding of the circumstances. The crisis was no more about subprime
mortgages than an influenza outbreak is about runny noses.
People smarter than me will tell you that a large contributor to economic growth over the last 10 years
(some would say 20) was fueled by increasing levels of debt. Debt came to pervade every aspect of
developed economies from consumers, to corporations and financial institutions, all the way up to local and
federal governments. This debt came in the form of credit cards, auto loans, school loans, residential
mortgages, commercial real estate loans, corporate bonds, municipal bonds as well as Treasury bills, notes,
and bonds.
Scholars will debate the true causes for decades, but let me offer this as a plausible explanation...

Read his explanation and his shocking recommendations.
For my April 2009 diary, go here.
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Diary - April 2009
John Baez
April 3, 2009

I like wild, dangerous adventures. At least I like reading about them. And I especially like them when they serve some
halfway useful purpose: actual exploration, or collecting scientific data, not just pure showing off.
So, I got very excited when I heard about the Catlin Arctic Survey group. Three people — Pen Hadow, Ann Daniels and
Martin Hadley — have begun a trek 1200 kilometers across the Arctic. They were dropped onto floating ice 1000
kilometers north of Canada on March 1st. They planned to reach the North Pole by late May — and make lot of
measurements of ice thickness along the way.

After 18 days, they were fighting for survival on half rations because their supply plane had to turn back due to stormy
weather:
Martin Hartley, Disappointment, March 15, 2009.
Ian Wesley, No go, March 16, 2009.
British ice expedition fighting for survival, Guardian, March 18, 2009.
Ann Daniels, Two steps forward, one step back, March 18, 2009.
They got their food on March 19th:
Pen Hadow, First resupply, March 19, 2009.
Arctic ice expedition relief as supply plane lands, Guardian, March 19, 2009.
Then their sledges were much heavier: 110 kilos!
Ann Daniels, Chivalry on the ice, Guardian, March 20, 2009.
So, the Arctic is still a tough place, despite all the high tech.
The mission leader, Pen Hadow, is clearly well-prepared: he was the first to trek solo from Canada to the North Pole,
without resupply. He skied pulling a sledge that started out weighing 125 kilos, and he swam, wearing an immersion
suit, whenever he hit water or thin ice. On the 45th day he lost a ski when he fell through the ice, so he had to walk the
rest of the way. He reached the North Pole in 64 days. He clearly has the right attitude to succeed in such situtations —
caution mixed with a nearly insane way of always looking at the bright side:
Pen Hadow, We are not alone!
Pen Hadow, Progress on the ice, March 27, 2009.
In the first entry, he writes how his spirits were lifted by seeing polar bear tracks. In the second:
A slight rise in temperature (-38 degrees C at the moment) has been a positive development on the whole. It
means I can spend longer outside, carrying out the experiments that are the purpose of us being here. I made

48 snow measurements after we'd stopped walking today — the best yet.
The photographer, Martin Hartley, seems a bit more human — so I'm worried whether he'll make it! You can tell when I
mean from the titles of his blog posts:
Martin Hartley, Stabbing pain.
Martin Hartley, Croissants in Paris.
By the way, the reason I'm including so many links to the mission blog is that it's miserably organized: a lot of dead
links, and no way to read through all the blog posts in chronological order.
April 4, 2009
Now for the good news about climate change:
Joseph Romm, Introduction to climate economics: Why even strong climate action has such a low total cost —
one tenth of a penny on the dollar, Climate Progress.
But you should also read this:
Joseph Romm, Is 450 ppm politically possible?, Climate Progress.
Part 0: The alternative is humanity's self-destruction.
Part 1: The problem.
Part 2: The solution.
Part 3: The breakthrough technology illusion.
Part 4: The most urgent climate policy — and it isn't a CO2 price.
Part 5: Old coal's out, can't wait for new nukes, so what do we do NOW?
Part 6: What the Boxer-Lieberman-Warner bill debate tells us.
Part 7: The harsh lessons of the financial bailout.
And also this:
Joseph Romm, How the world can (and will) stabilize at 350 to 450 ppm: The full global warming solution,
Climate Progress.
Let me quote a bit of the last. It assumes you're familiar with the rough idea of the "stabilization wedges", which I
explained back on October 2nd, 2007. These are measures, each of which could reduce carbon emissions by 1 billion
tons per year. Pacala and Socolow, two scientists from Princeton, listed 15 such measures and argued that by adopting
12 we could stabilize the atmosphere at 450 parts per million of carbon dioxide. (Right now it's 385.) This might mean
about 2 degrees Celsius of warming.
Anyway, here's what Romm says:
In this post I will lay out “the solution” to global warming, focusing primarily on the 12 to 14
“stabilization wedges.” This post is an update to “Is 450 ppm (or less) politically possible? Part 2: The
Solution.”
I have argued that stabilizing atmospheric concentrations of carbon dioxide at 450 ppm or lower is not
politically possible today, but that it is certainly achievable from an economic and technological perspective
(see Part 1). I do, however, believe humanity will do it since the alternative is Hell and High Water.
It would require some 12-14 of Princeton’s “stabilization wedges” — strategies and/or technologies that
over a period of a few decades each reduce global carbon emissions by one billion metric tons per year
from projected levels (see technical paper here, less technical one here). The reason that we need twice as

many wedges as Princeton’s Pacala and Socolow have said we need was explained in Part 1. That my
analysis is largely correct can be seen here: “IEA report, Part 2: Climate Progress has the 450-ppm solution
about right.”
I agree with the IPCC’s detailed review of the technical literature, which concluded in 2007 that “The range
of stabilization levels assessed can be achieved by deployment of a portfolio of technologies that are
currently available and those that are expected to be commercialised in coming decades.” The technologies
they say can beat 450 ppm are here. Technology Review, one of the nation’s leading technology magazines,
also argued in a cover story two years ago, “It’s Not Too Late,” that “Catastrophic climate change is not
inevitable. We possess the technologies that could forestall global warming.”
I also agree with McKinsey Global Institute’s 2008 Research in Review: Stabilizing at 450 ppm has a net
cost near zero.
I do believe only “one” solution exists in this sense — We must deploy every conceivable energyefficient and low carbon technology that we have today as fast as we can. Princeton’s Pacala and
Socolow proposed that this could be done over 50 years, but that is almost certainly too slow.
We’re at about 30 billion tons of carbon dioxide emissions a year — and notwithstanding the global
economic slowdown, probably poised to rise 2% per year (the exact future growth rate is quite hard to
project because it depends so much on what China does and how quickly peak oil kicks in). We have to
average below 18 billion tons (below 5 GtC) a year for the entire century if we’re going to stabilize at 450
ppm (see “Nature publishes my climate analysis and solution“). We need to peak around 2015 to 2020 at
the latest, then drop at least 60% by 2050 to at most 15 billion tons (4 billion tons of carbon), and then go to
near zero net carbon emissions by 2100.
That’s why a sober guy like IPCC head Rajendra Pachauri, said in November 2007: “If there’s no action
before 2012, that’s too late. What we do in the next two to three years will determine our future. This is the
defining moment.” Or as I told Technology Review, “The point is, whatever technology we’ve got now —
that’s what we are stuck with to avoid catastrophic warming.”
If we could do the 12-14 wedges in four decades, we should be able to keep CO2 concentrations to under
450 ppm. If we could do them faster, concentrations could stay even lower. We’d probably need to do this
by 2040 if not sooner to have a shot at getting back to 350 this century. [And yes, like Princeton, I agree we
need to do some R&D now to ensure a steady flow of technologies to make the even deeper emissions
reductions needed in the second half of the century.]
I do agree with Hansen et al that the basic strategy is to replace virtually all of coal as quickly as possible,
which is why so many of the wedges focused on electricity — that, along with the need to electrify
transportation as much as possible. I also agree that this will be harder and more expensive if conventional
oil were not going to peak soon. But for better or worse, it is (see “Merrill: Non-OPEC production has
likely peaked, oil output could fall by 30 million bpd by 2015” and “Normally staid International Energy
Agency says oil will peak in 2020“).
Also, I tend to view the crucial next four decades in two phases. In phase 1, 2010 to 2030, the world finally
gets serious about avoiding catastrophic global warming impacts (i.e. Hell and High Water). We
increasingly embrace a serious price for carbon dioxide and a very aggressive technology deployment
effort.
In phase 2, 2030 to 2050, after multiple climate Pearl Harbors and the inevitable collapse of the Ponzi
scheme we call the global economy, the world gets truly desperate, and actions that are not plausible today
— including widespread conservation — become commonplace (see here for a description of what that
collapse might look like).
In the basic solution, I have thrown in a some extra wedges since I have no doubt that everybody will find

something objectionable in at least 2 of them. But unlike the first time I ran this exercise, I have blogged on
most of the solutions at length.
This is what the entire planet must achieve:
1 wedge of albedo change through white roofs and pavement (aka “soft geoengineering) — see
“Geoengineering, adaptation and mitigation, Part 2: White roofs are the trillion-dollar solution“
1 wedge of vehicle efficiency — all cars 60 mpg, with no increase in miles traveled per vehicle.
1 of wind for power — one million large (2 MW peak) wind turbines
1 of wind for vehicles –another 2000 GW wind. Most cars must be plug-in hybrids or pure electric
vehicles.
3 of concentrated solar thermal (aka solar baseload)– ~5000 GW peak.
3 of efficiency — one each for buildings, industry, and cogeneration/heat-recovery for a total of 15 to
20 million GW-hrs. A key strategy for reducing direct fossil fuel use for heating buildings (while also
reducing air conditioning energy) is geothermal heat pumps.
1 of solar photovoltaics — 2000 GW peak
1/2 wedge of nuclear power– 350 GW
2 of forestry — End all tropical deforestation. Plant new trees over an area the size of the continental
U.S.
1 wedge of WWII-style conservation, post-2030 [just a placeholder, will blog more on this later]
Here are additional wedges that require some major advances in applied research to be practical and
scalable, but are considered plausible by serious analysts, especially post-2030:
1 of geothermal plus other ocean-based renewables (i.e. tidal, wave, and/or ocean thermal)
1 of coal with biomass cofiring plus carbon capture and storage — 400 GW of coal plus 200 GW
biomass with CCS
1/2 wedge of next generation nuclear power — 350 GW
1/2 wedge of cellulosic biofuels for long-distance transport and what little aviation remains in 2050
— using 8% of the world’s cropland [or less land if yields significantly increase or algae-to-biofuels
proves commercial at large scale].
1 of soils and/or biochar– Apply improved agricultural practices to all existing croplands and/or
“charcoal created by pyrolysis of biomass.” Both are controversial today, but may prove scalable
strategies.
That should do the trick. And yes, the scale is staggering.
April 9, 2009
This reminds me of my sabbatical visit with Ross Street and other category theorists in Australia. The long drought had
already started back then...
What Will Global Warming Look Like?
Scientists Point to Australia
Julie Cart, Los Angeles Times
April 9, 2009
Reporting from the Murray-Darling Basin, Australia — Frank Eddy pulled off his dusty boots and slid into
a chair, taking his place at the dining room table where most of the critical family issues are hashed out.
Spreading hands as dry and cracked as the orchards he tends, the stout man his mates call Tank explained
what damage a decade of drought has done.
"Suicide is high. Depression is huge. Families are breaking up. It's devastation," he said, shaking his head.

"I've got a neighbor in terrible trouble. Found him in the paddock, sitting in his [truck], crying his eyes out.
Grown men — big, strong grown men. We're holding on by the skin of our teeth. It's desperate times."
A result of climate change?
"You'd have to have your head in the bloody sand to think otherwise," Eddy said.
They call Australia the Lucky Country, with good reason. Generations of hardy castoffs tamed the world's
driest inhabited continent, created a robust economy and cultivated an image of irresistibly resilient people
who can't be held down. Australia exports itself as a place of captivating landscapes, brilliant sunshine,
glittering beaches and an enviable lifestyle.
Look again. Climate scientists say Australia — beset by prolonged drought and deadly bush fires in the
south, monsoon flooding and mosquito-borne fevers in the north, widespread wildlife decline, economic
collapse in agriculture and killer heat waves — epitomizes the "accelerated climate crisis" that global
warming models have forecast.
With few skeptics among them, Australians appear to be coming to an awakening: Adapt to a rapidly
shifting climate, and soon. Scientists here warn that the experience of this island continent is an early
cautionary tale for the rest of the world.
"Australia is the harbinger of change," said paleontologist Tim Flannery, Australia's most vocal climate
change prophet. "The problems for us are going to be greater. The cost to Australia from climate change is
going to be greater than for any developed country. We are already starting to see it. It's tearing apart the
life-support system that gives us this world."
Deadly fires
Many here believe Australia already has a death toll directly connected to climate change: the 173 people
who died in February during the nation's worst-ever wildfires, and 200 more who died from heat the week
before. A three-person royal commission has convened to decide, among other things, whether global
warming contributed to massive bush fires that destroyed entire towns and killed a quarter of Victoria
state's koalas, kangaroos, birds and other wildlife.
The commission's proceedings mark the first time anywhere that climate change could be put on trial. And
it will take place in a nation that still gets 80% of its energy from burning coal, the globe's largest single
source of greenhouse gases.
The commission's findings aren't due until August, but veteran firefighters, scientists and residents believe
the case has already been made. Even before the flames, 200 Melbourne residents died in a heat wave that
buckled the steel skeleton on a newly constructed 400-foot Ferris wheel and warped train tracks like
spaghetti. Cities experienced four days of temperatures at 110 degrees or higher with little humidity, and
100-mph winds. In areas where fires hit, temperatures reached 120.
On the hottest day, more than 4,000 gray-headed flying foxes dropped dead out of trees in one Melbourne
park.
"Something is happening in Australia," firefighter Dan Condon of the Melbourne Metropolitan Fire Brigade
wrote in an open letter. "Global warming is no longer some future event that we don't have to worry about
for decades. What we have seen in the past two weeks moves Australia's exposure to global warming to
emergency status."
For my May 2009 diary, go here.

Mother Nature doesn't do bailouts. - Glenn Prickett
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Diary - May 2009
John Baez
May 5, 2009
Since it's an odd day, let us celebrate the 1/9 dollar bill used in colonial Maryland:

A total of 57,000 bills of this sort were issued in 1767, 1770 and 1774. The dent in the upper left corner was deliberate:
'indented' bills were used to fight against counterfeiting, which was rampant at the time. Another trick was inserting
deliberate typos, like the colon after "Annapolis". Note also that this note is hand-signed, with a hand-written serial
number. Back then, being treasurer must have involved a lot of manual labor!
You might argue that the 2/9 dollar bill was even odder...

... but I'd have to disagree: I think it's oddly evener!
I thank Robert Schlesinger for tipping me off about the existence of these odd fractional bills. The above pictures come
from the following delightful history, where you can also see a 4 dollar bill, a 6 dollar bill, a 1/3 dollar bill, and so on:
John A. Sandrock, Maryland colonial and Continental bank note issues of the American Revolution.
But: why did they make a 1/9 dollar bill? To answer this, look carefully at the bills above and see how much British
money a dollar was worth. Then calculate how many pence a dollar was worth. Here this table of old British currency
may come in handy:
Gold coins:
Five-sovereign piece, equal to five pounds.
Two-sovereign piece, equal to two pounds.
One-sovereign piece, equal to one pound.
Half-sovereign piece, equal to half-a-pound.
Silver coins:
A crown, or five-shilling piece, equal to one fourth of a sovereign.
Double-florin, or four-shilling piece, equal to one-fifth of a sovereign.
Half-a-crown, or two shillings and sixpence, equal to one-eighth of a sovereign.
Florin, or two-shilling piece, equal to onetenth of a sovereign.
Shilling piece, equal to one-twentieth of a sovereign.
Sixpenny piece, one-half of a shilling.
Threepenny piece, one-half of a sixpence.
Bronze coins:
Penny, equal to one-twelfth of a shilling.
Halfpenny, equal to one-half of a penny.
Farthing, one-fourth of a penny.
You'll then see why one ninth of a dollar was a reasonable amount of money!
May 8, 2009
If you like odd bills, check out my September 30, 2006 entry featuring the biggest bill ever printed in the United States:

not counting this joke bill they've started cranking out to put an end to the current economic crisis:

or this sadly real one issued by Zimbabwe:

before the currency was redefined this February: 1 trillion old Zimbabwe dollars equals one new dollar. This is just the
latest of a series of moves that have devalued Zimbabwe's money by a factor of 1025 since Mugabe wrecked the
country.
Over at the n-Category Café, James Cranch informed us some other oddly large bills: the 1 million and 100 million
pound notes issued by the Royal Bank of Scotland, called "Giants" and "Titans".
May 11, 2009
Lisa just finished reading A Thousand Splendid Suns by Khaled Hosseini, author of The Kite Runner. Judging from her
reaction, it's a heart-wrenching tale of two women struggling to survive in Afghanistan during the reign of the Taliban.
The title recalls these lines from the poem 'Kabul' by the 17th-century Persian poet Saib-e-Tabrizi:
Every street of Kabul is enthralling to the eye
Through the bazaars, caravans of Egypt pass
One could not count the moons that shimmer on her roofs
And the thousand splendid suns that hide behind her walls.
Kabul is now recovering from the Taliban era. Meanwhile today, hundreds of thousands of people are fleeing Swat
Valley as Pakistani troops move in to fight the Taliban.
May 14, 2009
Once this diary was an economics diary. Then I broadened its scope. But the need for understanding and reforming the
world's economic system is more apparent than ever, so I'm very happy that the Perimeter Institute, a physics institute in
Canada, decided to have a conference on this subject:
John Brockman, The economic crisis and its implications for the science of economics, Edge.
I got this letter from Eric Weinstein, a friend of mine who participated in this conference:
Hi John,
I wanted to give you a heads up before posting.
We're back from an amazing Perimeter Institute conference and my opening talk here;
Eric Weinstein, A science less dismal: welcome to the economics Manhattan Project.
where I'd be interested in your take. This is currently discussed at Edge at the top.
The goal is to hug economics closer to science rather than pushing it away with the idea of having
'debunking' take place as a normal part of reintegration with the more traditional science. Take a look at the
talk and see if you think it is effective. I'd value your feedback on many levels.
Pia spoke on gauge theory as the natural language of economic theory here:
Pia Malaney, A new marginalism: gauge theory in economics.
with the biggest difference being the presence of economists and math/physics types in the same room.
All of the main conference talks can now be found here:
Perimeter Institute Recorded Seminar Archive, The Economic Crisis and Its Implications for The

Science of Economics.
including:
Nassim Taleb,
Nouriel Roubini,
and the Panel Discussion with Richard Freeman.
It was an amazing event and hopefully the beginning of something really new, sound, and paradigmatic.
Best,
Eric
Getting scientists interested in economics as a predictive science based on fewer unrealistic idealizations would be a
wonderful thing.
May 15, 2009
While you've probably heard about it, and I mentioned it already on May 8th, I still think it's one most underreported
stories of the year. As the Pakistani army closes in on the Taliban, 800,000 people have fled their homes in the Swat
Valley! More will do so now that the army has lifted the curfew today for 8 hours. About 150,000 are trapped in
Mingora, the main city of the area — and they're running out of gas, electricity and water! The Taliban are digging in
there, laying mines.

Four days ago the number of displaced people was closer to 300,000. Here's the story of Majid, a 24-year-old student
who fled Swat and is now in Peshawar. It's one of three stories you can read at the BBC website.
We fled Mingora last Friday, together with much of the population of the city. Our life had become very
difficult: we were trapped in curfews, electricity was cut, there was no water or food.
In the early hours on Friday morning we were under attack from gunship helicopters. Later the army told us
we had to leave Mingora.
We got up, put clothes on and rushed out of the door. We didn't have time to pack anything. We didn't even

prepare food for the journey. We just shut the door and left.
People were running, everyone was so scared. We didn't know what was going to happen next.
We decided to go to Peshawar. The first part of our journey was on foot, until we reached Malakand. The
road was packed with people, thousands of them. My grandfather is old, he couldn't walk for long and
needed regular breaks. And it was a hot day.
Then we hired a truck and drove to Peshawar. Many people stayed behind, as not everyone could afford to
hire a vehicle.

Pakistani civilians pack a bus leaving Mingora.

I am staying at a university hostel with friends. My family is at some relatives' house. Many joined refugee
camps, but those must be full, because I see lots of people lying on the roads, people for whom there's no
accommodation or help.
The nearby park is full of people from Swat. There are Swat people all over the city, everyone with their
own story.
Everyone is deeply disturbed by this experience. We left everything and our life here is uncertain.
I am thinking of leaving the country to study abroad. My dad says that he'll try to set up his own business
and open a shop in Peshawar.
I feel depressed. Swat has been brought back to the Stone Age. Each and every individual has left. There's
no life there any more. I am not hopeful that things will get better any time soon - they can't clear this mess
up in a hundred years.
May 18, 2009
I'm working on one of the last of what I call my "hair-shirt" papers — papers I'd promised to write years ago, that have
become a major obstruction to having fun and doing new things. These are the hair-shirts I've finished in the last year:
On December 29, 2008, my former student Derek Wise, my colleague Laurent Freidel, his student Aristide
Baratin and I finished a 101-page paper on Infinite-Dimensional Representations of 2-Groups. Actually this may
need a bit more polishing before we submit it for publication.
On March 2nd, 2009 Mike Stay and I finished a 73-page review of category theory and its applications: Physics,
Topology, Logic and Computation: A Rosetta Stone, to appear in Bob Coecke's volume New Structures of
Physics.

This is the hair-shirt I'm working on now:
A Prehistory of n-Categorical Physics, with Aaron Lauda, to appear in Deep Beauty: Mathematical Innovation
and the Search for an Underlying Intelligibility of the Quantum World, ed. Hans Halvorson, 60 pages so far.
I hope to finish it by June 1st. We'll see.
Some good news! I've repeatedly complained here about how Bush's head of the EPA blocked the desire of California
and 13 other states to boost CO2 emissions standards for cars. Now Obama has turned everything around!
U.S. to Issue Tougher Fuel Standards for Automobiles
John M. Broder, New York Times
May 18, 2009
WASHINGTON — The Obama administration will issue a new national standard for cars and light trucks
that incorporates California's tough auto-emission rules, industry officials said Monday.
Preident Obama will announce as early as Tuesday that he will combine that state's emissions rules with the
existing corporate average fuel economy standard overseen by the Transportation Department, the officials
said. As a result, cars and light trucks sold in the United States will be roughly 30 percent cleaner and more
fuel-efficient by 2016.
The White House would not divulge details, but environmental advocates and industry officials briefed on
the program said that the president would grant California.s longstanding request to implement its tailpipe
standards. Thirteen other states and the District of Columbia have said they intend to apply the same rules.
That request had been denied by the Bush administration but has been under review by top Obama
administration officials since January.
Yet Mr. Obama is planning to go further, effectively issuing a single rule for both fuel economy and
emissions that matches California's strictest-in-the-nation standard.
Under the new standard, the new combined fuel efficiency standard for cars and light trucks will be about
35 miles per gallon by 2016, roughly in line with the California rule.
Another piece of good news: Scientific American has started a magazine called Earth 3.0, which focuses on
environmental issues... and the copy I picked up was actually quite good! Check out these articles online:
Chris Mooney, Obama's climate challenge: winning the carbon game.
Michael D. Lemonick, Global warming: beyond the tipping point.
Jane Braxton Little, The Ogalalla Aquifer: saving a vital U.S. water source.
May 23, 2009
Yay! A House committee passed the Waxman-Markey bill to control greenhouse gases. It would implement a 'cap-andtrade' mechanism. This bill still needs to pass through the House and Senate... and that will be very, very tough. For
details, try these:
Joseph Romm, House committee approves landmark (bipartisan!) clean energy and climate bill — political
realists rejoice, climate science realists demand more.
Joseph Romm, Energy and global warming news for May 22nd: still a long way to go to pass an energy and
climate bill in the House.
Some good news about the drought in California: the Department of Water Resources is going to give state water

project contractors 40% of the water they asked for. That's good news? Yes, because at first it was going to be 15%.
Snow and rain in early May helped ease the situation. But it's still bad.
May 23, 2009
Yay! Lisa and I found a flat to stay in for the first month of our visit to Paris this summer: it's on the 7th floor of 42 Rue
Liancourt in the 14th arrondisement, near the Denfert-Rochereau metro station.

We'll stay there from June 11th to July 11th. Then we'll move to the apartment we'd stayed at last summer, and stay
there until August 11th. I'll be working with Paul-André Melliès for most of this time; our project on logic and category
theory has taken firmer shape, at least in my mind, thanks to my discussions with Mike Stay.
In August, we'll come back to Riverside.
May 30, 2009
Paramecia may use at least two frequencies of electromagnetic radiation to communicate, one in the ultraviolet range!
Daniel Fels of the Swiss Tropical Institute grew these microorganisms in test tubes in complete darkness. He claims that
paramecia in one test tube can influence the behavior of those in another. In particular: small populations of paramecia
grew significantly better when separated from larger ones by glass that blocks ultraviolet light rather than quartz glass,
which is transparent to ultraviolet. Read the paper:
Daniel Fels, Cellular communication through light, Public Library of Science, April 1, 2009.
He writes:
Information transfer is a life principle. On a cellular level we generally assume that molecules are carriers
of information, yet there is evidence for non-molecular information transfer due to endogenous coherent
light [1]. This light is ultra-weak, is emitted by many organisms [2].[5], including humans [6], [7] and is
conventionally described as biophoton emission [8]-[10]. Research on biophotons focuses mainly on the
physical aspects and origin [11]-[13], non-invasive diagnostics [14], [15], and emission during meiosis [16]
or embryogenesis [17], [18]. Some organisms, e.g. the crustacean Daphnia magna [19] absorb biophotons
from their neighbours - so called photon sucking [20] — and the uptake can differ among classes of
individuals, e.g. healthy as compared to malign cells [21]. Although biophotons may carry biologically

relevant information [12], [13], [22], only very little is known about whether individuals indeed use them
for sending and receiving information. A few studies (with populations separated from each other
molecularly but not electromagnetically) strongly suggest biophotons as transmitters of information: e.g.,
onion roots influence mitosis positively in neighbouring onion roots (supposedly due to so-called
mitogenetic radiation [23], being probably effective in the UV-range [24]); yeast cells, which emit
biophotons in the UV- and the visible range [25], affect growth in other yeast cells positively [26]; tissue
cells arrange themselves in a non-random manner according to the pattern of tissue cells on the opposite
side of a glass slide [27]; and germinating Fucus-zygotes probably sense biophotons emitted by their living
substrate to which they direct their growth [28].
It was the paucity of more detailed knowledge on biophotons as a means for electromagnetic information
transmission that motivated this study...
Lots of references to look at!
For my June 2009 diary, go here.

Kabul
Ah! How beautiful is Kabul encircled by her arid mountains
And Rose, of the trails of thorns she envies
Her gusts of powdered soil, slightly sting my eyes
But I love her, for knowing and loving are born of this same dust
My song exhalts her dazzling tulips
And at the beauty of her trees, I blush
How sparkling the water flows from Pul-I Bastaan!
May Allah protect such beauty from the evil eye of man!
Khizr chose the path to Kabul in order to reach Paradise
For her mountains brought him close to the delights of heaven
From the fort with sprawling walls, A Dragon of protection
Each stone is there more precious than the treasure of Shayagan
Every street of Kabul is enthralling to the eye
Through the bazaars, caravans of Egypt pass
One could not count the moons that shimmer on her roofs
And the thousand splendid suns that hide behind her walls
Her laughter of mornings has the gaiety of flowers
Her nights of darkness, the reflections of lustrous hair
Her melodious nightingales, with passion sing their songs
Ardent tunes, as leaves enflamed, cascading from their throats
And I, I sing in the gardens of Jahanara, of Sharbara
And even the trumpets of heaven envy their green pastures
- Saib-e-Tabrizi, translated by Josephine Davis
© 2009 John Baez
baez@math.removethis.ucr.andthis.edu

home

For my May 2009 diary, go here.

Diary - June 2009
John Baez
June 2, 2009

Lalla Aisha

Al-Layla

Ice Blue
The Return of Lalla Aisha

Swirl

Treq Lila

Click on songs to play them. Or if you prefer,
download the whole album or read how it was made.
Music by John Baez and Wolframtones.
Background tiling by Greg Egan.
Treq Lila is licensed under a
Creative Commons Attribution-Noncommercial-No Derivative Works 3.0 United States License.

I've been working on this album for a long time. I started in August 2007 when I was holed up in Greenwich trying to
prepare a talk for the 2007 Abel Symposium. Now I'm editing the page proofs for my paper in the proceedings of that
conference, and putting off work on an overdue paper for the proceedings of another — a paper I've been writing for
almost two years.
So, you could say this album was conceived in procrastination and finally born out of procrastination. That doesn't
sound promising, but I bet a lot of great art has been created merely to avoid real work. Perhaps even the first cave
paintings.
Some things move slowly while others race along. My short bouts of work on Treq Lila have had long gaps between
them. I've kept mum about it because I could only get permission to modify or share music made using Wolframtones
after signing a contract with Wolfram Research. Every few months I've created a new track, or modified one, or
discarded one I don't like.
At the very end I slimmed the album down a lot to make it stylistically coherent. I also added a new tune, 'Swirl', that's
more energetic than all the rest. I put my favorite, the title song, at the very end.
So, it's short now, almost like a fragment of some longer album. And it's rather oddly divided in two parts, 3 tunes each,
each part starting with a version of 'Lalla Aisha'. But I think that's okay. Someday I'll pull out all the stops and make an
album of music that's all mine, but this is a curious man-machine hybrid, like a cyborg, and it's probably best to keep it
terse and somewhat odd.
June 5, 2009
I got something great in the mail today: an invitation to visit the Centre for Quantum Technologies in Singapore starting
in the summer of 2010. My wife Lisa already got a similar offer from the philosophy department of the National
University of Singapore — one of the few places in the world that does serious research on both classical Chinese and
classical Greek philosophy. We hope to visit Singapore for two years. It promises to be a marvelous adventure!
Meanwhile, the University of California system keeps taking budget cuts as the financial crisis shit hits the fan. The
Chancellor of UC Riverside wants us to take 16 days of unpaid 'furlough', with 13 of them being on holidays —

contradicting the usual definition of 'furlough'. The head of the University Committee on Faculty Welfare thinks this
amounts to pretending that life can go on more or less as it has been, when it actually can't:
Chancellor Timothy White, Impacts of further operating budget deterioration - update.
Helen Henry, The current budget crisis and UC's long-term future.
I think the problem with taking 'furlough' during holidays is that it sends a message to the legislature and the people of
California that cutting money to the University of California will have no real effect — that we'll just soldier on bravely.
Anyway, it will be a good time to be on leave.
June 12, 2009
Today is my birthday.
The day before yesterday I gave the final exam in my undergraduate number theory class. The exam went from 7 pm to
10 pm — some of UCR's exams are late at night, because we have a shortage of classrooms. The next morning I graded
the exam and entered the course grades. Then, at 4:30 pm Lisa and I went to the airport to catch a flight to Paris! It was
a stressful, tightly timed business.
Due to some flight delays we arrived in Paris at 9:30 pm yesterday. Exhausted, we dragged ourselves to the metro, got
out at Denfert-Rochereau, and walked to our apartment at 42 Rue Liancourt. We got there at 11 pm.
All of a sudden, life started getting better. We were met by the friend of the fellow who is renting us his apartment. He
kindly served us a snack of wine, bread, cheese, strawberries and melons.
The apartment turned out to be much larger than advertised. It's a penthouse at the top of a 7-story building, with a 360degree view of the city. It's ringed by a gardened patio, with a bamboo screen that provides privacy. We can eat
outdoors and even almost bathe outdoors, because the bathroom has large glass doors to the patio, and a skylight.

In short, it's so ridiculously luxurious that I keep thinking I'm in the first scene of a movie where black-masked ninja
terrorists rappel up the walls of the building, break in, kidnap me, and torture me for the rest of my summer vacation.
But, it hasn't happened yet. So, my birthday was very nice.
June 15, 2009
Still no ninjas. Lisa is trying to finish her book on divination. I've been polishing up my paper on the history of the earth
for PhysicsWorld, and blogging about some work I did with James Dolan on algebraic geometry for category theorists.
I'm also working with Paul-André Melliès on stuff like "the theory of cartesian closed categories". Along with my
student Mike Stay, we're starting to figure out some good stuff.
And of course, Lisa and I are having fun walking around and admiring the city. We're quite close to the Montparnasse
Cemetery, and fairly near an entrance to the catacombs — which I have not yet explored.

All this stuff is near Place Denfert-Rochereau, which explains why this square used to be called "Place d'Enfer",
meaning Place of Hell — I guess "Enfer" is like "infernal". After the Franco-Prussian war it was renamed in honor of
someone who fought well for the French, Pierre Denfert-Rochereau. But they did it because "Denfert" is pronounced
just like "Denfer"!
June 18, 2009
A noteworthy story, passed on by my friend Steve Forcey.
Earlier this year the President of Peru, Alan García, sold the rights to explore, log and drill 70% of his country's portion
of the Amazon rainforest to international oil and gas companies, saying "There are millions of hectares of timber there
lying idle." But indigenous people live there. They blockaded the rivers and roads to keep the companies out.
García responded by declaring a state of emergency and sending in the military. On June 5th they opened fire on the
protesters with live ammunition and stun grenades:

So far, nothing surprising. But then something surprising happened. The Peruvian Congress, presumably shamed by this
incident, repealed the laws that allowed oil company drilling, by a margin of 82 votes to 12. Garcia was forced to
apologise. The protesters have celebrated and returned to their homes in the Amazon.
But of course the battle is not over.
June 20, 2009
One of my great discoveries in Paris has been a little shop called Paris Jazz Corner at 5 Rue Navarre. The first floor is
mostly devoted to vinyl albums, which is not my thing anymore, much as I support in principle such technostalgia... but
the basement is packed with CDs, including some delightful ones I'd never stumbled over before.
I'm particularly enjoying Porgy and Bess by Miles Davis and Gil Evans. Well, this is very famous, so it was only my
own sluggishness in acquiring everything by Miles Davis (whom I love tremendously) that kept me from getting to
know it earlier... but the real suprises on this version of the album are a couple of "bonus tracks": two takes of a song
called The Man I Love, played by a band that seems to have come out of a crazed jazz aficionado's fantasies: Miles
Davis on trumpet, Milt Jackson, Percy Heath and Kenny Clarke (three quarters of the Modern Jazz Quartet) on
vibraphone, bass, and drums... and Thelonius Monk on piano!
Bizarre! Such an unexpected combination of strong musical personalities. If you don't know jazz, just rock, imagine that
you stumbled over a little-known song by Jimi Hendrix, David Byrne and Bob Dylan. The liquid, flowing line of Milt
Jackson's vibraphone melody contrasts with the halting, angular style of Monk in a truly surrealistic way, and when
Monk takes his solo as if he's from a dimension where time flows at a reduced rate... but somehow it works.
Hmm, now I see there's other stuff by Monk and the MJQ.
Adding to the fun, when Lisa and I visited this shop we bumped into Bill Messing, a mathematician who collaborates
with Larry Breen. A couple of days later we met him again when we had dinner at Breen's place, but meeting people by
chance like this is what makes Paris feel like a small town.
June 23, 2009
Paul-André and I went with Lisa to the Collège de France to hear a talk by her colleague Michael Nylan on the birth of
classicism in China. Lisa's friend Anne Cheng was recently elected to the Collège de France, which is why I know that

every professor there has to give lectures that are open to the public — once a week, I guess. This fascinated me — it's
pretty unusual — so I was interested to see one. Unfortunately they're mostly in French, which I don't understand. So, it
was nice to discover that the professors can also invite visitors to speak — and they're allowed to speak in English!
It was fascinating to hear about the first Chinese scholar to mention the pleasure of reading — Yang Xiong, who lived
from 53 BC to 18 AD, near the end of the Han Dynasty. Before Yang Xiong, they only wrote about how reading made
them tired. According to Michael Nylan, Yang Xiong said "books are sexier than women". I wonder how you say that in
classical Chinese!

After the talk, Lisa and I went out for drinks with Michael and Anne, together with Marc Kalinowski, Karin Chemla and
Christoph Harbsmeier. Among these leading lights of European sinology, I was the only one who didn't speak French.
So, I was completely lost in the conversation until one of them kindly began simulteneously translation for me, which
was even more humiliating. Oh well, it's probably good for me.
June 27, 2009
Wow! The House passed the Waxman-Markey bill, which would implement a cap-and-trade scheme for carbon
emissions!
June 28, 2009
Iran's national poet, Simin Behbahani, has written a poem about the situation in Iran - the re-election of Ahmadenijad,
followed by protests which the government has violently tried to crush. You can hear it here:
A symbol of women's struggles in Iran, Weekend Edition Saturday, NPR, June 27, 2009.
It is perhaps more of a malediction than a "poem" in the sense we may be used to. A portion, in translation:
If the flames of anger rise any higher in this land, your name on your tombstone will be covered with dirt.
You have become a babbling loudmouth; your insolent ranting, something to joke about.
The lies you have found, you have woven together. The rope you have crafted, you will find around your neck.
Pride has swollen your head, your faith has grown blind. The elephant that falls will not rise.

June 30, 2009
My grandparents lived first near Grand Rapids, Michigan and then a bit further out in the town of Ada. When I visited I
would hear them mention the city of Flint... nothing special, just another wholesome midwest city. So, I was shocked on
my ride to the LA airport a couple of weeks ago when the taxi driver said he'd moved from Flint to Riverside, and that
Flint had the highest crime rate in the US.
It turns out the declining US auto industry was the cause. A lot of ethnic groups who didn't get along, pulled in by auto
jobs, now unemployed.
Now a correspondent has forwarded me this article about Flint, saying "This was shared with me as "bad" news, but I
saw it as good."
Tom Leonard, US cities may have to be bulldozed in order to survive, The Telegraph, June 12, 2009.
Here's a quote:
The government looking at expanding a pioneering scheme in Flint, one of the poorest US cities, which
involves razing entire districts and returning the land to nature. Local politicians believe the city must
contract by as much as 40 per cent, concentrating the dwindling population and local services into a more
viable area.
The radical experiment is the brainchild of Dan Kildee, treasurer of Genesee County, which includes Flint.
Having outlined his strategy to Barack Obama during the election campaign, Mr. Kildee has now been
approached by the US government and a group of charities who want him to apply what he has learnt to the
rest of the country.
Mr. Kildee said he will concentrate on 50 cities, identified in a recent study by the Brookings Institution, an
influential Washington think-tank, as potentially needing to shrink substantially to cope with their declining
fortunes. Most are former industrial cities in the "rust belt" of America's Mid-West and North East. They
include Detroit, Philadelphia, Pittsburgh, Baltimore and Memphis. In Detroit, shattered by the woes of the
US car industry, there are already plans to split it into a collection of small urban centres separated from
each other by countryside.
"The real question is not whether these cities shrink — we're all shrinking — but whether we let it happen
in a destructive or sustainable way," said Mr. Kildee. "Decline is a fact of life in Flint. Resisting it is like
resisting gravity."
Karina Pallagst, director of the Shrinking Cities in a Global Perspective programme at the University of
California, Berkeley, said there was "both a cultural and political taboo" about admitting decline in
America. "Places like Flint have hit rock bottom. They're at the point where it's better to start knocking a lot
of buildings down," she said.
Flint, sixty miles north of Detroit, was the original home of General Motors. The car giant once employed
79,000 local people but that figure has shrunk to around 8,000. Unemployment is now approaching 20 per
cent and the total population has almost halved to 110,000. The exodus — particularly of young people —
coupled with the consequent collapse in property prices, has left street after street in sections of the city
almost entirely abandoned.
In the city centre, the once grand Durant Hotel — named after William Durant, GM's founder — is a
symbol of the city's decline, said Mr. Kildee. The large building has been empty since 1973, roughly when
Flint's decline began.
Regarded as a model city in the motor industry's boom years, Flint may once again be emulated, though for

very different reasons.
But Mr. Kildee, who has lived there nearly all his life, said he had first to overcome a deeply ingrained
American cultural mindset that "big is good" and that cities should sprawl. Flint covers 34 square miles. He
said: "The obsession with growth is sadly a very American thing. Across the US, there's an assumption that
all development is good, that if communities are growing they are successful. If they're shrinking, they're
failing."
But some Flint dustcarts are collecting just one rubbish bag a week, roads are decaying, police are very
understaffed and there were simply too few people to pay for services, he said.
If the city didn't downsize it will eventually go bankrupt, he added.
Flint's recovery efforts have been helped by a new state law passed a few years ago which allowed local
governments to buy up empty properties very cheaply. They could then knock them down or sell them on to
owners who will occupy them. The city wants to specialise in health and education services, both areas
which cannot easily be relocated abroad.
The local authority has restored the city's attractive but formerly deserted centre but has pulled down 1,100
abandoned homes in outlying areas. Mr. Kildee estimated another 3,000 needed to be demolished, although
the city boundaries will remain the same.
Already, some streets peter out into woods or meadows, no trace remaining of the homes that once stood
there.
I'm reminded of Eric Smith's amazing photographs of Detroit's Michigan Central Station:

You should really see them on your full screen:
Claire O'Neal, Michigan Central Station: eyesore or landmark?, NPR.

For my July 2009 diary, go here.

Music inhabits us in a literal sense. It invades the parameters of the body and takes root, almost systemically, even when
we would rather have silence. It is why we refer to "haunting melodies." Music, like spirits, is attributed with an agency
of its own. It can possess us. - Deborah Kapchan
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Diary - July 2009
John Baez
July 4, 2009

It's Independence Day in the United States... but in Iran, some big news: the Association of Researchers and Teachers of
Qom has called the election and the Ahmadinejad government illegitimate. This is a powerful group of leading clerics, so
they'll be hard to shut up.
July 7, 2009
My friends Chris Lee and Meenakshi Roi are visiting Paris this week on their way back home from a bioinformatics
conference in Stockholm. Today, along with Lisa, we went down into the Paris Catacombs.
We met at Café Daguerre, where the pedestrian part of Rue Daguerre meets Avenue Géneral Leclerc, at 9:45 am. There's an
entrance to the metro right here, so this is a great place to meet friends if you want to visit the catacombs. Walking due
north one block along Géneral Leclerc and looking to our right, we spotted a long line of people waiting nearby at the
entrance to the catacombs in Place Denfert-Rochereau.
The line slowly started moving around 10:00. Eventually we reached the front of the line, paid our 6 euros (or 4 euros with
an academic discount) at the ticket counter, and descended a very long spiral staircase to the quarries below Paris. We then
walked along twisting dim-lit corridors cut from the rock or lined with mortar, marching steadily for about 15 minutes,
occasionally stopping to look at plaques, until we reached some rooms with sculptures of buildings, apparently made by a
former prisoner who had committed these buildings to memory by staring out a jail window. This fellow later died in a

cave-in.
Then the corridors widened out as we came to a doorway with a sign above it saying Arrete! C'est ici L'Empire de la Mort
— "Stop! Here is the Empire of the Dead."

Heedless of this advice, we entered. Suddently we saw endless stacks of neatly packed bones, decorated by skulls. Leg
bones formed the main front face of these structures.

Quoting the Wikipedia article:
Most of Paris's larger churches once had their own cemeteries, but city growth and generations of dead began
to overwhelm them. From the late seventeenth century, Paris' largest Les Innocents cemetery (near the Les
Halles district in the middle of the city) was saturated to a point where its neighbours were suffering from

disease, due to contamination caused by improper burials, open mass graves, and earth charged with
decomposing organic matter.
After almost a century of ineffective decrees condemning the cemetery, it was finally decided to create three
new large-scale suburban cemeteries and to condemn all existing within the city limits; the remains of all
condemned cemeteries would be moved discreetly to a renovated section of Paris's abandoned quarries. The
use of the depleted quarries for the storage of bones, based on the idea of Police Lieutenant General Alexandre
Lenoir, was established in 1786 by his successor, M. Thiroux de Crosne, under the direction of Charles Axel
Guillaumot, Inspector General of Quarries, and following him, by Louis-Étienne Héricart de Thury.
Remains from the cemetery of Saint-Nicolas-des-Champs were among the first to be moved. Bodies of the
dead from the riots in the Place de l'Hôtel-de-Ville, the Hotel de Brienne, and Rue Meslee were put in the
catacombs on 28 and 29 August 1788.
Old stone plaques said which cemeteries each batch of skeletons was from, and when they'd been moved to the catacombs.

Some signs had poems on them, first in French, then in Latin as we reached more ancient regions.

I hadn't really understood how many people were down there until today. Someone said 6 million, but the impressive part is
not the number, but actually hiking for almost an hour down dim-lit corridors lined with bones, skulls, plaques, poems and
altars. I have little sense of how much of the whole labyrinth we saw — many passageways were blocked off, probably to

keep people from getting lost.

Some regions were wet underfoot, with water dripping from the ceiling. For example, the region near the Crypt of the
Sepulchural Lamp:

Towards the very end, we came to some large chambers had been formed by cave-ins. Here there was an exhibit about
people killed during the Revolution the Terror, and the following violence who are now among the dead in the catacombs:
Robespierre, for example, and the chemist Lavoisier.
Finally, we climbed a narrow spiral staircase with about 80 steps, and popped out into a little white room with a doorway to
a street several blocks southeast of Place Denfert-Rochereau. This door is unlabelled and quite unobtrusive — if I'd simply
walked by it, I'd never have guessed where it leads!
July 9, 2009
There was a big cyber attack on US and South Korean websites:
Cyber attack even stronger than first feared, Associated Press, July 8, 2009.
Ari Shapiro, Attacks Highlight Flaws In U.S. Cyberdefenses, All Things Considered, NPR, July 8, 2009.
July 11, 2009

My pal Bill Schmitt spent tonight in Paris en route to Hopf-in-Lux, a conference I might have liked to attend, were my life
not already oversaturated. We went out to dinner at Le Decí, a restaurant on Rue des Cinq Diamants very near the
apartment he stays in. Nice! I had steak tartare.
Earlier, when Lisa and I were staying at Rue Liancore, I'd walk down Boulevard August Blanqui to the Paris 7 math
department at Chevralet, always in a hurry because I was always late, and I'd see the pretty ivy-covered wall where Rue des
Cinq Diamants meets the avenue at a very acute angle, and I'd wonder "What's that street?" And then I'd see the street sign,
almost overgrown with ivy: "Rue des Cinq Diamants". And I'd want to go down it, in part because it looked interesting and
in part because the name "Street of Five Diamonds" seemed mysterious and romantic. But I was always in too much of a
rush.
But now I had time to look around, and yes: it's romantic! But I can't find out why it's called "5 diamonds". If you know,
please drop me a line.
I'm actually curious about a lot of the street names in Paris. For example, Rue du Vieux-Colombier. I guess this means
"Street of the Old Dovekeeper, which seems to hint at yet another romantic tale.
July 14, 2009
Yesterday my fellow n-Café blogger David Corfield and his wife Ros showed up for a few day's visit. They're staying at the
Hotel St. Jacques on Rue des Ecoles, which is just a couple blocks north of here. They spent a year once on Rue Vallette,
just north of the Pantheon, so this area is like an old home to them. But, they didn't know our favorite restaurant right near
the Pantheon - L'Écurie, on Rue Laplace. So, we ate there last night.
I'd hoped to have a nice conversation with both David and Paul-André Melliès, but Paul-André couldn't make it, so I wound
up talking to David for hours and hours.
Bastille Day!
July 15, 2009
I spent a long time telling David about my project with James Dolan on algebraic geometry. It was fun getting a chance to
explain the whole thing, or at least a large portion. I haven't talked about it much with anyone except Jim. I've discussed it
with David and others on the n-Café, and that served as a nice springboard for the conversation, but I think we got a lot
further today. Talking is a good way to prepare for writing an expository paper.
July 16, 2009
Hey! You can hear all of Bill Frisell's new album on National Public Radio!
Bill Frisell, Disfarmer, National Public Radio.
While you're at it, check out Bill Frisell with one of his great bands:
Bill Frisell and the Intercontinentals.
July 18, 2009
Bill Schmitt came back to Paris yesterday; he took the same train as Paul-André, who had gone to just the last day of
"Hopf-in-Lux", and they discovered — as I'd hoped — that they had a lot of interests in common. This time Bill and I got a
bit of time to talk about math; he spent the night at our apartment, and today I went down to his and we chatted, mainly
about monads and combinatorics. I realized all of a sudden that all sorts of topics in monad theory that had previously
terrified or repulsed me now seemed quite approachable and interesting.

July 19, 2009
Biology is endlessly fascinating for the subtle strategies that arise from the ruthless winnowing of natural selection.
For example: the tiger moth, Bertholdia trigona, defends itself by jamming the sonar of bats! You can hear it doing so on
this radio show:
Christopher Joyce, Moths outwit bats by jamming sonar, Morning Edition, July 17, 2009.
Aaron J. Corcoran, Jesse R. Barber, William E. Conner, Tiger moths jam sonar, Science 325 (2009), 325-327.
And from Mike Stay, here's another interesting case of symbiosis:
Iddo Friedberg, From predator to plant in one gulp, Byte Size Biology, July 4, 2009.
Noriko Okamoto and Isao Inouye, A secondary symbiosis in progress?, Science 310 (2005), 287.
Quoting a bit from Friedberg's blog:
Two researchers have shown a striking example of endosymbiosis forming now: in 2005 Noriko Okamoto and
Isao Inouye reported on a unicellular organism called Hatena. Hatena ("enigma" in Japanese) leads a curious
life cycle. Hatena is a single-celled organism, swimming around in the water, using a little feeding apparatus to
eat cells and organic material smaller than itself. At some point, it would feed on a unicellular alga, the
Nephroselmis. Once Hatena swallows Nephroselmis, it does not digest it. Rather, Nephrosolmis makes itself a
comfortable home inside Hatena. The alga starts growing inside Hatena: it grows to about 10 times its original
size, filling up most of Hatena. The alga also seems to lose most of its own organelles, except for the
chloroplast. The chloroplast actually grows bigger.

Hatena before and after ingesting Nephroselmis.
Picture by Noriko Okamoto.

Hatena changes too as a result. Before ingesting the alga, it has a rather complex "mouth", or feeding
apparatus. After ingesting the alga, this mouth disappears only to be replaced by an eyespot from the alga. The
eyespot is a light sensing organelle, a very primitive eye, that guides algae to light sources. In this case, it also
guides the host, Hatena, to light. Hatena has obviously stopped feeding, at least through its mouth. It is now
swimming to the light, letting the alga photosynthesize its food for both of them.
What happens in the next generation? Read the blog article!
Why does the article by Okamoto and Inouye speak of "secondary symbiosis"? Because algae themselves acquired the
ability to phosynthesize by symbiosis! Billions of years ago they took in cyanobacteria, which gradually lost the ability to
live on their own and became chloroplasts.
July 21, 2009
Physicists like to complain that economists don't make enough testable predictions. There's a geophysicist at UCLA named
Didier Sornette who has tried to remedy this situation. Here is his latest paper on the arXiv:

K. Bastiaensen, P. Cauwels, D. Sornette, R. Woodard, and W.-X. Zhou, The Chinese equity bubble: ready to burst,
July 10, 2009.
I was pointed to this by Robert Schlesinger. The paper claims that an equity index called the Shanghai Stock Exchange
Composite Index, or SSE, is exhibiting faster-than-exponential growth, that it's in a "bubble" — and that this bubble will
burst between July 17th and 27th with 60% probability. It hasn't burst yet:

You can watch how it does on Yahoo. It's interesting how the graph looks so different depending on which time scale you
view it at.
For more, try:
Econophysicist predicts date of Chinese stock market collapse, The physics arXiv blog, July 14, 2009.
Sornette has a model of bubbles, and he's been using it to make predictions. For example:
Wei-Xing Zhou and Didier Sornette, Is there a real-estate bubble in the US?, June 3, 2005.
predicted the turning point of the real estate bubble in mid-2006. (Does that count as a success?)
For a sketchy but readable explanation of Sornette's model, leading up to his "log-periodic power law", try this:
Didier Sornette and Ryan Woodward, Financial bubbles, real estate bubbles, derivative Bubbles, and the financial and
economic crisis, section 2.3: Finite-time singular behavior of bubbles.
This has references to more technical stuff.
July 22, 2009
Lisa went to Nuremberg today for the first meeting of a research group on divination and its role in ancient and modern
culture. I'm staying holed up on Rue Soufflot to finish off a paper with Aaron Lauda: A prehistory of n-categorical physics.

For dinner I had just salad, bread and cheese. But oh, what cheese! It's a kind called Eschourgnac. We were introduced to it
by one of the daughters of our friend Anne Cheng, a young gourmet who described meeting this cheese as a case of "love at
first bite". That was exactly my reaction, too.
It has an intense smell and taste of walnuts, obtained by washing the rind in walnut liquer. Somehow that taste permeates
the whole cheese, and it's delicious. It's been made since 1868, first by monks in la Trappe d'Echourgnac, and then, after an
interruption in World War I, by Cistercian nuns.
July 23, 2009
A friend pointed me to this article:
Christopher Ketcham, Could you survive without money? Meet the man who does, men.style.com.
Being a sadhu in India is easy... well, comparatively speaking. But in America?
July 24, 2009
If you're a fan of the Talking Heads album Remain in Light, you should hear them live in Rome in 1980, on YouTube. Here
are my three favorites:
9 - Houses in Motion
10 - Born Under Punches
11 - The Great Curve
For some newer funky live Byrne stuff, try:
Fuzzy Freaky
Dance on Vaseline
These are worth comparing:
Dance on Vaseline — Thievery Corporation Remix.
Dance on Vaseline — Sessions at West 54th.
For my August 2009 diary, go here.

The ideals of the reform movement have now been destroyed. Its impractical ideas of freedom, tolerance and civil society
failed to attract support among the ordinary people who wanted social justice and an end to poverty. - Iranian government
newspaper
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Diary - August 2009
John Baez
August 1, 2009

This impressive photograph taken by Sophie Gerrard shows acid pollution in the streets of Mandoli, India, the result of
processing scrap electronic equipment.
August 8, 2009
Here are the most romantic Paris street names I know:
Rue du Vieux-Colombier. Literally "Street of the Old Dovekeeper",
but perhaps "Old Dovekeeper Street" is more accurate.
Rue des Blancs Manteaux. Literally "Street of the White Cloaks",
but apparently this is the name of a religious order.
Rue de Cinq Diamants. "Street of Five Diamonds".
Apparently this street was named after a theater of the same name located there.
Rue des Quatre Ventes. "Street of the Four Winds".
I've no idea why.

Rue de l'Ancienne-Comédie. Literally "Street of Ancient Comedy".
This street got its name from the Hôtel des Comédiens français, located there.
August 27, 2009
Yay! The dean said my leave application will be approved! I'm going to Singapore!
My wife Lisa is taking a 1-year leave of absence from U.C. Riverside to visit the Department of Philosophy at the
National University of Singapore, usually known as NUS. I'll be visiting the Centre for Quantum Technologies, or CQT.
This is a research institute on the campus of NUS, but not strictly part of the university. We'll be going from July 2010
to the end of June 2011.
I visited the CQT back in March of 2008, as described here in my diary and also week262 of This Week's Finds. That's
when I got the first informal offer of a visiting position there. It's been a bit complicated working out the details. But
now it's coming true!
August 28, 2009
Today I put another paper on the arXiv: Higher-dimensional algebra VII: groupoidification, written with my students
Alex Hoffnung and Christopher Walker. I've been finishing lots of papers in the last year — projects that have been
hanging over my head like swords of Damocles. It feels like a lot of writing. Let me see how many pages:
December 29, 2009: Aristide Baratin, Laurent Freidel, Derek Wise and I finished Infinite-dimensional
representations of 2-groups, 101 pages.
January 29, 2009: Chris Rogers and I finished Categorified symplectic geometry and the string Lie 2-algebra, 16
pages.
March 2, 2009: Mike Stay and I finished Physics, topology, logic and computation: a Rosetta Stone, 73 pages.
April 9, 2009: John Huerta and I finished The algebra of grand unified theories, 72 pages.
August 1, 2009: I finished The Earth - for physicists, 5 pages.
August 18, 2009: Aaron Lauda and I finished A prehistory of n-categorical physics, 129 pages.
August 28, 2009: Alex Hoffnung, Christopher Walker and I finished Higher-dimensional algebra VII:
groupoidification, 64 pages.
Hmm, that's 460 pages! And I plan to finish one more by next week. This will be the last of them, for a while:
September 3, 2009: John Huerta and I finished Division algebras and supersymmetry, currently 15 pages.
That'll bring the total up to 475. No wonder I'm tired!
Of course many of these took years to write, but they're all coming out now, and it takes an extra burst of energy to
finish each one. It's exciting to work on lots of different subjects, but changing gears takes work. So, I'm pretty
exhausted, but happy.
August 30, 2009
There's a nice article on the domestication of wolves in the magazine American Scientist:
Pat Shipman, The woof at the door, American Scientist 97 (July-August, 2009), 286-289.
Back on September 28, 2007, I wrote a diary entry on the domestication of wolves — or in other words, dogs, because
they're really the same species as far as their ability to interbreed is concerned. So, think of this as a continuation of that.

Nobody is sure when people first started making friends with wolves, or how long the domestication process took. But
Russian biologists did an interesting experiment that sheds some light on this. They kept a colony of silver foxes and
bred them to be less scared of people, and less aggressive.

After just 10 generations, 18% of the foxes sought human contact and showed little fear! And after about 30
generations, a true "domesticated fox" had developed. At the end, the Russians had 700 domesticated foxes — but they
ran out of money when the USSR collapsed, and had to sell 600 of them as pets. At last report, "Most of the project
expenses are covered by selling the foxes as pets, but the project remains in a difficult situation, looking for new sources
of revenue from outside funding".
Anyway: domestication can happen quickly under laboratory conditions, but that only sets a lower bound on how long it
took for wolves to become dogs.
Shipman's article summarizes our rather sketchy state of knowledge:
Another way of estimating the time at which domestic dogs originated is to consider their genetic
differences from wolves. One prominent group of researchers, including Robert Wayne, along with Carles
Vilà of the Uppsala University in Sweden and their collaborators, initially estimated in 1997 that dogs
diverged from gray wolves 100,000 to 135,000 years ago. After more study, they revised their divergence
date to between 40,000 and 100,000 years ago. Another group, led by Peter Savolainen of the Royal
Institute of Technology in Sweden, favored the Chinese wolf, a subspecies of the gray wolf, as the probable
ancestor and estimated in 2002 that it was domesticated between 15,000 and 40,000 years ago.
How do these genetic estimates stack up against the fossil record? Until 2009, the oldest known remains of
domestic dogs were two adult skulls dated to between 13,000 and 17,000 years ago, from Eliseevichi, a
region in Russia. Both had the relatively broad, short snout typical of dogs, and both were large, heavy
animals, nearly the size of great Danes.
Then a team led by Mietje Germonpré of the Royal Belgian Institute of Natural Sciences reported a
stunning new finding in the February 2009 issue of Journal of Archaeological Science: a nearly complete
fossil dog skull dated to 31,680 ± 250 years ago.
The article then describes Germonpré's research in more detail: studies of canine skulls from various Paleolithic sites in
Europe, studies of mitochondrial DNA in ancient canine bones, and best of all, how this work led to the realization that
a fossilized dog from Goyet Cave in Belgium was about 31,680 years old! This is about the time of the earliest cave
paintings in Europe. For example, the Chauvet Cave in France has paintings about 32,900 ± 490 years old, and also the
footprints of a human child, along with dog footprints that seem to be following her!
Carbon dating of charcoal from "a torch the child carried" — but how do they know that? — says it's about 26,000 years
old.
What this article really makes me want to learn about are the various European cultures of the Upper Paleolithic. I'd
never paid them much attention, but when you think that these are epochs of human culture that lasted longer than
"civilization as we know it", you realize they must be worth understanding! This is when many of the truly great
inventions and discoveries were made: art, language, basic tools...

So, just to get myself started, let me list a few cultures centered around France, going backwards in time:
Magdalenian: a culture that thrived from 18,000 to 10,000 BC — that is, from the Last Glacial Maximum to the
end of the last ice age.

Solutrean: a culture located in eastern France, Spain and England, skilled in flint-knapping. It appeared around
19,000 BC and "mysteriously disappeared" around 15,000 BC. The Solutrean hypothesis suggest that this culture
was related to the New World Clovis culture.
Gravettian: a culture located in France from 26,000 to 20,000 BC.

Aurignacian: a culture throughout Europe and southwest Asia, which flourished from 32,000 to 21,000 BC. The
first known stone mines date to this period.

Châtelperronian: a culture located around central and southwest France and northern Spain, lasting roughly from
33,000 to 27,000 BC. This was a period of overlap between Neanderthals and Homo sapiens.
All these cultures count as Upper Paleolithic. The Upper Paleolithic started in Africa around 50,000 BC as Homo
sapiens began to use more sophisticated stone tools; this may have coincided with the rise of language. The Upper
Paleolithic reached Europe about 46,000 BC, and shortly thereafter the Neanderthals there went extinct.
For my September 2009 diary, go here.

Language is largely made to show off, gossip, confuse people, delude them, charm them, seduce them, scare them,
exploit them, etc. And, as a side effect, convey information. Just a side effect, you fools. - Nassim Taleb
© 2009 John Baez
baez@math.removethis.ucr.andthis.edu

home

For my August 2009 diary, go here.

Diary - September 2009
John Baez
September 1, 2009

A firefighter retreats on Aliso Canyon Road in Acton as the Station fire rages
Genaro Molino, Los Angeles Times, August 30

Last month there were fires charring over 525 square miles (135,000 hectares) of land in California — most notably the
Station Fire in the forests north of Los Angeles, which so far has burned 246 square miles (63,000 hectares). And it's not
even the fire season yet!

Pyrocumulus cloud from the Station Fire as seen from North Hollywood
C. Ellsworth, August 28

Everyone seems to agree that a major cause of these huge fires is a long-term Forest Service policy of putting out every
fire as quickly as possible. Most of the brush in the Station Fire region had not burned in 60 years.
Then, of course, there's the drought.
But the big questions in my mind are: at this rate, how many years it take for all the most of the old brush to burn? Will
the forests recover? Or will the combination of intensely hot fires killing trees that can withstand normal fires and
drought induced by global warming, mean that many fire-affected areas will permanently change character. Will they
become grassland or chaparral instead of forest? In other words: is this a temporary nuisance or part of long-term shift
in climate?
Does anyone have a good guess?
On September 9th, Martin Gisser responded:
My "guess", it's plain physics: Global temperature rises, so tropical belt expands, pushing polewards the
subtropics and their arid zones.
Result:
Forests in new arid subtropic regime burn until they are gone. It may take a decade or two. There's some
self enforcing feedbacks built in: Less forest, less water held. Occasional rain gushes will wash away what's
left of soil, which makes it harder for forest to regrow.
See also southeast Australia, they are a few years ahead. Southern Europe will follow California.
Reuters, The dramatic rise in Western forest fires: is climate change to blame?, September 2, 2009.
Climate Progress, Global warming, California, and what a 1-degree temperature increase means for

wildfires, September 1, 2009.
Climate Progress, An introduction to global warming impacts: Hell and High Water, March 22, 2009.
It looks like a lot of people were asking the same question at almost the same time! Since Reuters news articles have a
disturbing habit of disappearing, let me quote that one:
PRINCETON, N.J., Sept. 2 /PRNewswire-USNewswire/ — Blaming a specific forest fire on the impact of
climate change could be asking for trouble; but so too is ignoring obvious trends. That was clear last night
from The NewsHour with Jim Lehrer on PBS when Climate Central, an emerging authority on global
warming, explored the dramatic increase in forest fires in Washington State over the past few decades.
Correspondent Dr. Heidi Cullen, Climate Central's Senior Research Scientist, interviewed forest ecologists
who see evidence that ecosystems of the Pacific Northwest's once vibrant forests are under duress because
of global warming. Some observers believe that fire management practices by the U.S. Forest Service may
help account for the increase in fires. Climate Central, in keeping with its mission to provide objective
information on climate change, went deeper.
Dr. Cullen reported that in Washington State, "Average spring temperatures have risen nearly three degrees
since 1950. Natural variability makes some years cooler or hotter. But records show an overall warming
trend."
Climate Central reported that since the late 1980s, dramatically more land burned in Washington and the
American West than in the two decades prior — and that these trends are closely associated with warming
temperatures, earlier snowmelt, and drier forests. In addition, a University of Washington forest ecologist
pointed to epic outbreaks of the mountain pine beetle — now pervasive in northwestern forests deep into
Canada - as another consequence of warming temperatures. The voracious beetles have turned great swaths
of Northwest trees into deadwood, with subsequent fires scarring the landscape for generations.
Climate Central's Executive Director, Dr. Berrien Moore, who ranks among the world's most highly
regarded experts on climate change, commented, "It is troubling but not surprising that climate change
could be altering patterns of very small pests and disease. And, that this could lead to an increase in very
large and destructive wildfires. Such is the reality of our connected planet."
Dr. Cullen, whose work on climate change has taken her from the tropics to the North Pole, provided the
kind of additional context and information that has become the hallmark of Climate Central's reporting. She
explored the dynamic and profound consequences that the timing of spring snowmelt can have on a forest
ecosystem. The data, folded into a mini science lesson — suggest that the Northwest could develop a very
different appearance in the decades ahead.
Last night's special report, informally titled "Washington: Warming and Wildfires," featured interviews
with:
Dr. Susan Prichard / University of Washington
Rita Kenny / Winthrop, WA
Peter Goldmark / Public Lands Commissioner of Washington
Doug Mohre / Winthrop, WA
Roger Townsend / Twisp, WA
Dr. James Agee / University of Washington
Becki Heath / US Forest Service
The story was produced in a partnership between The NewsHour and Climate Central, a non-profit, nonadvocacy group of scientists and journalists. "Washington: Warming and Wildfires" is the fourth in a series
of reports about the local and regional impacts of and solutions to climate change being produced by
Climate Central.

Climate Central's website will supplement the video with line-by-line background on the science and
sources behind the story — providing additional explanation and depth for the television segment, and
highlighting the scientific care that went into creating the video.
"Washington: Warming and Wildfires" is now available to view at www.climatecentral.org.
See also the transcript of the NewsHour show.
September 8, 2009
What country is as large as Western Europe, with a population of under 3 million people, and where wages have
dropped 60% due to global financial crisis?

Munkhbat Altangerel at his ger in Uyanga
Ariana Lindquist for NPR

It's Mongolia:
Louisa Lim, Global financial crisis hits Mongolia's grasslands, Morning Edition, National Public Radio,
September 8, 2009.

September 9, 2009
I'm at Texas Christian University, in Forth Worth, giving a bunch of talks at the math department:
At 1 pm on Tuesday the 8th I spoke about the number 5.
At 7 pm on Tuesday the 8th I spoke about Zooming Out in Time.
At 1 pm on Wednesday the 9th I spoke about the number 8.
At 4 pm on Wednesday the 9th I will speak about Fundamental Physics: Where We Stand Today.
At 1 pm on Thursday the 10th will speak about the number 24.
Then I fly back to Riverside on Thursday night... and then Friday, Lisa and I will fly to Corfu! There I'll give talks on
Categorification in Mathematical Physics at 2nd School and Workshop on Quantum Gravity and Quantum Geometry, as
part of the Corfu Summer Institute.
In short: busy running around burning carbon. I agreed to give these talks before I cracked down on my travel and
started refusing lots of invitations...
September 22, 2009
In Corfu I learned a lot about what has been going on in loop quantum gravity over the last few years — see "week280"
of This Week's Finds for some of that. Here are some pictures from my trip.
Out the hotel window:

At the Achileon:

From a boat tour in Paleokastritsa:

From the town of Corfu:

September 24, 2009
The budget crisis in California has forced faculty to take so-called "furloughs" where get pay cuts but don't actually do
any less work: we can take days off, but not on days we're teaching. Meanwhile students will be paying higher fees.
There was a big protest of this throughout the UC system today, with walkouts and strikes.
Recently Deborah Simons of the New York Times interview Mark Yudof, the president of the University of California. It
got a lot of UC faculty enraged. For example:

Deborah Simons: Already professors on all 10 U.C. campuses are taking required "furloughs", to use a
buzzword.
Mark Yudof: Let me tell you why we used it. The faculty said "furlough" sounds more temporary than
"salary cut," and being president of the University of California is like being manager of a cemetery: there
are many people under you, but no one is listening. I listen to them.
DS: The word "furlough," I recently read, comes from the Dutch word "verlof," which means permission, as
in soldiers' getting permission to take a few days off. How has it come to be a euphemism for salary cuts?
MY: Look, I'm from West Philadelphia. My dad was an electrician. We didn't look up stuff like this. It
wasn't part of what we did. When I was growing up we didn't debate the finer points of what the word
"furlough" meant.
DS: How did you get into education?
MY: I don't know. It's all an accident. I thought I'd go work for a law firm.
DS: Some people feel you could close the U.C. budget gap by cutting administrative salaries, including
your own.
MY: The stories of my compensation are greatly exaggerated.
DS: When you began your job last year, your annual compensation was reportedly $828,000.
MY: It actually was $600,000 until I cut my pay by $60,000. So my salary is $540,000, but it gets amplified
because people say, "You have a pension plan".
Later it turned out that Deborah Simons specializes in taking long interviews and chopping out pieces that sound
outrageous.
September 26, 2009
My aunt pointed me to this charming article about Imen Shan, a specialist in dan cong oolong teas who runs a shop
called Tea Habitat:
C. Thi Nguyen, At Tea Habitat, tea connoisseurship is taken to the extreme, Los Angeles Times, August 19, 2009.
September 27, 2009
Having finished all the big nasty papers I had to write, I'm making more time in my life for other things. My wife does
tai chi most mornings. I'm not doing that, but I've joined her for the preliminary stretching exercises. Over the last few
years I've been getting stiffer, doubtless from lack of stretching — too much time sitting in front of a computer. I used to
find stretching unpleasant: it hurts a bit, and it forcefully reminds me of my physical limitations. But it turns out to be
really nice to get up in the morning, go outside into the paradise that is our back yard, and do a little stretching while
listening to the birds, smelling the fresh cool air, and gently getting rid of that creaky feeling that plagues me in the
morning. It's a bit like meditating, without all the mind games that can go along with that.
I recently discovered that I have high blood sugar, a sign of incipient type 2 diabetes. So, I'm also changing my diet. I
will have another blood sugar test soon and talk to my doctor about exactly what I need to do. But I'm getting started
now.
For my October 2009 diary, go here.

... we abandoned ourselves to television, the box that separates the dreamer from the dreaming. - Joy Harjo
© 2009 John Baez
baez@math.removethis.ucr.andthis.edu
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Diary - October 2009
John Baez
October 3, 2009

Driving home from our grocery shopping this Saturday, Lisa and I saw a pyrocumulus cloud rising up from the
mountains behind San Bernardino. It turned out to be the start of the so-called Sheep fire, which later burnt close to the
mountain community of Wrightwood. The above photo, not by me, is a closeup of the source of the pyrocumulus I saw.
Yes, there are enough fires around here that we learn words like pyrocumulus. Indeed, you can see a picture of a
pyrocumulus cloud on my September 1st diary entry.
October 11, 2009
I got a nice email in response to my comment about incipient type 2 diabetes. Lorenz Borsche is an old acquaintance
from the days when I spent a lot of time on sci.physics and sci.physics.research. His mail brings back good memories:
Mancher lehnt eine gute Idee bloss deshalb ab, weil sie nicht von ihm ist. - (Luis Bunuel)
Lorenz Borsche
Gabelsbergerstr. 1
69120 Heidelberg

11.10.2009
Hello John,
you may remember my name from former times in s.p. and s.p.r. (when one still could read and write
there...). Actually I was searching for your crackpot index and came to read lots of your homepage (since
it's Sunday morning, raining outside, my wife at the gym etc...).
Finally I read the notice on your high blood sugar. I privately 'researched' the whole subject some three
years ago — and didn't come to any other conclusions than are pinned down by Gary Taubes in his
absolutely stunning book:
Good Calories, Bad Calories: Fats, Carbs, and the Controversial Science of Diet and Health
(~12$ at amazon). You may like the book also for shedding light on some historical facts and turns of the
medical 'science'.
I often think of how you once described how Millikan's oil drop measurement was so off track but the real
value was only reached by small steps over generations of laboratry re-runs, where no one dared to exceed
the error limits... I can't find that post, which is a pity, as it stands as a vivid example of how things can
develop over time even in the precise 'natural sciences' (the posting must have been in the mid/end-90ies in
s.p.). Reading Taubes you may often see analogies to the oil drop experiment.
BTW: No need to worry, if you change your food, the high blood sugar will completely go away and no D
II will arise.
Mit herzlichen Grüssen / Cordially yours
Lorenz Borsche | http://www.borsche.de
There's an interesting critical review of Taubes' book here:
Gina Kolata, Carbophobia, Sunday Book Review, New York Times, October 7, 2007.
October 14, 2009
I wrote about how Russian scientists managed to breed a line of tame silver foxes in my August 30th diary entry. They
did it in just 30 generations. But that's not all they did! Here's more about this story, thanks to Mike Stay:
Henry Nicholls, My little zebra: The secrets of domestication, New Scientist, October 5, 2005.
A quote:
In 2003, while geneticist Svante Pääbo was visiting Novosibirsk, Russia's third-largest city, he decided to
look in on a famous experiment run by the Institute of Cytology and Genetics, which is based in the city.
Fifty years ago, the then head of the IC&G, geneticist Dmitry Belyaev, had begun breeding silver foxes to
see how easily they could be tamed. What Pääbo didn't know, though, is that Belyaev had also set up
another experiment in the 1970s involving rats. This time, one line of rats was selected for tameness and
another selected for aggression.
When Pääbo saw them, he was stunned. After just 30 years of selection, the IC&G researchers had
fashioned two populations that could hardly be more different. "I could take the tame ones out of the cage
with my bare hands. They would creep under my shirt and seemed to actually seek and enjoy contact,"
recalls Pääbo. "The aggressive animals were so aggressive I got the feeling that 10 or 20 of them would
probably kill me if they got out of the cages."

October 18, 2009
The truth leaks out, one drop at a time...
The Environmental Protection Agency, or EPA, has released a secret Bush-era document! In December 2007, the EPA
concluded that greenhouse gas emissions from motor vehicles were endangering public welfare and needed to be
regulated. But the Bush administration covered this up. Until now, only a few members of Congress have been allowed
to see this document. See it yourself.
The fun starts on page 7:
Carbon dioxide is the most important GHG [greenhouse gas] directly emitted by human activities, and is
the most significant driver of climate change.
October 22, 2009
I'd been meaning to do it for months. Last week I finally did. I drove down to the Riverside County Waste Management
office in Moreno Valley and bought a Biostack Bin:

Now I can turn all my coffee grounds, banana peels, leaves and weeds into something useful: compost. Instead of
feeling vaguely guilty for throwing them out, I now feel virtuous. And I'm actually looking forward to watching them
rot!
Composting is a lot of fun, because it lets you watch something very fundamental to life on this planet: the
transformation of dead plant matter back into soil. Of course animals and even us people turn back into soil... but don't
put animal products into your compost, unless you want to attract critters!
Here's the best quick guide to composting:
Dr. C. Forrest McDowell and Tricia Clark-McDowell, Home Composting Made Easy.
To make a good compost, you need to learn about "green" versus "brown". "Green" material is stuff with lots of
nitrogen, like:
Grass clippings
Weeds
Vegetable peelings, leaves & stems
Kitchen scraps (not meat)
Soft green prunings
Coffee grounds
Animal manure (sheep, poultry, horse & cow — no carnivores, please)
"Brown" material has less nitrogen, mainly just cellulose and other complex carbohydrates:
Sawdust

Shredded/chopped newspaper or cardboard
Straw and hay (wet well)
Twigs & small branches (shredded)
Wood chips
The green stuff breaks down quickly because the nitrogen promotes microbial activity. But too much green, and your
compost heap will go anaerobic and get smelly! The optimal mix is about 2 parts green to 1 part brown. This
corresponds to about 30 parts carbon per 1 part nitrogen, though 50-1 is okay for a slower, cooler compost pile.
Cooler? Yes, decomposition creates heat, and this is important! Below 13°C (55° F) most microbes are almost dormant
— not much decomposition will occur. In the range of 13-21°C (55-70°C), the cool-loving psychrophiles will wake up
and begin to oxidize the pile, warming it up. This in turn activates the next shift: the mesophiles. These are microbes
that do well in the range of 21-32°C (70-90°F). This crew does most of the work... but in an ideal compost pile, they set
the stage for their own exit by heating the pile still further. As temperatures rise to 32-60°C (90-140°F), the
thermophiles take over. These kill disease germs and weed seeds, and generate humic acids — the brown acids that are
major constituents of humus.
As the thermophile's food runs out, the pile will cool, and the mesophiles and psychrophiles move back in from the
cooler edges.
I don't know any of this from experience — I just read it. But hopefully in a few months or years it'll be familiar and
intuitive. This reminds me of my father, who could never resist a bad pun: he said that as a soil scientist, he had a good
sense of humus.
October 23, 2009
Speaking of compost, San Francisco recently passed a law that gives householders, apartments and businesses just 6
weeks to start throwing their food waste and plant trimmings into a green cart, where it's taken away to be composted.
The compost is then sold to Bay area farms and vineyards:
David Gorn, Food recycling law a hit in San Francisco, Morning Edition, National Public Radio, October 21,
2009.
Nancy Mullane, San Francisco compost a hit with local vineyards, Day to Day, National Public Radio, December
13, 2006.
San Francisco already manages to recycle 72% of its waste. Now that may go up to 90%!
And now some bad news — or at least a warning, which I hope comes in time:
Richard Harris, New biofuel laws may harm environment, Morning Edition, National Public Radio, October 23,
2009.
In their current formulation, the Kyoto Protocol and European law don't count carbon released from burning biofuels.
Scientists have found that this creates an incentive to cut down forests to plant crops for biofuels, even if this boosts the
total CO2 emissions!
October 26, 2009
An interesting article on attempts to deal with Type 2 diabetes using dietary regimes:
Marni Jameson, A battle for control, Los Angeles Times, October 26, 2009.
Some lab tests came back and seem to indicate that I don't have diabetes... but my blood sugar on an earlier test was
quite high, so I'll have to talk to my doctor now and see what he thinks.

October 27, 2009
The armchair adventurer in me loves this story of two American women who rode from Sudan to Egypt along the Darb
al-Arba'in — the "Forty Days' Road" — along with eight camel herders and 200 camels.
Angela Stephens, Riding the Forty Days' Road, with photographs by Lorraine Chittock, Saudi Aramco World 48
No. 5 (September/October 1997), 16-27. Abbreviated version, with pictures at Lorraine Chittock's website.
A quote:
As we approach the Egyptian border, we are 20 days' ride from our starting point west of Omdurman,
across the Nile from Sudan's capital, Khartoum. We're bound for the place all camel herds go from Western
Sudan, the camel market in Daraw, north of Aswan, Egypt, a journey of 1250 kilometers (775 miles). From
there, the camels will be loaded onto trucks and shipped to Cairo, home of the largest camel market in the
Middle East.
The trail arcs gently northwest through Sudan and then curves northeast into Egypt, along the palm-lined
Nile. Starting in savanna covered with dry grass and acacia trees on which the camels feed, the trail reaches
pure sand desert in the northernmost third of the country. The traveler does not see vegetation again until
the trail joins the Nile.
Sudan has nearly three million camels, the second-largest national herd in the world, after Somalia's. Nearly
one and a half million square kilometers (580,000 sq mi) of territory is suitable for their grazing — an area
more than twice the size of Texas and three times as large as Spain. Approximately a third the size of the
United States, Sudan is the largest country in Africa, sparsely populated with 27 million people.

Kharga Oasis - photo by Hanne Siegmeier

The journey from Omdurman to Daraw takes approximately 30 days, yet herders still refer to this route as
Darb al-Arba'in, the Forty Days' Road. The historic Forty Days' Road connected the el-Fasher area of Sudan
with Assiut in Egypt, via the Selima and Kharga Oases. This was the path followed by the great ancient
camel caravans of old, a trade route dating back at least 700 years.

I urge you to read the full story — and try the version with pictures! My mother subscribes to Saudi Aramco World in
part for the remarkable photos. It's a propaganda magazine put out by an Saudi oil company — that's why you can get a
free subscription. But it has lots of informative articles on Islamic culture and history, which tend to lean strongly in the
positive direction. For example, the above story doesn't mention that the Forty Days' Road was famous for the
transportation of slaves.
There's a book by Angela Stephens and Lorraine Chittock that goes into a lot more detail, with lots of great photos:
Angela Stephens and Lorraine Chittock, Shadows in the Sand: Following the Forty Days Road, 2nd edition
available in November 2009.
Also try this:
Kristian Schiller, The camel market of Daraw, Salon, 1999.
October 29, 2009
American Scientist has some good reviews of books on the oversimplifications of classical economics — the theme that
led me to start this diary in the first place. The first attacks the theory of "efficient markets":
Justin Fox, The Myth of the Rational Market: A History of Risk, Reward, and Delusion on Wall Street, Harper
Business, 2009.
and here's their review:
Cosma Shalizi, Twilight of the efficient markets, American Scientist 97, (November-December 2009), 504-506.
A quote:
The founding principles of efficient-market theory are easily described. The assumption on which all else
rests is that, unless one has private knowledge, there is no way to profit from financial markets without risk.
Admittedly, some securities are as safe as humans can make them, and they do pay returns, notably bonds
issued by the U.S. Treasury. (Whatever else he does, Uncle Sam pays his debts.) The rates of return on
these next-to-riskless instruments are, however, extremely low. Other kinds of securities pay returns that
are, on average, higher, but these returns are more variable.there is some nontrivial risk of getting back less
than the amount one has invested, or getting back nothing at all. The basic idea of efficient-market theory is
that anything that pays higher returns than the risk-free rate must also be more risky. There should be no
opportunities for arbitrage (making money from riskless trades that exploit price discrepancies between
markets). Moreover, the trade-off between risk and return must be the same across different assets: If stock
A was as risky as stock B, but A paid lower returns than B, people would sell A, lowering its price and
raising its rate of return, and buy B, with the opposite effect — arbitrage in which the arbitrageurs put
themselves out of business.
Classically, there is a very specific idea — the "capital asset pricing model" — about how the risk-reward
trade-off is supposed to go, at least for stocks. The return on a portfolio of several stocks is an average of
those stocks' returns. More diversified portfolios are less exposed to the risks peculiar to individual
companies, leaving only the risks common to the whole corporate sector. The returns for each stock, then,
are supposed to combine a firm-specific term, alpha, and the firm's correlation with the economy as a
whole, beta. Higher returns, in this scheme, compensate for higher betas — that is, for risk that cannot be
mitigated by diversification.
One corollary is important enough to count as a principle itself. Legend relates that J. P. Morgan, when
asked what the stock market would do the next day, replied, "It will fluctuate". Someone who could predict
these fluctuations (or their absence) could increase their returns with no extra risk. Therefore, says efficientmarket theory, securities prices are unpredictable. Current prices are supposed to be optimal forecasts, on

the basis of currently available data, of the present value of future returns, because changes in optimal
forecasts are, themselves, unpredictable. (If you know that tomorrow your forecast of next year's gasoline
price will be higher than today's forecast by $1, you should raise your current forecast.) As Paul Samuelson
put it, "properly anticipated prices fluctuate randomly". The efficient-market hypothesis, as a technical
term, is the claim that market prices cannot be predicted, either from past prices alone or from past prices
combined with other publicly available information. One of the early triumphs of the school was the
demonstration that stock prices look very much indeed like random walks.
By now it is clear that the efficient-market school has been interestingly ambivalent about arbitrage and
arbitrageurs. On the one hand, the assumption that there are no opportunities for arbitrage is the basis for all
calculations. On the other hand, for all prices to be exactly right at all times is too much to ask, and
arbitrageurs have been invoked as the restoring force pulling prices back to equilibrium. There is something
almost Taoist about the assertion that arbitrage is so powerful and ubiquitous that it cannot be seen. Alas for
paradoxes, this view is actually incoherent, as the effort that goes into figuring out what prices should be
can only be compensated if prices are not fully efficient. But this leaves open the possibility that prices are
close to efficient, without systematic deviations.
A vast superstructure was erected on these foundations, beginning in the 1950s and really taking off in the
1960s and 1970s. Particularly impressive wings of that edifice were devoted to the design of portfolios to
balance risk against return and to the valuation of derivative securities ("contingent claims" or bets on the
value of other securities), especially options to buy or sell stocks at given prices by given dates. As Fox
notes, scholars of finance achieved acclaim, and were awarded substantial consulting fees, for solving
pricing problems that by hypothesis were already being solved by the markets themselves! (Donald
Mackenzie's An Engine, Not a Camera explores this paradox in depth.)
By the 1980s and 1990s, these ideas had led to changes in the way the investment industry worked, new
concepts of corporate governance and new kinds of financial firms, which aimed to systematically identify
arbitrage opportunities — deviations from what the theory said prices should be — and to earn a profit even
as they eliminated those opportunities. More diffusely, the academic prestige of efficient-market theory
provided, at the least, rhetorical support for deregulating markets, especially financial markets, and
delegating more and more authority to them. This was aided by a conflation — subscribed to by many
scholars — between those markets having informationally efficient prices (that is, unpredictable ones) and
those markets allocating capital efficiently (directing savings to where the money can be used most
profitably). The latter is the more usual economic notion of efficiency, but informationally efficient prices
are neither necessary nor sufficient for efficient allocation.
The whole edifice, however, has turned out to be built, if not on sand, then at best on loose fill. More
rigorous testing on larger data sets has shown that the capital asset pricing model does not fit the data...
The second tackles the game-theoretic notion that people act rationally to maximize their happiness:
Herbert Gintis, The Bounds of Reason: Game Theory and the Unification of the Behavioral Sciences, Princeton
University Press, 2009.
and here's their review of that:
Karl Sigmund, The loitering presence of the rational actor, American Scientist 97, (November-December 2009),
510-513.
October 30, 2009
Remember my October 27th entry? Well, Angela Stephens and Lorraine Chittock aren't the only women to feel the
attraction of the Darb al-Arba'in — that is, the "Forty Days' Road", the traditional camel route from Sudan to Egypt.
Check this out:

Carolyn McIntyre, The Beja and the Jinn of Port Sudan, Girl Solo in Arabia, September 24, 2009.

This is a great blog for armchair adventurers like me. Starting in January 2006, Carolyn McIntyre undertook to retrace
the journeys of the Moroccan scholar Ibn Battuta, which lasted from 1326 to 1354 and covered North Africa, West
Africa, Southern and Eastern Europe, the Middle East, India, Central Asia, Southeast Asia and China! For a nice tale of
his journey, try this:
Douglas Bullis, The longest Hajj: the journeys of Ibn Batutta, Saudi Aramco World, July-August 2000.
And then there's this:
Michael Asher, In Search of the Forty Days' Road, Longman Group, United Kingdom, 1984. Review by Tony
Kelly, The Independent, Saturday November 27, 1999.
But I'm not always just an armchair adventurer. Since I'll be spending a year in Singapore, I want to take advantage of
that location to visit Bali, Borneo, Thailand and other nearby places! So I should start reading up on those. I've already
been invited to Hong Kong by my friend and colleauge Jiang-Hua Lu, but having spent a summer there — and Lisa a
year — this has the charms of a favorite familiar place, rather than "adventure".
For my November 2009 diary, go here.

From Timbuktu I sailed down the Nile on a small boat, hollowed out of a single piece of wood. - Ibn Battuta
© 2009 John Baez
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Diary - November 2009
John Baez
November 1, 2009

Lisa dressed up for Halloween, since we were visiting some friends for dinner: Teresa Toscano and John Laursen. Lisa looked quite spooky in
her Pierrot mask and a veil, so I took some pictures. We walked over to our friends' house — and when we arrived, Teresa let out a gasp of
shock as she opened the door and saw Lisa's masked face.
Much to our delight, our old friends Gene and Barbara Anderson were also there. In 2005 Lisa and I travelled to Turkey with them, visiting
Istanbul and Konya. Gene is an anthropologist with prodigious erudition when it comes to recognizing plant and animal species, cooking
medieval dishes, and much more. Barbara is a public health specialist whose idea of good time is taking students on public health tours in the
poorest parts of Ethiopia or Cambodia. They'd moved up Seattle after Gene retired from the anthropology department here at UCR and
Barbara left Loma Linda to become a associate dean at the the College of Nursing at Washington State University. Now she's retired too, and
they're back.
We had dinner as kids came by trick-or-treating... but Lisa did not answer the door and scare the wits out of them.

November 7, 2009
We had an AMS conference at UC Riverside this weekend. On Friday: dinner with Scott Carter and also Scott Morrison and his girlfriend and
baby. On Saturday: tons of talks, including my talk on the icosahedron. Then dinner at Tio's, with a huge crowd: I ate with Lou Kauffman,
David Radford, Scott Carter, Masahico Saito and Seeichi Kamada. Then some of us went on to the Cigar Bar (smoking not allowed!) and
Worthington's. At this point the crowd had shrunk to grad students and postdocs (apart from me) such as Aaron Lauda, David Spivak, Alex
Hoffnung and John Huerta. I wisely quit at midnight, while some carried on eating pizza and playing pool at Worthington's. Sunday: lots more
talks. At lunch I finally met Kevin Walker, and we talked with Justin Roberts, Yael Fregier, Chris Rogers, and also a bit with Vasily
Dolgushev.
Categorification is getting really popular.
November 11, 2009

Long hidden in a Swiss bank vault, Carl Jung's Red Book is now available:
Karen Michel, 'The Red Book': a window into Jung's dreams, All Things Considered, National Public Radio, November 11, 2009.
Sara Corbett, The holy grail of the unconscious, New York Times Magazine, September 16, 2009.
Quoting the latter:
He later would compare this period of his life — this "confrontation with the unconscious," as he called it — to a mescaline
experiment. He described his visions as coming in an "incessant stream". He likened them to rocks falling on his head, to
thunderstorms, to molten lava. "I often had to cling to the table," he recalled, "so as not to fall apart".
Had he been a psychiatric patient, Jung might well have been told he had a nervous disorder and encouraged to ignore the circus
going on in his head. But as a psychiatrist, and one with a decidedly maverick streak, he tried instead to tear down the wall
between his rational self and his psyche. For about six years, Jung worked to prevent his conscious mind from blocking out what
his unconscious mind wanted to show him. Between appointments with patients, after dinner with his wife and children,
whenever there was a spare hour or two, Jung sat in a book-lined office on the second floor of his home and actually induced
hallucinations — what he called "active imaginations." "In order to grasp the fantasies which were stirring in me 'underground,'"
Jung wrote later in his book Memories, Dreams, Reflections, "I knew that I had to let myself plummet down into them". He found
himself in a liminal place, as full of creative abundance as it was of potential ruin, believing it to be the same borderlands traveled
by both lunatics and great artists.
Jung recorded it all. First taking notes in a series of small, black journals, he then expounded upon and analyzed his fantasies,
writing in a regal, prophetic tone in the big red-leather book. The book detailed an unabashedly psychedelic voyage through his
own mind, a vaguely Homeric progression of encounters with strange people taking place in a curious, shifting dreamscape.
Writing in German, he filled 205 oversize pages with elaborate calligraphy and with richly hued, staggeringly detailed paintings.
November 15, 2009

Jim Stasheff pointed out some really cool images of Mars taken by the High Resolution Imaging Science Experiment, like these sawtooth
patterns in the carbon dioxide ice near its south pole.
November 19, 2009
Remember the Uighur uprising in northwest China? One reason: the old town in Kashgar is being levelled.
Stephen McDonell, The Uighur dilemma, ABC News, August 28, 2009. Transcript and video.
Kashgar has been an important Silk Road city for at least 2000 years, thanks to its location at an oasis at the western end of the Taklamakan

Desert, where the northern and southern routes around this incredibly harsh desert meet.

Map of the Tarim River and Taklamakan Desert.
"Kashi" is another name for Kashgar.

Satellite photo of Taklamakan Desert,
bordered by the Tien Shan range in the north, Kunlun Shan in the south, and Pamir Mountains at west.

Taklamakan Desert

Yak in Kashgar market, photo taken in 1987 by Bernard Gagnon

For more photos of Kashgar, go here, here, and here. I would like to visit the place before it's completely modernized.

I fell in love with the Silk Route and cities in the Taklamakan Desert, like Kashgar, Khotan and Turfan, when I read this book:
Peter Hopkirk, Foreign Devils on the Silk Road: The Search for the Lost Cities and Treasures of Chinese Central Asia, University of
Massachusetts Press, Amherst, 1980.
You simply must read this you enjoy history, archaeology or adventure stories!
Here are some books by the original European explorers of the Taklaman Desert — the "foreign devils" who dug up and stole the buried
archaeological treasures from this land. I'm going to get these, either from the UCR library or interlibrary loan...
Albert von Le Coq, Buried Treasures of Chinese Turkestan: An Account of the Activities and Adventures of the Second and Third
German Turfan Expeditions, G. Allen & Unwin Ltd., London, 1928.
Abstract: During the early decades of this century a handful of foreign explorers raced to remove wall-paintings, sculptures,
manuscripts and other treasures from the lost cities of the Silk Road, the great trans-Asian highway that had once linked imperial China
and distant Rome. The German archaeologist, Albert von Le Coq — one of the most successful of these explorers — discovered the
huge, ninth-century Buddhist murals from the cliff-face monastery at Bezeklik. Buried Treasures of Chinese Turkestan, first published
in 1928, is von Le Coq's account of the adventures and misadventures that beset him during his excavations along the Silk Road.
Aurel Stein, Sand-Buried Ruins of Khotan: Personal Narrative of a Journey of Archaeological & Geographical Exploration in Chinese
Turkestan, with a map from original surveys and numerous illustrations. T. F. Unwin, London, 1903.
Abstract: A popular account of his first archaeological expedition into Central Asia from 1900 to 1901. It is his most charming and
exciting book which is partly a witty and entertaining travelogue, partly a journal of exceptional archaeological exploration and partly
Stein's proof to himself that his theory of the long lost Buddhist kingdoms of the Silk Road and the Serindian culture they supported
was indeed correct. It is something of a detective story for it contains his own description of how he unmasked Dun Huang.
Ella Constance Sykes, Through Deserts and Oases of Central Asia, Macmillan, London, 1920.
Langdon Warner, The Long Old Road in China, Arrowsmith, London, 1927.
Homer H. Dubs, A Roman City in Ancient China, China Society, London, 1957.
I enjoyed Stein's Ruins of Desert Cathay, so I'll probably like these too. You can read a bunch of them online if you click on the links!
Wow — this site is packed with great stuff:
Digital Silk Road.
For example, it has a digital archive of rare books including all these books by Aurel Stein:
Ruins of Desert Cathay
Ancient Khotan
Serindia (5 volumes)
Innermost Asia
On Ancient Central-Asian Tracks
Memoir on Maps of Chinese Turkistan and Kansu
From volume 2 of Stein's Innermost Asia, here's a photo he took of a shrine in Sirkip, which seems to be somewhere in or near the Gobi
desert:

November 21, 2009
Together with a number of coauthors, Jacquelyn Gill of the University of Wisconsin in Madison recently uncovered new evidence for the
"Pleistocene overkill hypothesis":
Jacquelyn L. Gill, John W. Williams, Stephen T. Jackson, Katherine B. Lininger, and Guy S. Robinson, Pleistocene megafaunal
collapse, novel plant communities, and enhanced fire regimes in North America, Science 326 (November 20, 2009), 1100-1103.
Richard Harris, Fungus provides clues to North American extinctions, Morning Edition, National Public Radio, November 20, 2009.
Sid Perkins, Climate not really what doomed large North American mammals, ScienceNews, November 19, 2009.
To help you understand what's at stake here, let me expand a bit on the story I told back in December 1, 2006.
The last Ice Age - the Wisconsin glaciation, began in about 70,000 BC. The glaciers reached their maximum extent about 18,000 BC, with ice
sheets down to what are now the Great Lakes. In places the ice was over 1.6 kilometers thick!
Then it started warming up. By 16,000 BC people started cultivating plants and herding animals. Around 12,000 BC, people of the Clovis

culture came to the Americas — known by their distinctive and elegant spear tips, called Clovis points:

The culture then broke into several local cultures — the Folsom tradition, Gainey, Suwannee-Simpson, Plainview-Goshen, Cumberland point,
and Redstone — roughly around the time of the Younger Dryas cold spell beginning around 10,800 BC. By about 10,000 BC the Ice Age was
over, and a warm wet period called the Atlantic began. The first cities in the Old World date to around 7,500 BC; cities in the Americas seem
to come much later.
At the time of maximum glaciation, there were three main refuges for life in North America. Biologists call such things "glacial refugia". The
first was all the land south of the glaciers, including an "ice-free corridor" just east of the Rocky Mountains. The second was Beringia, a huge
region made of what's now Yukon and Alaska, together with eastern Siberia. As you can see, the ocean was lower when more water was
frozen up in glacier and the ice caps:

The third was the coastal plain region of eastern America, which is now submerged to form the continental shelf off the coast of New England
and Canada. Besides these big refugia, there were also smaller coastal refugia and nunataks - mountains too high for the glaciers to cover
them!
What was life like south of the ice sheets near the height of the last ice age? In the eastern half of North America there was tundra and spruce
forest. Further west it was drier, except for a belt that got runoff from melting glaciers. West of what is now Minnesota it was too dry for
forests - just grasslands. And where the Great Plains now reign supreme, there was a huge area of sand dunes!
There were many large mammals, almost all extinct now — and the mystery of their extinction is what the new paper tackles! Largest of these
were the American mastodon and four species of mammoths, only two of which survived to the end of the ice age: the woolly mammoth in

the tundra of Beringia, and the much larger Jefferson's mammoth in the central plains and the west. Both these went extinct around 9,000 BC,
perhaps killed off by humans. But the ScienceNews article by Sid Perkins says that butchered mammoth bones have been found in Wisconsin
archaeological sites dating back to 12,700 BC and 12,100 BC. And bones from butchered mammoths have been found with Clovis spear
points in Wyoming and South Dakota.
There were giant beavers, 2.5 meters long and 220 kilograms (485 pounds) in weight. There were also giant ground sloths.
There was also the Mexican horse and western camel, Camelops hesternus:

Recently people have found spearheads dating back to 8,300 BC bearing protein residue from the Mexican horse! Indeed, this horse may have
been hunted into extinction. Early Americans also hunted the western camel in Wyoming, as recently as 8,000 BC, which is around when they
died out.
Caribou and tundra muskox ranged far further south than they do today. The tundra muskox probably crossed into Beringia around 90,000
BC. There was also a species of woodland muskox, now extinct. The elk, white-tailed deer, mule deer, bison and bighorn sheep that we know
today were already widespread. But there were apparently no moose, except in Beringia.
The familiar cougars, bobcats and black bear were already here. Timber wolves were present but uncommon. Grizzly bears reached
midlatitude America only after the ice sheets began to melt. But there was also the dire wolf, similar to the modern wolf but bigger and
stronger. There was the sabertooth, about the size of a lion, with incredible teeth. There was its smaller relative, the scimatar cat... together
with the American cheetah and the American lion, shown here:

All these are gone.
And then, there was the giant short face bear. This was the most powerful predator of the lot: a flesh-eater with powerful jaws, and probably
quick on its feet, able to run down prey. It stood 1.6 meters (5.5 feet) at the shoulder. It weighed about 900 kilograms (almost a ton). You
would not want to meet one of these:

How did all these animals die out? There are many possible explanations. The most obvious is climate change — until you realize that this
latest Ice Age was not the last, and many of these animals seem to have survived through many previous glacial periods and interglacials! On
February 13th I mentioned a recently popular theory: a comet collision!
D. J Kennet et al, Nanodiamonds in the Younger Dryas boundary sediment layer, Science 323 (2006), 94.
Joel Achenbach, Gems point to comet as answer to ancient riddle, Washington Post, January 2, 2009.
Quoting a bit from the latter:
Something dramatic happened about 12,900 years ago, and the continent of North America was never the same. A thriving
culture of Paleo-Americans, known as the Clovis people, vanished seemingly overnight. Gone, too, were most of the largest
animals: horses, camels, lions, mammoths, mastodons, saber-toothed cats, ground sloths and giant armadillos.
Scientists have long blamed climate change for the extinctions, for it was 12,900 years ago that the planet's emergence from the
Ice Age came to a halt, reverting to glacial conditions for 1,500 years, an epoch known as the Younger Dryas.
In just the last few years, there has arisen a controversial scientific hypothesis to explain this chain of events, and it involves an
extraterrestrial calamity: a comet, broken into fragments, turning the sky ablaze, sending a shock wave across the landscape and
scorching forests, creatures, people and anything exposed to the heavenly fire.
Now the proponents of this apocalyptic scenario say they have found a new line of evidence: nanodiamonds. They say they have
found these tiny structures across North America in sediments from 12,900 years ago, and they argue that the diamonds had to
have been formed by a high-temperature, high-pressure event, such as a cometary impact.
However, as you can probably tell from what I wrote above, I consider the most plausible theory to be the Pleistocene overkill hypothesis:
namely, that as humans moved into the Americas, they killed off all these large animals. And the new paper by Gill et al seems to support this
theory.
Their idea was to look for spores of a fungus called Sporormiella in sediments that accumulated on lake beds in Indiana and New York. This
fungus spends part of its life cycle in the dung of large herbivores — for example, these spores have been found in mammoth poop. So, Gill
and company argue, the abundance of its spores can be used as a proxy for the abundance of large herbivores!
From this evidence, it looks like their numbers in Indiana began to drop around 12,800 BC. But it wasn't until 11,700 BC that the abundance
of Sporormiella had crashed to 2% of its original level. Interestingly, this is when pollen grains from broad-leaved trees such as ash and
ironwood began to show up in lake-bottom sediments in substantial numbers. Gill and company argue that this change was a result of the
population crash of megafauna that ate the leaves of such trees.
One curious fact is that most sources seem to date the Clovis culture only back to 11,500 BC. According to Gill and company, that seems to
be near the end of the collapse of megafauna in America!
Here's one possibility that leaps to my mind: the archaeological record is too sketchy for us to see the Clovis people first showing up around
12,800 BC. And here's another: perhaps the first invading humans belonged to some pre-Clovis culture! There seems to be some evidence for
this.
November 25, 2009
Can ants count? Maybe so!

Robert Krulwich, Ants that count!, Morning Edition, National Public Radio, November 25, 2009.
November 29, 2009
Yesterday we had Lisa's friend Lothar over for dinner. He went to Kashgar in October! He said I should go. This got me looking at Taklaman
desert tours:
Guide to Adventure and Expeditions, a private division under the China Xinjiang Kashgar Xinlu International Travel Services Co., Ltd,
based in Urumqi. Here's the first of 3 Taklamakan Desert itineraries. A much longer and more romantic description can be found on
their webpage:
Day 1 - Cross the Tuogart Pass and transfer to Kashgar.
Day 2 - Free day in Kashgar.
Day 3 - Leave Kashgar, head towards Khotan. Stop at Yarkand for 2 hours.
Day 4 - Switch your bus into jeeps and leave for Kerriya (Yutian County).
Day 5 - A hot and dusty drive to the last settlement in the valley, Tongguzbasti, where they set up camp.
Day 6 - Day for sightseeing in and around this village.
Day 7 - Set off trekking into the desert, accompanied by Uighur camel drivers and their animals.
Day 8 - Head west, lunch in the ruins of Karadong. Camp there.
Days 9-12 - For five days, trekking over sand dunes and "sand mountains" which are 60 to 70 metres high.
Day 13 - A final morning in the dunes, reaching the dried out Khotan River.
Day 14 - Meet up with transport, driving out of the desert, heading north along the river bed. One last night camping in the desert.
Day 15 - After a further 5 hours' driving, reaching the first greenery for a week. More and more farmland and villages appear en
route to the junction of the Khotan and Tarim rivers. Finally arrive at Aksu. Hot bath and dinner.
Day 16 - Switch transport from jeeps to a bus and leave for Kuche. Stop for 2 hours on the way to visit one of the biggest and
most famous Buddha Caves in China, Kizil Buddha Cave.
Day 17 - Start early and visit the ruin of Subashi.
Day 18 - Leave for Turfan and check in a hotel in Turfan in the evening.
Day 19 - A lazy morning in Turfan.
Day 20 - Free day in Urumqi; then fly to Bishkek the next morning.
The Oriental Caravan. Again, you can see a longer trip description on their website, but here's the basic idea:
Day 1 - Bishkek. Arrive Bishkek, capital of Kyrgyzstan. (Hotel)
Day 2 - Bishkek. Morning city sightseeing. Afternoon free. (Hotel)
Day 3 - Naryn. Scenic drive to Naryn, the last town before the Kyrgyz / Chinese border. (Hotel/guesthouse)
Day 4 - Kashgar. Cross into China over the Tourgut Pass and drive to Kashgar. (Hotel)
Day 5 - Kashgar. Full day to explore Kashgar including the Abakh Hoja mausoleum and the Id Kah mosque. (Hotel)
Day 6 - Yarkand. Visit Kashgar's Sunday bazaar. Drive to Yarkand (190km). (Hotel)
Day 7 - Khotan. Morning drive to Khotan (278km). Afternoon explore Khotan. (Hotel)
Day 8 - Yutian. Continue to the small oasis of Yutian (180km). Visit Uighur village. (Simple Hotel)

Day 9 - Keriya. By jeep head north into the desert, following the Keriya River (approx 100km). (Camp)
Day 10 - Tongguzbasti. Continue north to the remote village of Tongguzbasti, home to the 'lost tribe of the Taklamakan' (approx.
120km). (Camp)
Day 11 - 16 Desert. Using pack camels and led by Uighur guides, trek through the Taklamakan Desert. En route, visit the
archaeological site at Karadong Fort. (Camp)

A = Khotan, B = Yutian, C = Tongguzbasti, D = Mazartagh

Day 17 Mazartagh. Reach Mt. Mazartagh on the banks of the Khotan River. Visit Mazartagh Fort. (Camp)
Day 18 - Kuqa. Drive along the Khotan River to Kuqa. (Hotel)
Day 19 - Korla. Morning visit to Kizil Buddhist grottoes. Continue to Korla. (Hotel)
Day 20 - Turfan Drive to Turfan. Afternoon sightseeing including Jiaohe ancient city. (Hotel)
Day 21 - Urumqi. Morning sightseeing including Bezeklik and the Flaming mountains. Drive to Urumqi. (Hotel)
Day 22 - Urumqi. Free day in Urumqi. Recommended visit to the Xinjiang Museum to see the Celtic mummies of the
Taklamakan. (Hotel)
Day 23 - Bishkek. Fly to Bishkek. (Hotel)
Day 24 - Trip ends.
November 30, 2009
Are squares A and B the same color?

Yes! If you don't believe me, look at this, and then read the Wikipedia article about this illusion invented by Edward Adelson of MIT.
For a related illusion, try this.
For my December 2009 diary, go here.

What I see are the current devastation, the frightening disappearances of living species, be they plants or animals. Because of its current
density, the human species is living in a type of internally poisonous regime and I think of the present, of the world in which I am ending my
days, as this world that I do not love - Claude Levi-Strauss
© 2009 John Baez
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Diary - December 2009
John Baez
December 1, 2009
China plans to demolish 85% of the old city of Kashgar:
A city, and people, at a crossroads, produced by Jeffery DelViscio, Michael Wines and Rogene Fisher with photos
by Shio Fukada, May 25, 2009.
Michael Wines, To protect an ancient city, China moves to raze it, New York Times, May 27, 2009.
Zooming into Kashgar on Google Maps, we see different things at different scales. First the immensity of the
Taklamakan desert, then the lush green of the oasis fed by mountain streams, then the gritty urban landscape of a city of
350 thousand, and then the winding streets of the old town... and then children running through these streets, in a photo
taken by Shiho Fukada:

December 2, 2009
I'm getting to really love the routine of stretching outdoors in the fresh morning air... and I can feel the difference. I used
to be much more stiff and creaky, not just in the morning, but throughout the day. And now I've gotten over the feeling
that the slightly painful feeling of stretching to ones limits is a bad thing... perhaps because I can see how each week I
can stretch a bit more!
December 3, 2009

Tarim Desert Highway
photo by Sean Gallagher

I began pondering the Taklamakan Desert here in my November 19th and November 29th entries. Over a millennium
ago, Kashgar was just one of many thriving towns along the Silk Road. But it seems the melting snow from the Kunlun
and and Tien Shan mountains, which feeds the rivers that flow into this area, has been gradually diminishing over time.
Many of these towns were abandoned as the desert encroached, and are now sand-buried ruins.
The Tarim Desert Highway, shown above, crosses the Taklamakan Desert from north to south. It is about 550
kilometers long. About 450 of these lie on shifting sand dunes. At the halfway point along the desert highway, there are
a few restaurants and a gas station. Except for the workers there, the region is entirely uninhabited.
The above photo was taken by Sean Gallagher, who has written about desertification in China:
Sean Gallagher, Desertification in China, Pulitzer Center on Crisis Reporting.
Sean Gallagher, China's growing sands, audio slideshow, June 9, 2009. See also other slideshows.
December 4, 2009

Timbuktu

For centuries, Tuareg camel caravans have carried heavy blocks of salt from the mines in Taodenni to the city of
Timbuktu. Now this tradition may be drawing to a close:
Andrew Harding, Timbuktu's ancient salt caravans under threat, BBC, December 3rd, 2009.
Also read about the literary heritage of Timbuktu:
Andrew Harding, Saving Africa's precious written heritage, BBC, November 30th, 2009.
It's being saved by libraries including the Ahmed Baba Institute.

December 5, 2009
Looking around for more information on the Silk Road, I blundered into this excellent blog:
Jochi, Mongols, Ancient China and the Silk Road.
Like me, Jochi fell in love with the Silk Road after reading Peter Hopkirk's Foreign Devils on the Silk Road. Now he's
digging deeper. A typical entry points out the series edited by Lisa's colleague Victor Mair: Sino-Platonic Papers. It's
now free online!
Turfan was a cool place:
Doug Hitch, The Special Status of Turfan, Sino-Platonic Papers, vol. 186.
The article begins:
More than twenty languages are represented in the medieval documents found in Turfan, mostly in the early
years of the twentieth century. Perhaps no other archeological area has offered up such linguistic bounty.
Identified languages include Old Turkic, Chinese, Sanskrit, Sogdian, Middle Persian, New Persian,
Parthian, Tibetan, Mongolian, Prakrit, Tumshuqese, Tocharian A and B, Bactrian, Khotanese, Hebrew,
Syriac, Arabic, Tangut, Greek and Khitan. In addition there are at least twenty scripts attested with most
languages attested in more than one. For instance, Old Turkic is found in the Brahmi, Manichean, Sogdian,
Uyghur, Nestorian (Syriac), Tibetan, Runiform, Arabic and `Phag-spa scripts. For many of these languages,
the documents are the oldest known samples on perishable materials. For some of these languages, the
Turfan documents supply much of the information we have on them. The materials are highly valuable to
several philological fields.

`Phags-pa Sanskrit inscription at Juyongguan

[...]
But Turfan is special in other ways as well. It was here that significant remains of a once vibrant Manichean
community were discovered. Besides the artistic legacy of Manicheism found in frescos, painted cloth wall
hangings, and manuscripts illuminations, there was the religious literature. Before this time, the doctrines of
this once world religion — it was practiced from China and India to Spain and North Africa — were known
only from polemicists like Augustine. Suddenly, scholars could hear members of this faith speaking from
the past. Not only did they speak in seven languages, but apparently one voice is even that of Mani himself.
Some of the written remains are copies of works penned, and illustrated, by the third century BabylonianPersian saint. Here also were found Nestorian Christian churches and manuscripts in at least four languages.
And the recent discovery of the Sogdian tombs in Xi'an has provided new information on Zoroastrian
(Mazdean) burial customs in the east, and has led scholars to now see evidence for Zoroastrian burial
practices in Turfan. But the main religion of Turfan in the first millenium was probably Buddhism which is
represented by literary documents in more than ten languages. In the artistic sphere, medieval Turfan was
equally cosmopolitan. The early scientific travellers were struck by the clear presence of Indian, Iranian,
Chinese and Greek elements in sculpture, frescos, and other painting.
December 7, 2009
Rain! The first real rain since spring — a solid day's worth of rain, not just a sprinkle. We need it badly! I opened up the
top of the compost bin to let it get moistened up.
Later, many other parts of the country got a harsh snowstorm:

Lisa flew to Hong Kong this evening. She's speaking at a conference on... happiness!
December 9, 2009
The Obama administration announced it will pay native Americans $3.4 billion dollars to settle a class-action suit. The
US government has cheated tribes for more than a century of royalties for oil, mineral and other leases. Now, finally,
over half a million people are getting some compensation. Congratulations to Elouise Cobell, the lead plaintiff, who has
been working for this 13 years!

Elouise Cobell outside the offices of Kilpatrick and Stockton in Washington on Dec. 8, 2009.
AP Photo by Gerald Herbert

She was the Treasurer of Blackfeet Tribe based near Browning Montana - my father used to work on the reservation
there. She discovered financial irregularities and started digging. She found out that native Americans were owed about
$176 billion dollars of payments for mining rights (for example oil wells) and agricultural rights for their land — debts
that were the result of signed agreements between tribes and the U.S. government.

She wound up settling for a small fraction of this amount: $3 billion. She wrote:
In 1996, we embarked on a journey to end decades of mistrust, suspicion and apprehension about the
federal government's management of Individual Indian Money accounts. I was among the more than
500,000 Indians across the nation with funds in such an account, and I did not know and could not find out
how much money I had, where it came from, how it was being invested, nor how or whether it would ever
reach my pocket.
As a banker myself, I knew that was not right. Who would turn her paycheck over to a banker hundreds or
thousands of miles away, giving a faceless, unknown person sole authority over how that money is
invested, as well as the ability to decide how often she can withdraw and use it to meet her family's needs?
Only someone given no other choice.
When we filed this case, I thought it would be 2-to-3 years of litigation. I believed all we had to do was
expose the lack of accounting by the government, everyone would come to agreement over the issues, and
we would settle the case. I expected to have a settlement 10 years ago; instead it turned into a battle of 14
years.
We have faced Secretaries of the Interior and Treasury in three presidential administrations to arrive at what
we hope is this long journey's final destination. Today we have an Administration that is listening to us, and
an Administration willing to admit the wrongdoings of the past and settle this matter to benefit those who
had to do without access to their own money for way too long.
Although we have reached a settlement totaling more than $3.4 billion dollars, there is little doubt this is
significantly less than the full amount to which individual Indians are entitled. Yes, we could prolong our
struggle and fight longer, and perhaps one day we would know — down to the penny — how much
individual Indians are owed. Perhaps we could even litigate long enough to increase the settlement amount.
Nevertheless we are compelled to settle now by the sobering realization that our class grows smaller each
year, each month, and every day, as our elders die, and are forever prevented from receiving their just
compensation. We also face the uncomfortable, but unavoidable fact that a large number of individual
money account holders currently subsist in the direst poverty, and this settlement can begin to address that
extreme situation and provide some hope and a better quality of life for their remaining years.
I am particularly happy to see recognition of the need for funds to be set aside to promote higher education
opportunities for Indian youth. When Indian parents and grandparents talk to me about this suit, they
always speak of how they will use the money they receive to improve their children's and grandchildren's
lives. I am hopeful that these funds can lift a generation and help break a cycle of poverty that has held too
many Indian families and individuals in its grip for too many generations.
In a related story, watch this video essay on an 1.8-million-acre area that had been claimed by both the Hopi and Navajo
in northeast Arizona, where all development has been frozen for 40 years. In May, President Obama repealed this
freeze! But it's taken a toll. Also read the accompanying story:
Barbara Davidson and Albert Lee, Frozen land, forgotten people, LA Times, November 5, 2009.
Kate Linthicum, Trying to rebuild after 40 frozen years, LA Times, November 5, 2009.
December 11, 2009
More rain last night!
As the big United Nations Climate Change Conference in Copenhagen lumbers on, don't forget the melting Arctic:

Alun Anderson, A final warning from the Arctic, New Scientist, November 2009.

Stream of meltwater washing down a moulin in Greenland
Photo by Alun Anderson

December 12, 2009
It rained today again... pouring!
(It doesn't rain much here. On days when I don't say it's raining, it doesn't mean I'm bored of the idea of rain. It means
it's dry.)
Tevian Dray and Corinne Manogue are visiting southern California. They came by today, along with my grad student
John Huerta, and we talked about the octonions, the exceptional Jordan algebra, spinors in 10d spacetime, and E6.
Then we went to Tio's Tacos for dinner.
December 13, 2009
Cloudy and cool but not rainy. Today we talked about the magic square, and then Corinne and I made dinner.
December 14, 2009
Sunny again. I began the day working on my paper with Paul-André Melliès. Then John, Corinne and Tevian came
over. We talked about the magic square and generalizations of the 3-ψ's rule. Then we went to dinner at a MiddleEastern restaurant.
Some news today: computer technicians found 22 million emails that the Bush Whitehouse 'lost':
Don Gonyea and Robert Siegel, 22 million 'lost' Bush-era e-mails recovered, National Public Radio, December

14, 2009.
Meanwhile, the really big news — the news that could decide our future — is the wrangling going on in Copenhagen:
Michael Von Büow, Poor countries agree to resume climate talks, Climate Change Conference, December 14,
2009.
December 15, 2009
Here's an interesting report on the Tibetan plateau, which I received as a kind of Christmas present from my great friend
Oz:
NASA, Black soot and the survival of Tibetan glaciers.

Glaciers on the Tibetan plateau are melting faster than global warming alone can account for. Why? It seems that soot
from air pollution in Asia, especially India, is to blame. The white clouds above indicate — somewhat paradoxically —
black soot. The highest concentrations of soot occur over the densely populated coastal plains of China. But there's also
a lot over India, and it washes over the southern arc of the Tibetan Plateau. You can watch a video of this.
You don't care about Tibetan glaciers? Well, the Yangtze, Mekong and Indus rivers start there, so millions of people
depend on them!
For more, try:
J. Hansen, Science briefs: survival of Tibetan glaciers, NASA GISS Website, December 2009.
Glaciers in and around Tibet shrink at alarming rate, Thaindian News, February 23, 2009.

December 20, 2009
In his essay 'The Wisdom of Rats', Charles Bowden writes about the lands near the border of the US and Mexico:
If human marks matter, there are thousands of years of history on this creek, and if life matters, there are
millions of years, and if reality matters, the creek is a recent wrinkle on the face of eternity. History here
has been mainly a series of one-act plays — human communities enter with cultures formed in other
environments, flourish for a spell, and then recede. Modern American and Mexican history insists it is the
final act, and that its script will now play out here until the end of time. But as the nations shout these
beliefs, the ground underneath them and the sky above them turn a deaf ear. We are dancing to the edge of
life and we now move through the forests of dread and what we fear, really fear, is not some other nation
conquering our plains and mountains and deserts, no, no, what we fear is that someone or something will do
to us exactly what we have done to the buffalo, and to the mounted warrior on horseback with that lance
and bow, what we have done to the rivers and the trees and the fine native grasses that first fell under our
footsteps as we ventured into the bewitching and yearning ground.
December 21, 2009
Today the Russian Communist Party called for a moratorium on criticizing the murderous psychopath Jozef Stalin, since
it's the 130th birthday of this vile monster. "We would very much like for any discussion of the mistakes of the Stalin
epoch to be silenced today, so that people could reflect on Stalin's personality as a creator, a thinker and a patriot," wrote
Ivan Melnikov, the Communist deputy speaker of the lower house of parliament. This might seem merely a sick joke,
given that Stalin's foul deeds were far from "mistakes" — but unfortunately, it's part of a trend encouraged by Vladimir
Putin and others.
So, let it be remembered:
His forced collectivisation of agriculture cost millions of lives, while his programme of rapid
industrialisation achieved huge increases in Soviet productivity and economic growth but at great cost.
Moreover, the population suffered immensely during the Great Terror of the 1930s, during which Stalin
purged the party of 'enemies of the people', resulting in the execution of thousands and the exile of millions
to the gulag system of slave labour camps.
These purges severely depleted the Red Army, and despite repeated warnings, Stalin was ill prepared for
Hitler's attack on the Soviet Union in June 1941. His political future, and that of the Soviet Union, hung in
the balance, but Stalin recovered to lead his country to victory. The human cost was enormous, but was not
a consideration for him.
After World War Two, the Soviet Union entered the nuclear age and ruled over an empire which included
most of eastern Europe. Increasingly paranoid, Stalin died of a stroke on 5 March 1953.
December 24, 2009
Asked why he left fame and fortune to return to his poor hometown in Mali, the great guitarist Ali Farka Toure said:
"That life out there, it was like dried crap. It didn't stick to my shoes."
December 25, 2009
Lisa and I went to see the movie Avatar. While the premise is fundamentally silly — people are sending spaceships to
another solar system to mine "unobtainium", on a world that has floating mountains, and the natives manage to beat off
the invading heavily armed humans using little more than spears, bows and arrows, and some flying reptile-like
creatures — other things about the movie made it well worth seeing. It was in 3d, with lots of motion-capture acting to
produce realistic 10-foot-tall blue aliens! That sounds awfully kitschy. But it was well-done: it really did create the

experience of an alien world. And the experience of putting on 3d glasses, leaning back and sinking into this strange
world cleverly mimics the immersive experience undergone by the main character, who gets neurally linked to one of
these 10-foot-tall blue aliens.
December 29, 2009
A lot of American documents from World War II are still classified. Historians can't get to them. But today President
Obama asserted that "no information may remain classified indefinitely."
More importantly, he signed an executive order establishing a new National Declassification Center at the National
Archive to speed up the declassification of documents. The accompanying presidential memorandum says:
Under the direction of the National Declassification Center (NDC), and utilizing recommendations of an
ongoing Business Process Review in support of the NDC, referrals and quality assurance problems within a
backlog of more than 400 million pages of accessioned Federal records previously subject to automatic
declassification shall be addressed in a manner that will permit public access to all declassified records
from this backlog no later than December 31, 2013.
He also got rid of George W. Bush's rule that allowed spy agencies to veto decisions by an interagency panel to
declassify information. Instead, they'll have to appeal to the president.
All this is great until we get another president like Bush. Luckily Obama said that he's looking forward to
recommendations from a study that's supposed to "design a more fundamental transformation of the security
classification system".
Ari Shapiro, Executive order reduces total of classified papers, Morning Edition, National Public Radio,
December 30, 2009.
For my January 2010 diary, go here.

The qoz is dotted with villages; compounds of grass with straw-roofed huts, which blend in with the color and texture of
their surroundings. These works of man are pinpricks against the background of the enormous dimensions of the rangelands, for this is a place where humankind has wrought little of permanence on the landscape, where nature, by sheer
size and power, has resisted any encroachment on its autonomy. As I travelled, I felt myself becoming totally immersed
in my environment....
It was a world existing within its own time span, and all but oblivious to the outside. I never regretted my decision to
cross it by camel. - Michael Asher, In Search of the Forty Days Road
© 2009 John Baez
baez@math.removethis.ucr.andthis.edu

home

For my December 2009 diary, go here.

Diary - January 2010
John Baez
January 1, 2010

Extent of deforestation in Borneo 1950-2005, and projection towards 2020.

As the Earth burns, people are starting to consider "geoengineering":
Kevin Bullis, The geoengineering gambit, Technology Review, January/Feburary 2010.
Rivers fed by melting snow and glaciers supply water to over one-sixth of the world's population — well
over a billion people. But these sources of water are quickly disappearing: the Himalayan glaciers that feed
rivers in India, China, and other Asian countries could be gone in 25 years. Such effects of climate change
no longer surprise scientists. But the speed at which they're happening does. "The earth appears to be
changing faster than the climate models predicted," says Daniel Schrag, a professor of earth and planetary
sciences at Harvard University, who advises President Obama on climate issues.

Atmospheric levels of carbon dioxide have already climbed to 385 parts per million, well over the 350 parts
per million that many scientists say is the upper limit for a relatively stable climate. And despite
government-led efforts to limit carbon emissions in many countries, annual emissions from fossil-fuel
combustion are going up, not down: over the last two decades, they have increased 41 percent. In the last 10
years, the concentration of carbon dioxide in the atmosphere has increased by nearly two parts per million
every year. At this rate, they'll be twice preindustrial levels by the end of the century. Meanwhile,
researchers are growing convinced that the climate might be more sensitive to greenhouse gases at this level
than once thought. "The likelihood that we're going to avoid serious damage seems quite low," says Schrag.
"The best we're going to do is probably not going to be good enough."
This shocking realization has caused many influential scientists, including Obama advisors like Schrag, to
fundamentally change their thinking about how to respond to climate change. They have begun calling for
the government to start funding research into geoengineering — large-scale schemes for rapidly cooling the
earth.
One of the most popular schemes — if "popular" is the right word — is to inject large amounts of sulfates into the upper
atmosphere. When Mount Pinatubo blew its top in 1991, it shot 15 million tons of sulfur dioxide into the stratosphere,
and temperatures dipped an average of 0.5 °C worldwide for the next 15 months. But rainfall dropped too! According to
Kevin Trenberth of the National Center for Atmospheric Research, it was 50 percent lower than the previous low of any
year recorded so far! Not good.
There are other dangers: if we let the Earth become dependent on an artificial cooling system, a war or economic crisis
that puts a temporary halt to the scheme could cause sudden warming of an extreme sort. In other words: once we get on
the merry-go-round, it's hard to jump off. And what helps one region might hurt another, so unilaterally starting such a
scheme could even start a war. But some country might still try it:
David Victor, the director of the Laboratory on International Law and Regulation at the University of
California, San Diego, sees two scenarios in which it might happen. First, "the desperate Hail Mary pass":
"A country quite vulnerable to changing climate is desperate to alter outcomes and sees that efforts to cut
emissions are not bearing fruit. Crude geoengineering schemes could be very inexpensive, and thus this
option might even be available to a Trinidad or Bangladesh — the former rich in gas exports and quite
vulnerable, and the latter poor but large enough that it might do something seen as essential for survival."
And second, "the Soviet-style arrogant engineering scenario": "A country run by engineers and not overly
exposed to public opinion or to dissenting voices undertakes geoengineering as a national mission — much
like massive building of poorly designed nuclear reactors, river diversion projects, resettlement of
populations, and other national missions that are hard to pursue when the public is informed, responsive,
and in power." In either case, a single country acting alone could influence the climate of the entire world.
Geoengineering clearly calls for caution. But it may be the road we head down — since if human-induced climate
change is a real problem, by the time its effects are clearly visible to everyone, it'll be hard to stop.
"It's not a techno-fix. It's not a Band-Aid," says Daniel Schrag. "It's a tourniquet. There are potential side effects, yes.
But it may be better than the alternative, which is bleeding to death."
January 9, 2010
My friend Bruce Smith pointed out this op-ed column:
Thomas L. Friedman, Who's sleeping now?, New York Times, January 9, 2010.
Friedman's book Hot, Flat, and Crowded proposes that Americans revitalize the USA by taking the lead in the "energy
technology revolution" that the world so desperately needs. In his column here, written in Hong Kong, he reports on
what China is doing. He argues that now not China but the USA is the "sleeping giant":

In the last year alone, so many new solar panel makers emerged in China that the price of solar power has
fallen from roughly 59 cents a kilowatt hour to 16 cents, according to The Times' bureau chief here, Keith
Bradsher. Meanwhile, China last week tested the fastest bullet train in the world — 217 miles per hour —
from Wuhan to Guangzhou. As Bradsher noted, China "has nearly finished the construction of a high-speed
rail route from Beijing to Shanghai at a cost of $23.5 billion. Trains will cover the 700-mile route in just
five hours, compared with 12 hours today. By comparison, Amtrak trains require at least 18 hours to travel
a similar distance from New York to Chicago".
China is also engaged in the world's most rapid expansion of nuclear power. It is expected to build some 50
new nuclear reactors by 2020; the rest of the world combined might build 15.
"By the end of this decade, China will be dominating global production of the whole range of power
equipment," said Andrew Brandler, the C.E.O. of the CLP Group, Hong Kong's largest power utility.
Doubtless he's trying to scare Americans into action. But from a worldwide perspective it's a great thing that China is
taking the energy problem seriously... since this country will dominate the 21st century.
I want to get more seriously involved in environmental issues. The mathematics of n-categories is great fun, but it's
getting harder and harder for me to convince myself that I should be working on it. Some very talented people have
taken up the subject; it doesn't need me anymore. The Earth, on the other hand, is in desperate need of all our help. I
don't want to look back and feel I was fiddling while Rome burned.
I'm not quite sure what to do yet — that's the main thing that's been holding me back. But I think being in Singapore
will give me a new perspective, and a kind of nudge. And I'm hoping that this conference will give me some ideas:
2010 Harvey Mudd College Mathematics Conference on the Mathematics of Environmental Sustainability and
Green Technology, Harvey Mudd, Claremont, California, Friday-Saturday, January 29-30, 2010. Organized by
Rachel Levy.
Here's something cool: a genetically modified cyanobacterium that can convert carbon dioxide and sunlight into
isobutanol — an alcohol that can be used as fuel!
Matthew Chin, UCLA researchers engineer bacteria to turn carbon dioxide into liquid fuel, UCLA Newsroom,
December 10, 2009.

January 10, 2010
People are working on interspecies cloning as a possible way to resurrect extinct species like woolly mammoths... or
Arabian sand cats.
Arabian sand cats? Yes, they're not extinct yet — but they're endangered, so this is the best time to practice cloning
them. Betsy Dresser is at work on this — she's the director of the Audubon Center for Research of Endangered Species.

Dr. Dresser is responsible for creating a "frozen zoo" holding the frozen embryos of 75 animal species. And, she's
already succeeded in implanting ordinary cats with the genome of African wild cats! The kittens grew up just fine:
Lesley Stahl, Could Extinct Species Make a Comeback?, 60 Minutes, CBS, January 10, 2010.
Endangered African wildcat clones produce kittens, About.com: Cats, August 19, 2005.

Betsy Dresser with African wildcat kittens

January 14, 2010
UC Riverside approved my leave! I can go to Singapore!
This was not unexpected: Lisa had already gotten her leave approved, and the administration said mine would be too.
But it's nice to be certain. Starting in July, she'll be teaching at the Department of Philosophy at NUS — the National
University of Singapore. I'll be doing research at the CQT — the Centre for Quantum Technologies.
Upon getting the good news, the first thing I did is announce my new plans on the n-Category Café. Namely: I want to
shift the focus of my research away from fancy abstract n-categorical math to slightly more practical things. My job at
the CQT will give me a chance to explore computer science, microtraps, and quantum optics. I'll also get to interact with
the Nanoscience and Nanotechnology Initiative.
But what I really want to do is help save our beleagured planet. There are so many things we need to do, that I'm sure I
can find ways to help out. I'm good at math, physics, learning things, explaining them, and getting crowds of people
interested in them. Surely there are ways to harness these talents in support of the Earth.
My remarks on the n-Category Café started an interesting conversation. Lots of leads to follow up!
I'm excited about this new phase of my career. Over the last decade, my work on n-categories had become a kind of race
as more and more smart people got involved. What started out as free-form exploration had become more of a

competitive game, at least in my own mind. And the work was becoming more and more technical. All this made me
feel old and tired.
But there's a lot of mathematics and physics that I want to explore that's less esoteric and more vitally connected to
engineering, biology and the environmental problems we face. The more I think about it, the more ideas I get... and the
younger I feel!
January 18, 2010
Some big rainstorms are headed our way...
And while Southern California desperately needs rain, the charred mountain slopes will turn into mud when the big
storms hit. So, we'll see mudslides. All part of the process of deforestation and soil loss caused by global warming in
this part of the world.
January 19, 2010
Lots of rain!
January 20, 2010
Much more rain — we've had about 2.3 inches in the last 48 hours! Jim Dolan and I talked about math at a restaurant
today. Walking there it seemed very windy and rainy, but after we got there it really started pouring — with lightning
and sleet! Sleet is pretty rare here.
Later, I found out there was a tornado in Los Angeles today, four waterspouts, and some mudslides too. More big
storms are expected tomorrow and the next day as well.

Waterspout off Newport Beach, photographed by Sergio Calvillo

I told you about my brand-new compost pile on October 22nd. It's great! I turned it over last week, and now I've got a
Biostack Bin half full of brand new dark rich soil! We'll use it to improve the dirt on the east side of the house, where
we grow tomatos.
You wouldn't believe how much happier you'll feel when you can take all your yard waste, grapefruit peels, banana
peels, coffee grounds, tea leaves and other vegetable matter and do something useful with it. For me, throwing out trash
was always an occasion for mild guilt: I couldn't help but imagine plastic bags of my junk, mummified in the local
dump for centuries to come. Now I feel downright productive — at least when I'm taking stuff out to the compost pile.
And because Lisa and I don't buy tons of crud in plastic packaging, and we eat pretty well — more fruits and vegetables
than meat and junk food — the amount of trash we send to the dump has been drastically reduced, so even putting trash
out for the garbage trucks elicits feelings of smug self-satisfaction, rather than shame.
You met Martin Gisser in my September 1st diary entry. He read my entry about compost piles, and today he sent me an
email about terra preta and biochar.
To set the stage: in the Amazon Basin, there's a lot of nice rich soil. This is man-made! The soil there is naturally
infertile, but between 450 BC and 950 AD, the natives enriched it using bone, manure and charcoal... producing a layer
of soil full of organic material as much as 2 meters thick. This is called "terra preta", which means "black earth" in
Portuguese.

Left: nutrient-poor soil in the Amazon basin.
Right: terra preta

Besides improving the soil, there's another wonderful thing about turning plant matter into charcoal and burying it this
way. It keeps the carbon underground for hundreds of thousands of years. Thus, it significantly slows the rate at which
carbon returns to the atmosphere in the form of carbon dioxide!
In fact, the people believe the only real chance to fight global warming on the massive scale needed is via massive
"biochar" projects. It's low tech: anyone can do it.
For example, in the Guardian, James Lovelock wrote:
I said in my recent book that perhaps the only tool we had to bring carbon dioxide back to pre-industrial
levels was to let the biosphere pump it from the air for us. It currently removes 550bn tons a year, about 18
times more than we emit, but 99.9% of the carbon captured this way goes back to the air as CO2 when
things are eaten.
What we have to do is turn a portion of all the waste of agriculture into charcoal and bury it. Consider grain
like wheat or rice; most of the plant mass is in the stems, stalks and roots and we only eat the seeds. So
instead of just ploughing in the stalks or turning them into cardboard, make it into charcoal and bury it or
sink it in the ocean. We don't need plantations or crops planted for biochar, what we need is a charcoal
maker on every farm so the farmer can turn his waste into carbon. Charcoal making might even work
instead of landfill for waste paper and plastic.
Incidentally, in making charcoal this way, there is a by-product of biofuel that the farmer can sell. If we are
to make this idea work it is vital that it pays for itself and requires no subsidy. Subsidies almost always
breed scams and this is true of most forms of renewable energy now proposed and used. No one would
invest in plantations to make charcoal without a subsidy, but if we can show the farmers they can turn their
waste to profit they will do it freely and help us and Gaia too.
There is no chance that carbon capture and storage from industry or power stations will make a dent in CO2
accumulation, even if we had the will and money to do it. But we have to grow food, so why not help Gaia
do the job of CO2 removal for us?
I need to learn more about this. But anyway, here's Martin Gisser's email:
Here's a tip for the c21st compost fetishist: Try producing Terra Preta! It is the only tool we have at hand to
repair the climate system. Paradoxically, it's simple Stone Age technology.
In the humid and hot tropics it is trivial to produce: Add charcoal dust to soil and get amazing soil
productivity boosts:
Dr. Sai Bhaskar Reddy Nakka, Terra Preta Info.

Biochar Central.
In other climate zones two things need to be taken care of:
1. Pure charcoal eats up surrounding soil.
2. Charcoal is water repellant at first. You need to cook it, e.g. by flushing the fireplace with water.
Here's how I do it:
I'm heating my snowy Bavarian Forest home with briquettes of compressed shredded wood. When they are
red glowing, I sometimes put some into a bucket with water. (Of course using an iron shovel and bucket not
coated with plastic. Beware the dioxins!) Then I pee into the bucket (I no longer waste my precious pee to
the toilet) to improve the carbon/nitrogen balance and then mix it into the young compost heap (I got 3
heaps of different age). The stuff tends to emit smelly ammonia (NH3) first, which luckily is water soluble
and important food for soil organisms. So I cover the peed char with other wet stuff. I can't say if it makes a
difference, because there's no difference to make: There was no garden soil before I came and saw...
Sadly, he refused to make a video demonstrating his technique.
January 23, 2010
It stopped raining! Blue skies and snow-capped mountains!
In the afternoon, Lisa and I drove over to Irvine. Lisa went on a walk with Greg Benford while I attended a meeting of
the Southern California Reading Group in the Philosophy of Physics. This is a group that meets about three times per
quarter at UC Irvine to discussion the foundations of physics. We had a nice long rambling question-and-answer session
where I explained the good and bad sides of string theory and loop quantum gravity, why I quit working on quantum
gravity and started working on n-categories, and why I recently stopped working on n-categories and started trying to
find a way to help save the planet. I finally met Craig Callender, who helped edit the book Physics Meets Philosophy at
the Planck Length. I have a paper in there, but I'd never met him before! Now he's at U.C. San Diego. So is Christian
Wüthrich, who invited me to this meeting. I also met David Malament and Jeffrey Barrett from the Department of Logic
and Philosophy of Science at U.C. Irvine, and some other interesting people.
After the talk we had dinner at the Steelhead Brewing Company, and I spent a lot of time talking to James Owen
Weatherall, who already has a PhD in physics but is now a grad student with Malament. He told me that Geroch and
Jang had proved a theorem that in general relativity, a test particle must move along a geodesic — a fact sometimes
treated as an axiom. A later paper by Geroch and Jürgen Ehlers, generalized this to to the case where the particle's
energy-momentum is included in Einstein's equation. Weatherall has been working on similar results in the coordinatefree formulation of Newtonian gravity, sometimes called Newton-Cartan gravity. I've been sort of interested in NewtonCartan gravity, so I was happy to hear that it's explained in some lectures notes by Malament.
Later I spoke to Craig Callender, and it turned out he had gotten serious about environmentalism too. His approach was
to start teaching courses on the subject. He sounded a bit apologetic for only doing that, but as he correctly pointed out,
there's a big multiplier effect when you teach 100 people something. So maybe when I return to U. C. Riverside after
my Singapore jaunt I should try to do something like that... as well as the other things I'm vaguely planning. I need to
see if there's some sort of interdisciplinary program I could hook onto.
We also talked about decision theory and the whole problem of how to make decisions about huge problems in the face
of great uncertainty and insufficient evidence. Jeffrey Barrett mentioned the problem of "what if it's already too late to
stop a disaster?", and pointed me to the following paper. But we agreed that even if it's too late to stop a disaster, it can
be worthwhile trying to keep the disaster from becoming even worse! And I think this is very much true here, both when
it comes to human suffering and the extinction of species.
Susan Solomona, Gian-Kasper Plattner, Reto Knuttic and Pierre Friedlingstein, Irreversible climate change due to

carbon dioxide emissions, PNAS 106 (2009), 1704-1709.
Abstract: The severity of damaging human-induced climate change depends not only on the magnitude of
the change but also on the potential for irreversibility. This paper shows that the climate change that takes
place due to increases in carbon dioxide concentration is largely irreversible for 1,000 years after emissions
stop. Following cessation of emissions, removal of atmospheric carbon dioxide decreases radiative forcing,
but is largely compensated by slower loss of heat to the ocean, so that atmospheric temperatures do not drop
significantly for at least 1,000 years. Among illustrative irreversible impacts that should be expected if
atmospheric carbon dioxide concentrations increase from current levels near 385 parts per million by
volume (ppmv) to a peak of 450-600 ppmv over the coming century are irreversible dry-season rainfall
reductions in several regions comparable to those of the "dust bowl" era and inexorable sea level rise.
Thermal expansion of the warming ocean provides a conservative lower limit to irreversible global average
sea level rise of at least 0.4-1.0 meters if 21st century CO2 concentrations exceed 600 ppmv and 0.6-1.9
meters for peak CO2 concentrations exceeding 1,000 ppmv. Additional contributions from glaciers and
ice sheet contributions to future sea level rise are uncertain but may equal or exceed several meters over the
next millennium or longer.
Here it's worth comparing this article which focuses on the really long term. It's not consoling, and perhaps not very
important for us short-termers, but still interesting:
Franklin Hadley Cocks, Global warming vs. the next Ice Age, Technology Review, January/February 2010.
In about 300 years, all available fossil fuels may well have been consumed. Over the following centuries,
excess carbon dioxide will naturally dissolve into the oceans or get trapped by the formation of carbonate
minerals. Such processes won't be offset by the industrial emissions we see today, and atmospheric carbon
dioxide will slowly decline toward preindustrial levels. In about 2,000 years, when the types of planetary
motions that can induce polar cooling start to coincide again, the current warming trend will be a distant
memory.
This means that humanity will be hit by a one-two punch the likes of which we have never seen. Nature is
as unforgiving to men as it was to dinosaurs; advanced civilization will not survive unless we develop
energy sources that curb the carbon emissions heating the planet today and help us fend off the cold when
the ice age comes. Solar, nuclear, and other non-fossil–fuel energy sources need to be developed now,
before carbon emissions get out of hand.
I don't know if anyone is thinking about these longer-term climate issues very seriously. Maybe Cocks' book Energy
Demand and Climate Change is a place to look.
Here's something:
Mason Inman, Carbon is forever, Nature Reports Climate Change, November 20, 2009.
The issue is contentious, but one model predicts something like this:

After dinnner I rejoined Lisa and Greg, who'd had dinner at a nearby Indian restaurant, and we went over to his house.
Some interesting tidbits: Russia is again starting to send a lot of spies to the US. Buzz Aldrin told Benford that some of
us may live to see the day when nobody still alive ever set foot on the Moon. Winston Churchill wrote an alternativehistory piece called "What if the North had won the war?" - set in a universe where the South won the Civil War.
January 24, 2010
I've been corresponding with the mathematician André Joyal about climate change. I wrote:

I'd like to figure out some way to use my skills to help the environment, and lure other mathematicians into
doing the same. I think a lot of people want to do something, but aren't quite sure what. Maybe I can find
out some things for mathematicians to do.
He replied:
I see it as a kind of moral obligation to stop climate warming and save the biosphere. The problem is to
know how. I spent almost a year reading everything I could on the subject of climate warming and I became
acutely aware of the danger. Many people agree with me, but nothing seems to be happening at the
moment! The scale of the problem is so enormous that we all feel powerless.
I liked the book of Harald Welzer because it contains a clear analysis of the social-psychological-historicalcultural aspects of problem. He thinks that we cannot convince people to make important changes in their
life if they cannot see the benefit of these changes in their life. He thinks that climate warming is a special
case of a larger problem which people may truly want to solve because they will be able to see the benefits
of solving it in their life. I interpret this as a wake-up call, a call for a cultural revolution, of metamorphosis
of the culture. This seems utopian, but we don't have the choice. We will have to take our dreams seriously.
Of course, we should remain very realistic, rational and scientific. Put differently, we should begin to forge
strong dreams and makes serious efforts to realise them.
There is a kind of philosophical problem here, because our perception of reality is very much influenced by
our culture. Culture is fundamentally a good thing, but it is inherited from the past, adapted to solving the
problems of the past. It may inhibit our vision of the future. I have great admiration for the founding fathers
of America because they were able to free themselves from the past, to perceive the future. Of course, the
historical context made it possible. This is why we should not miss every opportunity of making changes in
the right direction. An accumulation of small changes can lead to a fundamental transformation. Even a
small change not directly related to the problem of climate warming is good. Maybe we could make some
changes in our way of doing mathematics and publishing.
Best, André
January 25, 2010
My friend Bruce Smith's son Peter suddenly noticed that logically, October should be the eighth month, November the
ninth and December the tenth. Why are they off by two? Bruce and his family guessed that once upon a time, the
months started with March.
They're right! I checked, and the story is roughly this. The Roman calendar started out like this:
Martius (31 days)
Aprilis (30 days)
Maius (31 days)
Iunius (30 days)
Quintilis (31 days)
Sextilis (30 days)
September (30 days)
October (31 days)
November (30 days)
December (30 days)
61 days in winter were not assigned to any month!
In 713 BC, the king of Rome added January and February. Opinions differ on the details, but Plutarch says it went like
this:

Ianuarius (29)
Februarius (28)
Martius (31)
Aprilis (29)
Maius (31)
Iunius (29)
Quintilis (31)
Sextilis (29)
September (29)
October (31)
November (29)
December (29)
Then, later, Julius Caesar got a month named after him. And then came one for Augustus Caesar. So, by 45 BC the
calendar looked like this:
Ianuarius (31)
Februarius (28, or in leap years: 29)
Martius (31)
Aprilis (30)
Maius (31)
Iunius (30)
Iulius (31)
Augustus (31)
September (30)
October (31)
November (30)
December (31)
January 30, 2010
Today I went to this conference:
Conference on the Mathematics of Environmental Sustainability and Green Technology, Harvey Mudd,
Claremont, California, Friday-Saturday, January 29-30, 2010. Organized by Rachel Levy.
A quick brain dump of what I learned:
Harry Atwater of Caltech gave a talk on photovoltaic solar power. Silicon crystal efficiency peaked out at 24% in
2000 Fancy "multijunctions" get up to 40% and are still improving. But they use fancy materials like gallium
arsenide, gallium indium phosphate, and so on. 1 terawatt of photovoltaics would use up too much rare earth
metals, unless we use silicon as a semiconductor. There just aren't enough of these metals! See P. H. Stauffer's
paper on rare earth abundances.

So, what do we do? In 1961, Shockley and Quiesser wrote a paper on the limiting efficiency of a solar cell. It's
limited by thermodynamical reasons: since anything that can absorb energy can also emit it, any solar cell also
acts as a light-emitting diode.
What are the tricks used to approach this theoretical efficiency? Multijunctions use layers of different materials to
catch photons of different frequencies. These are expensive, so people use a lens to focus more sunlight on the
photovoltaic cell. See the Umuwa Solar Power Station in Australia. But then the cells get hot and need to be
cooled.
Roughening the surface of a solar cell promotes light trapping, by large factors! Light bounces around ergodically
and has more chances to get absorbed and turned into useful power. There are theoretical limits on how well this
trick works. But those limits were derived using ray optics, where we assume light moves in straight lines. But we
can beat those limits by leaving the regime where the ray-optics approximation holds good. In other words, make
the surface complicated at length scales comparable to the wavelength at light.
For example: we can grow silicon wires from vapor! See Brendan M. Kayes et al in App. Phys. Lett. They can
form densely packed structures that absorb more light:

Also, with such structures the charge carriers don't need to travel so far to get from the n-type material to the ptype material, which boosts efficiency.
There are other tricks, still just under development. Using surface plasmons we can adjust the dispersion relations
to create materials with really low group velocity. We can create meta-materials and meta-atoms. Using these, we
can make materials with negative refractive index, like n = -5!

These exhibit a reversed version of the ordinary Goos-Hänchen effect. In the ordinary version, light "slips" a little
before reflecting during total internal reflection inside a material of higher refractive index (like glass) surrounded
by one of lower refractive index (like air). The "slip" is actually a slight displacement of its wave crests from their
expected location — a "phase slip". But for a material of negative refractive index, the light slips backwards. This
allows for resonant states where light gets trapped in thin films. Maybe this can be used to make better solar cells.
Kenneth Golden gave a talk on sea ice, which covers 7-10% of the ocean's surface and is a great detector of global

warming.
Salt gets incorporated into sea ice via millimeter-scale brine inclusions between ice platelets, forming a "dendritic
platelet structure". Melting sea ice forms fresh water in melt ponds atop the ice, while brine sinks down to form
"bottom water", driving the global thermohaline conveyor belt.
When it gets hotter, the Earth's poles get less white, so they absorb more light, making it hotter: this is "ice albedo
feedback". Ice albedo feedback is largely controlled by melt ponds. So questions like this are very important:
when do they get larger, and when do they drain out?
Sea ice is diminishing rapidly in the Arctic — much faster than the climate models predicted. There's a lot less sea
ice in the Antarctic, mainly in the Wedell Sea, and there it seems to be growing. In the Arctic, winter sea ice has
diminished in area by about 10% from 1978 to 2008. But summer sea ice has diminished by about 40%! It took a
huge plunge in 2007, leading to a 500% increase in solar heat input in this area due to the ice albedo effect. See
Perovich et al in Geophysical Research Letters.

Time series of the percent difference in ice extent in March (the month of ice extent maximum) and September (the month of ice extent
minimum) relative to the mean values for the period 1979-2000. Based on a least squares linear regression for the period 1979-2009, the rate
of decrease for the March and September ice extents is -2.5% and -8.9% per decade, respectively. Figure from Perovich et al.

The icea thickness distribution equation was worked out by Thorndike et al in 1975. The heat equation for ice and
snow was worked out by Maykut and Understeiner in 1971. Sea ice dynamics was studied by Kibler.
Ice floes have two fractal regimes, one from 1 to 20 meters, another from 100 to 1500 meters. Brine channels also
have a fractal character, well modeled by diffusion limited aggregation. Brine starts flowing when there's about
5% of brine in the ice - a kind of percolation problem familiar in statistical mechanics. Here's what it looks like
when there's 5.7% brine:

Polynyas occupy .001% of the overall area in Antarctic sea ice, but create 1% of the icea. Icy cold catabatic winds
blow off the mainland, pushing away ice and creating patches of open water — poylnyas — which then refreeze.

Nobody knows why polycrystalline metals have a log-normal distribution of crystal sizes. Similar behavior, also
unexplained, is seen in sea ice.
There was anomalous export of sea ice through Fran Strait in the 1990s, which may have been one of the
preconditions for high ice albedo feedback.
20-40% of sea ice is formed by surface flooding followed by refreezing. This was not included in the sea ice
models that gave such inaccurate predictions.

The food chain is founded on diatoms. These form extracellular polymeric substances (EPS), goopy mucus-like
stuff made of polysaccharides that protects them and serves as antifreeze. There's a lot of this stuff; the ice gets
visibly stained by it.
For more, see:
Kenneth M. Golden, Climate change and the mathematics of transport in sea ice, AMS Notices, May 2009.
Mathematics Awareness Month, April 2009: Mathematics and Climate.
Julie Lundquist of the University of Colorado at Boulder spoke about wind power. With increased reliance on
wind, the power grid will need to be redesigned to handle fluctuating power sources. In the US, currently,
companies aren't paid for power they generate in excess of the amount they promised to make! So, accurate
prediction is a hugely important game: being off by 1% can cost millions of dollars. Europe has more sensible
laws, which encourage firms to maximize the amount of wind power they generate.
Complete simulation of the Navier-Stokes equation is too computationally intensive, so people use "mesoscale"
simulation for weather simulation, but we need more fine-grained simulations to see how much wind a turbine
will get. A famous Brookhaven study suggested that the power spectrum of wind has peaks at 4 days, 1/2 day, and
1 minute. This perhaps justifies an approach where different length scales are treated separately and the results
then combined somehow. Night air is stable, day air is often not, since the ground is hot and hot air rises. Eddy
diffusivity is modeled by Monin-Obuklov Similarity Theory.
The wind turbines at Altamont Pass kill more raptors than all other wind farms in the world combined. Oldfashioned wind turbines look like nice places to perch, spelling death to birds. Cracks in concrete attract rodents,
which attract raptors, who get killed. The new ones are far better.
For more:
National Renewable Energy Laboratory, Research needs for winds resource characterization.
For my Februrary 2010 diary, go here.
The most important thing is to keep the most important thing the most important thing. - Donald P. Coduto
© 2010 John Baez
baez@math.removethis.ucr.andthis.edu
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Diary - February 2010
John Baez
February 1, 2010
He Who Conquers
There is he whose spirit casts shadows
upon valleys
he who drowns thunder with words
who steps heavy and broad
pressing green into soft wet earth
and there is he who does naught
save to unweave the spider's web
and bind it back again –
    
    
    
    
    
    
    
    
     Anon

February 2, 2010
Check out this moonlit fog bow in Hawaii, with Mars gleaming bright.
February 3, 2010
In email, Robert Smart wrote:
There are lots of "might save the world" stuff that need mathematical help, but I'd like to suggest something
different.
Resource depletion and environmental destruction, and the measures to counter these things, will play out
through the economic system. Understanding of the economic system is shockingly weak. Much of the
understanding only works in a growing economy, but oil depletion alone will see economic contraction for
a decade or so.
All current mathematical understanding of economics seems to be in terms of money. But money is one of
the oddest things in economics. It doesn't have the properties of stability it is assumed to have, when
governments can "print" more at the stroke of a pen (quantitative easing).
So how about running some sort of cooperative Internet thing to try to build a better understanding of
economics. Certainly money and some other things look like fluids, so there is scope for n-ports. And
maybe the work on large sparse random matrices has something to do with very large networks with semiregular features. Obviously I'm guessing.
When you need to make significant changes to a large complex thing like the economy, it is wise to
understand it better. However I think there are many other reasons to do this. For one thing: the Nobel Prize

for Economics seems to be a lot easier to get than any of the others :-).
Robert Smart
P.S. I have been writing stuff in an attempt to understand economics better in a qualitative way. However
we don't understand stuff till we understand it mathematically.
Savings match lending
Devaluing the US Dollar
Unreal Economics
Economic Production = Energy + Workers
Economic Fundamentals continued
Economic Notes
External National Assets
Energy Crisis Economics
P.P.S. With the latest feature of Google Reader I can get changes to your Diary as if it had an RSS feed.
We'll see if it works.
February 4, 2010
Pretty soon I'm going to start a new blog focused on environmental and related issues. My plan is to learn stuff by
explaining it. In the meantime, I've been getting some emails on this topic. For example, in response to Robert Smart's
comment above, Dave Tweed wrote:
Dear John,
Since I saw Robert Smart's comment on your diary, I guess an email is appropriate. I wouldn't presume to
give you advice, but I'll just suggest that money is not a well-defined fundamental concept in economic
theory, and probably can't be uncontroversially defined. Arguably a more important understanding in
economics is understanding how feedback/system effects can manifest themselves. From there you can start
to figure out what characteristics money needs to play, and hence how it should be "defined". One example
of the kind of thing is presented here, where it's suggested that the historic choice of definitions and tools
leads to what you consider the problems to be (namely only those that fit nicely within your toolset
framework):
Steve Keen, Circuit theory and state of post Keynesian economics, talk at the 4th Dijon money
conference.
I'll leave it there, but if youre interested in money as hydraulics consider MONIAC.
Anyway, best wishes,
Dave Tweed
February 6, 2010
A lot of rain! We need this rain badly... but it's causing mudslides near the coast.
According to Southern California Weather Notes:
The recent enhancement of El Nino convection in the equatorial Pacific by the Madden-Julian Oscillation
(MJO) has triggered a strong atmospheric response. A Global Wind Oscillation (GWO) phase space plot
shows large increases in relative atmospheric angular momentum (AAM) and AAM tendency. As a result
of this increase, the average relative AAM anomaly for the rain season to date is now positive. As

mentioned in this post from December 2009, relative AAM is correlated with rain season precipitation in
Southern California. This suggests an increased likelihood of wet weather in Southern California in the
medium range outlook period.
That December post says:
Will the current El Niño produce the expected seasonal impacts in Southern California? A new tool that can
help gain some insight into the linkage of climate and weather is the Global Wind Oscillation (GWO) phase
space plot. Ed Berry repeatedly demonstrated the usefulness of this tool in his blog Atmospheric Insights.
Although the blog has been discontinued, its content remains a valuable resource.
The GWO is a recurring subseasonal phenomenon that involves the transport and interchange of
momentum in the earth-atmosphere system. It encompasses the MJO and occurs on a similar timescale.
Analogous to the MJO phase space plot, but based on a framework of atmospheric angular momentum
(AAM), the GWO phase space plot is a measure global relative atmospheric angular momentum and its
tendency. For details, see Weickmann & Berry, 2008.
Relative AAM is generally positive during an El Niño and negative during a La Nina. Relative AAM is
correlated with rain season precipitation in Southern California, and can be helpful in assessing potential El
Niño impacts. The following November to March GWO phase plots show the distinctly different behavior
of the GWO during the strong El Niño of 1997-98, and the strong La Nina of 1973-74:

In a decade characterized by quirky El Niños, the El Niño of 2009-10 has been acting like another odd one.
From a Southern California perspective, the concern has been that it might be like the El Niño of 2006-07
when Downtown Los Angeles recorded only 3.21" of rain over the water year. In the early stages of the El
Niño of 2006 strong convection developed in the Indian Ocean during November, but an MJO did not
develop until a second round of Indian Ocean convection occurred in mid December. Relative AAM
remained negative, and in terms of the atmosphere, the 2006 El Niño didn't make it to 2007.
This year, Indian Ocean convection did spawn an MJO which eventually enhanced El Niño convection near
the dateline. Significant momentum was added to the mid-latitudes of the Northern Hemisphere, energizing
the westerlies and contributing to the pattern change that resulted in our recent wet weather. However, the
increase in mid-latitude AAM has been mostly offset by negative anomalies at higher latitudes. Following
are the GWO phase space plots for the current rain season to date, and the quirky El Niño of 2006-07.
Luckily the El Niño seems to have gotten its act together by now and produced some hefty rains!
I'm struggling to understand the graphs shown above. I believe that the quantity called M is defined on page 7 of this
paper:
Klaus Weickmann and Edward Berry, The tropical Madden-Julian oscillation and the global wind oscillation,
NOAA, October 3, 2008.
It seems to be an estimate of the total angular momentum of the Earth's atmosphere: AAM means "atmospheric angular

momentum". Angular momentum is a vector, but they're only considering the component aligned with the Earth's
rotation, since winds tend to blow east-west. A typical value of the angular momentum of the Earth's atmosphere is 1.25
× 1025 kilogram meter2 / second. This corresponds to a uniform wind blowing due east at a speed of 0.5 meters/second
over the whole planet's surface.
The graphs above also show the time derivative dM/dt. A typical value of this is 1.8 × 1019 kilogram meter2 / second2.
I don't know what units the graph is using, but you can get the idea: an El Niño tends to boost the overall westerly flow
of the planet's winds, while La Niña boosts the easterly flow. According to Rich Monastersky, writing for Science
News:
During non-El Niño years, winds in the tropics tropics, also called tropical zone or torrid zone, all the land
and water of the earth situated between the Tropic of Cancer at lat. 23 1-2°N and the Tropic of Capricorn at
lat. 23 1-2°S. blow from east to west, whereas winds over the rest of the globe travel from west to east.
Combined, they give the atmosphere a net eastward momentum.
The atmosphere routinely trades some of this momentum back and forth with the solid Earth as winds drag
across the surface of the planet and push against mountain ranges. In the Northern Hemisphere's winter, the
atmosphere speeds up and Earth slows. In summer, the reverse happens. El Niño boosts the atmosphere's
angular momentum by slowing down the tropical easterlies and speeding the westerlies outside the tropics,
says Salstein.
As the atmosphere speeds up during El Niño, Earth itself slows down to conserve the combined angular
momentum. John M. Gipson of NASA's Goddard Space Flight Center in Greenbelt, Md., has tracked the
planet's spin by monitoring changes in the length of the day. Over a typical year, the day shortens and
lengthens by roughly 1 millisecond, mostly because of shifts in atmospheric angular momentum. During the
current El Niño, the day has grown longer by four-tenths of a millisecond, he says.
For more, try:
British Atmospheric Data Centre (BADC), Background information on AAM.
February 7, 2010
In week293 of This Week's Finds, I announced that I'm going to quit writing This Week's Finds in Mathematical
Physics after week300, and start a slightly column, This Week's Finds, which will address a new range of issues. I'm
going to start by examining the case for human-caused global warming.
My friend Nathan Urban writes:
Strange to hear that TWFMF is ending ... but good to hear there will still be a TWF! And I think it will be a
lot of fun for you to explore these new areas. It was for me.
A few things which come to mind as I read Week 293:
Photovoltaics are definitely the most interesting from a quantum physics and optics perspective ... but
there's also boring old concentrated solar thermal (i.e. mirrors and steam turbines) which is already a pretty
developed technology and doesn't suffer from limited supplies of rare earth elements. (Instead it needs
water, which can be problematic in deserts! But some have proposed using molten salt to use for heat
storage during night time, although you still need water for the turbines.)
Climate Progress, Concentrated solar thermal power - a core climate solution.
Climate Progress, An introduction to the core climate solutions.
Climate Progress, The technologies needed to beat 450 ppm, Part 1

Some papers on the decline and future of Arctic sea ice:
Donald K. Perovich and Jacqueline A. Richter-Menge, Loss of Sea Ice in the Arctic.
Dirk Notz, The future of ice sheets and sea ice: Between reversible retreat and unstoppable loss.
I. Eisenman and J. S. Wettlaufer, Nonlinear threshold behavior during the loss of Arctic sea ice.
Julien Boi, Alex Hall and Xin Qu, September sea-ice cover in the Arctic Ocean projected to vanish
by 2100.
Ian Simmonds and Kevin Keay Extraordinary September Arctic sea ice reductions and their
relationships with storm behavior over 1979-2008.
R. Kwok et al, Thinning and volume loss of the Arctic Ocean sea ice cover: 2003-2008.
R. W. Lindsay, J. Zhang, A. Schweiger, M. Steele, and H. Stern, Arctic Sea Ice Retreat in 2007
Follows Thinning Trend.
James Maslanik et al, On the Arctic climate paradox and the continuing role of atmospheric
circulation in affecting sea ice conditions.
Papers on wind (and solar) spectra:
John Laumer, Solar Versus Wind Power: Which Has The Most Stable Power Output?
Jay Apt, The spectrum of power from wind turbines.
Aimee E. Curtright and Jay Apt, The character of power output from utility-scale photovoltaic
systems.
Jay Apt and Aimee E. Curtright, The Spectrum of Power from Utility-Scale Wind Farms and Solar
Photovoltaic Arrays.
Warren Katzenstein, Emily Fertig, Jay Apt, The variability of interconnected wind plants.
Jay Apt at CMU has been working on the inefficiencies induced by having to match the wind power
spectrum to the electricity grid spectrum.
You talk about mesoscale and large-eddy simulation. This ties into "multiscale simulation", which is about
how to represent sub-grid scale physics in a large-scale numerical simulation. Common approaches are to
treat the sub-grid scale physics stochastically in some way as "unknown physics with given statistical
behavior", either analytically or by embedding small-scale simulations inside larger ones to numerically
compute said statistics. There are a number of mathematicians working on this, e.g. at these UCLA
workshops this spring:
Institute for Pure and Applied Mathematics, UCLA, Model and Data Hierarchies for Simulating and
Understanding Climate.
See e.g. work by Andrew Majda, Ilya Timofeyev, Weinan E, and others.
Andrew J. Majda.
Ilya Timofeyev.
Weinan E.
There is some debate as to how to do this properly, between "heterogeneous multiscale" vs. "equation free"
approaches. (I gather the former is more systematically mathematical, and the latter is more purely
numerical.)
Weinan E, Bjorn Engquist, Xiantao Li, Weiqing Ren and Eric Vanden-Eijnden, Heterogeneous
Multiscale Methods: A Review.
Weinan E, Weiqing Ren and Eric Vanden-Eijnden, A general strategy for designing seamless
multiscale methods.
Weinan E, The heterogeneous multiscale method and the "equation-free" approach to multiscale

modeling.
Weinan E and Eric Vanden-Eijnden, Some Critical Issues for the "Equation-Free" Approach to
Multiscale Modeling.
Multiscale modeling is particularly important in modeling cloud physics since clouds are hugely important
to the Eath's radiative balance but are too small to realistically model globally, hence "cloud
superparameterization". See:
David Randalla, Marat Khairoutdinova, Akio Arakawab, and Wojciech Grabowski, Breaking the
Cloud Parameterization Deadlock.
Wei-Kuo Tao et al, A multiscale modeling system: developments, applications and critical issues.
JB wrote:
I have some ideas. For starters, something like science journalism / blogging, but with a focus
on issues where we need a scientist to understand technical details and then explain them
clearly. I think I'm good at that.
Yes, that could be a good strategy. There are a number of topics which I think could benefit from a good
technical exposition. In fact, I've toyed with writing a little book about this, with simple qualitative
reasoning about systems dynamics. You can probably explain these things much better than I could.
1. Why the "urgency"
People need to understand better the ideas of sources/sinks in systems analysis and the concepts of physical
and socioeconomic inertia. This is, e.g., one of the themes of the Solomon "irreversible climate change"
paper you've mentioned.
For example, people often think that we just have to stop increasing our CO2 emissions and the problem
will be solved. But CO2 levels will continue to increase as long as emissions (source rate) exceed the sink
strength, and natural carbon sinks are much weaker than current emissions: terrestrial sink takes about 1/4
of what we emit, the oceans take about 1/4, and 1/2 stays in the air. So we'd have to drop emissions to half
what they are now before natural sinks can even keep up with them, let alone reduce CO2 (assuming that
the strength of natural sinks stays constant). A lot of people get confused between CO2 concentrations and
CO2 emissions/sinks:
Andrew C. Revkin, The greenhouse effect and the bathtub effect.
John D. Sterman, Risk communication on climate: mental models and mass balance.
Climate Interactive, The climate bathtub animation.
Jorge L. Sarmiento and Nicolas Gruber, Sinks for anthropogenic carbon.
Related concepts are "airborne fraction" or AF (how much anthropogenic CO2 stays in the air) and whether
AF is changing (and how that relates to how CO2 concentrations are changing, some people falsely think
that a constant AF means CO2 isn't increasing). Also misunderstood is the difference between carbon
atmospheric residency time and the e-folding time of carbon sinks. A given CO2 molecule only spends a
few years in the atmosphere before ending up in a sink, but the effective lifetime of atmospheric CO2 is
much longer, decades to centuries on average. (Analogy: a molecule is emitted and quickly absorbed by
some sink, leaving CO2 concentration unchanged. But how long for CO2 concentration to decrease? For
that, maybe you have to grow a whole new tree to absorb the extra CO2 molecules that aren't already being
absorbed by existing trees.) This confuses many people:
David Archer et al, Atmospheric Lifetime of Fossil Fuel Carbon Dioxide.

In fact, there are multiple timescales involved in carbon sinks, and some of them are very slow. This is
where I think Mason Inman's analysis and David Archer's work (e.g., The Long Thaw) are more relevant
than Franklin Cocks, as you discuss in your diary. A lot of CO2 is going to be around for a long time, and
this may affect the ice age cycle itself:
David Archer and Andrey Ganopolski, A movable trigger: Fossil fuel CO2 and the onset of the next
glaciation.
So, it's not just a matter of keeping emissions steady, we have to cut them, and cut them a lot, before
atmospheric CO2 will actually stabilize or decrease. And ultimately, even cutting emissions to zero isn't
going to necessarily avoid dangerous climate change. For example, if we cut them to zero by simply
burning all fossil fuels! If we want to avert the full amount of climate change possible, we have to leave
fossil fuels in the ground and never burn them, not just burn them more slowly (e.g., by more efficient use
of energy). Otherwise, you're just delaying the problem a little. (There's so much focus on 2100 that people
forget that a huge amount of global warming in, say, 2200 is also a problem!) What really matters is our
cumulative emissions, the total amount of fossil fuels we will ever emit, and how much less that is than the
total amount available. See here:
Myles Allen et al, The exit strategy.
People don't understand this either. Many think that all we have to do is be more energy efficient, but this
isn't going to stop us from burning fossil fuels, it will just slow it a little. To stop burning fossil fuels
altogether, they have to become more expensive than alternatives (or regulated). (Also related is the Jevons
paradox: if we become more efficient, that just lets us burn more fossil fuels for the same cost! To keep
consumption down, economists have argued that you need a price incentive or need to regulate
consumption.)
Then there is inertia. If we mitigate our emissions, we're not going to see that reflected in the climate
system immediately. Most of the heat capacity in the planet is in the oceans, with a characteristic heat
mixing timescale of decades. That's how long it takes to fully adjust to changes in radiative forcing (and the
time also depends on feedback strengths, with stronger feedbacks implying slower responses). You can see
this by analyzing the simple linear response model:
C dT/dt = F - λT
where T is temperature, C is heat capacity, F is radiative forcing (e.g. log CO2 concentration), and λ is a
feedback factor (inversely related to climate sensitivity).
The oceans will slow the climate response to anything we do, sea level rise from thermosteric expansion
will continue as long as the oceans continue to heat as they try to re-equilibriate. Ice sheets have even
slower response times.
Then there is socioeconomic inertia. People often think we should be embarking on a crash program to
develop breakthrough energy technologies. That just takes too long to rely on. It probably takes about 50
years from initial research, to development, to deployment, to widespread deployment for a new energy
technology. Breakthroughs could eventually help, but things we can deploy widely now (like simple
baseload solar) are the most important, when coupled to the long lag times in the climate system itself.
2. Climate sensitivity and feedbacks
What is CO2 going to do to the climate? Well, we expect about 3.7 W/m2 extra radiative forcing, top of
atmosphere, from doubled CO2. (Radiative forcing is logarithmic in CO2 concentration, basically the Beer-

Lambert law, so we count CO2's effect in terms of doublings.) This is expected to produce about 1 C of
warming for each doubling. That by itself is not too bad. It's the feedbacks which get you: they can increase
the response to 3 C or more. These are things like water vapor increases in a warmer climate (water vapor is
a greenhouse gas), ice albedo feedback (melt ice, Earth's surface is darker and absorbs more heat), cloud
cover changes, changes in the carbon cycle, etc. That's where most of the problem, and most of the
uncertainty in how bad the problem is, comes from. I think people could use a good introduction to linear
feedback theory in the climate system. Something like a layman's version of this:
Gerard Roe, Feedbacks, Timescales, and Seeing Red.
3. Climate surprises, thresholds, nonlinearities, and abrupt climate change
These are the big risks which might be unlikely but could be so bad that we ought to take steps to reduce
their risk anyway. Disintegration of major ice sheets, collapse of the Atlantic overturning circulation
(although that's looking like less of a risk), runaway permafrost or methane clathrate melting, etc. Some of
these can occur if you pass a "threshold" (bistable system, can exhibit hysteresis) and can be effectively
irreversible. For example, if you melt Greenland and later reduce temperatures back to pre-industrial, the
ice sheet won't return to its pre-industrial state. It will be gone. You need an ice age to rebuild it. I bet you
could show this analytically in a simple conceptual model.
Some miscellaneous links that come to mind, perhaps not the best selection:
Timothy M. Lenton et al, Tipping elements in the Earth's climate system.
Jonathan M. Gregory, Climatology: Threatened loss of the Greenland ice-sheet.
Young-Gyu Park, The Stability of Thermohaline Circulation in a Two-Box Model.
R. B. Alley et al, Abrupt Climate Change.
Reto Knutti and Thomas F. Stocker, Limited Predictability of the Future Thermohaline Circulation
Close to an Instability Threshold.
R. J. Stouffer, K. W. Dixon, M. J. Spelman, and W. Hurlin, Investigating the Causes of the Response
of the Thermohaline Circulation to Past and Future Climate Changes.
Jonathan Bamber, What happens when an ice sheet melts?
this.
this.
JB wrote:
Then, maybe learning enough and getting to know enough people to tackle some more specific
technical projects.
Not sure what I can suggest about that, as most of the mathematical research I know of in climate science is
pretty far from "abstract nonsense" and bond diagrams ... more numerical analysis.
JB wrote:
Apparently people need better modelling techniques all over, especially for designing the
"smart grid". I can sense an opportunity for abstract nonsense like "bond graphs" here.
I'm no expert on "the smart grid", but you might want to look at CMU's energy research:
this.
Some interesting people in their Engineering and Public Policy department are M. Granger-Morgan, Jay
Apt, Lester Lave. For electricity research, see their Electric Industry Center:

this.
At Penn State we have Seth Blumsack (who did his PhD at CMU) who works on energy grid design
(although mostly from an economic policy perspective rather than, say, network design and modeling):
this.
February 10, 2010
Another bit of rain.
February 12, 2010
Tim van Beek writes:
Dear John,
I always wondered if climate models that try to predict sudden climate changes could profit from the
knowledge that physicists have about phase changes in condensed matter physics. Item 3 in Nathan Urban's
email, "Climate surprises, thresholds, nonlinearities, and abrupt climate change", reminded me of this
analogy. The article
T. M. Lenton H. Held, E. Kriegler, J. Hall, W. Lucht, S. Rahmstorf, and H. J. Schellnhuber, Tipping
elements in the Earth's climate system.
was particularly interesting to me for this reason.
The following article is a little addendum to this:
Alan Hastings and Derin Wysham, Regime shifts in ecological systems can occur with no warning.
That requires a subscription, unfortunately, but the authors are — remote — colleagues of yours. By the
way, the Potsdam Institute of Climate Impact Research has a nice homepage that will be a good distraction,
should you suffer from insomnia.
Kind regards,
Tim van Beek
February 13, 2010
In South Carolina, terrorists now need to register with the state. Here's the form:
Secretary of State, South Carolina, Subversive Agent Form.
There's a $5 filing fee. You have to outline the fundamental beliefs of your subversive organization, attach a copy of its
bylaws or the minutes from your last meeting, and list your members.
February 14, 2010
It's Valentine's Day! And last night we had our Lunar New Year party, where the guests help us make jiaozi — the
dumplings that are traditional for this occasion in China.

Charlie Clingen writes:
Hi, JohnRecently I've been thinking a lot about your change of direction and what you will be doing next. I'm
beginning to form a clearer idea of what I think you could do (and enjoy doing) in order to have a
significant impact of the future direction of our country and our planet.
I'll sketch the outline and see if it appeals to you at all.
First, I'm assuming that we do best that which we like most to do (and vice versa). It seems to me that some
of your most outstanding abilities include: the ability to summarize difficult, technical concepts and relate
them to each other in new and interesting ways; the ability to explain complicated ideas clearly in novel and
interesting ways; the ability to organize and display large amounts of interrelated information in efficient
ways. You are also good at keeping blog responses under control before they spin off into flame wars.
Given that, and your past history as visible to me, I'm guessing that the following might be of interest to
you.
A summary:
You can create a new blog intended for use by professional, technical people world-wide, with
expertise in fields related to climate analysis, energy production, natural resource conservation and
pollution control.
You would initiate discussions in several strings, including those just mentioned, by writing a brief

introductory summary paper for each topic stating your understanding of the state-of-the-art plus the
severity of the threat and the purpose of the discussion in the blog.
You would monitor discussions forcing people to give their professional opinions, not their personal
opinions. You would emphasize the requirement for data as opposed to beliefs and opinions.
Relentless reinforcement of that requirement would be an effective way to keep the wingnuts at bay.
You would collect papers and publications, much as you are now doing, and consolidate them on an
ongoing basis into bibliographies for future reference.
You, with the help of some new-found colleagues, would prepare, update continuously, and display
online, perhaps in style of This Week's Finds, summaries of the state-of-the-art and the state-of-thecrisis for various areas, such as those proposed above.
Perhaps your most valuable contribution, in addition to all the hard work above, would be the
imposition of your professional value judgments upon all of this information. It would be up to you to
aggregate and prioritize the various professional results and then "make the call", stating
authoritatively what it all means. This will make you uncomfortable, because you know you will
make mistakes. But that doesn't matter. What matters is that you will be right most of the time, and
the fact is that you will be in a better position to make such judgments calls, and you, personally and
technically, will be better equipped to make such broad, cross-specialty value judgments than anyone
else. So, you should just go for it. Be the oracle, be the wizard. When people challenge you, point
them to your summary papers and ask them to provide data that disproves your conclusions. If they
can do so, accept it gratefully, change your summary, and move on, just as you do today in This
Week's Finds and the n-Category Café. That's what we all need in these crazy, confusing times of
change and chaos.
These summaries would be written with the objective of being referenced and quoted as the
authoritative status of the state-of-the-art and the state-of-the-problem. I will take a couple of years
for you to achieve that level of acceptance, but it is possible, indeed probable, if that is your
objective.
Success would be measured by how widely known and accepted your summaries become. One of the
most difficult challenges would be to find a way to get them properly quoted by the popular press,
rather than misquoted, as is almost always the case. This would probably require you and your
colleagues to submit yourselves to media interviews from time to time in order to set things straight.
So, in a nutshell, that's a summary of my thoughts. I haven't thought through clearly yet the proper division
of responsibility between blog discussions and on-line technical summary papers, but you know a lot more
about that than I do.
As usual, I have violated one of my own "Charlie's Laws": "Never define a problem by stating your
solution." But hey, sometimes I just can't help myself.
Hope this gives you some useful food for thought.
I believe you have the potential to make a big difference. Go for it! If later you decide it's not for you, you
always have plan B — the deeper integration of advanced math and theoretical physics.
Best regards,
Charlie Clingen
This plan appeals to me, not only for noble reasons, but also for ignoble ones. I enjoy grandstanding and being at the
center of attention. Unfortunately, pursuing this plan would require a vast amount of energy and dedication on my part

— especially the parts that involve dealing with other people. I have a lot of energy when I'm doing what I want to do,
but my interests flit around in a somewhat unpredictable way. I want to indulge that tendency a bit more than I've been
able to recently. One reason I want to quit working on n-categories is that it started feeling very burdensome: there were
more and more half-completed papers I needed to finish, less and less time for free exploration. I feel much happier if I
wake up and have a few hours to do whatever I want — whatever excites me at the moment! That's when I come up
with good ideas. As soon as I quit working on n-categories, I started having lots of good ideas.
This Week's Finds suits this aspect of my personality — it lets me jump from subject to subject without feeling guilty
about it. I like the idea of writing a This Week's Finds whose scope is broader, including environmental issues. But
making myself into a dedicated compiler of information — "the oracle, the wizard" — and building up people's
expectations that I'll be there whenever they need a judgement rendered — that doesn't sound so good. I'll burn out!
So, I need to tweak Charlie Clingen's plan a bit. I want a role that's a bit less grandiose, a bit less of a full-time job.
Also: when my 5 grad students finish up, I'm going to switch back to having one or two at most. It's great fun having a
big team of people to work with. But doing research with grad students is like driving a train: it takes a long time to start
them up on something, and you can't stop a project suddenly, or turn on a dime. When I get more seriously into work on
ecology, engineering, quantum computation and the like (and maybe algebraic geometry with Jim Dolan), I want to
become more maneuverable.
February 16, 2010

A Tibetan Buddhist monk on a road in the Qinghai province of China.
He is on a pilgrimage to Lhasa, 400 miles away. The journey will take about six months.
Photograph by Christopher Brown of NPR.

Here's a fun and enlightening radio show about a journey down the Mekong River:

Michael Sullivan, The Mekong: a river and a region transformed, National Public Radio:
At Mekong's source in China, past and present collide.
Mekong flows along troubled Myanmar's east.
Mekong divides different worlds in 'Golden Triangle'.
Cambodia's fortunes ebb and flow along the Mekong.
As Mekong rolls to the sea, turbulence on its banks.
I'll be pretty near some of these places when I move to Singapore! I'd like to visit Cambodia and Laos. But I don't want
to get anywhere near the opium fields of the Golden Triangle, or Myanmar. Those places sound like trouble.

February 20, 2010
It rained last night!
As you can see, I'm trying to get myself into the swing of living in Southeast Asia a little bit before I actually go there.
So I found this story interesting:
Scott Simon, Psychedelic Cambodian rock actually pretty inspirational, Weekend Edition, National Public Radio,
February 20, 2010.
A condescending story title, but a nice story about an album of Cambodian rock music from the late 60's and early 70's
— the good old days, before the Khmer Rouge took over and devastated the country, killing almost a quarter of the
population through execution, torture, forced work and starvation. The album is called Electric Cambodia, and it was
compiled by a band called Dengue Fever.

This sort of music can grate on Western ears. For starters, the high-pitched, sweet but slightly whiny female vocals in
Cambodian music don't sound "cool". It reminds me a bit of how Lisa used to combat neighbors who played loud rock
music by playing Chinese opera at full volume! And there can also be something a bit pathetic about Asian attempts to
imitate Western music fads. You think "why don't they do their own thing?" But music styles are like highly contagious
viruses — they hop unstoppably from culture to culture, mutating in weird ways as they go. And I'm learning it's good
to check your pre-established notions of "cool" at the door if you want to explore a wide range of music. And so, I think
I could get to like this stuff.
Here's what I'm listening to these days. Click on the artist's name for more information on them, or the album title to
hear a bit:
Bill Frisell, Disfarmer. Jazz guitarist with band playing deep, haunting miniatures with interlocking themes.
Blossom Dearie, Verve Jass Masters 51. Jazz singer and pianist with a baby-doll voice — may sound corny at
first, but it grows on you. These days when Lisa and I drive to the grocery store we practice singing along to
Rhode Island is Famous for You.
Aphex Twin, Drukqs. Aphex Twin is Richard James, and Richard James is a madman. Here he plays grating,
wildly energetic techno interspersed with otherworldly, sometimes gentle prepared piano tracks.
Richie Hawtin, Musik. Techno put out by Richie Hawtin under the monicker "Plastikman", with some entrancing
tracks like Plastique and Marbles. The excitement comes from gradually changing timbres made on some classic
Roland synthesizers. You need good speakers to fully appreciate these sounds. On my tinny computer speakers,
this music sounds like crap.
Michèle Claude et L'Ensemble Aromates, Jardin de Myrtes: Mélodies Andalouses du Moyen-Orient. Beatiful
Andalusian melodies played on traditional instruments. It's slightly marred by the Western classical style of the
instrumentalists — it doesn't "swing" as much as it could. But it's still good, and the title track is unforgettable.
Eduardo Paniagua Group, Danzas Medievales Españolas. Truly ravishing performances that explore the interplay
between north African music, Andalusian music and the music from the Catholic tradition in medieval Spain.

Unlike the previously listed album, Eduardo Paniagua's musicians have a fiery sense of rhythm. It's absolutely
tragic how hard his albums are to find — I just shelled out $30 for Latidos de Al-Andalus. But Danzas
Medievales Españolas is easy to find.
February 21, 2010
Mike Stay has some great pictures on his blog:

February 22, 2010
Simon Willerton arrived in town last Tuesday — he's a pal of mine, a mathematician from Sheffield who works on
quantum topology. He's going to be visiting Riverside until the end of April. We had him over for dinner last night,
along with a music professor at UCR named Paolo Chagas, who Lisa met recently — he turned out to live just a few
It was cloudy all day yesterday, and last night it finally broke down and rained again! The hills are nice and green.
February 24, 2010
In 1750 there were about 280 part per million of carbon dioxide in the atmosphere. Now it's about 380 ppm.

MIT scientists predict roughly 886 parts per million by 2095 in a business-as-usual scenario - that's the median of a
probabilistic simulation described here.
So, by the century's end, the the amount of CO2 in the atmosphere may almost quadruple from its level before the
industrial revolution. How much will each doubling of the CO2 raise the Earth's temperature? The long-term answer
may be quite different from the short-term answer, because there are feedback effects like the ice albedo effect that take
a while to kick in. A short-term estimate is roughly 3°C. Long-term estimates could be more like 6°C:
Climate Progress, Another 'Must Read' from Hansen: 'Long term' climate sensitivity of 6° C for doubled CO2,
October 1, 2007.
The MIT study predicts a median of about 5°C of warming by the century's end, with a 90% chance of warming
between 3.5 to 7.4 degrees. They call for rapid and massive action to avoid this.
February 25, 2010
In response to my mention of Hansen's 2007 estimate of 6° C 'long term' temperature increase in response to doubled
CO2, a correspondent writes:
I've always been skeptical about Hansen's claim of 6 C for long-term sensitivity. This may be appropriate
over the glacial-interglacial cycles, in which there was a large ice-albedo feedback from vast continental ice
sheets in the Northern Hemisphere. However, since we are in an interglacial, those ice sheets aren't there
anymore. Thus, we should expect a much smaller ice-albedo feedback under further warming, even if the
Greenland and West Antarctic ice sheets disintegrate.

Hansen was still making his 6 C claim in this paper:
James Hansen, Makiko Sato, Pushker Kharecha, David Beerling, Robert Berner, Valerie MassonDelmotte, Mark Pagani, Maureen Raymo, Dana L. Royer, James C. Zachos, Target Atmospheric
CO2: Where Should Humanity Aim?, The Open Atmospheric Science Journal, 2, 217-231.
Abstract: Paleoclimate data show that climate sensitivity is 3°C for doubled CO2, including only fast
feedback processes. Equilibrium sensitivity, including slower surface albedo feedbacks, is 6°C for
doubled CO2 for the range of climate states between glacial conditions and ice-free Antarctica.
Decreasing CO2 was the main cause of a cooling trend that began 50 million years ago, the planet
being nearly ice-free until CO2 fell to 450 ± 100 ppm; barring prompt policy changes, that critical
level will be passed, in the opposite direction, within decades. If humanity wishes to preserve a planet
similar to that on which civilization developed and to which life on Earth is adapted, paleoclimate
evidence and ongoing climate change suggest that CO2 will need to be reduced from its current 385
ppm to at most 350 ppm, but likely less than that. The largest uncertainty in the target arises from
possible changes of non-CO2 forcings. An initial 350 ppm CO2 target may be achievable by phasing
out coal use except where CO2 is captured and adopting agricultural and forestry practices that
sequester carbon. If the present overshoot of this target CO2 is not brief, there is a possibility of
seeding irreversible catastrophic effects.
I've never quite followed the chain of logic in that paper completely. He derives a slow-feedback of 6 C
from the glacial-interglacial cycle in Section 2.2. But the question is does that generalize to slow feedback
starting from a low-ice state? He argues that 35 My in the Cenozoic is a good analog for that, but I don't see
him actually derive a number for slow feedback in Section 3.2. In Section 3.3 he argues that "the
equilibrium climate sensitivity ... is almost as large between today and an ice-free world as between today
an the ice ages", which implies that you should still get a slow 6 C into a future ice-free state. I guess I
could sit down and try to verify this from figures, but he doesn't show a calculation as far as I can tell.
This paper was written in 2007 and published some time in 2008. Interestingly, in December 2008 Hansen
gave the Bjerknes Lecture at the AGU fall meeting, with slides here. In these slides (see pp. 8-9), Hansen
says that the empirical climate sensitivity relevant to today's climate is "nailed" precisely to 3 C, including
paleo constraints. In the footnotes he notes that slow feedbacks are sensitive to the climate state. And he
doesn't mention 6 C anywhere in the lecture. Many have interpreted this as backing off from the claim that
the slow sensitivity relevant to a modern interglacial climate is 6 C. But he doesn't come out and say it.
My question to you is, since you've read his new book, does he say anything about very large slow
feedbacks which are relevant to modern climate (i.e., a 6 C climate sensitivity)? i.e., is he still pushing this
claim publicly? I would imagine that if so, he would put it in his book somewhere, since he's been pounding
the drum about extreme climate risk (e.g., his runaway greenhouse stuff ... which he mentions in his
Bjerknes lecture, but using GISS modelE with a climate sensitivity of something like 2.8 C, IIRC).
My answer: no, apparently Hansen is no longer pushing the 6° C figure. On page 45 of his book:
Fortunately, Earth's history allows precise evaluation of climate sensitivity without using climate models.
This approach is suggested by the fact that some feedback processes occur much faster than others.
[...]
Using Earth's history, we can evaluate Charney's fast-feedback climate sensitivity by comparing the last
glacial period, 20,000 years ago, with the recent interglacial period, the late Holocene. [...] We see that the
total forcing of about 6.5 watts maintained an equilibrium temperature change of about 5 degrees Celsisus,
implying a climate sensitivity of about 0.75 degree Celsius for each watt of forcing. This corresponds to 3
degrees Celsius for the 4-watt forcing of doubled carbon dioxide. The sensitivity is smack in the middle of
the range that Charney estimated, 1.5 to 4.5 degrees Celsius.

From page 157:
Earth's temperature changed about 14 degrees Celsius between 50 million years ago and the recent ice ages.
Between 50 and 34 million years ago, the period when there were no large ice sheets on Earth, we expect
climate sensitivity to be 3 degrees Celsius for doubled carbon dioxide (the empirical climate sensitivity we
inferred earlier from glacial-interglacial climate change).
I don't understand where higher sensitivity due to larger ice sheets fits into his story here, and I don't even understand
where the fast/slow issue shows up. But the figure of 3 degrees, not 6, is the one that keeps showing up.
Here's an online book about tipping points for climate change:
Daniel B. Fagre and Colleen W. Charles, et al, Thresholds of Climate Change in Ecosystems.
Since I live in Southern California, where a cycle of drought, bark beetle infestations, fires, and mudslides have been
destroying forests for about a decade now, I was particularly interested in the section on broad-scale forest die-back as a
threshold response to climate change in the southwestern United States. Here's a quote, with references deleted to make
it easier to read:
Currently, climate-induced dieback of woody plants is being recognized as an important vegetation
response to climate variation and change, with examples of forest dieback emerging from around the world.
(It should also be noted that other recent studies have documented increased tree growth in dry forests,
perhaps because of increased water use efficiency.) Recent research shows that water stress appears to be
driving increases in background tree mortality rates in western North American forests. In addition,
observations of extensive tree die-off — especially from semiarid ecosystems where woody plants are near
their physiological limits of water stress tolerance — are being documented globally, for example, in
Australia, Africa, west Asia, Europe, South America, and North America. Climate-induced water stress
over extended time periods can exceed the physiological tolerance thresholds of individual plants and
directly cause mortality through either 1) cavitation of water columns in the xylem conduits ("hydraulic
failure") or 2) forcing plants to shut down photosynthesis to conserve water, leading to "carbon starvation".
These individual-scale threshold responses to climate stress can trigger tree mortality that propagates to
landscape and even regional spatial scales, sometimes amplified by biotic agents (like bark beetles) that can
successfully attack and reproduce in weakened tree populations and generate massive insect population
outbreaks with positive feedbacks that greatly increase broad-scale forest mortality.
[...]
Although tree mortality almost certainly occurred across much of the southwestern United States in
response to the 1950s drought (and probably for previous regional-scale droughts as well), few studies exist
that allow scientists to test projections about the rapidity and extent of potential vegetation die-off responses
to drought. A recent drought beginning in the late 1990s and peaking in the early 2000s affected most of the
western United States. This was the most severe drought in the Southwest since the 1950s. Substantial
mortality of multiple tree species has been observed throughout the Southwest during this 2000s drought.
For example, mortality of the piñon pine spanned major portions of the species' range, with substantial dieoff occurring across at least 1,000,000 hectares from 2002 to 2004. For both droughts, much of the forest
mortality was associated with bark beetle infestations, but the underlying cause of dieback appears to be
water stress associated with the drought conditions.
The precipitation deficit that triggered the recent regional-scale die-off of the piñon pine across the
Southwest was not as severe (dry) as the previous regional drought of the 1950s, but the recent 2000s
drought was hotter than the 1950s drought by several metrics, including mean, maximum, minimum, and
summer (June-July) mean temperature. Although historic data from the 1950s is limited, available data
suggest that piñon pine mortality in response to the recent drought has been more extensive, affected greater
proportions of more age classes, and occurred at higher elevation and wetter sites than in the 1950s drought.
Hence, the warmer temperatures associated with the 2000s drought may have driven greater plant water

stress through increased evapotranspirational demand and resulted in more extensive tree die-off. Because
global change is projected to result in droughts under warmer conditions (referred to as "global-change type
drought") the severe piñon pine dieback from the recent drought may be a harbinger of vegetation response
to future global-change type droughts. In addition to the die-off of dominant overstory tree species, high
levels of dieback also were observed in other Southwestern U.S. species and life forms in response to the
warm regional drought in the 2000s. These include species where bark beetles are unimportant or
nonexistent, including one-seed juniper (Juniperus monosperma) — a co-dominant with piñon pine for
much of its range; shrubs such as wavy-leaf oak (Quercus undulate) and mountain mahogany (Cercocarpus
montanus); and blue grama (Bouteloua gracilis), the dominant herbaceous species in many of these
woodland systems. In addition to direct climate-induced mortality, severe protracted drought also can cause
substantial reductions in the productivity and soil surface cover of herbaceous plants, which in turn affects
numerous other ecological processes. In particular, reductions in herbaceous ground cover can trigger a
nonlinear increase in soil erosion once a threshold of decreased herbaceous cover has been crossed, through
increased connectivity of bare soil patches. On the other hand, dieback of woody canopies tends to cause an
immediate successional shift toward greater cover of understory vegetation if moisture conditions are
adequate, which propagates a different set of effects.
For more, try:
David D. Breshears et al, Regional vegetation die-off in response to global-change-type drought, PNAS 102
(2005), 15144-15148.
A quote:
Future drought is projected to occur under warmer temperature conditions as climate change progresses,
referred to here as global-change-type drought, yet quantitative assessments of the triggers and potential
extent of drought-induced vegetation die-off remain pivotal uncertainties in assessing climate-change
impacts. Of particular concern is regional-scale mortality of overstory trees, which rapidly alters ecosystem
type, associated ecosystem properties, and land surface conditions for decades. Here, we quantify regionalscale vegetation die-off across southwestern North American woodlands in 2002-2003 in response to
drought and associated bark beetle infestations. At an intensively studied site within the region, we
quantified that after 15 months of depleted soil water content, >90% of the dominant, overstory tree species
(Pinus edulis, a piñon) died. The die-off was reflected in changes in a remotely sensed index of vegetation
greenness (Normalized Difference Vegetation Index), not only at the intensively studied site but also across
the region, extending over 12,000 km2 or more; aerial and field surveys confirmed the general extent of the
die-off. Notably, the recent drought was warmer than the previous subcontinental drought of the 1950s. The
limited, available observations suggest that die-off from the recent drought was more extensive than that
from the previous drought, extending into wetter sites within the tree species' distribution. Our results
quantify a trigger leading to rapid, drought-induced die-off of overstory woody plants at subcontinental
scale and highlight the potential for such die-off to be more severe and extensive for future global-changetype drought under warmer conditions.
February 26, 2010
In 2008 the World Meteorological Organization figured out the 10 warmest years since people started keeping accurate
records around 1850:
1. 1998
2. 2005
3. 2003
4. 2002
5. 2004
6. 2006
7. 2007

8. 2001
9. 1997
10. 2008

Now NASA reports that 2009 is tied for the second warmest year since 1880!
Oz sent me this link to lots of pictures and animations of the ocean's temperature:
National Oceanic and Atmospheric Administration (NOAA) Satellite and Information Service, Coral Reef Watch.

February 27, 2010

Map of computers infected by the Waledac botnet in a recent 18-day period.
Picture from Microsoft.

Microsoft got US courts to help them launch an attack on the Waledac botnet — an army of approximately 20,000 30,000 computers that seem to be controlled by an outfit called the Russian Business Network, which specializes in
spam, child pornography, malware, phishing and various other forms of cybercrime. Here's a graph of the number of IP
addresses infected by the Waledac botnet each day in the last month — or at least the number newly discovered by the
guys who keep tabs on them:

The Official Microsoft Blog, Cracking down on botnets, February 25, 2010.
Peter Bright, Judge's restraining order takes botnet C&C system offline, Ars Technica, February 25, 2010.
Jeremy, Kudos to Microsoft with the Waledac Botnet take down!, sudosecure.net.
A quote from Bright's article:
Botnets — large networks of malware-infected PCs remotely controlled by criminals — are a serious
problem on the Internet. The spam, phishing attacks, and malware that these networks send accounts for a
massive proportion, in excess of 80 percent, of e-mail traffic. One such network, known as Waledac, has
been stopped in its tracks after Microsoft got a court to issue a secret temporary restraining order. The
restraining order took 277 domain names used by the criminals to communicate with the botnet offline.
Without these domain names, it is hoped that the controllers of the botnet will permanently lose access to
the machines running their malware.
The Waledac botnet is presumed to be run by Eastern Europeans and to be made up of hundreds of
thousands of compromised machines. It sends hundreds of millions, if not billions, of e-mails each day, as
well as distributes malware to help recruit new machines to the network. Microsoft's complaint describes in
detail how the botnet is organized, with a complex hierarchical control system. At the root of the system is
the command-and-control servers. The botnet uses the 277 domain names to connect to the command and

control servers to download new commands. These commands are then distributed through the different
tiers of the network using peer-to-peer transmission.
By obtaining the restraining order, this command-and-control system was disrupted; with the domain names
offline, the machines in the botnet were no longer able to locate their control servers, rendering them mostly
harmless. The court action had to be taken in secret to avoid warning the botnet's operators; with sufficient
warning, they might have been able to set up new domain names and new control systems, thereby
circumventing Microsoft's efforts. The names have now been offline for three days, presumably sufficient
to cause permanent disruption, and the injunction is now public.
Similar action against past botnets has been attempted by security researchers before, but the results were
only temporary as new command and control servers were set up. Microsoft's intent is for this action to be
more permanent. "Operation b49," as Redmond has called it internally, still has further work to do to ensure
that the peer-to-peer communication between computers in the botnet is disrupted.
February 28, 2010
A lot more rain yesterday! But today the sky is utterly clear.
I'm getting ready to start a new blog that talks about what mathematicians and scientists can do about the really big
issues of our day: climate change, the mass extinction event, and so on. I want people to understand what I'm saying...
so these tips are handy:
Susan Joy Hassol, Improving how scientists communicate about climate change, Climate Progress, February 28,
2010.
For my March 2010 diary, go here.
Gone.
Gone.
Through crumbled fingers gone.
Can never be recollected. - Brian Eno
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Al Gore writes:
It would be an enormous relief if the recent attacks on the science of global warming actually indicated that
we do not face an unimaginable calamity requiring large-scale, preventive measures to protect human
civilization as we know it.
Of course, we would still need to deal with the national security risks of our growing dependence on a
global oil market dominated by dwindling reserves in the most unstable region of the world, and the
economic risks of sending hundreds of billions of dollars a year overseas in return for that oil. And we
would still trail China in the race to develop smart grids, fast trains, solar power, wind, geothermal and
other renewable sources of energy — the most important sources of new jobs in the 21st century.
But what a burden would be lifted! We would no longer have to worry that our grandchildren would one
day look back on us as a criminal generation that had selfishly and blithely ignored clear warnings that their
fate was in our hands. We could instead celebrate the naysayers who had doggedly persisted in proving that
every major National Academy of Sciences report on climate change had simply made a huge mistake.
I, for one, genuinely wish that the climate crisis were an illusion. But unfortunately, the reality of the
danger we are courting has not been changed by the discovery of at least two mistakes in the thousands of
pages of careful scientific work over the last 22 years by the Intergovernmental Panel on Climate Change.
In fact, the crisis is still growing because we are continuing to dump 90 million tons of global-warming
pollution every 24 hours into the atmosphere — as if it were an open sewer.

It is true that the climate panel published a flawed overestimate of the melting rate of debris-covered
glaciers in the Himalayas, and used information about the Netherlands provided to it by the government,
which was later found to be partly inaccurate. In addition, e-mail messages stolen from the University of
East Anglia in Britain showed that scientists besieged by an onslaught of hostile, make-work demands from
climate skeptics may not have adequately followed the requirements of the British freedom of information
law.
But the scientific enterprise will never be completely free of mistakes. What is important is that the
overwhelming consensus on global warming remains unchanged. It is also worth noting that the panel's
scientists — acting in good faith on the best information then available to them — probably underestimated
the range of sea-level rise in this century, the speed with which the Arctic ice cap is disappearing and the
speed with which some of the large glacial flows in Antarctica and Greenland are melting and racing to the
sea.
Because these and other effects of global warming are distributed globally, they are difficult to identify and
interpret in any particular location. For example, January was seen as unusually cold in much of the United
States. Yet from a global perspective, it was the second-hottest January since surface temperatures were
first measured 130 years ago.
Similarly, even though climate deniers have speciously argued for several years that there has been no
warming in the last decade, scientists confirmed last month that the last 10 years were the hottest decade
since modern records have been kept.
The heavy snowfalls this month have been used as fodder for ridicule by those who argue that global
warming is a myth, yet scientists have long pointed out that warmer global temperatures have been
increasing the rate of evaporation from the oceans, putting significantly more moisture into the atmosphere
— thus causing heavier downfalls of both rain and snow in particular regions, including the Northeastern
United States. Just as it's important not to miss the forest for the trees, neither should we miss the climate
for the snowstorm.
Here is what scientists have found is happening to our climate: man-made global-warming pollution traps
heat from the sun and increases atmospheric temperatures. These pollutants — especially carbon dioxide —
have been increasing rapidly with the growth in the burning of coal, oil, natural gas and forests, and
temperatures have increased over the same period. Almost all of the ice-covered regions of the Earth are
melting — and seas are rising. Hurricanes are predicted to grow stronger and more destructive, though their
number is expected to decrease. Droughts are getting longer and deeper in many mid-continent regions,
even as the severity of flooding increases. The seasonal predictability of rainfall and temperatures is being
disrupted, posing serious threats to agriculture. The rate of species extinction is accelerating to dangerous
levels.
Though there have been impressive efforts by many business leaders, hundreds of millions of individuals
and families throughout the world and many national, regional and local governments, our civilization is
still failing miserably to slow the rate at which these emissions are increasing — much less reduce them.
And in spite of President Obama's efforts at the Copenhagen climate summit meeting in December, global
leaders failed to muster anything more than a decision to "take note" of an intention to act.
Because the world still relies on leadership from the United States, the failure by the Senate to pass
legislation intended to cap American emissions before the Copenhagen meeting guaranteed that the
outcome would fall far short of even the minimum needed to build momentum toward a meaningful
solution.
The political paralysis that is now so painfully evident in Washington has thus far prevented action by the
Senate — not only on climate and energy legislation, but also on health care reform, financial regulatory

reform and a host of other pressing issues.
This comes with painful costs. China, now the world's largest and fastest-growing source of globalwarming pollution, had privately signaled early last year that if the United States passed meaningful
legislation, it would join in serious efforts to produce an effective treaty. When the Senate failed to follow
the lead of the House of Representatives, forcing the president to go to Copenhagen without a new law in
hand, the Chinese balked. With the two largest polluters refusing to act, the world community was
paralyzed.
Some analysts attribute the failure to an inherent flaw in the design of the chosen solution — arguing that a
cap-and-trade approach is too unwieldy and difficult to put in place. Moreover, these critics add, the
financial crisis that began in 2008 shook the world's confidence in the use of any market-based solution.
But there are two big problems with this critique: First, there is no readily apparent alternative that would
be any easier politically. It is difficult to imagine a globally harmonized carbon tax or a coordinated
multilateral regulatory effort. The flexibility of a global market-based policy — supplemented by regulation
and revenue-neutral tax policies — is the option that has by far the best chance of success. The fact that it is
extremely difficult does not mean that we should simply give up.
Second, we should have no illusions about the difficulty and the time needed to convince the rest of the
world to adopt a completely new approach. The lags in the global climate system, including the buildup of
heat in the oceans from which it is slowly reintroduced into the atmosphere, means that we can create
conditions that make large and destructive consequences inevitable long before their awful manifestations
become apparent: the displacement of hundreds of millions of climate refugees, civil unrest, chaos and the
collapse of governance in many developing countries, large-scale crop failures and the spread of deadly
diseases.
For the rest, see:
Al Gore, We can't wish away climate change, New York Times, February 27, 2010.
Also, the latest news from Antarctica:
Guy Raz, New research sheds light on Antarctic ice melting, Morning Edition, National Public Radio, February
28, 2010.
He interviews Jane Ferrigno from the US Geological Survey about her work. She makes a mistake: she says at least
20,000 square kilometers of Antarctic ice has been lost in the last 20 years, and that this is somewhere between the area
of Texas and the area of Alaska. But the area of Texas is about 700,000 square kilometers. We probably need to dig into
the data:
Jane Ferrigno et al, Coastal-change and glaciological map of the Palmer Land area, Antarctica: 1947-2009, USGS
Geologic Investigations Series Map I-2600-C.
March 3, 2010
Alex Sumner emails me saying:
Dear Professor Baez
I've read this weeks finds for years and would like to start by thanking you for them. It's a pity that after so
long reading and enjoying your stuff I'm only now writing for the first time, and it's to say something
negative. I'm sorry about that, I guess it's just human nature, or maybe it's just my nature. Anyway...
There is a serious problem with the piece by Al Gore that you posted. It is true that no amount of leaked

emails from CRU can prove that AGW is either not happening or not a problem. However these emails do
show something very disturbing. Gore describes the problem as "at least two mistakes in the thousands of
pages of careful scientific work" by scientists "acting in good faith". Unfortunately that will not stand. The
emails reveal a culture of advocacy at the highest levels of climate science, where the need for objectivity
and total honesty has been replaced by the need to find "the right balance between being effective and being
honest", where independent scrutiny of published work has been obstructed and the peer review system
tampered with to suppress dissenting views. This is not a small matter. I can't put it any better than have the
Institute of Physics in their submission to the UK Parliamentary Committee currently investigating the
matter:
The Institute is concerned that, unless the disclosed e-mails are proved to be forgeries or
adaptations, worrying implications arise for the integrity of scientific research in this field and
for the credibility of the scientific method as practised in this context.
Because this scandal provides plenty of ammunition for anyone who opposes action to curb carbon
emissions there has been a tendency to downplay it amongst those who remain convinced of the need for
such action. That is what Al Gore is doing in the piece you posted, and by posting it without any critical
commentary you are supporting him in this. He isn't a scientist, but you are and I think you should be
careful about the practices you give the impression of supporting.
Thanks again for years of good reading.
Regards,
Alex Sumner
I replied:
I haven't been following the controversy very carefully. I agree it's not a small matter, and I guess you're
right that Al Gore was downplaying a crucial point: the conflict between objectivity and advocacy.
I think it's almost unavoidable, when people discover — or, to take a very distanced viewpoint: "think they
discover" — that a crisis is underway, that they will start acting in a way that's less objective and more
focused on tackling the problem. For a great example, consider the Manhattan project, where lots of great
physicists switched from doing physics to creating a weapon, and some later regretted it.
So, I suspect this problem won't go away. People will need to figure out intelligent ways to address it. And
I'll need to address it myself, since I'm planning to switch from working on "quantum gravity and ncategories" over to science with a more practical edge.
But of course I do think that global warming is a serious problem, that we're in a car with bad breaks driving towards a
cliff in the fog, and that Al Gore is 100% right to spend tons of energy trying to wake up the world before it's too late.
March 4, 2010
Here's a nice rough way to understand the effects of various amounts of carbon dioxide in the atmosphere, taken from
the Stern Review on the Economics of Climate Change.

Recall that MIT scientists estimate that in a business-as-usual scenario, by 2095 there will be about 890 parts per million
of CO2 in the atmosphere, and a 90% chance of a temperature increase between 3.5 and 7.3 degrees Celsius, with a
median estimate of 5°. That's on the high end of this scale.
March 5, 2010
Read how bird feeders may create a new species of birds:

Birdfeeders split blackcaps into two species, Next Nature.
It rained a tiny bit last night, and we're expecting more this weekend. It's great that people around here are finally getting
serious about saving water:
Being Wise With Rain Runoff
Janet Zimmerman, Riverside Press-Enterprise
February 8, 2010
Long before Southern California's water supplies dwindled, storm runoff was something to be disposed of
quickly by sending it down concrete channels to the ocean.
But no more, say water officials who are coping with shortages caused by drought, population growth and
environmental restrictions on imports. They want to capture every drop, especially during intense storms
like those in January that dumped more than 3 inches of rain in many Inland areas.
"Our 20th century thinking was, 'Storm water bad, flood water even worse.' We're now saying that's water
we desperately need," said Celeste Cantu, general manager of the Santa Ana Watershed Project Authority,
which plans and builds facilities to protect the water quality of the drainage basin that starts in the San
Bernardino Mountains.
Capturing 100 percent of the runoff from all but the most torrential storms would increase the local supply
by about 25 percent, said Richard Atwater, general manager of the Inland Empire Utilities Agency in
Chino.
That would be enough to save up to $200 million on imported water over the next decade in Riverside and
San Bernardino counties, he said, and the savings would be passed along to customers on their water bills.
Efforts to harvest runoff are growing.
Water agencies are expanding their use of holding ponds that allow water to percolate into the ground and
recharge aquifers for later use. And more cities and counties are mandating green building construction that
catches excess water in on-site cisterns or rain barrels and uses less paving, a large contributor to runoff.
One of the most significant projects includes improvements on the Santa Ana River, south of the Seven
Oaks Dam near Highland, that allow the capture of trillions of gallons of water once lost to Orange County.
In the Chino groundwater basin, which includes parts of Riverside and San Bernardino counties, about $50
million has been spent in the past decade to expand spreading grounds that allow runoff to seep into the
soil, Atwater said. The district captures enough rain to supply about 6,000 families for a year.
Such projects represent progress, but officials say much more needs to be done, both regionally and at the
individual level with improvements such as barrels to catch rain at homes.
"We don't do a very good job with conservation, recycling or storm water management, all supplies that can
be used for irrigation, dust control, fire suppression and can be treated and injected back into aquifers. We
have a long way to go," said Wendy Martin, state Department of Water Resources drought coordinator.
"We as a society need to demand that our water be treated with respect, and captured and used and used and
used," she said.
Need Drives Change

At the Frontier Project in Rancho Cucamonga, parking lots and walkways are made of permeable materials
so that water percolates into the ground. Excess surface water is naturally cleansed in slender ditches, called
swales, which direct runoff to an underground cistern for irrigating the landscape.
The building, part of a movement known as low-impact development, was finished late last year by the
Cucamonga Valley Water District.
The headquarters of the Inland Empire Utilities Agency has similar features, including porous concrete and
a 20-acre wetlands park fed by storm water.
"Partly why all this is changing, we're not getting more from the Colorado River, there's gridlock in the
(Sacramento-San Joaquin) Delta and imported water is too expensive," Atwater said.
"Fifty years ago when the area was growing rapidly, if we had had rain barrels and designed new homes so
the water stayed on site, we'd be a lot better off," he said.
The Riverside County Flood Control and Water Conservation District is also thinking capture.
In Temescal Canyon between Lake Elsinore and Corona, the district wants to purchase land in the
floodplain to prevent development and protect the natural percolation and water quality there, said Steve
Thomas, assistant chief engineer.
In recent years, his agency and others also have begun to rethink the concrete-lined channels that whisk
water away from cities.
Earthen bottoms allow water to sink back into the ground and now are used when possible, he said. But
retrofitting most channels isn't an option because housing is built right to the edge, leaving no safety margin
for overflow.
Catching Water
The Santa Ana River carries snowmelt from the San Bernardino Mountains and storm runoff through nearly
100 miles of urban areas.
Improvements recently were finished on the Cuttle Weir, a small, dam-like structure a half-mile from Seven
Oaks Dam that will double the amount of river water that can be diverted. The work allows local districts to
catch an additional 300 acre-feet of water per day during peak runoff. One acre-foot of water can supply
two average households for a year.
The water will be used to recharge the Bunker Hill Basin, which supplies San Bernardino Valley and the
city of Riverside.
Under an agreement with the state, Orange County is entitled to 42,000 acre-feet of Santa Ana River water
per year but had been receiving more like 190,000 acre-feet annually because the water wasn't being
captured upstream, said John Rossi, general manager at Western Municipal Water District in Riverside.
Another plan to use more of the Santa Ana River is in the works by the city of Riverside, which wants to
stretch a 700-foot-wide inflatable rubber dam across the water near Colton. Some water would be stored
behind the 8-foot-tall dam so it could percolate into the ground, and some would flow into holding ponds on
the west side of Interstate 215, south of Interstate 10.
The project would catch enough water to supply up to 24,000 families for a year, according to city planning
documents.
March 6, 2010

Bruce Sterling points out some interesting blog entries on the "energy crisis" and the second law of thermodynamics:
John Greer, Energy follows its bliss, on his blog, The Archdruid Report.
John Greer, An exergy crisis, on his blog, The Archdruid Report.
They make for good reading, though I'm not endorsing all the conclusions! It's a bit sad that the world needs to learn its
thermodynamics from a druid who talks about "exergy". Indeed, I'd never even heard of exergy before, so I initially
guessed it was a synonym for Gibbs free energy. But Greer is smart enough to be interesting, and apparently exergy is a
slight generalization of Gibbs free energy that includes chemical potentials. So, I can see why it deserves a catchy name.
In simple terms, it's "the maximum useful work possible during a process that brings the system into equilibrium with a
heat reservoir."
In the discussion of Greer's first post, William T writes:
I think that one of the problems we have today is that we (in general) have no idea how concentrated the
energy in fossil fuels really is. For instance, I recently came across a calculation that really astounded me.
That is, the amount of energy being delivered into your car by the petrol bowser (assuming it pumps out at
1 L/s which is about the maximum rate they do) is equivalent to the full output of a 30MW power station - a
reasonable sized hydro station. So to fill your car you're taking the full output of a small power station for
about 1 minute.
John Greer writes:
People don't realize, to give another example, that when a plane full of tourists flies from LA to Cairo so
they can visit the Great Pyramid, that one flight uses as much energy as it took to build the Great Pyramid.
I haven't checked these calculations, and I should. But they don't seem ridiculous to me. I remember being shocked as a
kid when my uncle, the physicist Albert Baez, told me that to heat a bathtub of water to a nice hot temperature takes as
much energy as lifting that water to a ridiculous height. But by now it seems obvious: heating things a little means
speeding up molecules a fair amount. Heat is random motion of molecules, but if they were all moving the same
direction, you'd see how fast they were going.
Let's do the math. By definition, it takes one kilocalorie to raise the temperature of one kilogram of water by 1 degree
Celsius. But a kilocalorie is 4184 joules. Kinetic energy goes like mv2/2, and here the mass is 1, so we've got v2/2 =
4184 (meters/second)2, or v = √8368 meters/second = 91 meters/second.
So using the energy it takes to raise water one degree, we could also shoot it out of a cannon at a speed of 91 meters per
second! That's about 200 miles per hour, for us Americans, or 325 kilometers per hours, for Europeans. And if we think
how much energy goes into waste heat when driving a car, or flying an airplane from here to Egypt... well, then the
above remarks don't seem ridiculous. But I should do the calculations myself sometime.
There's a lot of talk about this book by Greer:
Frank Kaminski, Review: The Long Descent by John Michael Greer, Energy Bulletin, August 31, 2008.
A quote:
If you've been following the peak oil debate, you're well aware of Greer's mantra. In discussions about the
future of industrial society, Greer has long complained, too many people remain fixated on only two
possible outcomes: business as usual and imminent apocalypse. People cling to these two polar opposites
because of how well they jibe with existing cultural narratives — namely the myth of progress and the myth
of apocalypse — that exert tremendous emotional power over us. But there are a vast number of middleground scenarios in between these two extremes, and these latter possibilities represent the most likely

future course of our civilization.
The middle ground that Greer foresees is a period of glacial deterioration that he calls The Long Descent,
driven by a process that he refers to as catabolic collapse.
The Long Descent is Greer's attempt to help the average reader make sense of this coming age of decline.
He begins the book with a bit of background on peak oil, the Club of Rome's The Limits to Growth study,
some lessons from past societal collapses and the difference between problems (which are solvable) and
predicaments (which aren't). He makes a strong case for peak oil being a predicament rather than a problem.
Having laid down this background material, Greer then explores the habits of mind that blind us to our
predicament. He explains why the myth of progress and that of apocalypse truly are myths (they're literally
no different from those once circulated among ancient cultures), and warns of the dangers inherent in
continuing to force the proverbial round pegs of reality into the square holes of our myths of choice.
Drawing on the theory of catabolic collapse touched on earlier, Greer next outlines in detail how our
predicament is likely to play out during the decades and centuries ahead. Greer's theory of catabolic
collapse — well-known within peak oil circles— shows how civilizations headed for collapse tend to
decline in a gradual, downward stairstep of repeated crises and recoveries. They don't undergo the sudden,
catastrophic free fall envisioned by diehard peak oil doomers. This theory makes for truly fascinating
reading, and is included in its entirety as an appendix.
How will our own society's catabolic collapse proceed? Greer sees us on the verge of a couple of decades of
economic contraction, chronic energy shortages, declining public health, political turmoil and vanishing
knowledge and cultural heritage. This crisis period, he predicts, will be followed by a respite of perhaps 25
years or so, during which industrial civilization's newfound relief from the lavish energy demands of
universal motoring and electrification, climate-controlled buildings, modern medicine and other present-day
amenities will buy it a little breathing room. But this respite will, in turn, be followed by another round of
crises that will rid our civilization of further layers of social complexity, and so on.

Eventually, the developed world will assume an agrarian lifestyle built around local communities and
sustainable resources. But this change will happen so slowly that no one alive today will be around to
witness the end result. Thus, Greer maintains, our energies should be focused not on surviving the end of
industrial civilization, but on making it through the imminent crisis period that will be but one brief interval
within that larger context.
To this end, Greer lays out some strategies and technologies for weathering the coming decades of crisis.

The appropriate response to the challenges we face, Greer believes, is not to set up survivalist enclaves or
lifeboat communities, but to reshape our existing cities, towns and rural neighborhoods in order to better
meet those challenges. Greer sees renewed participation in fraternal orders like the Freemasons and Odd
Fellows as a vital part of restoring the former institutions of civil society that so successfully weathered past
periods of dramatic social change.
On an individual level, everyone needs to sharply curtail energy usage and find low-tech ways of doing
things, in order to prepare for the inevitable shortages. We also need to position ourselves into occupational
niches that meet actual human needs, since these are the jobs that are likely to stay in demand. In the face of
declining public health, each person should learn to take charge of his or her own health. Lastly, we must
help foster local community networking, which will be essential in preserving basic services like public
safety and sanitation when the federal government proves ineffectual.
Greer discusses at length the tools and technologies needed in order to bring about these changes. Many of
these tools, he points out, could easily be salvaged from present-day technologies that are bound to fall into
disuse as profligate energy use becomes prohibitively expensive. For example, alternators from automobile
engines could be used to build waterwheel-based micro-hydro plants.
We could also profit greatly from revitalizing antique tools, such as wooden ships and fireless cookers, that
are better suited to energy conservation, and less reliant on electronic gadgetry, than their modern-day
counterparts are. Two other technologies that could serve us well in the deindustrial future are organic
intensive farming and the farmers market movement (the latter being an example of a "social technology").
The final part of the book examines the spiritual dimension of the changes ahead. At the heart of our
coming spiritual transformation, Greer believes, is a shift away from the "prosthetic society" in which
machines perform an ever-increasing number of tasks that were once done by humans. As human labor
once again becomes cheaper than machine labor, people will relearn a host of now-forgotten skills, and will
abandon consumerism in favor of more spiritually fulfilling pursuits.
More fundamentally, people will lose faith in the religion of progress — and it is a religion, Greer
convincingly argues — as it proves less and less capable of delivering on its promises. Greer makes a few
educated guesses as to which religious faiths might prosper in its wake.
Here's my gut reaction. I think it's great to envision scenarios that lie between utopia and apocalypse. And I think we
can learn something by examining the past, even though the future will be different in some important ways. I would
love to read a careful analysis of declining civilizations. I wouldn't be at all surprised if they typically feature a "gradual,
downward stairstep of repeated crises and recoveries". I've read extensively on the decline and fall of the Roman
Empire, and it's a haunting and compelling story precisely because of this pattern. I can easily imagine that civilization
as we know it will undergo such a "long descent" or "catabolic collapse" as we pass the phase of peak oil— but
apparently unlike Greer, I can easily imagine this collapse being averted for a long, long time by switching to nuclear
power.

I can also easily imagine various other scenarios, without feeling much confidence in any of them! I have trouble
imagining that we will return to traditional lifestyles from the agrarian past: I think we know more now, and not all this
knowledge will be lost, and not all of it requires lots of energy to be useful. (Actually, after reading more of his stuff, it
seems Greer agrees with me here.)
I also have trouble imagining that people will "abandon consumerism in favor of more spiritually fulfilling pursuits",
attractive as that sounds. They may abandon consumerism because they can't afford it.
But we'll see. Or at least our descendants will see.
For more, try:
John Michael Greer, The long road down: decline and the deindustrial future, December 4, 2004.
John Michael Greer, How civilizations fall: a theory of catabolic collapse, 2005.
Actually, now that I think about it, the big difference between John Greer and some other futurists is that he doesn't
believe in nuclear power. There are lots of people who think nuclear power is too dangerous, but he seems to take a
different tack:
Fissionable uranium is well down its own depletion curve, and it's worth noting that the enthusiastic claims
sometimes made for breeder reactors, the use of thorium as a nuclear fuel, and other alternatives to
conventional fission plants are very rarely to be heard from people who have professional training in the
fields concerned.
If nuclear power is too dangerous, people will still use it. But if it runs out, that's a different matter.
Will it? Compare for example this quote from James Hansen's new book, Storms of My Grandchildren. Hansen thinks
fast nuclear reactors, also known as "breeder" reactors, have a bright future:
Nuclear experts at the premier research laboratories have long realized that there is a solution to the waste
problems, and the solution can be designed with some very attractive features.
I am referring to "fast" nuclear reactors. Fast reactors allow the neutrons to move at higher speed. The result
in a fast nuclear reactor is that the reactions "burn" not only the uranium fuel but all of the transuranic
actinides — which form the long-lived waste that causes us so much heartburn. Fast reactors can burn about
99 percent of the uranium that is mined, compared with the less than 1 percent extracted by light-water
reactors.
[...]
The United States is presently storing about six hundred thousand tons of uranium hexafluoride, a byproduct of nuclear weapons production. A reasonable assessment of the value of this material as fuel, if fast
reactors were deployed as the energy source for power plants, is about $50 trillion. Yes, trillion. But it will
take almost a thousand years to use all that fuel, so don't expect a customer to buy it all at once.
[...]
In fact, given that fast reactors make it economical to extract uranium from seawater, we now have enough
fuel, in theory, to run nuclear power plants for several billion years. In other words, nuclear fuel is
inexhaustible, putting it in the same category as renewable solar energy.
Hansen and Greer can't both be right.
March 7, 2010

Lisa and I went on a walk in the local hills with two philosophers: Franklin Perkins and Robin Wang. Lisa is going to
China from the 14th to the 31st, spending some time in Shenzhen, some time in Shanghai, and some time at the Daoist
Salon in Zhengzhou — a get-together which is being organized by Franklin and Robin.
The hills are full of green plant life, mainly grass. It's been raining a lot lately! And indeed, it started to rain just as we
got back to the car.
David Wohlert read my remark "I would love to read a careful analysis of declining civilizations" and pointed me to this
book:
Jared Diamond, Collapse: How Societies Choose to Fail or Succeed, Viking, New York, 2005.
I actually own this; I read several chapters, then I got distracted and my wife took it. I should finish it! It focuses on
what might be called "physical" causes of civilizational collapse:
1.
2.
3.
4.
5.
6.
7.

Deforestation and habitat destruction
Soil problems (erosion, salinization, and soil fertility losses)
Water management problems
Overhunting
Overfishing
Effects of introduced species on native species
Increased per-capita impact of people

I would also like a book with more political history, or even more narrative — for example, something that would flesh
out the short narrative at the end of this passage by Greer a bit more:
Like modern industrial society, the Maya built their civilization on a nonrenewable resource base. In their
case it was the fertility of fragile tropical soils, which couldn't support intensive corn farming forever. On
that shaky foundation they built an extraordinary civilization with fine art, architecture, astronomy,
mathematics, and a calendar more accurate than the one we use today. None of that counted when the crops
began to fail. Mayan civilization disintegrated, cities were abandoned to the jungle, and the population of
the Mayan heartland dropped by 90%.
The parallels go deeper, for the Maya had other options. They could have switched from corn to more
sustainable crops such as ramon nuts, or borrowed intensive wetland farming methods from their neighbors
to the north. Neither of these happened, because corn farming was central to Maya political ideology. The
power of the ahauob or "divine lords" who ruled Maya city-states depended on control of the corn crop, so
switching crops or farming systems was unthinkable. Instead, Maya elites responded to crisis by launching
wars to seize fields and corn from other city-states, making their decline and fall far more brutal than it had
to be.
Even so, the Maya decline wasn't a fast process. Maya cities weren't abandoned overnight, as archeologists
of two generations ago mistakenly thought, but went under in a "rolling collapse" spread across a century
and a half from 750 to 900. Outside the Maya heartland, the process took even longer. Chichen Itza far to
the north still flourished long after cities such as Tikal and Bonampak were overgrown ruins, and Mayan
city-states on a small scale survived in corners of the Yucatan right up to the Spanish conquest.
Map the Maya collapse onto human lifespans and the real scale of the process comes through. A Maya
woman born around 730 would have seen the crisis dawn, but the ahauob and their cities still flourished
when she died of old age seventy years later. Her great-grandson, born around 800, grew up amid a
disintegrating society, and the wars and crop failures of his time would have seemed ordinary to him. His
great-granddaughter, born around 870, never knew anything but ruins sinking back into the jungle. When
she and her family finally set out for a distant village, the last to leave their empty city, it would never have
occurred to her that her quiet footsteps on a dirt path marked the end of a civilization.

Actually Diamond talks about the Maya, and I haven't read that chapter — I should. But apparently this book says more:
Joseph Tainter, The Collapse of Complex Societies, Cambridge U. Press, Cambridge, 1990.
I've read the first volume of this Penguin edition classic, which is 1232 pages long, and someday I may read the second
and third, but I hear it's all downhill after the Goths:
Edward Gibbon, The History of the Decline and Fall of the Roman Empire, Penguin Classics, 3 volumes, London,
1996.
It's a ripping good yarn — I recommend it. You don't need to read the whole thing.
I've been corresponding a bit with my former grad student Jeffrey Morton, who just got a postdoc position at the
Universidade Technica de Lisboa. I told him I was getting interested in environmental stuff, and he wrote:
I'm also very interested in this subject, but so far I haven't had the impetus to try to address it professionally,
as most of the mathematical aspects of that stuff I know anything about are all about modelling, dynamical
systems, etc. which is not really my bag.
However, I will advocate to anyone who'll listen for moving off a terrestrial-resource economy to a solarresource economy. Immediately, that means a transition to solar power, but more to the point, something to
replace agriculture would be nice — we haven't had a fundamental revolution in food production in, what,
ten thousand years? No wonder we're stressing ecosystem resources... And of course cities should be
comprehensively recycling all their water.
Since the Obama administration is canning the human space-exploration program while also increasing
NASA's budget, I'm hoping they'll be putting funds into developing space-based solar power. A square
kilometre of thin-film solar cells could probably pack up into a single cargo with a good design, and it
would produce on the order of a gigawatt of power with no further inputs. Launch costs are bound to start
falling soon, and surely once a design exists, the unit production costs couldn't be too high — it's just that
initial overhead that's the trouble.
I replied:
Jeffrey wrote:
I'm also very interested in this subject, but so far I haven't had the impetus to try to address it
professionally, as most of the mathematical aspects of that stuff I know anything about are all
about modelling, dynamical systems, etc. which is not really my bag.
That's what a lot of smart mathematicians say, including me! So I figure it's my job to help change the
situation, either by finding stuff for folks like us to do, or at least writing issues of This Week's Finds that
get kids interested in doing stuff that can do some good — instead of getting them interested in octonions,
n-categories etc.
However, I will advocate to anyone who'll listen for moving off a terrestrial-resource economy
to a solar-resource economy. Immediately, that means a transition to solar power, but more to
the point, something to replace agriculture would be nice — we haven't had a fundamental
revolution in food production in, what, ten thousand years?
Suggestions for how the revolution should work?
This may not be practical, and maybe not revolutionary enough for you, but it's kinda cute:
Lisa Chamberlain, Skyfarming, New York, April 1, 2007. (No joke.)

And of course cities should be comprehensively recycling all their water.
Here in Southern Ca. we're finally starting to get serious about catching runoff...
Since the Obama administration is canning the human space-exploration program while also
increasing NASA's budget, I'm hoping they'll be putting funds into developing space-based
solar power. A square kilometre of thin-film solar cells could probably pack up into a single
cargo with a good design, and it would produce on the order of a gigawatt of power with no
further inputs. Launch costs are bound to start falling soon, and surely once a design exists, the
unit production costs couldn't be too high — it's just that initial overhead that's the trouble.
How practical is it getting the power down to the ground?
He replied:
Suggestions for how the revolution should work?
Those vertical farms would be a decent start — the technology basically exists. I would imagine this
"revolution" happening at such a lightning fast pace that within a few centuries it might start to settle into
some kind of established form once there's been time to test and find out what works best.
The first essential thing would be to get farms off of fertile land to allow room for more diverse, and
possibly even natural, ecosystems to take over. See:
Land Commodities, Investment fundamentals.
Beyond that, I see a few key areas for improvement, which I assume would happen incrementally,
separately, and eventually be combined together.
I basically assume there would be a transition from growing plants, to some form of more or less direct
chemosynthesis of food, if only for reasons of efficiency. (It's also not clear to me there isn't a reasonable
ethical argument against using plants for food, as there is against using animals, but given that most people

don't accept the latter, this is probably irrelevant — I'm not even vegan myself). Most likely some
intermediate stage involving getting bacteria to produce the proteins, vitamins, etc. would be involved as
well (as a bonus, I find it hard to get ethically worked up about exploiting bacteria when all you want them
to do is replicate). Making sure the result is actually nutritious would be a big bioengineering challenge.
Making it taste good is probably all too easy.
The first big inefficiency even in a sealed vertical farm: photosynthesis is fairly inefficient at capturing
sunlight. Depending on conditions, it captures anything from <1% to around 5% of energy. Commercial
photocells capture 20% and experimental ones up to 40%. A big Sterling engine and some mirrors can
manage up to 30%. So there's about an order of magnitude in efficiency to play with there. I don't know all
the engineering constraints, but clearly around two orders of magnitude is the most one can expect to get
here.
However, the second thing is that in any given food crop, only about 10% of that captured energy actually
gets converted into food energy usable by humans. Presumably some of that is a really irreducible
requirement, and even a manufacturing "plant" would also need energy to operate it. But I would guess
there's about a factor of about 5 to gain here.
Then there's the fact that a huge proportion of the plant-based foods that are produced, currently, are just
fed to livestock that are used to produce meat, dairy, eggs, etc. Quite apart from ethical considerations, this
is about another reduction of human-available food energy produced from a given solar energy budget by
about a factor of 10. So by this stage, we've lost 99.9% to 99.99% of the original solar energy. So a
reasonably conservative estimate would be that agriculture as a means to run humans off solar energy can
be improved by probably a couple of orders of magnitude, depending on what assumptions you make about
the originial eating habits. Not to mention the habitats freed up by decomissioning all that farmland.
Speaking of the practice of eating animal products, there's a nice graphic in here that pretty much sums up a
big class of perverse incentives that prop up the industry:
Good Medicine, Health vs. pork: Congress debates the farm bill.
How practical is it getting the power down to the ground?
Well, actually, I regard this as a good argument for not putting energy-intensive industry on the ground (at
the bottom of a gravity well, in the middle of a biosphere, is probably a bad place for heavy industry
anyway, a priori). But in any case, transmission could be an issue wherever you need to use the energy...
I understand there is some good work on microwave energy transmission. Actually, a little Wikipedia
lookup suggests that my initial figure of a square-kilometer panel is probably below the threshold at which
the marginal returns make sense. They suggest that a one-kilometer transmission rectifier-antenna
combination in, say, geosynchronous orbit could focus a beam sufficiently to get a 10-kilometer footprint
on the ground, and that a power density of about 20 milliwatts per cm2, for a total of about 10 gigawatts per
installation, would be human-safe. (Especially if the microwaves are properly tuned not to dump too much
energy into, for instance, water, which is desirable even apart from safety concerns). That implies a
collector surface of about 10 km2, which is smaller than the antenna. I wonder if, safety aside, it would be
practical to give the beam a higher power intensity than that from the ambient insolation. Anyway, putting
the collector in space would presumably make it more reliable, less weather-dependent, and able to operate
at night...
I have looked a little at some of the papers by Mitani and Shinohara et al. about this. They were describing
actual experiments in power beaming that seem to work. This technology probably needs more R&D than
the solar cells, though.
Anyway, cheers!

March 8, 2010

March 9, 2010
Two thirds of US corporations pay no income tax. Of US corporations with at least $250 million in assets or annual
sales of at least $50 million, a quarter paid no income tax.
March 11, 2010
The basic physics of vision and hearing is pretty well-understood, I believe. But nobody knows the exact mechanism
behind our sense of smell. Subtle quantum effects may be involved, though it's controversial. A clue: fruit flies can
smell the difference between isotopes! Can people? Different experiments give different answers.
Richard Ball, Rogue theory of smell gets a boost, Biomed Online, December 7, 2006.
Jennifer C. Brookes, Filio Hartoutsiou, A. P. Horsfield, A. M. Stoneham, Could humans recognize odor by
phonon assisted tunneling?
Marshall Stoneham, Making sense of scent, Materials Today, May 2007, p. 56.
March 13, 2010
Yesterday John Huerta and I finished up our second paper on supersymmetry and division algebras to the point where I
felt happy to throw it onto the n-Category Café for comments. It's incredibly cool: using the octonions, we can describe
both vectors and spinors in 11-dimensional spacetime, and prove an identity which is crucial for the theory of 2-branes
in that dimension — widely considered to be part of "M-theory". But even better, the deep meaning of this identity is
that it lets us extend the Poincaré Lie superalgebra to the "supergravity Lie 3-superalgebra" introduced by Urs Schreiber.
It's great that John Huerta's octonionic skills have reached the point of tackling these issues.
Now we can return to finishing off our invitation to higher gauge theory, a closely linked paper which, alas, is overdue!
It's based on the notes of my Corfu talk last summer, but I want to expand them to a full-fledged course on higher gauge

theory.
Lisa is taking off for China tomorrow night. So, today I decided to come with her to Temple City while she does tai chi
in the park. We'll have dim sum and shop when she's done. Right now I'm taking a little break. I'm sitting here at the
Roadhouse Coffee Stop. It's a friendly, homey place with free wireless. Cool and grey here, sunny back in Riverside.
A correspondent who is a bit of a "climate change skeptic" told me that "there's been no significant warming in the last
15 years" I asked him for evidence and he pointed me to this:
Lubos Motl, No statistically significant warming since 1995.
This guy takes satellite data from the University of Alabama in Huntsville recording the temperature over the last 15
years... I'm not sure precisely which data, maybe this. But anyway, this guy plots these temperature data points:

He draws a best-fit straight line through them: it slopes upwards at 0.95°C per century. Then he does a little statistical
analysis of a standard sort. He assumes the difference between the line and the actual points is randomly distributed in a
Gaussian way with zero mean. He works out the standard deviation of this Gaussian — and based on these assumptions,
he concludes that there's an 86% chance that if you picked new points according to the same probability distribution, the
line would still slope upwards.
Now, if the weather report said there was an 86% chance that it would get warmer tomorrow, you'd probably say "it's
getting warmer". But this doesn't count as statistically significant according to standard practice. So, this guy rightly
concludes it's only "somewhat more likely than not" that these points indicate a warming trend.
Here's my gut reaction to all this:
Satellites have only been measuring the temperature of the upper atmosphere over a short period of time. If we restrict
our attention to satellite data, we're going to have a lot of trouble spotting long-term trends. For example, assuming the
data is accurate, 1998 was an exceptionally hot year. It'll completely swamp any conclusions we draw from such a small
data set. More importantly, any fluctuation will have a huge effect. The weather is just too noisy to draw any firm
conclusions from little data.
Of course, this could be precisely what my correspondent was trying to say! But when you say "there's been no
significant warming in the last 15 years," it sounds different than when you say "you can't draw firm conclusions from
these particular 15 data points".
What if we use more data, over a longer time span? If we use the Goddard Institute for Space Science data taken from
meteorological stations since 1880, we see this:

Now it really looks like the planet is warming up. On the other hand, my correspondent points out that some people
have questioned data from the Goddard Institute:
Steven Goddard, Divergence between GISS and UAH since 1980, Watts Up With That?
Doubtless someone on the other side of the climate war has responded to this article, but I haven't seen that response yet.
It's certainly good to straighten out these issues. I'm not sure I'm the one to do it. But if I get involved climate change
issues, I may need to become a bit more of an expert on all this stuff. There have been lots of arguments about satellite
temperature records. Maybe when I start my new blog I'll invite some experts to talk about this stuff. Maybe after the
blog gets rolling, so that — with luck " experts will want to visit it.
For more on this issue, see:
National Oceanic and Atmospheric Administration (NOAA), Short-term cooling on a warming planet.
It's got a lot of good graphs and discussion.
Robert Smart blogged about this diary entry.
March 14, 2010
I wrote a bunch about the Silk Road starting on November 19th and going on into December. Like many people, I'm
fascinated by that part of the world, which seems like the back of beyond from an American point of view. But I just
read about a history that takes this part of the world as central:
Christopher I. Beckwith, Empires of the Silk Road: A History of Central Eurasia from the Bronze Age to the

Present, Princeton U. Press, 2009.
I'd like to read it. You can see the introduction online.
Doing my taxes, I discovered that I spent 109 days away from home in 2009:
DC, Joint Mathematics Meetings 	January 3 - 10 (8 days)
Georg-August-Universität, Göttingen, Germany 	February 3 - 8 (5 days)
University of Glasgow, Scotland
  April 12 - 17 (6 days)
University of Wisconsin
 
April 18 - 20
  (3 days)
University of Ottawa
 
April 30 - May 4
 
(5 days)
Université Paris 7, France
 
June 10 - August 11
 
(63 days)
UCLA
 
August 12 - 13  
(2 days)
Texas Christian University
 
September 7 - 10
 
(4 days)
Corfu Summer Institute
 
September 11 - 22  
(12 days)
Even looking at this list makes me tired. I wore myself out last year. It was really the combination of travel and
finishing half-completed projects.
The longest trips were not the most tiring ones. Spending a long time in Paris was not tiring. The most tiring trip of all,
at least in my memory, was the 5-day trip to Göttingen. I went with my student Chris Rogers. One leg of our flight was
late so we wound up missing the next; we got into Frankfurt too late for the last train to Göttingen, so we had to spend a
night in a hotel at the airport; then we caught an early train the next day.
I want to minimize short trips where I spend most of my time travelling. I've been doing a good job so far this year. Of
course in July I'll be going to Singapore for a year! And I want to travel around there a bit — but luckily, there are lots
of interesting places quite nearby. So, with luck I'll keep myself from getting overstretched and worn out.
Reading my last diary entry, you may wonder why I'm doing all this work on higher gauge theory and supersymmetric
membranes. Didn't I say would switch to math that'll help the planet's ecosystem?
Yes, but...
Doing research with five grad students is like being the engineer on a big powerful locomotive! It takes an enormous
amount of time and effort to build up speed: at first there's a lot of huffing and puffing with almost imperceptible
progress. But once the research gets rolling, it easily crashes through roadblocks that might stop a solo effort. When I
get stuck on a project working on my own, I just switch to another one. But when I'm working with a grad student, it's
harder to change direction: it's more efficient to just push ahead, if at all possible.
It's also hard to stop research when you're doing it with a team of grad students! You can't just leave them in the lurch.
So, while I'm trying to stop working on n-categories and other forms of fancy mathematical physics, it's going to take a
year or two. The breaks are squealing like mad, but right now we're still barrelling ahead.
After my students get their PhDs, I think I'll enjoy being a lighter, more maneuverable unit — at least for a while. It's
probably not even wise to take on students in biomathematics, or climate modelling, or anything like that until I have a
bit of a reputation. They'll want jobs, after all.
Without grad students, I could veer recklessly between quantum computation, condensed mattter physics,
biomathematics, climate change, and pure math — working with James Dolan on the last of these, I hope. That sounds
fun. But as usual, unless I'm careful I'll probably get too busy. I need to learn restraint.
March 15, 2010
I used Google's video service to remotely attend the oral exam of Ross Tate, a computer science grad student at U.C.
San Diego who is interested in using a certain generalization of monads to study "effects" in functional programming. It

took me forever to understand what computer scientists mean by "effects" and what these had to do with monads —
even though monad are a concept from category theory that I already knew and loved.
In a nutshell, the idea is this. The word "side-effect" probably comes closer to the right intuitive idea than the word
"effect". When we write a program to do something, that program may have side-effects! The stuff we're really focusing
on may interact with its environment. For example, when we think we are computing a function
X→Y
our program may mess around with the values of other variables in the memory, so a more complete treatment would
treat it as a function
X×S→Y×S
Here X and Y are the input and output we're focusing on, while S is the "environment" — the stuff we might prefer to
ignore. In computer science, people often rewrite the above function as a function
X → Y × hom(S,S)
where hom(S,S) is the set of all functions from the set S to itself. The operation of taking a set Y and forming its product
with hom(S,S) has special properties, which make it a monad. And that's where monads get into the game. In fact this is
just one example of an "effect" in computer science, and different effects correspond to different monads. This
particular effect is called "state". Why? Well, the set S is the set of possible "states" of the environment.
But never mind the monad business. Here's another idea. Just focus on the function
X×S→Y×S
We see this sort of function whenever we're trying to study a dissipative system in classical mechanics! What we really
have there is a system with some set of states X coupled to a "heat bath" with some set of states S. There's a
deterministic time evolution rule
X×S→X×S
(Note that in this example Y = X, but we could do a more general once where it's not.) But we often try to ignore the
heat bath, or think about it as little as possible. If we assume some probabilistic model of the state of the heat bath, then
we get a nondeterministic time evolution rule
X→X
for the system we're really interested in. In other words, just like a sloppy programmer, we would like to ignore the
"side-effects". But if we do so, we get punished in similar ways: nondeterminism, or even worse if our model of the
state of the heat bath was wrong.
And here's another example: decoherence in quantum mechanics! Here when we try to ignore the system's coupling to
the environment we are punished by having a perfectly deterministic unitary time evolution seem like a
nondeterministic "collapse of the wave function".
So, these three problems — side-effects, dissipation, and decoherence — are all mathematically rather similar when you
view them in terms of a general theory of systems and processes.
And here's a fourth example: "externalities" in economics, where we ignore side-effects like the pollution caused by
burning coal. Again we're trying to ignore the environment, and again we get punished for this.
On a wholly other note: I want to learn more about Milankovich cycles as a cause of glacial periods, and why the
amount of CO in the atmosphere seems to be highly correlated to the temperature, but seems to lag behind it. A couple
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of links, just so I don't forget them:
Jeff Severinghaus, What does the lag of CO2 behind temperature in ice cores tell us about global warming?,
RealClimate.
Eric Steig, The lag between temperature and CO2. (Gore's got it right.), RealClimate.
March 16, 2010
This woman, Katie Spotz, just finished a 70-day trip rowing solo across the Atlantic from Senegal to Guyana.

She's the youngest person to have done it! Three cheers!
Nathan Urban has some helpful comments on my March 13 and March 15 entries on climate change:
John,
A few comments on your recent diary entries:
1. Recent temperature trends
I pretty much agree with your gut reaction: there's an (ahem) significant difference between "there has been
warming which is not statistically significant" and "global warming has stopped". Over a 15 year period it's
hard for a trend to achieve statistical significance even if it's really there, given the amount of natural
variability present. That's why "climatological periods" for trend analysis are often taken to be about 30
years, although that's somewhat ad-hoc and maybe you can get by with 20-25, I don't know. Of course, the
more warming you expect, the quicker you expect it to achieve significance.
Actually, it's even harder to determine statistical significance of a short temperature trend than a simple
regression analysis may indicate. Standard ordinary least squares (OLS) regression assumes that the error
process is independent identically distributed normal. In reality, the residuals of a linear fit to a global
temperature time series are not independently distributed: they are highly autocorrelated. If you take this
into account using generalized least squares (GLS) regression, the confidence intervals get even wider

because there are effectively fewer independent data points, and it takes and even stronger signal to rise to
significance.
All this, by the way, assumes simple linear trend analysis with no covariate information. We don't expect
the climate to be perfectly linear. A more sophisticated analysis would do multiple regression on covariates
such as forcings. For example, where are we in the 11-year solar cycle, have there been any big volcanoes
(no in the last 15 years), can we subtract out known random effects like the 1998 El Nino, etc. An even
more sophisticated analysis would run these data through a climate model to see what temperature behavior
is predicted — it's not going to be a perfect line. (Some people try to do this with the big IPCC climate
models, the AOGCMs, but this is delicate for recent temperatures because they were mostly run using
guesses for forcings past 2000, rather than the actual forcings.) Some people have looked at pieces of this
type of analysis but I don't know if anyone has looked at all of them together.
2. Bias in the GISS data
In general you should take any claims on Watts Up With That? with a very large grain of salt, because they
have a history of posting ... questionable ... quantitative analysis.
Disclaimer: I'm no expert on temperature data products either.
However, in this case, they're correct: GISTEMP shows a greater recent warming trend than UAH. It's well
known that UAH shows a lower warming trend, which is one reason why skeptics prefer it.
As a check, I quickly redid the analysis using the data in the link they provided.
(The analysis is just a few lines of code in the R statistical language, which is truly excellent for data
analysis. If you're interested in playing around with data like this yourself, I could send you my R script.)
Using their data, I find that GISTEMP and UAH diverge since 2008 at a rate of 0.28 ± 0.08 °C/century,
using OLS regression. This is slightly less than the 0.32 reported on Watts Up With That?, maybe because
of an extra year of data since then, or data set revisions (both data sets are constantly tweaked). This
divergence is statistically significant.
If I use GLS regression assuming AR(1) autocorrelation, I get a GISTEMP-UAH divergence of 0.27 ± 0.13
°C/century. This is also statistically significant, but only barely.
There is a key point being overlooked here. The Watts Up With That? post author would have you believe
that if there is a divergence between GISTEMP and UAH, it's because GISTEMP is biased high. (He
concludes that there are problems with both GISTEMP and the NOAA NCDC datasets.) However, the
possibility remains that UAH is biased low.
What skeptics often don't mention is that just as there are multiple surface temperature data products
(GISTEMP, NCDC, HADCRUT3), there are also multiple satellite temperature data products: UAH and
RSS. The surface temperature products all ostensibly use pretty much the same data sources, but process
them differently (e.g., bias adjustments). Likewise, the satellite products are based on the same satellites,
but are processed differently, and make different adjustments. Notably, there was a change in satellites in
1992, and the UAH and RSS groups disagree in how to handle between-instrument calibration over that
discontinuity.
For some reason many skeptics seem to latch onto the idea that the surface records are biased because of
adjustments or station placement or whatever, but ignore the possibility that the satellite records could also
be biased because of adjustments, errors in retrievals, etc.
It turns out that the RSS satellite record is much more similar to the surface station records, leaving UAH as
the outlier. You can see this on the same "Wood for Trees" site where Watts Up With That? got the data:

WoodForTrees.org: notes.
WoodForTrees.org: graphs comparing temperature records.
This has GISTEMP, HADCRUT3, UAH, and RSS (omitting NCDC which isn't in their database). You can
see that the HADCRUT3 and RSS trends are virtually indistinguishable, GISTEMP is slightly higher, and
UAH is much lower. I have not calculated the divergence trends between these other time series and UAH
but judging by the graph they should be similar to the GISTEMP-UAH trend.
In conclusion, it's rather hasty to assume that either GISTEMP or the surface temperature records in general
are biased high. Whether they are or not requires a deeper analysis than that presented in the Watts Up With
That? piece.
Glacial-interglacial temperature-CO2 relationship
I'm interested in this too but haven't found time to get too deeply into it yet.
In the meantime, here are some references off my reading list. I haven't checked to see if any of them are
discussed in the links you gave. Some of these papers may supersede earlier papers on my list.
On the nature of lead-lag relationships during glacial-interglacial climate transitions.
Atmospheric CO2 and climate on millennial time scales during the last glacial period.
Glacial greenhouse-gas fluctuations controlled by ocean circulation changes.
Southern hemisphere and deep-sea warming led deglacial atmospheric CO2 rise and tropical
warming.
Timing of atmospheric CO2 and Antarctic temperature changes across Termination III.
New constraints on the gas age-ice age difference along the EPICA ice cores, 0.50 kyr.
What caused Earth's temperature variations during the last 800,000 years? Data-based evidence on
radiative forcing and constraints on climate sensitivity.
Glacial cycles and carbon dioxide: A conceptual model.
Atmospheric CO2 concentrations over the last glacial termination.
The 100,000-year ice-age cycle identified and found to lag temperature, carbon dioxide, and orbital
eccentricity.
In addition to your RealClimate links, there are also some references here:
Skeptical Science, CO2 lags temperature — what does it mean?
— Nathan
In case you forgot, the RealClimate links he was talking about are these:
Jeff Severinghaus, What does the lag of CO2 behind temperature in ice cores tell us about global warming?,
RealClimate.
Eric Steig, The lag between temperature and CO2. (Gore's got it right.), RealClimate.
March 17, 2010
Here are the papers I need to finish, in various stages of preparation:
With John Huerta: An invitation to higher gauge theory. Lecture notes from my Corfu talks, vastly expanded.

Overdue for an issue of Class. Quant. Grav. Today I finally finished a big calculation near the end of the paper,
and tomorrow I should be able to wrap it up and throw it on the arXiv.
With John Huerta: Division algebras and supersymmetry II. No huge rush on this, but I think it's ready to put on
the arXiv, and I'd like to do that now, so I can refer to it in the previous paper.
With Alex Hoffnung and Christopher Walker: Higher-Dimensional Algebra VII: Groupoidification. This was
accepted for Theory and Applications of Categories subject to some revisions. I need to do the revisions.
With Alex Hoffnung: Higher-Dimensional Algebra VIII: the Hecke bicategory. This will take a huge amount of
work to finish up (the version I've linked to is very preliminary), but we need to get it done by the end of May.
With John Huerta: a Scientific American article on the octonions. Supposedly due April 12th, but that seems
unlikely and we haven't signed the contract saying we'll get it done by then! We've written an outline, and it
should be easy to write, since it's short.
With Aristide Baratin, Laurent Freidel and Derek Wise, Infinite-dimensional representations of 2-groups.
Accepted for publication as a small book in Memoirs of the AMS, subject to revisions. We mainly need to expand
the introduction to say more about what this stuff is good for. Luckily Aristide and Derek have already gone
ahead and written a short paper about the applications to spin foam models.
With Dan Christensen: an AMS Notices article on the the beauty of roots. It was solicited, with no known
deadline. The main thing holding me back (apart from all these other bloody papers!) is that I need to understand
the relation between Mandelbrot and Julia sets well enough to describe how similar ideas explain the beautiful
patterns in the pictures drawn by Sam Derbyshire. This just requires having a couple of days without any
distractions.
With Paul-André Melliès: Theories with duality. This one will take a lot more thought! I feel very guilty about
having not worked on it lately.
With Mike Stay: a paper on compact closed symmetric monoidal bicategories. Mike is working on this, and at
some point I'll need to jump in. Ideally it would be done enough by late May that I can point to it in my talk on
"duality in logic and physics" at the Quantum Physics and Logic workshop. This is closely related to the paper
with Paul-André.
With Mike Stay: Algorithmic thermodynamics. We just need to polish this up a bit more. It's due in October for a
special issue in Mathematical Structures in Computer Science. So, we can sit on it for a while.
It's scary to list these all at once. I usually compartmentalize my brain and think about only a few at a time. But I'n not
too scared about being able to handle them all.
March 18, 2010
Here's an article on extinction in England:
George Monbiot, The naming of things, published in The Guardian, March 15, 2010.
Let me quote a bit:
The names alone should cause anyone whose heart still beats to stop and look again. Blotched woodwax.
Pashford pot beetle. Scarce black arches. Mallow skipper. Marsh dagger. Each is a locket in which
hundreds of years of history and thousands of years of evolution have been packed. Here nature and culture
intersect. All are species that have recently become extinct in England.

Marsh dagger
photo by Graham Wenman

I cannot claim that I've been materially damaged by their loss, any more than the razing of the Prado would
deprive me of food or shelter. But the global collapse of biodiversity hurts almost beyond endurance. The
sense that the world is greying, its wealth of colour and surprise and wonder fading, is so painful that I can
scarcely bear to write about it. Human welfare, as measured by gross domestic product, is doubtless
enhanced by the processes which drive extinction. Human welfare, as measured by the heart and the senses,
is diminished. We have no use for most of the world's natural exuberance; it cannot be commodified or
reproduced. Biodiversity does not belong to us: that is why it is worth preserving.
In Doha today, governments are engaged in their annual festival of frustration: the endless arguments over
the Convention on International Trade in Endangered Species. They are struggling against what often looks
like an inexorable assault by technology, economic growth and sheer bloody idiocy. The latter is
exemplified by the battle over the Atlantic bluefin tuna. Many governments want to ban the trade in this
species for several years, but Japan is resisting furiously. Whether or not a ban is imposed, the effect on
Japanese industry will be roughly the same, as the species is likely to become commercially extinct next
year if current fishing levels continue. But the government would prefer one more year of raw exploitation
to indefinite supplies in the future. There is no reasoning with this madness.
But it's the new report by Natural England which hit me hardest. English plant and animal species are still
disappearing at the rate of two a year. All the goodwill, the billions of pounds and millions of hours poured
into conservation work, the global treaties and concordats seem to be no match for the amplification of our
presence on earth. If we can't even get this right in England, where the two biggest membership
organisations are both conservation groups, where does hope lie?
There were several shocks in the report, but it was a different set of names that hammered into my mind.
Some of the most endangered species have very ordinary, even — if I might be so rude — common names.
The common frog, common gull, common skate and common smoothhound are all in trouble. The common
eel is now listed as critically endangered everywhere. I remember, years ago, sitting beside a chalkstream
whose entire bed was a writhing black conveyor belt of eels moving upriver. The eel was a universal,
indestructible species. It can live almost anywhere, even stagnant water in which no other fish can survive,
it can eat any old carrion and travel overland between ponds on dewy nights. Nobody valued them because
they were everywhere. Had someone told me, on the bank of that river, that within my lifetime they would
be threatened with extinction, I would have laughed out loud. If the common eel is now critically
endangered, is any species safe?
He suggests giving more species plain English names so people can get to know them and maybe love them more than if
they only have scientific names. How about saving their DNA while we're at it? Remember Betsy Dresser from my
January 10th entry? Admittedly, baby cloned moths would not make so charismatic picture as baby cloned African
wildcats. But maybe someday, as biotechnology gets cheaper, hobbyists will want to revive more and more extinct
species? An alternative possibility is that they'll prefer to engineer new ones. Let us hope that while some biohackers
create glow-in-the-dark monkeys, the height of good taste and refinement will be to recreate extinct species.

Betsy Dresser with cloned African wildcat kittens

I got an email from Søren Jensen about the statistical analysis of temperature series data:
Hi John
I just saw your entry for the 13th of March, and in that connection I would like to point you to this blog
post:
Tamino, How long?, Open Mind, December 15, 2009.
where the question is examined in detail by a professional statistician. I have redone some of the graphs in
Matlab, and can send my scripts to you if you want.
The analysis is done in a similar way here, by a guy from the skeptic side:
Jeff Id, No warming for fifteen years?, The Air Vent, November 12, 2009.
By the way, Motl is in error when he assumes that the noise on the temperature data is white noise, as
explained by Tamino.
Here is a link to a blog that examines controversial questions in climate science in good way:
The Blackboard.
Good luck with your journey into climate science,
Best regards,
Søren R. Jensen

March 19, 2010
From Mike Stay: cell-free artificial photosynthesis in foam made from frog goop, with "chemical conversion
efficiencies" approaching 96%! I'm not sure what that means, but it sounds good:
David Wendell, Jacob Todd and Carlo Montemagno, Artificial photosynthesis in ranaspumin-2 based foam, Nano
Letters, March 5, 2010.
If the Earth is warming, it's not the atmosphere we should be focused on. It's the oceans! Water has a high specific heat,
so that's where most of the heat energy goes — and the short-scale temperature fluctuations, which I've been writing
about above, are much smaller.

Tonight I had dinner with Stephen Jordan, a postdoc at the Institute for Quantum Information who has some connection
to the Singularity Institute through his friend Michael Vassar. I want to examine radically different alternative views
about the near future for the new This Week's Finds, and interview scientists about their work. For this, it would be
great to talk to Eliezer Yudkowsky or someone....
March 20, 2010
There's been some new genetic research that suggests that dogs were first domesticated in the Middle East:
Joe Palca, Dogs likely descended from Middle Eastern wolf, Morning Edition, National Public Radio, March 18,
2010.
UCLA newsroom, Dogs likely originated in the Middle East, new genetic data indicate.
Together with his colleagues from UCLA, Robert Wayne studied the DNA from over 200 wild gray wolves, found
some markers of distinct populations, and looked for these in the DNA of 900 dogs from 85 different breeds. Most dogs
shared markers with Middle Eastern wolves, though some dog breeds were related to different wolf populations.
Previous papers had suggested that dogs came from east Asia. Quoting the UCLA website:
"This study is unique in using a particular technology called a single nucleotide polymorphism, or SNP,
genotyping chip; these chips interrogate the nucleotides at 48,000 locations in the genome," said John

Novembre, UCLA assistant professor of ecology and evolutionary biology and a member of UCLA's
Interdepartmental Program in Bioinformatics. "We are able to compare dogs looking at not just one small
part of the genome, but at 48,000 different locations. That gives us the fine-scale resolution to analyze how
these breeds are related to one another and how they are related to wolves."
Previous genetic research had suggested an East Asian origin based on the higher diversity of mitochondrial
sequences in East Asia and China than anywhere else in the world. (Mitochondria are tiny cellular
structures outside the nucleus that produce energy and have their own small genome.) However, that
research was based on only one sequence, a small part of the mitochondrial genome, Wayne noted.
"That research made extrapolations about how the domestic dog has evolved from examination of one
region in the mitochondrial genome," Wayne said. "This new Nature paper is a much more comprehensive
analysis because we have analyzed 48,000 markers distributed throughout the nuclear genome to try to
conclude where the most likely ancestral population is.
"What we found is much more consistent with the archaeological record," he said. "We found strong
kinship to Middle Eastern gray wolves and, to some extent, European gray wolves . but much less so to any
wolves from East Asia. Our findings strongly contradict the conclusions based on earlier mitochondrial
DNA sequence data."
Here is the chart that Wayne's team came up with:

I've written about the domestication of dogs earlier, in my September 28, 2007 and August 30, 2009 diary entries. But
let me remind you of that stuff here, so you don't have to go doggedly clicking to read it all.
First of all, in 2007, Elaine Ostrander studied the DNA of lots of dogs and cats:
Elaine A. Ostrander, Genetics and the shape of dogs, American Scientist, September-October 2007.
Dogs are now considered a subspecies of the gray wolf, which in turn is one of many closely related species of canids:

Ostrander argued that there are four general kinds of dogs, genetically speaking:

Another interesting question is when the domestication happened. Wolf remains have been found in association with

hominid remains as far back as 400,000 years ago. The precise time at which some wolves became domesticated "dogs"
will probably be argued forever. One has to wonder, what's the definition of when a "wolf" becomes a "dog"? Dogs can
and still do interbreed with wolves and other canids, after all. Indeed, Robert Wayne has argued that this is why half of
North American wolves are black.

photo by Monty Sloan

One interesting possibility is that a canid counts as domestic when it will eat in the presence of humans.
Personally, not being at all expert on this subject, I suspect a much earlier date for domestication. It's easy for me to
imagine wolves being domesticated as soon as hominids started using fire to cook meat. The use of fire dates back to
around 1.4 million years ago, long before Homo neanderthalensis showed up.
Some Russian biologists did an interesting experiment that sheds some light on the process of domestication. They kept
a colony of silver foxes and bred them to be less scared of people, less aggressive.

After just 10 generations, 18% of the foxes sought human contact and showed little fear! And after about 30
generations, a true "domesticated fox" had developed. At the end, the Russians had 700 domesticated foxes — but they
ran out of money when the USSR collapsed, and had to sell 600 of them as pets. At last report, "Most of the project
expenses are covered by selling the foxes as pets, but the project remains in a difficult situation, looking for new sources
of revenue from outside funding".
Anyway: domestication can happen quickly under laboratory conditions, but that only sets a lower bound on how long it
took for wolves to become dogs.
Anyway, this article summarizes our rather sketchy state of knowledge of when wolves were first domesticated:
Pat Shipman, The woof at the door, American Scientist 97 (July-August, 2009), 286-289.

Let me quote a bit:
Another way of estimating the time at which domestic dogs originated is to consider their genetic
differences from wolves. One prominent group of researchers, including Robert Wayne, along with Carles
Vilà of the Uppsala University in Sweden and their collaborators, initially estimated in 1997 that dogs
diverged from gray wolves 100,000 to 135,000 years ago. After more study, they revised their divergence
date to between 40,000 and 100,000 years ago. Another group, led by Peter Savolainen of the Royal
Institute of Technology in Sweden, favored the Chinese wolf, a subspecies of the gray wolf, as the probable
ancestor and estimated in 2002 that it was domesticated between 15,000 and 40,000 years ago.
How do these genetic estimates stack up against the fossil record? Until 2009, the oldest known remains of
domestic dogs were two adult skulls dated to between 13,000 and 17,000 years ago, from Eliseevichi, a
region in Russia. Both had the relatively broad, short snout typical of dogs, and both were large, heavy
animals, nearly the size of great Danes.
Then a team led by Mietje Germonpré of the Royal Belgian Institute of Natural Sciences reported a
stunning new finding in the February 2009 issue of Journal of Archaeological Science: a nearly complete
fossil dog skull dated to 31,680 ± 250 years ago.
The article then describes Germonpré's research in more detail: studies of canine skulls from various Paleolithic sites in
Europe, studies of mitochondrial DNA in ancient canine bones, and best of all, how this work led to the realization that
a fossilized dog from Goyet Cave in Belgium was about 31,680 years old! This is about the time of the earliest cave
paintings in Europe. For example, the Chauvet Cave in France has paintings about 32,900 ± 490 years old, and also the
footprints of a human child, along with dog footprints that seem to be following her!
Carbon dating of charcoal from "a torch the child carried" — but how do they know that? — says it's about 26,000 years
old.
March 21, 2010
the sun is up
the world is flat
damn good address for a rat
the smell of blood
the drone of flies
you know what to do if
the baby cries
hoist that rag
hoist that rag
well we stick our fingers
in the ground,
heave and turn
the world around
smoke is blacking
out the sun
at night I pray
and clean my gun
the cracked bell rings
as the ghost bird sings
and the gods go begging here
so just open fire

as you hit the shore
all is fair in love
and war
hoist that rag
hoist that rag
hoist that rag
hoist that rag

A friend warned me against getting involved in the politics of global warming, urging me to stick to the science. I had
trouble sorting this out at first. I think this remark from Eliezer Yudkowsky's essay Politics is the Mind-Killer helped me
get the point:
Politics is an extension of war by other means. Arguments are soldiers. Once you know which side you're
on, you must support all arguments of that side, and attack all arguments that appear to favor the enemy
side; otherwise it's like stabbing your soldiers in the back — providing aid and comfort to the enemy.
I think it's this mindset that I need to avoid. Gotta be careful: it creeps up on you!
March 22, 2010
Here's a very good review of climate change, readable by nonexperts, and I think quite fair:
The clouds of unknowing, The Economist, March 18, 2010.
Let me quote the beginning and the end, skipping the technical heart of it. You should really read the whole thing! It
studies both the mainstream ideas and those of skeptics like Richard Lindzen of MIT. Here's the beginning:
For anyone who thinks that climate science must be unimpeachable to be useful, the past few months have
been a depressing time. A large stash of e-mails from and to investigators at the Climatic Research Unit of
the University of East Anglia provided more than enough evidence for concern about the way some climate
science is done. That the picture they painted, when seen in the round — or as much of the round as the
incomplete selection available allows — was not as alarming as the most damning quotes taken out of
context is little comfort. They offered plenty of grounds for both shame and blame.
At about the same time, glaciologists pointed out that a statement concerning Himalayan glaciers in the
most recent report of the Intergovernmental Panel on Climate Change (IPCC) was wrong. This led to the
discovery of other poorly worded or poorly sourced claims made by the IPCC, which seeks to create a
scientific consensus for the world's politicians, and to more general worries about the panel's partiality,

transparency and leadership. Taken together, and buttressed by previous criticisms, these two revelations
have raised levels of scepticism about the consensus on climate change to new heights.
Increased antsiness about action on climate change can also be traced to the recession, the unedifying
spectacle of last December's climate-change summit in Copenhagen, the political realities of the American
Senate and an abnormally cold winter in much of the northern hemisphere. The new doubts about the
science, though, are clearly also a part of that story. Should they be?
In any complex scientific picture of the world there will be gaps, misperceptions and mistakes. Whether
your impression is dominated by the whole or the holes will depend on your attitude to the project at hand.
You might say that some see a jigsaw where others see a house of cards. Jigsaw types have in mind an
overall picture and are open to bits being taken out, moved around or abandoned should they not fit. Those
who see houses of cards think that if any piece is removed, the whole lot falls down. When it comes to
climate, academic scientists are jigsaw types, dissenters from their view house-of-cards-ists.
The defenders of the consensus tend to stress the general consilience of their efforts.the way that data,
theory and modelling back each other up. Doubters see this as a thoroughgoing version of "confirmation
bias", the tendency people have to select the evidence that agrees with their original outlook. But although
there is undoubtedly some degree of that (the errors in the IPCC, such as they are, all make the problem
look worse, not better) there is still genuine power to the way different arguments and datasets in climate
science tend to reinforce each other.
The doubters tend to focus on specific bits of empirical evidence, not on the whole picture. This is
worthwhile — facts do need to be well grounded — but it can make the doubts seem more fundamental
than they are. People often assume that data are simple, graspable and trustworthy, whereas theory is
complex, recondite and slippery, and so give the former priority. In the case of climate change, as in much
of science, the reverse is at least as fair a picture. Data are vexatious; theory is quite straightforward.
Constructing a set of data that tells you about the temperature of the Earth over time is much harder than
putting together the basic theoretical story of how the temperature should be changing, given what else is
known about the universe in general.
And here's the end:
Adding the uncertainties about sensitivity to uncertainties about how much greenhouse gas will be emitted,
the IPCC expects the temperature to have increased by 1.1ºC to 6.4ºC over the course of the 21st century.
That low figure would sit fairly well with the sort of picture that doubters think science is ignoring or
covering up. In this account, the climate has natural fluctuations larger in scale and longer in duration (such
as that of the medieval warm period) than climate science normally allows, and the Earth's recent warming
is caused mostly by such a fluctuation, the effects of which have been exaggerated by a contaminated
surface-temperature record. Greenhouse warming has been comparatively minor, this argument would
continue, because the Earth's sensitivity to increased levels of carbon dioxide is lower than that seen in
models, which have an inbuilt bias towards high sensitivities. As a result subsequent warming, even if
emissions continue full bore, will be muted too.
It seems unlikely that the errors, misprisions and sloppiness in a number of different types of climate
science might all favour such a minimised effect. That said, the doubters tend to assume that climate
scientists are not acting in good faith, and so are happy to believe exactly that. Climategate and the IPCC's
problems have reinforced this position.
Using the IPCC's assessment of probabilities, the sensitivity to a doubling of carbon dioxide of less than
1.5ºC in such a scenario has perhaps one chance in ten of being correct. But if the IPCC were
underestimating things by a factor of five or so, that would still leave only a 50:50 chance of such a
desirable outcome. The fact that the uncertainties allow you to construct a relatively benign future does not
allow you to ignore futures in which climate change is large, and in some of which it is very dangerous
indeed. The doubters are right that uncertainties are rife in climate science. They are wrong when they

present that as a reason for inaction.
The political battle is heating up, as can be seen from this editorial in Nature. I present it here because it illustrates the
mood, and because you'd otherwise need a subscription to read it! It's pathetic that Nature is talking about such
important and controversial issues behind the wall of "for subscribers only".
Climate of Fear
The integrity of climate research has taken a very public battering in recent months. Scientists must now
emphasize the science, while acknowledging that they are in a street fight.
Climate scientists are on the defensive, knocked off balance by a re-energized community of globalwarming deniers who, by dominating the media agenda, are sowing doubts about the fundamental science.
Most researchers find themselves completely out of their league in this kind of battle because it's only
superficially about the science. The real goal is to stoke the angry fires of talk radio, cable news, the
blogosphere and the like, all of which feed off of contrarian story lines and seldom make the time to assess
facts and weigh evidence. Civility, honesty, fact and perspective are irrelevant.
Worse, the onslaught seems to be working: some polls in the United States and abroad suggest that it is
eroding public confidence in climate science at a time when the fundamental understanding of the climate
system, although far from complete, is stronger than ever. Ecologist Paul Ehrlich at Stanford University in
California says that his climate colleagues are at a loss about how to counter the attacks. "Everyone is
scared shitless, but they don't know what to do," he says.
Researchers should not despair. For all the public's confusion about climate science, polls consistently show
that people trust scientists more than almost anybody else to give honest advice. Yes, scientists' reputations
have taken a hit thanks to headlines about the leaked climate e-mails at the University of East Anglia
(UEA), UK, and an acknowledged mistake about the retreat of Himalayan glaciers in a recent report from
the Intergovernmental Panel on Climate Change (IPCC). But these wounds are not necessarily fatal.
To make sure they are not, scientists must acknowledge that they are in a street fight, and that their
relationship with the media really matters. Anything strategic that can be done on that front would be
useful, be it media training for scientists or building links with credible public-relations firms. In this light,
there are lessons to be learned from the current spate of controversies. For example, the IPCC error was
originally caught by scientists, not sceptics. Had it been promptly corrected and openly explained to the
media, in full context with the underlying science, the story would have lasted days, not weeks. The IPCC
must establish a formal process for rapidly investigating and, when necessary, correcting such errors.
The unguarded exchanges in the UEA e-mails speak for themselves. Although the scientific process seems
to have worked as it should have in the end, the e-mails do raise concerns about scientific behaviour and
must be fully investigated. Public trust in scientists is based not just on their competence, but also on their
perceived objectivity and openness. Researchers would be wise to remember this at all times, even when
casually e-mailing colleagues.
US scientists recently learned this lesson yet again when a private e-mail discussion between leading
climate researchers on how to deal with sceptics went live on conservative websites, leading to charges that
the scientific elite was conspiring to silence climate sceptics (see page 149). The discussion was spurred by
a report last month from Senator James Inhofe (Republican, Oklahoma), the leading climate sceptic in the
US Congress, who labelled several respected climate scientists as potential criminals — nonsense that was
hardly a surprise considering the source. Some scientists have responded by calling for a unified public
rebuttal to Inhofe, and they have a point. As a member of the minority party, Inhofe is powerless for now,
but that may one day change. In the meantime, Inhofe's report is only as effective as the attention it
receives, which is why scientists need to be careful about how they engage such critics.

The core science supporting anthropogenic global warming has not changed. This needs to be stated again
and again, in as many contexts as possible. Scientists must not be so naive as to assume that the data speak
for themselves. Nor should governments. Scientific agencies in the United States, Europe and beyond have
been oddly silent over the recent controversies. In testimony on Capitol Hill last month, the head of the US
Environmental Protection Agency, Lisa Jackson, offered at best a weak defence of the science while
seeming to distance her agency's deliberations from a tarnished IPCC. Officials of her stature should be
ready to defend scientists where necessary, and at all times give a credible explanation of the science.
These challenges are not new, and they won't go away any time soon. Even before the present
controversies, climate legislation had hit a wall in the US Senate, where the poorly informed public debate
often leaves one wondering whether science has any role at all. The IPCC's fourth assessment report had
huge influence leading up to the climate conference in Copenhagen last year, but it was always clear that
policy-makers were reluctant to commit to serious reductions in greenhouse-gas emissions. Scientists can't
do much about that, but they can and must continue to inform policy-makers about the underlying science
and the potential consequences of policy decisions — while making sure they are not bested in the court of
public opinion.
March 23, 2010
Since the UCR math department is short of space, someone will be using my office while I'm gone. This gives me a
reason — one might even say an excuse — to get rid of a lot of old reprints that have been sitting unused in my file
cabinet for years. And my planned shift in career direction makes it easier to throw things out. It's interesting to see
which items trigger that twinge of emotion that makes me reluctant to get rid of them. Most of the papers on ncategories and quantum gravity seem quite disposable: they're all available online, they're too new for me to feel
particularly nostalgic them, and tossing them makes me feel like I'm preparing for a new life.
But an old xeroxed typewritten manuscript by Yvonne Choquet-Bruhat, on the existence of global solutions for the
Yang-Mills equations, brings back the bygone age when I was struggling to find my feet after grad school, working on
nonlinear partial differential equations, not really sure what I wanted to do. It reminds me of hearing her give a talk
about this subject at MIT: a short elderly woman with a very strong French accent, one of Irving Segal's few
mathematical friends at that time, standing in front of a blackboard, explaining the estimates necessar to prove global
existence of solutions of the Yang-Mills equations with sufficiently small initial data.
Out with it — I don't really need it, and I'm sure the published version is available online. But it was good to be
reminded of that scene.
Others seem too precious to throw out. An enormous xeroxed copy of Grothendieck's Pursuing Stacks. A nicely bound
copy of Martin Neuchl's thesis. Some old reprints by Peter May. My handwritten notes from a graduate course on
symplectic geometry, taught by Victor Guillemin. I don't think I need these, but they are irreplaceable — in some sense
— and they have a lot of emotional significance.
There are even some lost treasures: Todd Trimble's notes on the Lie operad, for example! People have been seeking
these for years. I scanned them in and put them on my Trimble webpage. Unfortunately my printed copy was missing
page 16.
March 27, 2010
My sister Alex has been visiting — that's short for Alexandra. On Tuesday she made it from Dulles to Denver, where
her next flight was cancelled due to a snowstorm — 9 inches of the stuff! So, she had to spend a night on the airport
floor. On Wednesday morning she called me at 7. They put her on a flight to Los Angeles instead of Ontario (the airport
nearer to Riverside). I roused myself and drove down there to catch her by 9:30. I was just a bit late, but her flight was
later: they delayed it until 10:23. When she showed up, her luggage had been misplaced. We took advantage of our
misfortune by wandering around Playa Vista, a beach near the LA airport. Thursday we went to Palm Canyon with
Simon Willerton; upon our return they'd delivered her luggage. On Friday we all went to Joshua Tree. Today I handed

her off to my aunt in Pasadena.
Now back alone... I should prepare my Rosetta Stone talk for Cal State Fresno, and polish up what John Huerta has
written about the octonions — we're doing an article for Scientific American. As usual, I can think of all sorts of equally
fun things to do, and I feel like doing them first. But I'll resist... as soon as I'm done with this diary entry.
Mike Stay points out this blog entry:
Eric Drexler, Greenhouse gases and advanced nanotechnology.
I want to interview some people about global warming, other environmental problems, and work they're doing to
understand and solve these problems. I should make a list of these people, and Drexler is certainly one. I definitely want
to consider possible high-tech solutions to global warming. Drexler points out that these may be necessary:
Carbon stays in the atmosphere for a long time.
To many readers, this is nothing new, yet most who know this make a simple mistake [see below]. They
think of carbon as if it were sulfur, with pollution levels that rise and fall with the rate of emission: Cap
sulfur emissions, and pollution levels stabilize; cut emissions in half, cut the problem in half. But carbon is
different. It stays aloft for about a century, practically forever. It accumulates. Cap the rate of emissions,
and the levels keep rising; cut emissions in half, and levels will still keep rising. Even deep cuts won't
reduce the problem, but only the rate of growth of the problem.
In the bland words of the Intergovernmental Panel on Climate Change, "only in the case of essentially
complete elimination of emissions can the atmospheric concentration of CO2 ultimately be stabilised at a
constant [far higher!] level". This heroic feat would require new technologies and the replacement of
today's installed infrastructure for power generation, transportation, and manufacturing. This seems
impossible. In the real world, Asia is industrializing, most new power plants burn coal, and emissions are
accelerating, increasing the rate of increase of the problem.
In fact, the mistaken idea that CO2 behaves like a typical pollutant seems deeply entrenched in people's
thinking (if you find it in your thinking, please make an effort to dig it out). I was disturbed to read a recent
article in Science:
John Sterman, Risk communication on climate: mental models and mass balance, Science, 24
October 2008, 532-533.
in which John Sterman describes a study in which a group of MIT students (from my own school!) flubbed
this completely. After reading a description excerpted from the IPCC's Summary for Policymakers, they
still misunderstood the problem, mistakenly thinking that limiting emissions would limit CO2 levels. From
the Science article, with emphasis added:
The dynamics are easily understood using a bathtub analogy in which the water level
represents the stock of atmospheric CO2. Like any stock, atmospheric CO2 rises when the
inflow to the tub (emissions) exceeds the outflow (net removal), is unchanging when inflow
equals outflow, and falls when outflow exceeds inflow. Participants were informed that
anthropogenic CO2 emissions are now roughly double net removal, so the tub is filling.
Yet, 84% drew patterns [graphs of emission control policies and their effects] that violated the
principles of accumulation.. Nearly two-thirds of the participants asserted that atmospheric
GHGs [greenhouse gases] can stabilize even though emissions continuously exceed removal —
analogous to arguing a bathtub continuously filled faster than it drains will never overflow.
Most believe that stopping the growth of emissions stops the growth of GHG concentrations.
The erroneous belief that stabilizing emissions would quickly stabilize the climate

supports wait-and-see policies but violates basic laws of physics.
Training in science does not prevent these errors. Three-fifths of the participants have
degrees in science, technology, engineering, or mathematics (STEM); most others were trained
in economics. Over 30% hold a prior graduate degree, 70% of these in STEM. These
individuals are demographically similar to influential leaders in business, government, and the
media, though with more STEM training than most.
The way to remove CO2 quickly is to pump it, but this is a project too large to undertake with today's
manufacturing infrastructure. However, as I note in the Edge essay,
If we were good at making things, we could make efficient devices able to collect, compress,
and store carbon dioxide from the atmosphere, and we could make solar arrays large enough to
generate enough power to do this on a scale that matters. A solar array area, that if aggregated,
would fit in a corner of Texas, could generate 3 terawatts. In the course of 10 years, 3 terawatts
would provide enough energy remove all the excess carbon the human race has added to the
atmosphere since the Industrial Revolution began. So far as carbon emissions are concerned,
this would fix the problem.
Read more on his blog or his Edge essay.
March 28, 2010
If you like Bogart movies, see Heat Lightning. It's not a Bogart movie, but it's a kind of precursor to The Petrified
Forest, with a distinctive charm all its own. It's set in a remote gas station 26 miles from Baker, California —
somewhere with lots of Joshua trees. Aline MacMahon is the star. The preview may seem corny but the movie is not.
It's old-fashioned, but I've gotten to really like a certain kind of old movie, and this is one.
I watched Heat Lightning last night, and also The Big Heat, a real classic film noir by Fritz Lang. You see, Turner
Classic Movies was doing a special day of movies with "heat" in the title.

As if this weren't enough, I recently finished reading Raymond Chandler's first novel, The Big Sleep. As you may know,
the the great Bogart-Bacall movie based on this novel was almost impossible to follow, since they cut a lot of crucial
connecting scenes and also a long conversation between Marlowe and the Los Angeles District Attorney where the facts
are explained. They've recently released a version that restores these scenes. But I haven't made up my mind whether
this enhances or diminishes its curious charm! The film critic Bosley Crowther complained about the movie when it
came out in 1946:
The Big Sleep is one of those pictures in which so many cryptic things occur amid so much involved and
devious plotting that the mind becomes utterly confused. And, to make it more aggravating, the brilliant
detective in the case is continuously making shrewd deductions which he stubbornly keeps to himself. What
with two interlocking mysteries and a great many characters involved, the complex of blackmail and
murder soon becomes a web of utter bafflement. Unfortunately, the cunning script-writers have done little
to clear it at the end.
But he also said that Bacall "still hasn't learned to act" — so what does he know? Personally I think the complex,
baffling plot is part of what makes me willing to watch it over and over. That, and of course the incredible chemistry
between Bogart and Bacall, and lots of great acting all around.

Anyway, reading the book does not completely dispel the mystery of the film, since the plot of the film diverges from

that of the book in several points. For example: why does Vivian Sternwood go to that car garage in Realito? That's not
in the book!
I want to read more by Raymond Chandler.
March 29, 2010
Sometime this summer, starting with "week301", I'm going to drastically overhaul my column This Week's Finds.
Among other things, I'm thinking of doing some interviews, perhaps by email. The idea would be to illustrate how smart
people are solving problems and dreaming up cool new ideas... so younger people, or established academics who want
to do something a bit more useful, can see some role models. And my hope is to pitch these interviews at a pretty high
level, not the usual journalistic watered-down crud. Just as a kind of self-reminder, here's a little list of some people I
might want to interview:
Gregory Benford — geoengineering
Stewart Brand - ecopragmatism
Jiahao Chen — quantum chemistry
Eric Drexler — nanotechnology
Thomas Fischbacher - sustainability
Dan Ghica — computer science
Hendra Nurdin — quantum control
Nathan Urban — climate change
Eliezer Yudkowsky — friendly AI
It's a kind of compromise between bigshots and people who might actually want to talk to me. I won't say who is who,
lest I hurt somebody's feelings. I've surely left out tons of obvious names, so don't feel bad if you're not on this list.
I'll keep building up the list as time goes by. If you're an expert on climate change, ecology, extinction of species, solar
power, nuclear power, quantum technologies, or anything cool like that, and you'd like me to interview you, send me an
email! I can't promise anything, of course.
In compiling this list, I see that Stewart Brand has come out with a new book:
Stewart Brand, Whole Earth Discipline: An Ecopragmatist Manifesto, Viking-Penguin, 2009.
Here's some of what he has to say about nuclear power:
As for footprint, Gwyneth Cravens points out that "A nuclear plant producing 1,000 megawatts takes up a
third of a square mile. A wind farm would have to cover over 200 square miles to obtain the same result,
and a solar array over 50 square miles". That.s just the landscape footprint. (By the way, 1,000 megawatts
equals 1 gigawatt — a billion watts; I'll use that measure most of the time here.)
More interesting to me is the hazard comparison between coal waste and nuclear waste. Nuclear waste is
minuscule in size — one Coke can's worth per person-lifetime of electricity if it was all nuclear, Rip
Anderson likes to point out. Coal waste is massive — 68 tons of solid stuff and 77 tons of carbon dioxide
per person-lifetime of strictly coal electricity. The nuclear waste goes into dry cask storage, where it is kept
in a small area, locally controlled and monitored. You always know exactly what it's doing. A 1-gigawatt
nuclear plant converts 20 tons of fuel a year into 20 tons of waste, which is so dense it fills just two drystorage casks, each one a cylinder 18 feet high, 10 feet in diameter.
By contrast, a 1-gigawatt coal plant burns 3 million tons of fuel a year and produces 7 million tons of CO2,
all of which immediately goes into everyone's atmosphere, where no one can control it, and no one knows
what it's really up to. That's not counting the fly ash and flue gases from coal — the world's largest source
of released radioactivity, full of heavy metals, including lead, arsenic, and most of the neurotoxic mercury
that has so suffused the food chain that pregnant women are advised not to eat wild fish and shellfish. The

air pollution from coal burning is estimated to cause 30,000 deaths a year from lung disease in the United
States, and 350,000 a year in China.
Watch this movie:
Rip Anderson and Gwyneth Cravens, Could nuclear power save the planet?, Long Now Foundation.
For my April 2010 diary, go here.
Sometimes doing your best is not good enough. Sometimes, you must do what is required. - Winston Churchill
© 2010 John Baez
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Diary - April 2010
John Baez
April 1, 2010

In Glendale California, police had the bright idea of dressing an officer as a giant bunny rabbit. The idea was that he
would walk across a crosswalk and see if motorists would stop. If they didn't, more cops would come roaring out on
motorcycles and arrest the culprit — as shown above.
One violator claimed it was no fair: he said the officer suddenly "hopped out in front of him".
I would like to see a video of that.
This is one of my favorite April Fool's jokes:
In 1915, the Geneva Tribune reported that on April 1 a French aviator flying over a German camp dropped
what appeared to be a huge bomb. The German soldiers immediately scattered in all directions, but no
explosion followed. After some time, the soldiers crept back and gingerly approached the bomb. They
discovered that it was actually a large football with a note tied to it that read, "April Fool!"
I often feel sorry for people who have been taken in by a joke, but in this case I don't. What makes this one especially

funny is that there was an actual war going on, but somehow still room for a joke. That's panache.
While we're yukking it up: if you haven't listened to this yet, you should:
David Sedaris as Crumpet the Elf, National Public Radio, 1992.
I love the tone of voice when he says "I'm going to have you fired."
April 2, 2010

Male zebra finches have annoying songs which are highly individual. They start out babbling when they're young, and
they learn a song from their father. Once they learn it, they keep that song for life. And so, now that their genome has
been sequenced, we may discover some interesting things about how people learn to talk:
Jon Hamilton, Songbird DNA may offer clues to human speech, Morning Edition, National Public Radio, April 1,
2010.
My friend Tom Leinster is a category theorist who discovered some math that turns out to be related to known ways of
estimating species diversity! He passed on a quote from.
Paul R. Ehrlich, Population biology of checkerspot butterflies and the preservation of global biodiversity, Oikos
63, no. 1 (1992), 6-12.
Here it is:
...with an effort funded to the level of the cost of two useless B-2 bombers ($1300 million), the task of more
or less completing a global survey of plants could be completed. Botanists, plant collections, and botanical
gardens are crucial to the future of humanity, and botanical resources need rapid expansion and deployment
to accomplish the task of understanding and protecting Earth's flora. It is an indication of misplaced
priorities within the scientific community that relatively unimportant exercises such as the sequencing of
the human genome can take priority over the assessment and preservation of Earth's irreplaceable botanical
wealth.

I don't think sequencing the human genome was "relatively unimportant". It's speciesist, but I'm not sure speciesism is
wrong — and in any event I think it's unavoidable. The push to sequence the human genome as the beginning of a push
towards sequencing the genomes of individual people, which is pushing down the price for gene sequencing. In 2003 it
cost about $300,000,000, in 2007 it cost about $1,000,000, and in 2008 it cost less than $60,000. In February 2009 the
price fell to $5000, and it must be lower by now.
Cheap genome sequencing will in turn be a key aspect of saving — or at least recording — genetic diversity as the
current mass extinction continues. Of course, having a genotype on file is not nearly as good as having a living
organism: there's a lot of information in the full organism that's not contained in the DNA, as the study of epigenetics
continues to reveal. So, we can't turn a genotype back into a living creature unless there is a fairly similar creature still
alive. We need to save living creatures, and classify them — and for plants, this requires "botanists, plant collections,
and botanical gardens", as Ehrlich notes. It also will require seed banks! Unlike animals, many plants are quite easy to
save in compressed form.
So, while I don't think sequencing the human genome was a waste of money, we should build fewer B-52s and spend
more on botany.
April 3, 2010
In case you haven't been paying attention: our Solar System seems unusual, as solar systems go, in having the gas giants
far away from the sun. If they were close, like in most solar systems, we might not be here! At least, not if "we" means
life that requires a rocky planet with liquid water on its surface. Here's a fun little interview about this subject:
Robert Krulwich, The fruitless search for solar systems like ours, All Things Considered, National Public Radio,
April 1, 2010.
It'll be very interesting to get data on more solar systems... and you'll notice: this doesn't require sending people into
space. Indeed, there's not really much of anything interesting we can do right now by sending "canned primates" into the
vacuum. So it's very good news that the Obama Administation is planning to cancel the Constellation program — a
nostalgic rerun of the Apollo program. Instead, they want to boost funding for something useful: climate research!
Marc Kaufman, NASA plans big boost to climate research budget, Washington Post, April 1, 2010.
The plan is to launch as many as 10 new satellites that will measure ocean temperatures, ice coverage, ozone depletion
and the central question of how much carbon dioxide is being released through human activities. This would be great!
In other news: China is planning to mine methane hydrates buried in Tibet, and use them for fuel:
PhysOrg.com, China looks to 'combustible ice' as a fuel source.

If people decide to mine and burn the massive amounts of methane hydrates at the ocean floor — admittedly a bigger
challenge than mining it in Tibet — the amount of CO2 emission we've seen so far would look like a dainty appetizer to
a gut-busting feast.

So, any move towards mine methane hydrates sounds like a dangerous idea to me. China and India both want to mine
them on the ocean floor! But for the stuff in Tibet, the Chinese are taking a clever tack: they claim that global warming
is bound to release this methane into the atmosphere, where it will be a much more potent greenhouse gas than CO2 if
they don't mine it and burn it! It's the first time I've heard of people saying that mining and burning hydrocarbons will
help prevent global warming:
Combustible ice has already been discovered in more than 100 countries, buried in both the Arctic
permafrost and beneath the ocean floor. Besides China, countries including the US, Japan, and the Republic
of Korea have plans to tap the natural gas hydrate buried in their territories. Last summer, US scientists on a
research vessel in the Gulf of Mexico discovered pockets of highly concentrated methane hydrate estimated
to contain 6,700 trillion cubic feet of gas. The DOE has estimated that the total amount of methane hydrate
worldwide could be as high as 400 million trillion cubic feet, including 85.4 trillion cubic feet buried in
Alaska.
Because methane is a potent greenhouse gas, researchers are also concerned about the environmental effects
of extracting methane hydrate. However, if handled carefully, using methane hydrate as a fuel could be
safer than simply letting it melt on its own. As the earth continues to warm, methane released into the
atmosphere could cause even more damage than if it were burned for fuel. On the other hand, if large
amounts of methane were accidentally released during extraction, the results could further aggravate global
warming. Another risk from mining the combustible ice is geological slumping.
For these reasons, developing a safe technology to excavate the fuel is a priority. With these challenges in
mind, China's Ministry of Land and Resources estimated last week that the country could begin using its
combustible ice within 10 to 15 years, joining other countries in methane hydrate exploration.
April 4, 2010

The mysterious syndrome called "colony collapse disorder" has been killing off bees worldwide:
US Department of Agriculture, Questions and Answers: Colony Collapse Disorder.
Ohio State University Agricultural Research and Development Center, Colony Collapse Disorder.
Bees are responsible for pollinating 30% of American crops that depend on pollination: apples, oranges, grapes,
cherries, watermelon, squash, and so on. So, this problem is a big deal.
Luckily, people are fighting back! Beekeeping is becoming really popular! It was recently even made legal in New York
City!
Ira Flatow, Bees and beekeeping, Science Friday, National Public Radio, April 2, 2010.
Phang, City Bees Blogspot.
If Lisa weren't allergic to bees, and we weren't going to Singapore, I would probably start a hive myself. As it is, we've
done our part by getting rid of our lawn and planting nice flowers, herbs and trees.

They like the wisteria. They really love basil, which keeps blooming for months. And they happily pollinate our citrus
trees.

Lisa came back last night! She'd been to Shenzhen, Guangzhou, Zhengzhou, Shanghai, and San Francisco. A lazy day
today...
April 5, 2010
Here's Stewart Brand's summary of the latest talk at the Long Now Institute — a talk by David Eagleman:
Civilizations always think they're immortal, Eagleman noted, but they nearly always perish, leaving
"nothing but runes and scattered genetics." It takes luck and new technology to survive. We may be
particularly lucky to have Internet technology to help manage the six requirements of a durable civilization:
1. "Try not to cough on one another." More humans have died from epidemics than from all famines
and wars. Disease precipitated the fall of Greece, Rome, and the civilizations of the Americas. People
used to bunch up around the infected, which pushed local disease into universal plague. Now we can
head that off with Net telepresence, telemedicine, and medical alert networks. All businesses should
develop a work-from-home capability for their workforce.
2. "Don't lose things." As proved by the destruction of the Alexandria Library and of the literature of
Mayans and Minoans, "knowledge is hard won but easily lost." Plumbing disappeared for a thousand
years when Rome fell. Innoculation was invented in China and India 700 years before Europeans
rediscovered it. These days Michaelangelo's David has been safely digitized in detail. Eagleman has
direct access to all the literature he needs via PubMed, JSTOR, and Google Books. "Distribute, don't
revinvent."
3. "Tell each other faster." Don't let natural disasters cascade. The Minoans perished for lack of the kind
of tsunami alert system we now have. Countless Haitians in the recent earthquake were saved by
Ushahidi.com, which aggregated cellphone field reports in real time.
4. "Mitigate tyranny." The USSR's collapse was made inevitable by state-controlled media and state-

mandated mistakes such as Lysenkoism, which forced a wrong theory of wheat farming on 13 time
zones, and starved millions. Now crowd-sourced cellphone users can sleuth out vote tampering. We
should reward companies that stand up against censorship, as Google has done in China.
5. "Get more brains involved in solving problems." Undertapping human capital endangers the future.
Open courseware from colleges is making higher education universally accessible. Crowd-sourced
problem solving is being advanced by sites such as PatientsLikeMe, Foldit (protein folding), and
Cstart (moon exploration). Perhaps the next step is "society sourcing."
6. "Try not to run out of energy." When energy expenditure outweighs energy return, collapse ensues.
Email saves trees and trucking. Online shopping is a net energy gain, with UPS optimizing delivery
routes and never turning left. We need to expand the ability to hold meetings and conferences online.
But if the Net is so crucial, what happens if the Net goes down? It may have to go down a few times before
we learn how to defend it properly, before we catch on that civilization depends on it for survival.
    —Stewart Brand
I think it is very optimistic to think that we are "particularly lucky to have Internet technology to help manage the six
requirements of a durable civilization". Previous fallen civilizations had previous technologies that were better than any
technology before... do civilizations tend to last longer as the technology gets better? The examples of Egypt and
Sumeria suggest perhaps the opposite.
It takes a lot of sophisticated infrastructure to keep the internet up and running. As Brand notes, it may have to go down
a few times before we learn how to defend it properly.
April 8, 2010
After my classes ended at 3:30 pm, I picked up Lisa and we drove up to Fresno, where I'll give two talks tomorrow. It
was a 5-hour drive: we left at 4 and got there at 9. Instead of driving into Los Angeles and up Route 5 — the quickest
route, but boring — we went up Route 215 and over the Cajon Pass. Then we cut west through the desert on Route 138
to Palmdale, and then north through Lancaster to Mojave. The snow-capped San Gabriel Mountains were beautifully
visible to the south for quite some time.

View Larger Map

The highway through Mojave leads through a depressing strip of gas stations and cheap restaurants. Then: eastwards up
into the mountains, through Tehachapi, and then down to Bakersfield. The downward slopes are very green now, thanks
to the rains — soon they will be brown, but now they're a paradise of grasslands and oak trees.
As one reaches Bakersfield and begins driving north on Route 99, the hills flatten out to an endless dull plain, smoggy
and smelly: a land of agriculture, cows, and oil refineries, the highway clogged by trucks. Soon it became dark, and my
mood darkened too. Passing through towns like Delano, Tulare, Visalia, I couldn't help but wonder what life was like
there. What was there to do? Nothing beautiful to see, nothing interesting to do — I imagined — and anyone ambitious
with the ability to leave would surely do so. If you were stuck there, you could work in a gas station or diner, eking out
an existence from the constant flow of passing trucks, siphoning off a bit of the pulsing free energy of the highway, just
enough to get by. I thought about how how people fill every niche, no matter how unpromising.

Photo of Bravo Farms on Highway 99, taken by Heludin-X.

Of course, I knew that someone driving through Riverside might think the same things... unaware of the crazy fun things
that some people are doing in Riverside. And I knew that some of my mood came from the exhaustion of a 5-hour drive,
the falling of night, the pollution, the smell of cows. Listening to Dylan's Highway 61 Revisited heightened my sense of
the futility of human existence, but somehow soothed me as well.
Well Georgia Sam he had a bloody nose
Welfare Department they wouldn't give him no clothes
He asked poor Howard where can I go
Howard said there's only one place I know
Sam said tell me quick man I got to run
Ol' Howard just pointed with his gun
And said that way down on Highway 61.
Well Mack the finger said to Louie the King

I got forty red white and blue shoe strings
And a thousand telephones that don't ring
Do you know where I can get ride of these things
And Louie the King said let me think for a minute son
And he said yes I think it can be easily done
Just take everything down to Highway 61.
Then, finally, to Fresno. A big city, but not a romantic one. Well, to be honest: a city I don't know at all. Got our room at
the hotel, had dinner at a nearby Red Lobster, and then to bed.
April 9, 2010
Lisa and I were picked up after breakfast by Carmen Caprau from the math department. She's a student of Charlie
Frohman who works on Khovanov homology. I gave a talk on the virtues of the number 5.
Then Carmen handed me off to Doug Singleton, my host from the physics department. He does theoretical particle
physics, and we'd gotten to know each other from talking on sci.physics.research, back in the golden age of usenet
newsgroups. We talked and looked around a bit. The Cal State Fresno campus is nice: prettier than UCR's, and with a
brand new library! But like us, they're suffering mightily from the financial crisis.
Then lunch, and then I gave a talk on the Physics, Topology, Logic and Computation: a Rosetta Stone. I met a bunch of
people and learned a bunch of interesting stuff. For example, I mentioned graphene as a material that might someday
outdo silicon chips. Todd Wilson from the computer science department told me what's the current way to make
computers faster: many-core processors, which do lots of tasks in parallel. But current-day languages do not work well
for parallel processing. Functional programming languages like Haskell would be better! But ordinary programmers
have trouble using those languages, and many computer science departments feel it's impractical to teach them — the
big job market is for languages like C++. But languages like Python are catching on, which have some of the advantages
of purely functional languages. I like this issue because the "Rosetta Stone" gives me ways to think about programming
and parallel processing. So, maybe this is an opportunity to do something practical.
Later, Tim van Beek commented on my remarks here, saying:
Dear John,
I will try to boast a little bit by commenting on your remarks about programming languages in your diary,
from April 9, 2010, I'm not sure if any of this is of interest to you, but knowing it will ease the conversation
with most computer scientists and software developers.
"...the big job market is for languages like C++..."
For the development of large business applications the most used programming language is actually Java.
Roughly, there is this line of development of programming languages:
1. C was created with the goal to design operating systems, it was very successful (most operating
systems today are mostly written in C), one reason for this is that it is very easy to directly to
manipulate RAM and other system resources.
2. C++ was most successful in adding "object orientation" to C and was the big player in the 1990s.
3. Java added a "virtual machine", that is a program that functions as an interface between operating
system and program. This allows one to execute Java programms on different operating systems
without the need to recompile them. But Java was also successful because it simplified or removed
many constructs from the C++ language, that often confused developers and led to code that is very
hard to understand. One part that was removed is the capability to directly access RAM that C++

inherited from C, Java does not know "pointers" anymore (pointers point to memory addresses and
can be used to read and write from memory directly). Niklaus Wirth, who became famous for
creating the programming language Pascal, besides other things, always stresses that the design of a
language is much more about the question what you cannot do, rather than about what you can do,
the evolution of Java from C++ is a good example.
Don't confuse Java and JavaScript, the latter is a scripting language used to add dynamical content to
web pages. Java once had a similar functionality called applets, which is one reason why the two are
often mistakenly identified. When people talk about security problems of web pages and "Java", then
it's always about JavaScript.
4. Then there is the .NET-Framework from Microsoft, that contains a programming languge C# that
uses many concepts of Java, this is the latest addition to the C-based family.
The latest version of Java is 7, the version 5 (also called "Tiger") added a lot of concepts for the
programming of concurrent programs, it owes much to Doug Lea, the web page of his classic book is here
(he wrote that before Java Tiger was created):
http://g.oswego.edu/dl/cpj/
Parallel processing is becoming increasingly important, as you already wrote, and is yet tremendously hard
to do even when using Java Tiger (I'd rather try to implement any numerical algorithm you name, as long as
there is one thread that does the computation in a deterministic way, than try to implement a system that has
multiple threads sharing data and dependencies).
Kind regards,
Tim
Over dinner, Gerardo Munoz passed on two articles about graphene. It turns out there's pretty good evidence for the
fractional quantum Hall effect in this material!
Xu Du, Ivan Skachko, Fabian Duerr, Adina Luican and Eva Y. Andrei, Fractional quantum Hall effect and
insulating phase of Dirac electrons in graphene, Nature 462 (12 November 2009), 192-195.
Kirill I. Bolotin, Fereshte Ghahari, Michael D. Shulman, Horst L. Stormer, Philip Kim, Observation of the
fractional quantum Hall effect in graphene, Nature 462 (1 November 2009), 196-199.
April 10, 2010

View Larger Map

Lisa and I drove from Fresno to Sequoia National Park. We made our way through the smaller towns near Fresno and
out into the surrounding farmlands. Vineyards, then orchards as the land rose. Then we drove up into grassy hills, then
up further to an elevation of 4000 feet, with steep slopes covered with wildflowers, and shockingly colorful redbuds in
bloom. Entering Kings Canyon National Park we drove up and up, our elevation rising to 6000 and 7000 feet, where we
met pine forests and then snow. We had lunch near the entrance of Sequoia National Park, and then we drove on... to the
giant sequoias themselves. These are the world's largest trees.

These pictures, and most of those that follow, were taken by Lisa.
We went on lots of little hikes. The best was to a large grove, deeply covered with snow, with a stream running through
it... and almost no other people!
As I said, the giant sequoia is the world's largest tree, measured by volume rather than height. We saw the largest one of
all, the General Sherman tree. It's about 2500 years old, still magnificently thriving. With luck, it could live for another
thousand years. But more likely, changes in climate will kill it long before then.
Various ancestors of the giant sequoia were widespread up to around 175 million years ago. Then the Earth began to
cool and the range of these trees gradually shrank. Now in California we have the coast redwood from Oregon to Big
Sur, and the giant sequoia here in the Sierra Nevada mountains. The giant sequoia likes cold weather, but not too cold. I
was surprised to learn that after the latest ice age, these trees only began to grow in the Sierras only quite recently —
around 4000 BC, if I remember correctly. The oldest ones have lived for a substantial fraction of this time: they're about
3500 years old!
The giant sequoia, technically the Sequoiadendron giganteum, is the only living species in its genus. It only grows
naturally here, in 68 groves on the western slopes of the Sierra Nevada mountains. Giant sequoias are also popular as an
ornamental tree in many parts of the world, but I don't know if they are spreading on their own in any of these areas.

April 11, 2010
We spent last night in Sequioa National Park at the Wuksachi Lodge. It's a great lodge, rustic but elegant, nestled among
pines, with a view of the mountain peaks. It was deep in snow which had built up over the impressive series of storms
we've been having this winter. We had a wonderful dinner, went straight to sleep, and had some highly overpriced toast
for breakfast. For $12.95 you can get a huge breakfast buffet, which would be great if you were going to spend the day
hiking or skiing, but we were going to spend the day sitting on our butts, driving. Indeed, since snow was expected later
today, and it would probably close down the road through the park, we decided to get going quick.

We drove south through the park, stopping occasionally to look at the mountain slopes. Near the start we saw some
ominous clouds creeping over the hills.

Shortly after we took this picture, the whole view was blotted out as a wave of fog crested over a nearby slope. So, we
headed on down the road. After descending further we reached more sunny weather. A friendly couple asked us to take
their picture, and then returned the favor.

After a long drive down an twisting road we reached Buckeye Flats, a campground set amid beautiful redbud trees. On a
big rock there called Hospital Rock we saw some petroglyphs left by the Monache Indians. Then we walked down to the
Kaweah River, raging with icy water made by melting snow.

Then we drove out of the park, down to Exeter and then south along Route 65 to Porterville, where we had lunch at the
Black Bear Diner — a kind of country-western joint. At this point the wind started picking up as the storm moved in.
Looking out the window, I saw clouds of dust blowing through the town.

View Larger Map

We continued driving down Route 65, through orange groves and some olive groves, stuck for miles and miles behind a
slow truck. Wind-blown dust filled the sky. By the time we reached Bakersfield, gusts buffeted the car, which
shuddered with each blast. The wind lightened up as we proceeded to Tehachapi. We got a few drops of rain from the
threatening clouds, but nothing substantial. By the time we hit Mojave we'd almost run out of gas, so we stopped at an
Arco to fill up. A black guy was going from car to car asking for money. Again I thought about how people will fill any
niche, eke out any sort of existence no matter how depressing. So I gave him a five dollar bill — mainly since I didn't
have a one — saying "I really shouldn't do this, but...." He thanked me profusely. I finished filling up and drove off.
We took a route identical to the way we'd come up, but in reverse: down through Rosamond, and Lancaster, and
Palmdale, and then east, over the Cajon Pass, down through San Bernardino and back home. I was pretty tired. It was
nice being back home.
April 15, 2010

The Eyjafjallajökull volcano in Iceland is spewing out ash. It's causing flight cancellations throughout Europe... and the
scary part is, it could go on for months. In fact, that's exactly what it did back in 1821.
Here's a video of the volcano taken in infrared light:

April 21, 2010
More rain! Quite amazing. The hills behind our house are covered with blooming brittlebush, in numbers we've not seen
before.

April 22, 2010
For Earth Day, Richard Minnich gave a lecture here at UCR, part of a series called Global Climate Change: Causes,
Impacts, Solutions. He's a professor of geography, and his lecture was called Climate's Control of California
Landscapes. He began with a long tour of California's climate during the last 65 million years or so, with great pictures
of the changing flora and fauna. Unfortunately I had to leave before he reached the recent wave of large fires and the
great tree die-off due to drought since 2002. Here are a few facts I learned, which filled in some holes in my
understanding of climate history:
There were big redwoods in Nevada only 12.5 million years ago; now that area is very dry, since it's in the rain
shadow of the Sierra Nevadas. Why? Different wind patterns.
The Milankovic cycles can bring a 6% change in power from sunlight in northern latitudes — enough to make
glaciation come and go.
During glacial periods we see cooling and warming events in roughly 1000-year cycles: Heinrich events and
Dansgaard-Oeschger events. These seem more pronounced in the northern hemisphere, as evidenced by the
flickering of the oyxgen-16 concentrations in Greenland ice cores:

During the Pleistocene, there were lots of lakes in the Mojave region north of Riverside, which is now desert.
Minnich showed us this beautiful map:

This was especially fun to see because I just recently drove over the San Bernardino Mountains, through
Rosamand and the town of Mojave &mdash to the Tehachapi Mountains; see my April 8th diary entry. There are
a few small lakes now, but nothing like what you see above!
For more details, try:
Richard Minnich, California climate, paleoclimate and paleovegetation, in Terrestrial Vegetation of California,
3rd edition, M.G. Barbour, T. Keeler-Wolf, and A.S. Schoenherr, eds, University of California Press, 2007.
April 23, 2010
Speaking of the Mohave Desert, there's a lot of argument going on about building solar power plants in this area:
Ina Jaffe, A renewable energy debate heats up in the Mojave, Morning Edition, National Public Radio, April 23,
2010.

picture by Reed Saxon / AP

April 28, 2010
Mike Stay points out this story:
Jorge Luis Borges, Blue Tigers, The Independent, December 28, 1998.
A fragment:
The ground was cracked and sandy. In one of the cracks — which by the way were not deep, and which
branched into others — I caught a glimpse of a colour. Incredible, it was the same colour as the tiger of my
dreams. I wish I had never laid eyes on it. I looked closely. The crevice was full of little stones, all alike,
circular, just a few centimetres in diameter and very smooth. Their regularity lent them an air almost of
artificiality, as though they were coins, or buttons, or counters in some game.
I bent down, put my hand into the crevice, and picked out some of the stones. I felt a faint quivering. I put
the handful of little stones in the right pocket of my jacket, where there were a small pair of scissors and a
letter from Allahabad. Those two chance objects have their place in my story.
Back in my hut, I took off my jacket. I lay down and dreamt once more of the tiger. In my dream I took a
special note of its colour; it was the colour of the tiger I had dreamt of, and also of the little stones from the
plateau. The late-morning sun in my face woke me. I got up. The scissors and the letter made it hard to take
the discs out of the pocket; they kept getting in the way. I pulled out a handful, but felt that there were still
two or three I had missed. A tickling sensation, the slightest sort of quivering, imparted a soft warmth to my
palm. When I opened my hand, I saw that it held 30 or 40 discs; I'd have sworn I'd picked up no more than
10. I left them on the table and turned back to get the rest out of the pocket. I didn't need to count them to

see that they had multiplied. I pushed them together into a single pile, and tried to count them out one by
one.
That simple operation turned out to be impossible. I would look fixedly at any one of them, pick it up with
my thumb and index finger, yet when I had done that, when that one disc was separated from the rest, it
would have become many. I checked to see that I didn't have a fever (which I did not), and then I performed
the same experiment, over and over again. The obscene miracle kept happening. I felt my feet go clammy
and my bowels turn to ice; my knees began to shake. I do not know how much time passed.
For my May 2010 diary, go here.
The significant problems we have cannot be solved at the same level of thinking with which we created them. - Albert
Einstein
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Diary - May 2010
John Baez

Oil from the BP spill covers a beach in Louisiana on Thursday May 20th
John McCusker / Times-Picayune

May 3, 2010
I went to the ESRI office in Redlands, to a meeting led by Rusty Russell, who is trying to organize a group to integrate
geographic information systems software into education at the elementary and secondary school levels. One goal is to
teach kids science and give them more of a sense of their local landscape by having them go around and collect data on
flora and fauna... data which could then instantly appear on maps. Another goal is to actually get useful data this way.
It's an interesting concept: people call it citizen science. In my idealistic dreams I can imagine kids getting really excited
about science by actually doing it and seeing how it works, rather than learning science as a collection of pre-established
facts.
There was a very diverse mix of people there. Maria Simani, who invited me, works at the Alpha Center at UCR,
connecting UCR faculty to K-12 teachers. Rusty Russell is a botany collections manager for the Smithsonian, who has
worked on mapping climate change in the San Jacinto Mountains with the help of geographic information systems (or
"GIS") technology.
Some people were from ESRI, which is an leading company when it comes to GIS technology. Charles Convis leads the
ESRI conservation program and knows a lot about citizen science. When I told him that I want to interview
mathematicians working on environmental projects, he mentioned Abel Wohlman, a mathematician at Johns Hopkins
who works on conservation planning, and Steve Kelling at Cornell Laboratory of Ornithology, who has extended John
Tukey's exploratory data analysis techniques to deal with the occasional unreliability of data sets produced by citizen
scientists.
Sean Lahmeyer works at the Huntington Garden Herbarium and is getting people in Pasadena to map the Arroyo Seco
area. Jennifer Futterman of the Coachella Valley school district has been working on replacing their science curriculum
with one that incorporates ecology. Kim McNulty runs the Career Pathways Initiative for Coachella Valley high
schools.
May 10, 2010
It looks like I'll be getting another year of leave from UCR, so I can stay in Singapore for two years! Lisa already got
her second year of leave approved, but I just heard my leave will be approved too.
May 17, 2010
Today is Monday, the beginning of a fun and busy fortnight.
Tomorrow at 6:30 am, Lisa and I are taking Lucky Shuttle — a Chinese-run shuttle service — to the Los Angeles
airport. She's going on a long trip to Montreal, Erlangen, Glasgow, back to Montreal and then back home. I'm going first
to New York and then to Oxford, returning on May 31st. In New York on Wednesday morning I'll teach Dennis
Sullivan's "Intermediate Algebraic Topology" course at the CUNY Graduate Center, and then give a talk on electrical
circuits at his seminar. On Thursday we'll go to Stony Brook and I'll talk about Categorification in Topology at the

topology seminar. I'll hang out for a couple more days, and on Saturday night — if the volcano permits — I'll fly to
Oxford.
My flight is supposed to arrive at 10:30 am on Sunday May 23rd. I'll take the Airline (a one-hour bus ride) to Oxford
and go to the Cotswold Lodge. Then from May 24th to 28th I'll attend the school on Foundational Structures in
Quantum Computation and Information, run by Bob Coecke and Ross Duncan. I plan to talk to Tim Palmer over lunch
on Tuesday the 24th, Thomas Fischbacher on Thursday the 27th starting at 12:00, and also Dan Ghica. On Friday
afternoon, Eugenia Cheng and Alissa Crans are supposed to show up, and we'll have a big discussion on category and ncategory theory with people including Bruce Bartlett, Simon Willerton and Jamie Vicary.
On Saturday I'll give a talk on Duality in Logic and Physics at the Quantum Physics and Logic workshop organized by
Bob Coecke, Prakash Panangaden, and Peter Selinger. Louis Crane will give a talk there too, and John Barrett should be
there as well. The workshop goes on until Sunday. And then — if the volcano permits — I'll catch a flight from
Heathrow to Los Angeles at 3:45 pm on Monday May 31st.
May 21, 2010
Well, on Wednesday it turned out that Dennis Sullivan's "Intermediate Algebraic Topology" course is really just a
seminar where he and his visiting speakers talk about their latest ideas. There is no "Advanced Algebraic Topology"
course.
I saw a bunch of faces familiar from my last visit, and some new ones, like Aron Fischer and Kate Poirier. He'd
prepared a list of questions for me which pretty much matched what I wanted to do: give a nontechnical introduction to
n-categories and their applications to topology. I was momentarily afraid that my usual spiel would be too elementary
for this crowd, but I tend to forget that most people are not working on n-categories and don't have an intuitive feel for
them. So, I tried to give them that feel from 11 until about 1.
Then we had lunch — vegetarian sandwiches and salad were carted in. Mikhail Khovanov showed up, which was a nice
surprise, and I launched into my talk about categories whose morphisms are electrical circuits. Starting from basics like
Kirchhoff's laws and Ohm's law I led up to the description of circuits made of resistors in terms of chain complexes, and
then their description in terms of Dirichlet forms and Lagrangian subspaces — with the last allowing us to describe
wires of zero resistance, as needed for a well-behaved category. We had a coffee break and then Dennis had to leave at 4
pm. The excitement level dropped without his trademark probing questions, but the rest of the audience manfully did
their best to do that job, and we went on until 6:30. We had dinner at a Persian restaurant.
On Thursday I took the train to Stony Brook with Kate and Aron. After chatting a bit with Sasha Kirillov, who is
working on describing the Turaev-Viro model as an extended TQFT, and listening a bit to Dennis and Kate talk about
string topology and compactifications of moduli space, I gave a one-hour slide talk on categorification in topology.
Then a bunch of us had lunch, including Oleg Viro. It was nice to see him again... he used to teach at UCR.
Then we took the long train ride back, and then I more or less collapsed: first a nap, and then a long session of goofing
off.
In a little while I'll take the F train down to the CUNY Graduate Center and talk to Mahmoud Zeinalian, a former
student of Dennis who is working on E(n) algebras and some generalizations of Hochschild homology. Then I'll meet
Khovanov at noon and take the Q train to Chinatown, for lunch. All this meeting people and zipping around on trains
and subways is very unlike my life in Riverside.
May 22, 2010
I had dinner last night with Mahmoud Zeinalian, his wife Heleike, and some friends. Mahmoud pointed me to this:
Bill Gates on energy - innovating to zero!, TED, February 2010.

One of his friends told us about this:
RecycleBank.
This firm gets paid by cities to help you recycle your trash. They pay you based on how much you recycle, and the cities
pay them, but apparently the cities still make money, since they spend less money disposing of trash.
By the way: yesterday Dennis Sullivan urged me to contact Mary-Lou Zeeman, a professor of mathematics at Bowdoin
College who talks about how mathematicians can help tackle climate change and sustainability issues:
Mary-Lou Zeeman, State of the Planet.
I should interview her! Let me update my list of potential interviews:
Eliezer Yudkowsky — friendly AI. Underway.
Tim Palmer — weather prediction. Underway.
Chris Lee — bioinformatics. Underway.
Gregory Benford — geoengineering
Mary-Lou Zeeman — mathematics of sustainability
Nathan Urban — climate change
Stewart Brand - ecopragmatism
Abel Wohlman - mathematics of biodiversity assessment
Steve Kelling - tools for citizen science
Eric Drexler — nanotechnology
Thomas Fischbacher - sustainability
Dan Ghica — computer science
Jiahao Chen — quantum chemistry
Hendra Nurdin — quantum control
May 23, 2010
Big news in synthetic biology!
Ira Flatow interviewing Craig Venter, Booting Up A Synthetic Cell, Science Friday, National Public Radio, May
21, 2010.
Craig Venter et al, Creation of a bacterial cell controlled by a chemically synthesized genome, Science, May 20,
2010.
May 24, 2010
Last night I caught a plane from New York to Heathrow. I arrived bleary-eyed this morning and, sleeping whenever
possible, took a bus to Oxford and made my way to the hotel. Tomorrow morning is the start of a week-long school on
Foundational Structures in Quantum Computation and Information.
May 26, 2010
I had dinner tonight with Oz and his wife Alison. We went to the Indian restaurant called Chutneys. I brought along two
friends:

From left to right: Bruce Bartlett, Alison, Oz, me, and Jamie Vicary.
May 28, 2010
On Friday, after the end of the week-long school on Foundational Structures in Quantum Computation and Information
and before the Quantum Physics and Logic conference started, Alissa Crans, Eugenia Cheng, Richard Garner and Simon
Willerton showed up in Oxford. This called for a bit of celebration. Luckily Bob Coecke has established a tradition
called the 'Quantum Whisky Club', which takes place intermittently at the Computing Lab... and that tradition provided
the necessary infrastructure for a proper celebration. At 9:30 a bunch of people started started living it up. At Bob's
demand, I did a little live blogging to document the event. But nothing too indiscreet.

Below from left to right you can see Eugenia Cheng's foot (if you look incredibly hard, that is), and then Alissa Crans
leaning on the windowpane, and then the mysterious black silhouette of Andrei Akhvlediani, who is facing away, in
front of the glare of a desk lamp. Then comes Richard Garner basking in the golden glow of light at the edge of a
curtain, and then, in front of him — much easier to see! — Aleks Kissinger cheerily holding his cup high, and Philip
Atzemoglou way in back, and me happily blogging away on my laptop...

...and then Bruce Bartlett, and Ray Lal behind him way in back, and Chris Heunen, Simon Willerton right up front, then
Andreas Döring grinning and holding a glass, Ross Duncan, and just a tiny bit of Bertfried Fauser on the right-hand
edge of the photo. Present but invisible are Nadja Kutz... and the fellow taking this picture: Jamie Vicary.
I also met Jacob Biamonte, who will be visiting the Centre for Quantum Technologies in Singapore starting this
summer. Among many other things, he said:
I mentioned some projects related to energy in Boston listed here - don't think the quantum bio stuff is
mentioned here. This was work Alán Aspuru-Guzik did studying light harvesting complexes which were
shown to use quantum coherence (like a search algorithm) to enhance photon consumption. The future idea
they have is to use related ideas to create better solar panels. In just a few weeks, I will go to Alan's
workshop on Quantum Bio.
Jacob introduced me to some other people from Oxford who will also be visiting the CQT during my stay there: notably,
Dieter Jaksch (who works on ultra-cold physics such as optical lattices and Bose-Einstein condensates, and their
applications to quantum information processing) and Vlatko Vedral (who works on quantum information). It was great
getting some sense of who I'll be seeing when I go to Singapore next month.
May 30, 2010
On Sunday, John Barrett and Louis Crane gave talks on quantum gravity. John is trying to use 3-categories to

understand matter in 3d quantum gravity, and 4-categories to understand matter in 4d quantum gravity. The first part
definitely works; the second part is speculative. I talked to both of them at lunch in the graveyard near the Computing
Lab:

From left to right, facing the camera, here are Bruce Bartlett, Peter Selinger, Jamie Vicary, and Chris Heunen talking
things over at that same lunch:

Facing away is Sanjeevi Krishnan.
Around 5 pm, Louis gave the last talk of the workshop. He's trying to use rational homotopy theory and related ideas
from model category theory to better understand state sum models of quantum gravity. Here he is, standing in front of
an impressively tall blackboard containing both his notes and the pictures from John Barrett's earlier talk:

Later, John Barrett took the train home. A bunch of us had dinner... And then, late on Sunday night, my last night in
Oxford, there was a smaller but more energetic meeting of the Quantum Whisky Club. Dancing!
May 31, 2010
I flew back to Los Angeles without incident.
I haven't been writing much about the BP oil spill in the Gulf of Mexico, because you could read it in the news... or
books, if you're in my future. I think Obama was right: it's "enraging as it is heartbreaking".

BP initially estimated that the wellhead was leaking 1,000 barrels a day. On April 28, the National Oceanic and
Atmospheric Administration estimated that the leak was likely 5,000 barrels a day. On May 27, 2010 the US
government increased its official estimate to 12,000-19,000 barrels a day.
Later some scientists involved in this estimate said that these numbers were intended only as a lower bound! On June
10th Marcia McNutt, head of a group of scientists called the Flow Rate Technical Group, listed several estimates in the
range of 20,000 to 40,000 barrels a day — that is, before the top of the wellhead was cut and a pipe was installed that
caught some (but not all) of the oil. Different methods give different estimates.
Not many of us have a sense for "barrels", so maybe it will help to say that 20,000 to 40,000 barrels of oil is 840,000 to
1,680,000 US gallons, or 3,200,000 to 6,400,000 litres. Or maybe not. It's hard to get a sense for that much oil. Maybe
some comparisons would be better.
The Exxon Valdez oil spill released a total of 250,000 barrels of oil. As of June 10th, people were saying that the current
disaster was at least 4 times as big.
But in fact the Exxon Valdez was not one of the world's largest oil spills. The largest was about 40 times bigger:
10,000,000 barrels were spilled in the Gulf War oil spill. This spill was deliberately created by Saddam Hussain in 1991,
apparently to prevent US Marines from landing. It reached a size of about 6800 square kilometers. Dr. Hans-Jörg Barth,
a German geographer, wrote a report on the impact a decade later. He wrote:
The study demonstrated that, in contrary to previously published reports e.g. already 1993 by UNEP,
several coastal areas even in 2001 still show significant oil impact and in some places no recovery at all.
The salt marshes which occur at almost 50% of the coastline show the heaviest impact compared to the
other ecosystem types after 10 years. Completely recovered are the rocky shores and mangroves. Sand
beaches are on the best way to complete recovery. The main reason for the delayed recovery of the salt
marshes is the absence of physical energy (wave action) and the mostly anaerobic milieu of the oiled
substrates. The latter is mostly caused by cyanobacteria which form impermeable mats. In other cases tar
crusts are responsible. The availability of oxygen is the most important criterion for oil degradation. Where
oil degrades it was obvious that benthic intertidal fauna such as crabs re-colonise the destroyed habitats
long before the halophytes. The most important paths of regeneration are the tidal channels and the adjacent
areas. Full recovery of the salt marshes will certainly need some more decades.
For my June 2010 diary, go here.
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Diary - June 2010
John Baez
June 1, 2010

May 19: BP announces it's "very pleased" with the performance of the insertion tube, as oil blankets
Louisiana's wetlands, fishermen are sickened, and the slick is caught by the loop current.
May 26: "As the admiral has mentioned, it's disappointing, we do have oil ashore at nine different locations
in the state of Louisiana," Suttles says, before finding a silver lining. "But we still have no oil ashore in
either Alabama, Mississippi, or Florida, which we're very pleased about".
May 27: "As I've mentioned before, the equipment actually has performed very well," Suttles says about the
top kill effort, which replaced the failed riser insertion tube. "We are very pleased with the performance of
the equipment so far".
May 28: "I've done this many, many times now and I can tell you that the battle offshore, we're winning
that battle," Suttles claims. "It's the least amount of oil that I've seen offshore since my very first flight, so
I'm very, very pleased with the activity of the offshore team."
May 29: "I'm very pleased to say the amount of oil on the surface of the sea continues to be reduced,"
Suttles bizarrely claims, as BP abandons the failed "top kill" effort.
June 5: "Over the last 24 hours we've been able to collect 6,000 barrels of oil," BP Senior Vice President
Bob Fryar tells reporters in Mobile, AL, "so we're very pleased with that operation".
The quotes above are taken from Real Climate.

June 2, 2010
Brian O'Neill, How to sue an oil company, Washington Post, May 16, 2010.
A quote:
BP's public relations campaign is well underway. "This wasn't our accident," chief executive Tony
Hayward told ABC's George Stephanopoulos earlier this month. Though he accepted responsibility for
cleaning up the spill, Hayward emphasized that "this was a drilling rig operated by another company."
Communities destroyed by oil spills have heard this kind of thing before. In 1989, Exxon executive Don
Cornett told residents of Cordova, Alaska: "You have had some good luck, and you don't realize it. You
have Exxon, and we do business straight. We will consider whatever it takes to keep you whole." Cornett's
straight-shooting company proceeded to fight paying damages for nearly 20 years. In 2008, it succeeded -the Supreme Court cut punitive damages from $2.5 billion to $500 million.
As the spill progressed, Exxon treated the cleanup like a public relations event. At the crisis center in
Valdez, company officials urged the deployment of "bright and yellow" cleanup equipment to avoid a
"public relations nightmare." "I don't care so much whether [the equipment is] working or not," an Exxon
executive exhorted other company executives on an audiotape our plaintiffs cited before the Supreme
Court. "I don't care if it picks up two gallons a week."
Even as the spill's long-term impact on beaches, herring, whales, sea otters and other wildlife became
apparent, Exxon used its scientists to run a counteroffensive, claiming that the spill had no negative longterm effects on anything. This type of propaganda offensive can go on for years, and the danger is that the
public and the courts will eventually buy it. State and local governments and fishermen's groups on the Gulf
Coast will need reputable scientists to study the spill's effects, and must work tirelessly to get the truth out.
Remember: When the spiller declares victory over the oil, it's time to raise hell.
June 3, 2010
Chris Lee writes:
Hi John,
It just occurred to me that if you haven't read Tim Flannery's book, The Future Eaters, I think you would
find it fascinating. If you haven't read it, a quick synopsis: the many lands of Australasia have been the site
of an amazing variety of experiments on what human and ecological history looks like under severe
resource constraints (e.g. when the Maori wiped out all the moa). Flannery goes way beyond the surface
stories of mass extinctions (e.g. Jared Diamond's book, Collapse) into the detailed data and dynamics of
many, many examples both positive and negative. The lessons are often surprising.
Cheers,
– Chris
June 5, 2010
BP Buys 'Oil' Search Terms to Redirect Users to Official Company Website
ABC News, Emily Friedman
June 5, 2010

Be careful where you click, especially if you're looking for news on the BP oil spill.
BP, the very company responsible for the oil spill that is already the worst in U.S. history, has purchased
several phrases on search engines such as Google an d Yahoo so that the first result that shows up directs
information seekers to th e company's official website.
A simple Google search of "oil spill" turns up several thousand news results, bu t the first link, highlighted
at the very top of the page, is from BP. "Learn mo re about how BP is helping," the link's tagline reads.
Bill Schmitt and I went to Joshua Tree National Park today, and he took these pictures. Click on them to see bigger
versions:

For an earlier round of Joshua Tree photos, taken back in 2004, go here.

June 6, 2010
The CIA has opened a new Center on Climate Change and National Security:
Its charter is not the science of climate change, but the national security impact of phenomena such as
desertification, rising sea levels, population shifts, and heightened competition for natural resources. The
Center will provide support to American policymakers as they negotiate, implement, and verify
international agreements on environmental issues. That is something the CIA has done for years. "Decision
makers need information and analysis on the effects climate change can have on security. The CIA is well
positioned to deliver that intelligence," said Director Leon Panetta.
June 8, 2010
If you believe that we need to stop global warming by cutting carbon dioxide emissions fast enough to level off at, say,
450 parts per million of CO2 in the atmosphere, you should be aware of the enormity of the task confronting us. You've
got to watch this talk:
Saul Griffith, Climate change recalculated, talk at the Long Now Foundation, January 16, 2009.
Stewart Brand's summary:
Engineer Griffith said he was going to make the connection between personal actions and global climate
change. To do that he's been analyzing his own life in extreme detail to figure out exactly how much energy
he uses and what changes might reduce the load. In 2007, when he started, he was consuming about 18,000
watts, like most Americans.
The energy budget of the average person in the world is about 2,200 watts. Some 90 percent of the carbon
dioxide overload in the atmosphere was put there by the US, USSR (of old), China, Germany, Japan, and
Britain. The rich countries have the most work to do.
What would it take to level off the carbon dioxide in the atmosphere at 450 parts per million (ppm)? That
level supposedly would keep global warming just barely manageable at an increase of 2 degrees Celsius.
There still would be massive loss of species, 100 million climate refugees, and other major stresses. The
carbon dioxide level right now is 385 ppm, rising fast. Before industrialization it was 296 ppm. America's
leading climatologist, James Hansen, says we must lower the carbon dioxide level to 350 ppm if we want to
keep the world we evolved in.
The world currently runs on about 16 terawatts (trillion watts) of energy, most of it burning fossil fuels. To
level off at 450 ppm of carbon dioxide, we will have to reduce the fossil fuel burning to 3 terawatts and
produce all the rest with renewable energy, and we have to do it in 25 years or it's too late. Currently about
half a terrawatt comes from clean hydropower and one terrawatt from clean nuclear. That leaves 11.5
terawatts to generate from new clean sources.
That would mean the following. (Here I'm drawing on notes and extrapolations I've written up previously
from discussion with Griffith):
"Two terawatts of photovoltaic would require installing 100 square meters of 15-percent-efficient solar cells
every second, second after second, for the next 25 years. (That's about 1,200 square miles of solar cells a
year, times 25 equals 30,000 square miles of photovoltaic cells.) Two terawatts of solar thermal? If it's 30
percent efficient all told, we'll need 50 square meters of highly reflective mirrors every second. (Some 600
square miles a year, times 25.) Half a terawatt of biofuels? Something like one Olympic swimming pools of
genetically engineered algae, installed every second. (About 15,250 square miles a year, times 25.) Two
terawatts of wind? That's a 300-foot-diameter wind turbine every 5 minutes. (Install 105,000 turbines a year
in good wind locations, times 25.) Two terawatts of geothermal? Build 3 100-megawatt steam turbines

every day — 1,095 a year, times 25. Three terawatts of new nuclear? That's a 3-reactor, 3-gigawatt plant
every week — 52 a year, times 25".
In other words, the land area dedicated to renewable energy ("Renewistan") would occupy a space about the
size of Australia to keep the carbon dioxide level at 450 ppm. To get to Hansen's goal of 350 ppm of carbon
dioxide, fossil fuel burning would have to be cut to ZERO, which means another 3 terawatts would have to
come from renewables, expanding the size of Renewistan further by 26 percent.
Meanwhile for individuals, to stay at the world's energy budget at 16 terawatts, while many of the poorest
in the world might raise their standard of living to 2,200 watts, everyone now above that level would have
to drop down to it. Griffith determined that most of his energy use was coming from air travel, car travel,
and the embodied energy of his stuff, along with his diet. Now he drives the speed limit (and he has passed
no one in six months), seldom flies, eats meat only once a week, bikes a lot, and buys almost nothing. He's
healthier, eats better, has more time with his family, and the stuff he has he cherishes.
Can the world actually build Renewistan? Griffith said it's not like the Manhattan Project, it's like the whole
of World War II, only with all the antagonists on the same side this time. It's damn near impossible, but it is
necessary. And the world has to decide to do it.
Griffith's audience was strangely exhilarated by the prospect.
If you don't believe we need to do this, you've got to make your case — clearly and logically. For example, you can
argue that the effects of climate change won't be as bad as he thinks. Or, you can argue that his energy calculations are
wrong.
Or, you can argue that there's no way we can carry out a massive transformation of the sort Griffith is describing — so
we just need to adapt to a changed world.
Of course, even adaptation may take a lot of work. That's the message here:
Bill McKibben, Eaarth: Making a Life on a Tough New Planet, Times Books, 2010.
From the preface:
I'm writing these words on a gorgeous spring afternoon, perched on the bank of a brook high along the
spine of the Green Mountains, a mile or so from my home in the Vermont mountain town of Ripton. The
creek burbles along, the picture of a placid mountain stream, but a few feet away there's a scene of real
violence a deep gash through the woods where a flood last summer ripped away many cubic feet of tree and
rock and soil and drove it downstream through the center of the village. Before the afternoon was out, the
only paved road into town had been demolished by the rushing water, a string of bridges lay in ruins, and
the governor was trying to reach the area by helicopter.
Twenty years ago, in 1989, I wrote the first book for a general audience about global warming, which in
those days we called the "greenhouse effect." That book, The End of Nature, was mainly a philosophical
argument. It was too early to see the practical effects of climate change but not too early to feel them; in the
most widely excerpted passage of the book, I described walking down a different river, near my then-home
sixty miles away, in New York's Adirondack Mountains. Merely knowing that we'd begun to alter the
climate meant that the water flowing in that creek had a different, lesser meaning. "Instead of a world where
rain had an independent and mysterious existence, the rain had become a subset of human activity," I wrote.
"The rain bore a brand; it was a steer, not a deer."
Now, that sadness has turned into a sharper-edged fear. Walking along this river today, you don't need to
imagine a damned thing the evidence of destruction is all too obvious. Much more quickly than we would
have guessed in the late 1980s, global warming has dramatically altered, among many other things,
hydrological cycles. One of the key facts of the twenty- first century turns out to be that warm air holds

more water vapor than cold: in arid areas this means increased evaporation and hence drought. And once
that water is in the atmosphere, it will come down, which in moist areas like Vermont means increased
deluge and flood. Total rainfall across our continent is up 7 percent,1 and that huge change is accelerating.
Worse, more and more of it comes in downpours.2 Not gentle rain but damaging gully washers: across the
planet, flood damage is increasing by 5 percent a year.3 Data show dramatic increases 20 percent or more in
the most extreme weather events across the eastern United States, the kind of storms that drop many inches
of rain in a single day.4 Vermont saw three flood emergencies in the 1960s, two in the 1970s, three in the
1980s and ten in the 1990s and ten so far in the first decade of the new century.
In our Vermont town, in the summer of 2008, we had what may have been the two largest rainstorms in our
history about six weeks apart. The second and worse storm, on the morning of August 6, dropped at least
six inches of rain in three hours up on the steep slopes of the mountains. Those forests are mostly intact,
with only light logging to disturb them but that was far too much water for the woods to absorb. One of my
neighbors, Amy Sheldon, is a river researcher, and she was walking through the mountains with me one
recent day, imagining the floods on that August morning. "You would have seen streams changing violently
like that," she said, snapping her fingers. "A matter of minutes." A year later the signs persisted: streambeds
gouged down to bedrock, culverts obliterated, groves of trees laid to jackstraws.
Our town of barely more than five hundred people has been coping with the damage ever since. We passed
a $400,000 bond to pay for our share of the damage to town roads and culverts. (The total cost was in the
millions, most of it paid by the state and federal governments.) Now we're paying more to line the creek
with a seven-hundred-foot-long wall of huge boulders riprap, it's called where it passes through the center
of town, a scheme that may save a few houses for a few years, but which will speed up the water and cause
even more erosion downstream. There's a complicated equation for how wide a stream will be, given its
grade and geology; Sheldon showed it to me as we reclined on rocks by the riverbank. It mathematically
defines streams as we have known them, sets an upper limit to their size. You could use it to plan for the
future, so you could know where to build and where to let well enough alone. But none of that planning
works if it suddenly rains harder and faster than it has ever rained before, and that's exactly what's now
happening. It's raining harder and evaporating faster; seas are rising and ice is melting, melting far more
quickly than we once expected. The first point of this book is simple: global warming is no longer a
philosophical threat, no longer a future threat, no longer a threat at all. It's our reality. We've changed the
planet, changed it in large and fundamental ways. And these changes are far, far more evident in the
toughest parts of the globe, where climate change is already wrecking thousands of lives daily. In July
2009, Oxfam released an epic report, "Suffering the Science," which concluded that even if we now adapted
"the smartest possible curbs" on carbon emissions, "the prospects are very bleak for hundreds of millions of
people, most of them among the world's poorest."5
And so this book will be, by necessity, less philosophical than its predecessor. We need now to understand
the world we've created, and consider urgently how to live in it. We can't simply keep stacking boulders
against the change that's coming on every front; we'll need to figure out what parts of our lives and our
ideologies we must abandon so that we can protect the core of our societies and civilizations. There's
nothing airy or speculative about this conversation; it's got to be uncomfortable, staccato, direct.
Which doesn't mean that the change we must make or the world on the other side will be without its
comforts or beauties. Reality always comes with beauty, sometimes more than fantasy, and the end of this
book will suggest where those beauties lie. But hope has to be real. It can't be a hope that the scientists will
turn out to be wrong, or that President Barack Obama can somehow fix everything. Obama can help but
precisely to the degree he's willing to embrace reality, to understand that we live on the world we live on,
not the one we might wish for. Maturity is not the opposite of hope; it's what makes hope possible.
The need for that kind of maturity became painfully clear in the last days of 2009, as I was doing the final
revisions for this book. Many people had invested great hope that the Copenhagen conference would mark a
turning point in the climate change debate. If it did, it was a turning point for the worse, with the richest and

most powerful countries making it abundantly clear that they weren't going to take strong steps to address
the crisis before us. They looked the poorest and most vulnerable nations straight in the eye, and then they
looked away and concluded a face-saving accord with no targets or timetables. To see hope dashed is never
pleasant. In the early morning hours after President Obama jetted back to Washington, a group of young
protesters gathered at the metro station outside the conference hall in Copenhagen. It's our future you
decide, they chanted.
My only real fear is that the reality described in this book, and increasingly evident in the world around us,
will be for some an excuse to give up. We need just the opposite: increased engagement. Some of that
engagement will be local: building the kind of communities and economies that can withstand what's
coming. And some of it must be global: we must step up the fight to keep climate change from getting even
more powerfully out of control, and to try to protect those people most at risk, who are almost always those
who have done the least to cause the problem. I've spent much of the last two decades in that fight, most
recently helping lead 350.org, a huge grassroots global effort to force dramatic action. It's true that we've
lost that fight, insofar as our goal was to preserve the world we were born into. That's not the world we live
on any longer, and there's no use pretending otherwise.
But damage is always relative. So far we've increased global temperatures about a degree, and it's caused
the massive change chronicled in Chapter 1. That's not going to go away. But if we don't stop pouring more
carbon into the atmosphere, the temperature will simply keep rising, right past the point where any kind of
adaptation will prove impossible. I have dedicated this book to my closest colleagues in this battle, my crew
at 350.org, with the pledge that we'll keep battling. We have no other choice.
June 9, 2010
Bill Schmitt pointed me to a nice short article about Saul Griffith:
David Owen, The inventor's dilemma, New Yorker, May 17, 2010, pp. 42-50.
It starts out by describing Griffith's ebullient inventiveness, and concludes on a darker note:
"Right now, everyone sees climate change as a problem in the domain of scientists and engineers," Griffith
told me. "But it's not enough to say that we need some nerds to invent a new energy source and some other
nerds to figure out a carbon-sequestration technology — and you should be skeptical about either of those
things actually happening. There are a lot of ideas out there, but nothing nearly as radical as the green-tech
hype. We've been working on energy, as a society, for a few thousand years, so we've already turned over
most of the stones." Such considerations help explain Griffith's focus on ways in which affluent societies
can make dramatic reduction in energy use without reducing their perceived quality of life — a challenge
that involves wrestling with human nature as well as physics. He once tried to determine at what point in
history his ancestors would have been consuming energy at a rate that he believes would be sustainable by
humanity today, and calculated that, even in 1800, Americans used energy (mostly by burning New
England forests) at a rate close to double that of the average global citizen in 2010.
Realizations like that one are partly responsible for the note of pessimism that enters his voice when he
talks about these issues — a change from his M.I.T. days. He said, "In the past, friends have told me,
'You're like the manic-depressive without the depressive — you're always just happy and manic.' So they're
all a little worried about me at the moment, because when I talk about these things, I sound a little less than
optimistic."
Shortly after we first met, Griffith told me, "I know very few environmentalists whose heads aren't firmly
up their ass. They are bold-facedly hypocritical, and I don't think the environmentalism movement as we've
known it is tenable or will survive. Al Gore has done a huge amount to help this cause, but he is the No. 1
environmental hypocrite. His house alone uses more energy than an average person uses in all aspects of
life, and he flies prodigiously. I don't think we can buy the argument anymore that you get special

dispensation just because what you're doing is worthwhile." Griffith includes himself in his condemnation.
"Right now, the main thing I'm working on is trying to invent my way out of my own hypocrisy."
I wish I could do the same.
Tim van Beek sent me information about a massive solar project — a tiny taste of what Griffith thinks is needed.
Hi John,
Maybe you've already heard of "Desertec". This is a long term project with the goal to build solar power
plants in northern Africa:
Wikipedia, Desertec.
A central aspect of Desertec not mentioned by Wikipedia are "solar heat plants". They don't use
photovoltaic techniques, but simply focus the sunlight on water to heat it directly.
The founding father of Desertec is Gerhard Knies, who was a particle physicist at DESY in Hamburg.
CNN made a short biography about him back in 2007.
Kind regards,
Tim
June 10, 2010
Alex Hoffnung passed his thesis defense today!
I had to update my May 31st entry on the flow rate of BP's oil spill in the Gulf of Mexico. Today Marcia McNutt, head
of a group of scientists called the Flow Rate Technical Group, listed several estimates in the range of 20,000 to 40,000
barrels a day — that is, before the top of the wellhead was cut and a pipe was installed that has been catching some, but
not all, of the oil. On Wednesday this pipe siphoned 15,800 barrels of oil to the surface.
June 12, 2010
It's my birthday. Lisa showed up around 3 pm, back from her travels, and quite tired.
On June 21st the moving company will take a bunch of our stuff. We leave for Singapore on July 9th. There's a lot of
work to do before then!
In Singapore I'll be in a part of world that's heaven for mangrove forests. I want to check some out!

Brendan Borrell, The mystery of mangroves, Nature Conservancy Magazine, Summer 2010.

And check this out:
Joni Praded, Reinventing the zoo: it's no longer enough to put endangered species on display and call it
conservation - little chat with Betsy Dresser, ecologist, E: The Environmental Magazine, March-April, 2002.
June 15, 2010

photo by Dave Martin - AP

At what rate is crude oil pouring into the Gulf of Mexico? The latest government estimate is even higher than before:
now it's 35,000-60,000 barrels per day. That's the equivalent of one Exxon Valdez every four days. Meanwhile, a
lightning strike caused a fire on the ship that was siphoning off the oil, reducing the amount collected to 5,000 barrels
today.
Meanwhile, the National Oceanic and Atmospheric Administration announced that this year's January-May period was
the warmest on record, with records going back to 1880.

And tonight, Obama gave a speech from the Oval Office. Let's see if any of these noble words translate into action:
One of the lessons we've learned from this spill is that we need better regulations, better safety standards,
and better enforcement when it comes to offshore drilling. But a larger lesson is that no matter how much
we improve our regulation of the industry, drilling for oil these days entails greater risk. After all, oil is a
finite resource. We consume more than 20% of the world's oil, but have less than 2% of the world's oil
reserves. And that's part of the reason oil companies are drilling a mile beneath the surface of the ocean because we're running out of places to drill on land and in shallow water.

For decades, we have known the days of cheap and easily accessible oil were numbered. For decades, we
have talked and talked about the need to end America's century-long addiction to fossil fuels. And for
decades, we have failed to act with the sense of urgency that this challenge requires. Time and again, the
path forward has been blocked - not only by oil industry lobbyists, but also by a lack of political courage
and candor.
The consequences of our inaction are now in plain sight. Countries like China are investing in clean energy
jobs and industries that should be here in America. Each day, we send nearly $1 billion of our wealth to
foreign countries for their oil. And today, as we look to the Gulf, we see an entire way of life being
threatened by a menacing cloud of black crude.
We cannot consign our children to this future. The tragedy unfolding on our coast is the most painful and
powerful reminder yet that the time to embrace a clean energy future is now. Now is the moment for this
generation to embark on a national mission to unleash American innovation and seize control of our own
destiny.

June 16, 2010
I told Alex Hoffnung that he can't graduate until he watches Casablanca. He watched it the night before his thesis
defense, but we're going to watch it again tonight with two more of my students, John Huerta and Chris Rogers.
This spring, Britain came out with a report:
House of Commons, Science and Technology Committee, The Regulation of Geoengineering, April 18, 2010.
This included a discussion of the so-called "Oxford Principles" recommended by Steve Rayner (University of Oxford),
Catherine Redgwell (University College London), Julian Savulescu (University of Oxford), Nick Pidgeon (Cardiff

University) and Tim Kruger (Oxford Geoengineering Institute). These principles were:
Principle 1: Geoengineering to be regulated as a public good.
While the involvement of the private sector in the delivery of a geoengineering technique should not be
prohibited, and may indeed be encouraged to ensure that deployment of a suitable technique can be effected in a
timely and efficient manner, regulation of such techniques should be undertaken in the public interest by the
appropriate bodies at the state and/or international levels.
Principle 2: Public participation in geoengineering decision-making.
Wherever possible, those conducting geoengineering research should be required to notify, consult, and ideally
obtain the prior informed consent of, those affected by the research activities. The identity of affected parties will
be dependent on the specific technique which is being researched - for example, a technique which captures
carbon dioxide from the air and geologically sequesters it within the territory of a single state will likely require
consultation and agreement only at the national or local level, while a technique which involves changing the
albedo of the planet by injecting aerosols into the stratosphere will likely require global agreement.
Principle 3: Disclosure of geoengineering research and open publication of results.
There should be complete disclosure of research plans and open publication of results in order to facilitate better
understanding of the risks and to reassure the public as to the integrity of the process. It is essential that the results
of all research, including negative results, be made publicly available.
Principle 4: Independent assessment of impacts.
An assessment of the impacts of geoengineering research should be conducted by a body independent of those
undertaking the research; where techniques are likely to have transboundary impact, such assessment should be
carried out through the appropriate regional and/or international bodies. Assessments should address both the
environmental and socio-economic impacts of research, including mitigating the risks of lock-in to particular
technologies or vested interests.
Principle 5: Governance before deployment.
Any decisions with respect to deployment should only be taken with robust governance structures already in
place, using existing rules and institutions wherever possible.
Also, between March 22nd and 26th, there was a meeting at Asilomar (on the Monterey peninsula in California) to
discuss geoengineering. My friend Gregory Benford went there, and I would like to interview him about that someday.
June 17, 2010

I read an interesting article about Esther Duflo, a scientist who helped found J-PAL, the Abdul Latif Jameel Poverty
Action Lab at MIT:
Ian Parker, The poverty lab, New Yorker, May 17, 2010, pp. 79-89.
She has really pushed the use of scientifically designed experiments involving randomized control trians to study the
effects of social policies designed to help poor people. Don't just guess what's good: try things and study what happens!
The New Yorker article quotes her as saying: randomization "takes the guesswork, the wizardry, the technical prowess,
the intuition, out of finding whether something makes a difference." She's discovered a lot of interesting things by
running these experiments. J-PAL teaches people how to run them, and you can even take an online course on how to
run them:
Abdul Latif Jameel Poverty Action Lab Executive Training: Evaluating Social Programs.
Cool stuff! To get the big ideas, look at her slides:
Esther Duflo, Creative experimentation, aid and development policy, NYU Conference, February 6, 2009.
Lisa and I are choosing what stuff we want to have shipped to Singapore on Tuesday. This is a chance for a major
house-cleaning! I couldn't help scanning some old photos...
Here is Lisa back in the days when taught at Bard College, probably somewhere about 1990-1994. We were hiking in
the Catskills. I remember us climbing up a narrow rock passageway called the Lemon Squeezer. She looks so brighteyed and happy! This makes me really sad about how we were stuck on opposite sides of the country for ten years. All
that youth we had, wasted apart.

Here is one of my sister Alex and me in the woods near our parents' house, examining a garden she'd planted:

Here are Lisa and I at my parents' house around Christmas 1996:

Here's my mother Phyllis along with my aunt Joan Baez Sr. (mother of the famous singer), and her husband Albert
Baez. This was taken in November 1997 at my uncle's house. My uncle and aunt were living separately at the time, and
had been for decades. But this was one his big birthday parties, his 85th birthday in fact, so everyone was there:

Here's one of my mother's sister, Marylin Goudzwaard, who lives in Pasadena, along with my father Peter. This was
taken in Monterey in November 1997, so they must have taken a trip down there before or after my uncle's birthday
party. They are looking at pictures just like I am now:

And on a different note... here are some of Kirill Krasnov, Fotini Markopoulou and me. These were taken when I spent
a few months at Penn State. This is back when we were first beginning to understand "spin foams".

And here's one of me taken in 1964, when I was three years old:

June 18, 2010
While there's lots of water on the planet, the supplies of drinkable fresh water are getting severely strained. Want to
know the big picture? Read this:
For want of a drink: special report on water, Economist, May 22nd, 2010.

Only 2.5% of water on this planet is fresh water. Of that 2.5%, only 0.4% is on the surface or atmosphere.
When Bill Schmitt visited, we went to Tio's Tacos, which is teeming with strange sculptures, the creation of a feverishly
inventive mind. Bill took these photos:

June 18, 2010
Scientists have recently discovered anaerobic animals called lorciferans — actual multicelled animals, not just singlecelled organisms — that have adapted to deep ocean conditions by losing all their mitochondria and symbiotically
acquiring new organelles that do the same energy-producing job without oxygen!

A lorciferan - photo by Roberto Danovaro

Roberto Danovaro, Antonio Dell'Anno, Antonio Pusceddu, Cristina Gambi, Iben Heiner and Reinhardt Møbjerg
Kristensen, The first metazoa living in permanently anoxic conditions, BMC Biology 2010, 8:30.

Let me quote the abstract. The most exciting part is the phrase "the lack of mitochondria, and a large number of
hydrogenosome-like organelles associated with endosymbiotic prokaryotes". Until now, it was thought that all members
of the animal kingdom had organelles called mitochondria in their cells. Mitochondria generate a chemical called ATP
through a process of oxidation. This ATP is what powers our cells. But some single-celled organisms called prokaryotes
work differently: they live in places where there's no air, and they use hydrogenosomes instead of mitochondria to
produce ATP through a chemical reaction that uses hydrogen instead of oxygen. The new discovery: some of these
hydrogenosomes have apparently been absorbed into the cells of tiny animals called loriciferans... the end result of a
process of symbiosis. And now these animals have hydrogenosomes instead of mitochondria!
Background
Several unicellular organisms (prokaryotes and protozoa) can live under permanently anoxic conditions.
Although a few metazoans can survive temporarily in the absence of oxygen, it is believed that multicellular organisms cannot spend their entire life cycle without free oxygen. Deep seas include some of the
most extreme ecosystems on Earth, such as the deep hypersaline anoxic basins of the Mediterranean Sea.
These are permanently anoxic systems inhabited by a huge and partly unexplored microbial biodiversity.
Results
During the last ten years three oceanographic expeditions were conducted to search for the presence of
living fauna in the sediments of the deep anoxic hypersaline L'Atalante basin (Mediterranean Sea). We
report here that the sediments of the L'Atalante basin are inhabited by three species of the animal phylum
Loricifera (Spinoloricus nov. sp., Rugiloricus nov. sp. and Pliciloricus nov. sp.) new to science. Using
radioactive tracers, biochemical analyses, quantitative X-ray microanalysis and infrared spectroscopy,
scanning and transmission electron microscopy observations on ultra-sections, we provide evidence that
these organisms are metabolically active and show specific adaptations to the extreme conditions of the
deep basin, such as the lack of mitochondria, and a large number of hydrogenosome-like organelles,
associated with endosymbiotic prokaryotes.
Conclusions
This is the first evidence of a metazoan life cycle that is spent entirely in permanently anoxic sediments.
Our findings allow us also to conclude that these metazoans live under anoxic conditions through an
obligate anaerobic metabolism that is similar to that demonstrated so far only for unicellular eukaryotes.
The discovery of these life forms opens new perspectives for the study of metazoan life in habitats lacking
molecular oxygen.
June 19, 2010
I read a cool article about sandfish: lizards native to North Africa that can literally swim through sand! People keep
them as pets, which is not surprising, because they're incredibly cute:

Henry Fountain, A Saharan lizard is a sand swimmer, New York Times, July 16, 2009.
Werner Baumgartner, Florian Fidler, Agnes Weth, Martin Habbecke, Peter Jakob, Christoph Butenweg and
Wolfgang Böhme, Investigating the locomotion of the sandfish in desert sand using NMR-imaging, PLos ONE
3(10): e3309.
Wikipedia, Scincus scincus.
The Wikipedia article has a movie of a sandfish jumping out of someone's hand and quickly diving into the sand and
swimming away. How do they do it? People are busy studying that question — check out this video.
On a different note, I took some lab tests yesterday. They encourage me to hope that a better diet and more exercise can
help me beat my pre-diabetic condition. I've been trying to eat better and work out more, and it seems to be helping:

In response to the above remark, Andrew Hay pointed out that a low-carbohydrate diet is more important than exercise.
Lorenz Borsche already mentioned that the last time I talked about this subject, back on October 11th, 2009. Lorenz
mentioned Gary Taubes' book Good Calories, Bad Calories, and Andrew pointed me to Toban Wiebe's extensive notes
on this book.
So yes, I'm trying to cut back on carbohydrates — thanks, folks, and keep pressuring me to do it, because I'm finding it
a tough addiction to break. For some reason I repeatedly get into moods where I'm feeling self-indulgent and want some
sugar or alcohol. When I force myself to stop, I almost feel the need to invent some new sins to make up for denying
myself these. It's a real nuisance. But I've also heard from reputable sources that body fat plays a role in adult onset
diabetes. To fight that, exercise also seems to help. Maybe not — Gary Taubes might disagree — but anyway, exercise
is good for plenty of other things too. I like it, but I don't always make time for it. In fact, maybe this should be my new
self-indulgence!
June 20, 2010
Charles Grellois noticed my new interest in technology and sent me an email recommending that I study the work of
Jacques Ellul and his friend Bernard Charbonneau (the latter apparently not much translated into English). In 1964 Ellul
wrote a book called The Technological Society. Here's a summary from the Wikipedia article on him:
What many consider to be Ellul's most important work, The Technological Society (1964) was originally
titled: La Technique: L'enjeu du siècle (which literally translates to "The Stake of the Century"). In it, Ellul
set forth seven characteristics of modern technology.
The characteristics of technique which serve to make efficiency a necessity are rationality, artificiality,
automatism of technical choice, self-augmentation, monism, universalism, and autonomy. The rationality of
technique enforces logical and mechanical organization through division of labor, the setting of production
standard, etc. And it creates an artificial system which "eliminates or subordinates the natural world."
Regarding technology, instead of it being subservient to humanity, "human beings have to adapt to it, and
accept total change." As an example, Ellul offered the diminished value of the humanities to a technological
society. As people begin to question the value of learning ancient languages and history, they question
those things which, on the surface, do little to advance their financial and technical state. According to
Ellul, this misplaced emphasis is one of the problems with modern education.
This, according to Ellul, produces a situation where an incredible stress is placed on information in our
schools. The focus in those schools is to prepare young people to enter the world of information, able to
handle computers, but knowing only the reasoning, the language, the combinations, and the connections
between computers. This movement is invading the whole intellectual domain and also that of conscience.
Ellul's commitment to scrutinize technological development is expressed as such:
[W]hat is at issue here is evaluating the danger of what might happen to our humanity in the
present half-century, and distinguishing between what we want to keep and what we are ready
to lose, between what we can welcome as legitimate human development and what we should
reject with our last ounce of strength as dehumanization. I cannot think that choices of this kind
are unimportant.
Since my wife Lisa studies classical Chinese and Greek thought, I am often made aware of how little government
support there is for her activities compared to what I do. Somehow our government considers even the most rarefied
mathematics more important than studying the history of how people think. This is odd, given how many of our
problems involve people's thinking, world views, and implicit assumptions. But I've heard that a lot of recent work in
the humanities — loosely speaking, postmodernism — shows little interest in a systematic study of these issues, the sort
of study that could actually do the world some good.

Ellul's ideas, or at least this tiny taste of them, again makes me wonder how much I should "bracket off" questions of
philosophy, politics and ethics in the new series of This Week's Finds, focusing on science and technology. Bracketing
them off could make it impossible to make progress on some really important problems. On the other hand, getting
involved in them seems like a bit like diving into quicksand.
June 21, 2010
The moving van is about to come and take a bunch of our stuff to Singapore! Here's some of it sitting on our bed:

Yesterday BP siphoned off 23,290 barrels of oil leaking from the bottom of the Gulf of Mexico. It collected 14,570
barrels in the drillship Discoverer Enterprise, and it burned off 8,720 on the Q4000 oil rig, which has no way of holding
the oil.
It turns out that early on, an internal BP document computed an initial worst case estimate of the oil spill was 100,000
barrels a day. This was around when they were publicly estimating 1,000 barrels a day. Need I say more?
June 23, 2010
A feel-good story:
Victoria Gill, Experts rediscover plant presumed extinct for 60 years, BBC, June 24, 2010.
This sort of effort is not the real cure for the mass extinction underway! It's too much work, and there are too many
endangered species. We need to protect entire ecosystems. But, this sort of story may help fire people up.
June 25, 2010
My pals Chris and Menakshee are visiting! They recommend these books:
Tim Flannery, The Eternal Frontier: An Ecological History of North America and Its Peoples , Atlantic Monthly
Frontier, 2001.

Tim Flannery, The Future Eaters, Grove Press, 2002.
June 28, 2010
Alissa Crans and Tom Leinster used Skype to call me from Croatia, where they're vacationing.

June 30, 2010
Lisa went on another trip to Erlangen yesterday; she'll return on July 5th and we'll take off for Singapore on the 9th. I'm
using the week of solitude to move stuff out of my office at UC Riverside, since they'll be needing the room while I'm
gone. It's a rare chance to sort through old files and throw out stuff that's no longer necessary. All the more so since I'm
changing career directions, and various old preprints — I have a 5-foot-tall filing cabinet full of them — which once
seemed to hold the keys to the mysteries of the universe now seem like pointless relics, worth tossing. Mainly it's the
printouts of papers from the arXiv that seem unnecessary. Actual reprints, some signed by their authors, have more
nostalgic value. A letter from Mac Lane, a letter from Witten — strange to think of those days before email! Lots of
papers by my PhD advisor, Irving Segal. And notes that I took in courses... What to keep, what to dispose of?
For so long I'd been trying to learn all of pure mathematics (or at least everything interesting) that turning to a different

goal — "saving the planet", as I modestly put it — makes me feel a bit like a cartoon character who had charged off a
cliff, merrily unsuspecting until he looked down. What was I doing? Why so much math? Sure, it's beautiful, at least
when you understand it. But why does it command such passionate energy to overcome all obstacles?
I'd actually taken a break from it until a few days ago. I was really trying to get up to speed on some environmental,
technological, economic and political issues: trying to find the right places to chop the Gordian knot. Pure math seemed
like a decadent waste of time, a hobby suitable for immortals basking in some intellectual Elysian fields, not us rats
trapped on a failing planet. But then Todd Trimble figured out a beautiful way to fix and prove my conjecture about
Schur functors. So, we wrote it up as an article on the nLab. And it was great fun for a few days, and it even points
towards a bigger, better conjecture about the structure of Schur functors.
But right now, throwing out all these old math papers, I'm a somewhat different mood.
I just found a manuscript that had been sent to me by Rodger Cunningham of Sue Bennett College, Kentucky... a
chapter book he was writing on the magician John Dee. And I just happened to open it to this page, which may answer
the italicized question above:
In Plato's characterization of geometry as having to do with the knowledge of the eternal, not of the
temporal, we find an escape from time — not only the time of generation and death, but also from the time
of historical development. The early Egyptian praxis of geometria, earth-measuring, had indeed been in the
cause of permanence over change — the permanence of human title to the earth over the changes imposed
on it by the watery flow of nature. In this praxis there was indeed a germ of mathematics as an escape from
mutability. But at this stage, [...] praxis was still intimately connected with the earth [...]. With the
deliberate disconnection of this art from the earth came its transformation [...].
In short, the only practical benefit of mathematics in which Dee is really interested is in the beneft to the
mathematician himself.
For my July 2010 diary, go here.
We do not inherit the land from our ancestors, we borrow it from our children. - Native American Proverb
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Diary - July 2010
John Baez

The older I become the more I realize that
I have to work very hard to reproduce what I seek: the instantaneous.
The influence of the atmosphere on things
and the light scattered throughout. — Monet
July 1, 2010
I got approval for a second year's leave from UCR! So, I'll be staying in Singapore for two years — long enough, I hope,
to feel like I'm living there.

I had dinner with James Dolan last night, and he gave me a puzzle in homological algebra. Then he helped me move 4
boxes of books out of my office.
This morning, pal Geoffrey Dixon sent me an email saying I should look up Peter Borschberg, a historian at the
National University of Singapore. I also want to look up Walter Blackstock at the Systems Biology Division of the
Institute of Molecular & Cell Biology, which is part of Biopolis, a big research center in Singapore, shown below. He
does biological mass spectrometry, and like me he's fascinated by the Silk Road. He emailed me a while back after
reading this diary...

July 2, 2010
Dinner with Jim at the Old Spaghetti factory last night. He told me some ideas on doctrines.
Thomas Fischbacher pointed me to this cool paper on "ecological engineering" and "living machines":
John Todd and Beth Josephson, The design of living technologies for waste treatment, Ecological Engineering, 6
(1996) 109-136.
A tantalizing quote:
Kauffman (1993) and Kinsinger et al. (1991) argue that complex ecological systems with diverse enzymatic
pathways and complex surfaces for the exchanges of gases and nutrients, such as are found in the microanatomy of plants, will enable the ecological engineer to design technologies with the potential of several
orders of magnitude greater efficiency than contemporary mechanical and chemical technologies. If they
are correct, it is an opportunity for ecologists and engineers to collaborate in a significant enterprise. It may
be possible to reduce pollution and its negative impact on the environment to a small fraction of existing
levels (Todd and Todd, 1995).
Tonight I finished another round of editing a paper on the octonions that John Huerta and I are writing for Scientific
American.
July 3, 2010

St. Margaret and Mary School, Detroit
photo by Yves Marchand and Romain Meffre

In my June 30th 2009 entry I wrote about the decline of Michigan cities that lived on automobile production, especially
Detroit and Flint. As my friend Sharon Newman-Gomez pointed out, there's a great documentary on this. Watch it!
Julien Temple, Requiem for Detroit.
July 4, 2010
From the first Treaty of Tripoli, which was signed by the United States and Tripoli in 1797 as part of an attempt to end
the kidnapping of Americans by the Barbary pirates:
Article 11. As the Government of the United States of America is not, in any sense, founded on the
Christian religion,—as it has in itself no character of enmity against the laws, religion, or tranquility, of
Mussulmen,—and as the said States never entered into any war or act of hostility against any Mahometan
nation, it is declared by the parties that no pretext arising from religious opinions shall ever produce an
interruption of the harmony existing between the two countries.

Interesting! By the way, the treaty didn't succeed: Tripoli and the other Barbary States, Algiers and Tunis, continued
their practice of piracy, and the United States later launched the the First Barbary War in 1801, and the Second Barbary
War in 1815.
July 5, 2010
The thing I worry most about is the weather in Singapore. Here's the average weather. Low and high temperatures in
Celsius, percent humidity in the am and pm, millimeters of rain, and days where it rains more than .25 millimeters:
Jan
Feb
March
April
May
June
July
Aug
Sept
Oct
Nov
Dec

low
23
23
24
24
24
24
24
24
24
23
23
23

high
30
31
31
31
32
31
31
31
31
31
31
31

am
82
77
76
77
79
79
79
78
79
78
79
82

pm
78
71
70
74
73
73
72
72
72
72
75
78

mm
252
173
193
188
173
173
170
196
178
208
254
257

days
17
11
14
15
15
13
13
14
14
16
18
19

It's remarkably constant! The BBC, where I got this information from, lists the discomfort from heat and humidity as
"high" every month except May, when it moves up to "extreme". But I don't remember being terribly uncomfortable the
two times I was in Singapore. 32 degrees is 90 Fahrenheit (sorry, that's still more familiar to me), and indeed that's
unpleasant when the humidity is over 70 percent. But I think I've been in enough hut and humid places — a summer in
Hong Kong, a summer in Shanghai " that Singapore doesn't really stand out in my annals of discomfort. I remember
Shanghai crushing me like a sledgehammer when I first went there, but somehow I got used to it.
And I keep reminding myself: millions of people live in Singapore; they don't all flee screaming. Everything is air
conditioned indoors now... but in fact, they lived there even before air conditioning was invented.
Right now it's noon here, 3 am in Singapore. The temperature there is 82 degrees Fahrenheit and the humidity is 89%.
It's supposed to rain.
Lisa is supposed to come back from Germany today; I'm not sure when.
July 6, 2010
Here's an article by a team of scientists who tried to estimate "boundaries for a healthy planet":
Johan Rockstrom et al, Planetary boundaries: exploring the safe operating space for humanity, Ecology and
Society 14 (2009), 32.
David Biello, Setting Boundaries: 10 Guidelines to Save Earth, Scientific American, September 23, 2009.
From the original online version of the Scientific American article:
Earth System

Threshold Measure

Boundary

Current Level

Preindustrial

Climate Change
Biodiversity Loss
Nitrogen Cycle
Phosphorous Cycle
Ozone Layer
Ocean Acidification
Freshwater Usage
Land Use Change

CO2 Concentration
Extinction Rate
N2 Tonnage
Level in Ocean
O3 Concentration
Aragonite^^ Levels
Consumption
Cropland Conversion

350 ppm
10 pm
35 mmt**
11 mmt
276 DU#
2.75
4,000 km3^
15 km3

387 ppm
>100 pm*
121 mmt
8.5-9.5 mmt
283 DU
2.90
2,600 km3
11.7 km3

280 ppm
0.1-one pm
0
.1 mmt
290 DU
3.44
415 km3
Low

*pm=per million
**mmt=millions of metric tons
#DU=dobson unit
^km3=cubic kilometers

^^Aragonite is a form of calcium carbonate. Measurement is in global mean saturation state.

They mention that while climate change gets a lot of attention, biodiversity loss is the most out of whack measured
sheerly by the ratio of the current estimated rate to the supposedly safe "boundary level". Then comes the nitrogen
cycle. Ocean acidification is also above the boundary level.
Of course everything about this stuff is tricky, but it's important. We've got to think about it!
July 7, 2010
Lisa and I went to a nice farewell dinner thrown by Judy and David Kronenfeld last night. Al and Betsy Fix were there,
and some other folks too.
Walter Blackstock pointed out an interesting special issue of the Kyoto Journal: issue 74, which is about the Silk Road.
July 9, 2010
Today is the big day: we're going to the airport at 9 pm tonight, and we'll catch a plane for Singapore (via Hong Kong)
at 1 am. Now: last-minute packing and house cleanup.
Another farewell dinner last night, thrown by Gene and Barbara Anderson. Shannon Lynch and Akif Eskalen came too.
Shannon and Akif are friends of ours, but they also happen to live right behind the house Gene and Barbara moved into
when they returned to Riverside! So we had the pleasure of introducing them to each other.
My student John Huerta pointed out this talk:
Oberwolfach Vorlesung by Prof. Rupert Klein
The annual Oberwolfach Vorlesung is a public lecture of about one hour taking place at the MFO after the
general meeting of the Gesellschaft fuer mathematische Forschung e.V. (The GMF is the running society of
the MFO; please note that its general meeting is NOT public.)
We are pleased to announce the next Oberwolfach Vorlesung:
Prof. Rupert Klein (Berlin)
"Mathematical Challenges from Climate Research"
Saturday, October 2nd, 2010
at 5:30 pm in the institute's large lecture hall
For organisational and capacity reasons, we kindly ask you to register by letter or email to admin@mfo.de.
Please note that we cannot offer board and lodging for this event at the MFO. Instead, we recommend the
nearby hotels to the interested participants.
I'd like to find out what Klein says!
July 10, 2010
I started my new blog, Azimuth.
July 11, 2010
A wonderfully smooth though tiresomely long trip took us to Singapore and to NUS where we picked up the keys to an
apartment in Block A of Kent Vale, a faculty housing area near the northwest corner of the NUS campus. This is a
temporary apartment... we'll get a permanent one when our stuff shows up in a couple of weeks. It's very spacious and

nice, and it's on the 12th floor. The view is big but not particularly picturesque, since they're doing lots of construction
on campus:

Here's Lisa trying to get the wireless to work:

Lisa and I spent today getting set up at our offices. The campus of the National University of Singapore is a bit Escheresque, since it has a lot of densely packed buildings on steep hills, connected by lots of stairs and walkways, but
separated by little gardens with lush jungle vegetation, and there are lots of tricky situations where the 1st floor of one
building becomes the 4th floor of another just by walking down the hall. There are four or five bus lines on campus, and
I had to quickly learn about those to get to a cafeteria to have some breakfast, then go to the Centre for Quantum
Technologies and get set up there, then pick up Lisa and then come back to Kent Vale to pick up an extra set of
apartment keys.
At the CQT I chose a slightly depressing windowless office on the 4th floor over a sumptuous one with windows on the
6th floor because there was nobody else on the 6th floor (yet), and I want to talk to people. Right after I made this
decision I started regretting it. Since there was nothing to do in my office (I'd forgotten to bring my laptop), I went down
the 3rd floor and hung out in the CQT's lounge. This is called the Quantum Cafe! — nice competition to the Black Hole
Bistro at the Perimeter Institute. More importantly, you can make your own espresso — a real treat in an Asian context,
where good coffee can be hard to come by.

I met Mile Gu, who told me about his paper "More really is different", which proves the uncomputability of the
expectation values of some natural observables in the ground state of a lattice spin system with periodic Hamiltonian. I
find it rather amazing that these are uncomputable, so I'll have to talk to him more and understand the physics of this
better. Then I met Artur Ekert, the director of the CQT, who invited me here in the first place. I'm going to talk more to
him tomorrow. And then I met Kuldip Singh, the administrative director (who turned out to have an old interest in
quantum gravity), and Valerio Scarani, who works on quantum information and quantum cryptography. Kuldip Singh
volunteered that an office with windows might open up on the 4th floor.
Later, a colleague of Lisa's got the wireless working in our apartment, and told us that that the best place to shop should
be a short walk through a park to West Coast Plaza, where there's an upscale grocery store called Cold Storage, so
named because it descends from an old Singapore company that sold ice. Crossing the road will take us to a "wet
market" — that is, a more traditional Chinese market — called West Coast Market Square.
July 12, 2010
Walking through the park last night the air felt nice — almost cool, though humid as ever. The West Coast Plaza has a
Starbucks, a Coffee Bean, a Quiznos sub shop — all just like home! That was somehow disappointing. But there was
also a bunch of Chinese restaurants including a Formosan one that sells xiao long bao, and a toast shop — a
Singaporean specialty whose charms I have not yet discovered.
It turns out that Cold Storage sells a diverse array of standard western foods, but at alarmingly high prices — enough to
make me hope I'd overestimated the value of a Singapore dollar. I gritted my teeth and shelled out $5.00 for a kilo of
oatmeal. As you can probably tell, I'm a real skinflint when it comes to buying staples like this. I'm not sure why; maybe
because my parents grew up in the Depression and they ingrained this habit in me. I normally pay US $2.99 for a 30ounce container of "Country Choice" steel cut oats, which are nice because they are just oats with a minimum of
precooking and other messing around. We pay the food industry to predigest our foods for us.
(Turns out that a Singapore dollar equals 0.72 US dollars now. I was guessing 0.80, so I'm 8% less alarmed now.)
As if trying to live up to its name, Cold Storage is also air-conditioned to a ridiculous extent — enough so that upon
leaving, the outdoors felt oppressively hot. That pissed me off. How can I adapt to a tropical climate and avoid wasting
energy if stores catering to non-natives keep blasting me with arctic air?

Then we crossed the road via an overpass common here and went to the West Coast Market Square. The wet market
was closed, since they tend to close around 5 or 6 pm, but the hawker centre was still going strong, with about half the
little booths selling food still open. Lisa got Heinan chicken (steamed chicken with dark soy sauce and a chili
condiment) and vegetables with satay sauce and "floss". After near-terminal indecision brought on by hunger, I got
chicken curry from a claypot shop " something like this. Turned out they were almost out of chicken, since it was late —
so the guy charged me $2.50 instead of $5. After dinner Lisa had a sour plum juice and I had lime juice. Then we
walked around, looking at small shops selling a diversity of cheap practical things, very Chinese in style. We saw a 7-11
with lots of incense for sale, sitting in bundles outside. I've heard that 7-11's are taking over, here. We started feeling hot
and tired, so we walked back home and went to bed.
Overall it was quite a nice first day in our new life. It will be nice to go to that hawker centre often enough to try all the
dishes! In choosing a lime juice, I yet again missed an opportunity to try my first bandung:

or Milo dinosaur:

I'm not sure I'd actually like these things, but it seems important to try them while I'm here — just as in the United
States you're not a full member of the culture if you haven't tried all sorts of absurd foods.
Greg Egan said he was not shocked by the results in "More really is different". He said it basically just showed you can
mimic a Turing machine with an Ising model, and then — unsurprisingly — the Halting Problem would still be
undecidable. Somehow this popped my consciousness into a state where the result indeed seemed obvious instead of
"rather amazing", as I mentioned yesterday. Here's what I'd been thinking: you can usually compute ground state
expectation values of observables for a lattice system by imposing a spatial cutoff, computing the ground state
expectation values, and then removing the cutoff. With the cutoff they should be computable for any computable
Hamiltonian, so the uncomputability can only arise in taking the limit. Somehow this seemed hard to achieve.
But now I see that it's easy to achieve. You can set up the Hamiltonian so that its ground state mimics the running of a
universal cellular automaton. Then computing ground state expectation values to a given accuracy may require making
the cutoff arbitrarily large — or more precisely, uncomputably large.
Here's a fun question, then. The ground state corresponds to thermal equilibrium at T = 0. Suppose we consider
expectation values not at T = 0, but at nonzero temperature. Are these still uncomputable? I'm hoping they'll be
computable: namely, that thermal fluctuations will ruin the functioning of the universal computer. I have a philosophy
that reasonable physics problems have computable answers. The T = 0 idealization would count as "unreasonable" if the
results are destroyed by increasing the temperature just a little bit.
July 15, 2010
Combining land and ocean temperatures worldwide, this June was the warmest June on record in 131 years. Similarly,
this May was the warmest May on record. This April was the warmest April on record, and this March was the warmest
March on record.
Do you hear about this on the news? I haven't.

There have been a lot of floods this year. Are floods getting worse? Opinions vary. It seems people agree that flood
damage keeps increasing. But some say it's mostly due to more people living near the coasts:
Amanda Ripley, Why disasters are getting worse, Time, Sept. 3, 2008.
while others say that, at least in the Northeast U.S., heavy rainfalls are increasing:
Doyle Rice, Is U.S. flooding getting worse?, Science Fair, May 6, 2010.
while the Southwest seems to be suffering from more droughts.
July 16, 2010
Some useful advice from Walter Blackstock, which I reproduce here for anyone who visits Singapore:
Hi John,
Welcome to the air-conditioned Nation!
Recommend Kinokuniya for books, Sim Lim Square or Funan Mall at City Hall for electronics, Buddha
Tooth Temple in Chinatown as an example of a working inner city temple. Cold Storage varies with
location: Jelita is high-end for ex-pats, Takashimaya on Orchard has Japanese food, Holland Village is
basic and crowded. Brewerkz by the river does a decent pint — prices vary with time. Their Wine Garage is
nearby, but you will be shocked at the price of wine in Singapore.
July 22, 2010
A taste of an America nostalgic for times long gone:
Wade Goodwin, Western swing gets Texas town scootin' again, Morning Edition, NPR, July 21, 2010.
July 23, 2010

July 24, 2010

photo by Ariana Lindquist for NPR

The sea goddess Mazu is back!
In truth she was never gone... Lisa says she's very popular in Taiwan, and we've visited temples to Tin Hau, a similar
figure, in Macau and Hong Kong. According to this article, she has 160 million followers and 4,000 temples in
mainland China, and now the government there is encouraging her worship:
Louisa Lim, China's leaders harness folk religion for their aims, All Things Considered, NPR, July 21, 2010.
While the title focuses on how China's leaders are using Mazu, lets not forget that Mazu — or, let us say, her followers
— is also using them.
But let us not forget that in China one can easily pay reverence to one god or goddess without denying others, so that the
160 milllion followers of Mazu may also be Buddhists, and regularly visit Taoist temples as well.
Here in Singapore, we've seen the usual signs of Chinese religion: there's a Taoist temple near the wet market at West
Coast Market Square, and the market itself has an altar where they burn incense. Across the street there's a Christian
church that does services in English, Filipino and Mandarin.
On a more mundane note: Lisa and I had a really great lunch today! It was Teochew cuisine, from the city of Chaoshan,
a region of China in the north-easternmost part of the Guangdong province. It was braised duck on yam rice. It came
with a bowl of anise-flavored chicken broth and some nice condiments on the side: half a hard-boiled egg, some
peanuts, and some cucumber slices. The flavors were intriguing, especially with the help of a dollp of shacha sauce. It
cost all of 3 Singapore dollars.
You can get it from a little booth in the outermost row of booths in West Coast Market Square, here, which specializes
in Teochew food. (Lisa calls it "Chaozhou" food, but it's often written Teochew, and that's what you'll see on this
booth.)
July 30, 2010

Some blue sky at 7:20 am today, but now it's pouring rain.
Here's the kind of thing I love about Singapore: in the national news today in the Straits Times, the big headline story
yells:

Girl, 14, Allegedly Kicks Her Teacher
That is what you'd hope for in a civilized country. In Los Angeles such a minor incident would never be reported.
Meanwhile, up in China, here's what they think about Sarah Palin:

Being out of the American sphere of infleuence, I hadn't noticed that Palin likes the word "refudiate" until I saw this
video!
For my August 2010 diary, go here.
Be the change you wish to see in the World - Mahatma Gandhi
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Diary - August 2010
John Baez
August 5, 2010

Today we moved into our permanent apartment here in Kent Vale, the faculty housing complex across Clementi Road
from the National University of Singapore. Above you see a sunset view of the harbor from our living room window,
processed a bit to look like an oil painting.
Maybe I should do a series of photos like this illustrating different light conditions, a bit like Monet's paintings of the
Rouen Cathedral.
August 11, 2010
I posted "week300", the last issue of This Week's Finds in Mathematical Physics. It made me kind of sad. But it's full of
cool stuff, including two papers I'll need to finish sometime, one with James Dolan and one with Todd Trimble.
August 15, 2010
Lisa's colleague Grace Fong came to a conference and stayed in the guest house at NUS. On Sunday we all went to the
botanical garden. One of the first things that struck me were the banyan trees. Here is a Ficus kurzii, or Burmese
banyan:

Lots of interesting leaves:

Some interesting flowers:

Busy taking pictures, I fell behind Lisa and Grace as we walked through a patch of jungle:

Lisa took lots of pictures too:

Eventually we reached the orchid garden:

It was hot and steamy throughout the botanical garden... until we reached the "Cool Room", a glassed-in garden that was
kept at a lower temperature and regularly sprayed with chilly fog. It was full of carnivorous plants, like pitcher plants:

... and sundews and Venus flytraps:

Leaving the garden, we saw some huge trees:

I believe the tree in the last two photos is a kapok tree, Ceiba pentandra, that was planted in 1933.
August 18, 2010

I decided it's time to start a kind of seminar or research group focused on diagrammatic methods for studying open
systems — the kind of stuff I began discussing back in week292 - week297. So, I talked to Jake Biamonte and Dieter
Jaksch and Stephen R. Clark, all folks from Oxford who regularly visit the CQT.
Jake is already into the general idea of using category theory to clarify and unify diagrammatic methods, not just for
quantum systems but also things like electrical circuits. On the other hand, Dieter and Stephen are using diagrammatic
methods for more specific practical purposes: for example, describing "tensor states" of quantum systems like the
Hubbard model, which can be nicely simulated using optical lattices. I'm less familiar with this stuff, but it sounds cool,
so I want to study it. Dieter recommended these papers:
T. H. Johnson, S. R. Clark, D. Jaksch, Dynamical simulation of classical stochastic systems using matrix product
states — the first part, for a general overview.
S.R. Clark and D. Jaksch, Dynamics of the superfluid to Mott insulator transition in one dimension — using
numerical methods to simulate the superfluid/Mott insulator phase transition in the Hubbard model, as simulated
by an optical lattice!
S.R. Clark and D. Jaksch, The cold atom Hubbard toolbox — an introduction to the Hubbard model. — a nice
overview of the Hubbard model.
Jamie Smith and Michele Mosca, Algorithms for quantum computers, Section 5. Tensor networks and their
applications.
August 23, 2010
As China surpasses Japan to become the world's second largest economy, they're starting to flex their military muscle:
Tom Gjelten, China's economic rise enables military growth, Weekend Edition Sunday, NPR, August 22, 2010.
A quote:
The new Pentagon report, "Military and Security Developments Involving the People's Republic of China,"
suggests China wants to establish itself as a dominant regional power before claiming a larger global role.
The Chinese military, according to the Pentagon, is pursuing "anti access and area denial strategies" in its
corner of the world with respect to potential rivals like Japan, South Korea and the United States. In part,
this means being prepared to keep U.S. and other foreign military forces as far from Chinese waters as
possible.
"One of the missions that have been given to the Chinese Navy and the Chinese air force has been to extend
China's defensive perimeter out to sea, eastward," says [David] Finkelstein, now at the Center for Naval
Analyses. "So they're developing operational capabilities that can make it difficult for forces outside the
region to operate with impunity inside China's coastal strategic areas."
New Chinese submarines, according to the Pentagon report, are being equipped with missiles capable of
destroying aircraft carriers operating anywhere in the Western Pacific. At the same time, China is locking
up oil supplies and other resources needed to fuel its economic growth, looking especially to nearby
countries like Iran and Afghanistan.
"They do intend to become very dominant in the region," says Cornell's Prasad, formerly the top China
specialist at the International Monetary Fund. "They see economic, political and military issues as all
intertwined in terms of trying to obtain their longer-term objectives."
International law normally recognizes a country's territorial domain only over seawaters within 12 miles of
its shores, but China is claiming dominion out to 300 miles. Other Asian countries, with U.S. support, are
now pushing back, as was evidenced at a meeting last month of the Association of Southeast Asian Nations
in Hanoi. But China has not retreated, with Chinese leaders even asserting their domination of the Yellow
Sea, between China and the Korean Peninsula.

"Beijing's statements about their sovereignty in the Yellow Sea as well as their sovereignty in the southern
part of the China Sea reflect a new, even more expanded view [of their sovereignty claims]," says James
Mulvenon of the Defense Group consultancy. He notes that the United States has repeatedly challenged
China's claims, most recently in the speech given by Secretary of State Hillary Clinton at the ASEAN
meeting in Hanoi.
"We have been very clear in the last three or four months to say that we reject that [Chinese] definition of
sovereignty and that we are going to deliberately reassert our ability to operate freely in those areas,"
Mulvenon says.
Such statements, in the face of Chinese claims, suggest that if there is to be a U.S.-China military conflict in
the coming years, it most likely would be a naval confrontation in some part of the China Sea.
China, meanwhile, is also boosting its military presence in distant corners of the globe. The Pentagon report
highlighted the role of the Chinese navy in anti-piracy operations off the coast of Somalia and China's
direction last year of a military medical exercise in the African nation of Gabon. Such relatively minor
moves serve at least to bolster China's international image as a military player.
"They're going to be out there showing the flag in the Horn of Africa, Indian Ocean and other places,"
Finkelstein says. "We're going to have to get used to that."
It would be a mistake to conclude China will rule the world anytime soon. It still has huge internal
challenges to deal with, including widespread rural poverty and an unbalanced economy that depends far
too much on other countries continuing to buy Chinese goods. Twenty years ago, many commentators were
predicting the next global superpower would be Japan, the very country that has now slipped to No. 3 in the
economic rankings.
But China's military and economic development over the past decade has been dramatic, and at this point it
seems destined to be a dominant 21st century player.
August 27, 2010
Today I posted "week301", the first issue of the new series of This Week's Finds. It took me forever to get the tone
right, and decide what to include. A far cry from "week1", which I just spat out thoughtlessly. I guess I'm getting old,
taking myself too seriously. But anyway, it's fun to be starting a new project.
August 30, 2010
I recently heard how the Koch brothers are funding a wide variety of groups who are trying to block action on climate
change. Never heard of the Koch brothers? They run the 2nd largest privately held company in the US, with revenues of
almost $100 billion. They do a lot of oil refining. And they contribute lots of money to climate change denial groups:
organizations whose goal is to prevent action on global warming. According to Greenpeace, "From 2005 to 2008,
ExxonMobil spent $8.9 million while the Koch Industries-controlled foundations contributed $24.9 million in funding
to organizations of the "climate denial machine"."
I think it's good to find out who is in the pay of these foundations, so we can improve our understanding of who is
honestly seeking the truth and who is arguing for commercial interests.
Greenpeace, Koch industries: secretly funding the climate denial machine.
Jane Meyer, Covert operations, New Yorker, August 30, 2010.
Conor Friedersdorf, The Koch brothers profiled, The Daily Dish, August 30, 2010.
From the executive summary of the Greenpeace report:

For years, both openly and behind the scenes, ExxonMobil dominated the voice of climate science denial in
the national global warming dialogue. However, after a decade of reputation-damaging public disclosures,
as well as pressure from scientific organizations, shareholders and senators, ExxonMobil implemented a
new public relations strategy under a new CEO, and has begun to moderate its public statements on climate
change. ExxonMobil's website declares: "We have discontinued contributions to several public policy
research groups whose position on climate change diverted attention from the important discussion on how
the world will secure the energy required for economic growth in an environmentally responsible manner".
In spite of publishing this statement and reducing funding to a number of prominent climate denial
organizations over the past few years, ExxonMobil continues to support dozens of organizations who are
part of the climate denial movement with millions of dollars in annual funding. ExxonMobil has responded
to public scrutiny by slightly reducing their support of climate denial, and Koch Industries is outpacing
ExxonMobil's funding activities while drawing very little public attention. As ExxonMobil's silent partner
in funding the climate-denial machine, Koch Industries often uses similar and sometimes more aggressive
tactics.
Kansas-based Koch Industries is a conglomerate dominated by petroleum and chemical interests with
approximately $100 billion in annual sales, operations in nearly 60 countries and 70,000 employees. Most
of Koch's operations are invisible to the public, with the exception of a handful of retail brands such as
Brawny® paper towels and Dixie® cups, produced by its subsidiary Georgia-Pacific Corporation. Koch
Industries has been ranked as the first- or second-largest privately-held company in the United States in
recent years, currently ranked second behind Cargill corporation.
Two brothers, Charles and David Koch, each own 42 percent of the company. Part of Koch Industries.
influence is channeled through three foundations, also controlled by the two brothers. This report
documents roughly 40 climate denial and opposition organizations receiving Koch foundation grants in
recent years, including:
More than $5 million to Americans for Prosperity Foundation (AFP) for its nationwide "Hot Air
Tour" campaign to spreading misinformation about climate science and opposing clean energy and
climate legislation.
More than $1 million to the Heritage Foundation, a mainstay of misinformation on climate and
environmental policy issues.
Over $1 million to the Cato Institute [founded by one of the Koch brothers], which disputes the
scientific evidence behind global warming, questions the rationale for taking climate action, and has
been heavily involved in spinning the recent ClimateGate story.
$800,000 to the Manhattan Institute, which has hosted Bjorn Lomborg twice in the last two years.
Lomborg is a prominent media spokesperson who challenges and attacks policy measures to address
climate change.
$365,000 to Foundation for Research on Economics and the Environment (FREE) which advocates
against taking action on climate change because warming is "inevitable" and expensive to address.
$360,000 to Pacific Research Institute for Public Policy (PRI) which supported and funded An
Inconvenient Truth... or Convenient Fiction, a film attacking the science of global warming and
intended as a rebuttal to former Vice-President Al Gore's documentary. PRI also threatened to sue the
US Government for listing the polar bear as an endangered species.
$325,000 to the Tax Foundation, which issued a misleading study on the costs of proposed climate
legislation.
This is only part of the picture, because the full scope of direct contributions to organizations is not

disclosed by individual Koch family members, executives, or from the company itself. Contributions
through Koch's political action committee (PAC) are a matter of public record. Since the beginning of the
2006 election cycle, Koch's PAC spent more on contributions to federal candidates than any other oil-andgas sector PAC. For that period, Koch Industries and its executives spent $2.51 million compared to next
three biggest contributors: Exxon ($1.71 million), Valero ($1.68 million), and Chevron ($1.22 million).
August 31, 2010

Check out some color photos taken by Sergei Mikhailovich Prokudin-Gorskii from 1909 to 1912, long before modernday color photography was invented:
Alan Taylor, Russia in color, a century ago, The Big Picture, August 20, 2010.
His trick: take three black and white photographs through red, green and blue filters.
For my September 2010 diary, go here.
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Diary - September 2010
John Baez
September 1, 2010

The view outside our window on a foggy morning.
September 5, 2010
Shortly before the end of Ramadan, Lisa and I went to Paya Lebar, a heavily Malay area in eastern Singapore. First we
went to a little Chinese temple east of the Singapore Post Centre:

Nothing all that impressive-looking, quite ordinary as temples around here go, but Lisa was interested to see that it was
called a "unified" temple, apparently referring to the combination of Taoist and Buddhist aspects. This combination,
again, is not unusual, but the explicit designation "unified" was new to her.
Then we went south a bit to a large tented shopping area that's only open during Ramadan. It was packed with stuff to
buy.

September 15, 2010

photo by John Goodrich

At one point, there were only 30 Siberian tigers, also known as Amur tigers, left in the wild. Now there are several
hundred. Most of them live in the birch forests of eastern Russia, with a few in China and North Korea. Their range is
far smaller than it once was. They used to live in many places, including Iraq and Kazakhstan. In their western range
they were called the "Caspian tiger". Many were killed by the Russian army in early 20th century.
There's a reason the Russians killed off these tigers. They're fierce!
Yesterday I heard the story of a poacher who made the mistake of shooting a Siberian tiger and wounding it but not
killing it:
The true story of a man-eating tiger's 'vengeance', Morning Edition, NPR, September 14, 2010.
Give it a listen! Some good lines:
"Imagine a creature that has the agility and appetite of the cat and the mass of an industrial refrigerator."
and:
How high can an Siberian tiger jump?
"As high as it needs to."
Hint: don't tease one if the fence between you and it is only 3.8 meters high. (For you Americans, that's twelve and a
half feet.)
The full story is in this book:

John Vaillant, The Tiger: A True Story of Vengeance and Survival, Knopf, New York, 2010.
You can see an excerpt on the NPR website.
The irony, fully brought out in the book, is that this fierce, deadly creature now needs our protection to survive —
because we're even more fierce and deadly. We're the biggest kids on the block: it's time to start acting like grownups.
From the book:
One of the many negative effects of perestroika and the reopening of the border between Russia and China
has been a surge in tiger poaching. As the economy disintegrated and unemployment spread throughout the
1990s, professional poachers, businessmen, and ordinary citizens alike began taking advantage of the
forest's wealth in all its forms. The tigers, because they are so rare and so valuable, have been particularly
hard hit: their organs, blood, and bone are much sought after for use in traditional Chinese medicine. Some
believe the tiger's whiskers will make them bulletproof and that its powdered bones will soothe their aches
and pains. Others believe its penis will make them virile, and there are many . from Tokyo to Moscow .
who will pay thousands of dollars for a tiger's skin.
Between 1992 and 1994, approximately one hundred tigers . roughly one quarter of the country's wild
population . were killed. Most of them ended up in China. With financial assistance (and pressure) from
international conservation agencies, the territorial government created Inspection Tiger in the hope of
restoring some semblance of law and order to the forests of Primorye. Armed with guns, cameras, and
broad police powers, these teams were charged with intercepting poachers and resolving a steadily
increasing number of conflicts between tigers and human beings.
In many ways, Inspection Tiger's mandate resembles that of detectives on a narcotics detail, and so does the
risk: the money is big, and the players are often desperate and dangerous individuals. Tigers are similar to
drugs in that they are sold by the gram and the kilo, and their value increases according to the refinement of
both product and seller. But there are some key differences: tigers can weigh six hundred pounds; they have
been hunting large prey, including humans, for two million years; and they have a memory. For these
reasons, tigers can be as dangerous to the people trying to protect them as they are to those who would
profit from them.
Some good news: in 1986, the Chinese government established a Siberian tiger breeding base at Heilongjiang Northeast
Tiger Forest Park. According to the current breeding rate of tigers at the park, the worldwide number of Siberian tigers
will break through 1,000 sometime this year!
Even better: Iranian and Russian ecologists are planning a joint project to return Caspian tigers to the wild in Central
Asia. They want to do the same for an even more endangered species, the Asiatic cheetah, but some scientists think this
is a risky move, since there is no captive breeding population of the Asiatic cheetah.
September 20, 2010
Lisa and I took a trip to Bali — it's a short 2½-hour flight from Singapore. We reached Denpasar airport around 8:40
pm, and took a cab to the Casa Ganesha hotel in the southern part of Ubud, which is the "cultural capital" of Bali.
Actually what people call Ubud is a collection of villages, and our hotel was in the village of Pengosakan. It rained on
the way there, and indeed it rained intermittently and often heavily throughout our stay. By the time we got back all our
clothes and books were moist. On the other hand, it was much less hot than I'd feared it would be. Being in Singapore
for a couple months has toughened me up when it comes to tropical weather.
The hotel had a beautiful little courtyard with a fish pond and a statue of Ganesha, the Hindu elephant god, of whom the
Balinese seem especially fond. After getting settled in we took a short walk in the wet darkness, just to get a preliminary
feel for the place. We went north on Jalan Raya Pengosakan to its intersection with Monkey Forest Road.

The landscape was more gritty and urban than I'd imagined in my romantic fantasies. When choosing a hotel and noting
that the Casa Ganesha was a bit south of the main town, I envisioned having to walk to town along a twisting muddy
trail next to rice paddies. Instead we walked beside a road lined with shops, restaurants, and the omnipresent spa and
massage places that define the Ubud tourist trade. We even saw a Circle K store — something like this (not my photo):

This was a depressingly reminiscent of America, and all that one might hope to leave behind in Bali — but on the other
hand, we saw a man setting an offering on little altar in a completely matter-of-fact way, so we knew were someplace
new and strange.
The sidewalk, as we later realized, was typical of Ubud: large red concrete slabs, mostly level but sometimes rising or
declining at a steep angle, sometimes frighteningly wobbly, punctuated by drains and occaisional gaping holes into dark
mysterious depths. Especially on a rainy night, with streetlights infrequent, negotiating such a sidewalk can be a
substantial cognitive challenge.
I say all this in part so you don't look at the beautiful pictures to come and get fooled into thinking Bali is an unspoiled
oriental paradise. If you think that you could be disappointed, and perhaps even miss its real beauty. I remember going
to China the first time — Beijing, to be precise — and being shocked for days at how grimy and dirty it was. None of
the tourist brochures prepared me for that! Bali is far more pretty, and the Balinese are esthetic as the Chinese are
practical — but most of the people in Bali are dirt poor, so you'll still see plenty of run-down buildings, corrugated steel
roofs, chickens pecking around, mangy dogs, grimy and tired-looking women carrying large buckets of black mud on
their heads, and so on.
I think a lot of what people see when they travel is a reflection of their own soul. I think that's the only explanation of
the drastically different reviews one sees of the same hotels. This is from one review of Casa Ganesha:
Ever stayed in a hotel and thought to yourself, "Why do I have to leave?" I was there only for several days
and I was already trying to recreate the Balinese atmosphere when I returned home back to my normal life.
I miss all the delicious goodies the chef conjured up in the kitchen — truly mouth watering dishes. There
will definitely be special something in there for everyone and the chef is so nice he doesn't mind to adjust to
your taste.
The service there in general was tiptop. They were all so friendly and happy to help with anything — gave
me illusions of grandeur thinking I was some kind of god, truly pleased and appreciated.
The establishment was absolutely great, it all seemed custom made and had this strong traditional influence
with its cultural architecture, the rooms themselves were very cosy and concise.
And this is from another:
I stayed at this hotel largely based on the reviews of others on this site. I would agree that the staff are
friendly and helpful. That's about all I can agree with. The hotel used to be old cheap apartments. A lot of
money has been spent to make the gardens look nice but they must have run out of funds to do anything

with the rooms other than put in a new basic (futon style) bed. The rooms were not secure (the lock consists
of a padlock handed at arrival) and let in lots of mosquitos (mosquito net was provided). The ceiling was
covered in mould and there were cockroaches in the bathroom (not to mention rats in the eating area at
breakfast that were also interesting). It is really just cheap backpacker accomodation (not that there's
anything wrong with that — I've stayed at places like this before but the price should be about $10-$15US,
not $50US!)
Its also located on a busy street some way out of town and the walk consists of walking an hour along
broken pavement above sewers. You can't stay in though as (putting to one side the mosquitos) the wi-fi
was no more than a crawl pace and TV consisted of BBC news as the only English station.
We tried to leave after the first night...
Having been there, I think both of these could easily be true — though the price was only US $40 a night, and we
weren't bitten by mosquitos, and didn't see any cockroaches or rats: just the omnipresent geckos, which I find cute.
Some of the complaints seem to mistake common practice in Bali for special defects of the Casa Ganesha hotel. For
example: a padlock on the door may be pretty common in Bali, along with mosquito netting — we encountered them
not only at this hotel but also the much fancier one we stayed in next. The broken pavement above sewers — well, as I
said, that's what sidewalks in Ubud are like! On the other hand, the more positive reviewer may have let some of his
general enthusiasm for Bali give his impression of the hotel a rosy hue.
September 21, 2010
We had a wonderful breakfast at the Casa Ganesha hotel: a vegetable omelette and a mixed fruit drink. We bought
phone cards, walked up Jalan Raya Pengosakan again, and then up Monkey Forest Road, where I bought a cloth bag.
Then we walked to the Mandala Wisata Wanara Wana, or Sacred Monkey Forest Sanctuary. We saw some monkeys
near the entrance, but didn't go in.
Thoughout Ubud, and indeed much of Bali, you'll find little offerings in altars, shopfronts and the sidewalk, placed there
several times a day by the local residents — usually women. They are beautiful little trays made of bamboo, containing
flowers, leaves and rice. They are part of what makes Bali a magical place. Monkeys naturally treat these offerings as
snacks:

We hiked a bit further up Monkey Forest Road, but soon returned to the hotel to check out. We took a taxi to the Sanyan
Terrace Resort, west of Ubud in the village of Sanyan. As the Lonely Planet says, "Properties generally go from posh to
posher as one nears the fabled Ayung Valley". The Sayan Terrace Resort is a stunningly beautiful place overlooking the
jungle. Here are three views from the balcony of our room:

Famously, the Balinese have no word in their language for "art", but they decorate everything beautifully. Here is the
wall near the door of our room:

The fellow who drove us to the Sayan Terrace was a would-be lawyer named Nyoman, who we later hired to drive us all
over the place. He has gotten a master's degree in law, but not yet been able to find a job using this skill. Apparently no
education in Indonesia is free, not even primary school — and the price rises drastically as you climb the ladder. There
are fellowships, but mostly well-connected people get them. Nyoman's master's degree cost him 18 million rupiah, or
approximately US$ 18,000. He didn't have this much money, so now he has debts to repay. The mean income in
Indonesia is about $6 a day, but many people live on less than $1. On days when Nyoman drove us all around, we paid
him 350,000 rupiah, or about $35. The Sayan Terrace Resort cost us $110 a night. Staying there was a great experience,
but if we go back we will go to a cheaper place, because there are very nice ones for much less.
If you go to Ubud and want someone friendly, reliable and honest to drive you around, I recommend Nyoman. For some
reason his card gives his name as Nyoman Banana. I only discovered that when he dropped us off at the airport at the
end of our stay, so I didn't have a chance to ask why. Every first-born child in Bali is called Wayan, every second-born
child is named Made, every third-born child is called Nyoman, and so on... it loops around after the fifth child. So, first
names don't really serve to identify people. Maybe he wanted something that would stand out? Anyway, his email
address is
balibanana at hotmail dot com
and his cell phone number is 081 7978 74 06.
After getting settled in, we walked into Ubud, partly on roads and partly on a footpath. Early on, I slipped on a slick wet
surface and fell hard on my hand — ouch! Bloody and painful. I haven't done something like that for a long time. We
walked down Monkey Forest Road and had a late lunch at a nice restaurant with a lovely garden.
September 22, 2010
A day of driving around with Nyoman. First we went to the Goa Gajah, or Elephant Cave, a temple near Bedulu. Then
we went to the Pura Kebo Edan, or "crazy buffalo temple," nearby. Then we drove northeast past Tampaksiring to a
really big temple, Gunung Kawi. Here we climbed a hill through terraced rice paddies, where I got my first good look at
the elaborate irrigation systems of Bali:

Then we hiked down stairs through the impressive temple gate:

Then we saw the stupas carved into the hill — the reason this temple is famous:

But there are also many other things there:

Later, we drove further north to the volcano Gunung Batur and the lake Danau Batur, which we saw from afar, standing
on an overlook, assailed by insistent hawkers trying to sell us trinkets. Not very pleasant, despite some nice fruit stands.

Then we drove south to Mas, a town famous for wood carving, and Nyoman took us to two shops. The first was
elaborate, commercial, and unpleasant. The second was much more humble: the house of wood carver, in a traditional
walled-in family compound. The place was packed with masks and statues made by carver and some of his ancestors.
Trades of this sort tend to run in families. We talked with him quite a bit about woods — crocodile wood and hibiscus
wood are the most common, true ebony is logged out, and even fake ebony is expensive. He was not shy of admitting

that he stains hibiscus wood with Kiwi brand shoe polish to make it darker.
At one point, he cheerfully mentioned that he had cremated his mother not too long ago. This was not the only time
someone told us something like this during our short stay in Bali. Later we learned that a cremation ceremony can easily
cost 20 million rupiah, or about US$ 20,000: an enormous amount of money in these parts, where many people live on
$3 a day or less. If someone's relatives can't afford a cremation ceremony, they'll be buried in the hopes that someday,
when times are better, their remains can be dug up and receive a proper cremation. We saw some of these graves later
on.

After lengthy discussions we bought a Buddha made of hibiscus wood, as above — the tough part was finding the one
with the best expression. We also bought a barong. In Bali, Barong is the king of the spirits, benign though sometimes
mischievous. It's depicted in five different ways in different regions, and you see the lion form all around Ubud. There
are stone barong statues — amid dozens of other types of statues — throughout Ubud. In the popular dance drama
where Barong fights the demon queen Rangda, the barong costume looks like this (not my picture):

You can see some wooden barongs on the wall of the wood carver's shop here:

The prices were quite reasonable after some bargaining. (If you don't bargain hard in Bali, you'll be taken for a sucker
and pay prices that may seem reasonable by tourist standards, but are easily ten times the base rate. This may seem

annoying — but you need to remember that the people are poor, and would need to be saints to resist soaking up money
from people who act like they have more than they know what to do with.)
Alas, I didn't learn this wood carver's name, but he's a nice guy, and I urge you to visit his shop if you visit Ubud. It's
called Ary Pura, it's in Mas, and if you want to visit, you can phone at (0361) 975195.
Afterwards we drove back to Ubud, Nyoman dropped us off, and we had dinner at the same place as yesterday.
September 23, 2010
We walked into Ubud again, by the same route. There's a nice stretch of jungle where the road is too steep for cars. In
Bali you'll see statues even in places like this, often covered with moss:

After getting into town, we turned right on Jalan Raya Ubud and went down Jalan Bisma, a quiet street where we had
lunch at a cafe and art gallery called Adi's. We then explored the rice paddies near the south end of Jilin Bisma, then
went back to Ubud Street. After picking up some money at an ATM we walked down Jalan Hanoman looking for the
Kejak dance that was supposed to occur that night at 7:30. We were accosted by many people trying to sell us tickets but
had trouble finding the performance venue. Finally we found it, with an hour and a half to spare.
Lisa went further down to Monkey Forest Road to buy some stuff, I wound up hanging out at a cafe, waiting for Lisa to
call; the cell phone service didn't work, but Lisa found me in the cafe, across from dance venue: the Taman Sari temple
on Jalan Hanoman in the village of Pedangtagal. Then we went to a performance consisting of three dances. Each one
would take a page to describe well, but I don't have time!
All three were done on a dim-lit stage. The first was the Kecak dance: a portion of the Ramayana, acted out in dance
with a chorus of 50 men providing the music. The remaining two were traditional "sanghyang", or trance dances. First, a
Sanghyang Dedari dance: two girls walking forwards and backwards with eyes shut waving their heads back and forth.
Three times they fell down and three times they were "revived" by two woman. Then, a Sanghyang Jaran dance, also
called a "fire dance". They lit a pile of coconut shells, poured on some alcohol to hasten the flames, then brought in a
young man on a kind of toy horse. He rode around it in circles until the fire had burnt down a bit, and then ran through
the burning shells, kicking them out of his way... a bit like firewalking, but not quite as demanding, I think. It was still
fascinating, since the man was supposed to be in a trance — and even if this was a watered-down touristic version of

some traditional ritual, it seemed to hark back to something more potent.
After the dance the fellow sat down and recovered. It was hard to take good photos in the dark, but this one captures
some of the mood:

Afterwards we went to the Bebek Bengil, also known as the Dirty Duck Diner. Despite its name, it's an elegant
establishment: a deep garden with tables set both under the the open air and in thatched-roof structures, typical of the
nicer Balinese restaurants. At night it's lit by many torches, and of course they play gamelan music. Lisa had their
signature dish, the crispy duck, which was quite good. I forget what I had, but whatever it was, it went well with the
ubiquitous Bintang beer. Beer is a lot cheaper in Indonesia than Singapore, so I let myself indulge a bit during my stay
in Bali, despite my pre-diabetic condition. Yeah, stupid, I know.

September 24, 2010
We were planning to walk down to the river in the morning, but wound up talking with Made Dadug, a young tour
guide who tends to hang out at the Sayan Terrace Resort. We decided it would be better to go on a guided tour with him
another day. And we were right.
At 1 pm we went on another day trip with Nyoman. We stopped at a temple en route to the village of Sukawati. We
bought dishes in the crafts market at Sukawati, with Lisa managing to bargain them down wonderfully. We then walked
around the back streets, which were full of the walled-in compounds that Balinese like. An extended family of 20 or so
will live in one of these, and it will have a bunch of small houses and its own little temple:

On the way back, we passed a tiny wood carver's shop where we bought a statue of Saraswati, the goddess of learning.
In the process we spoke quite a bit with the young woman in the shop, whose father had done the carving. She usually
worked as a kindergarten teacher in the big city, Denpasar, a 45 minute drive away. Here is her mother in the shop:

Walking on, we bought some wooden wind chimes on the main street, prompted by the wind chimes at our hotel, which
play a nice Balinese sléndro scale. Then Nyoman drove us to a fancy woodcarver who had expensive carvings in
crocodile wood and hibiscus wood, including some Saraswatis. He scoffed when we mentioned the little shop in Mas.
We liked some of his stuff, but wound up not buying any.
Then Nyoman drove us back to Ubud and dropped us off near the Lotus Cafe — but we went to the Legong and Barong
dances put on by the Panca Artha Troupe down the street at the Ubud Wantilan. Afterwards we ate dinner at the Cafe
Padang — nice spicy food, but bad for the lower digestive tract next morning! Or maybe it was the bottled water? That's
the only thing I had a lot of that Lisa avoided: she'd heard that some of the obscure brands here aren't very safe, and
maybe she was right.
September 25, 2010
Another day trip with Nyoman. First we stopped by the the old beach town of Candidasa — our first and only beach
experience so far in Bali. It was beautiful, and it brought on fantasies of spending a lot more time at the beach —
especially since bungalows are lot cheaper in these out-of-fashion, out-of-the-way towns than in stylish upmarket Ubud!

Then we drove north to to visit Tanganan, where our Bali trip really reached its peak. We had timed our visit to catch a
famous ceremony that the residents of this village perform every full moon. In fact every village has scads of
ceremonies, scheduled according to the rather complex Balinese calender. There are full moon ceremonies, new moon
ceremonies, the special day of thanks for the gift of livestock, the the special day of thanks for the gift of art, the special
day of thanks for the gift of knowledge, the special day for meditation to enhance balance in the world, the special day
of thanks for the gift of metal, the Balinese New Year (and the day before that, called Tawur Agung Kesanga), the
special day of thanks for the gift of fruit-bearing plants, the day of praying for the victory of dharma over adharma, the
day when ancestral holy spirits and deities ascend back to eternity, the Buddha's birthday, the special day of thanks for
the gift of livestock, and probably others I don't know about. Nyoman said he's rather tired of so many ceremonies: for
one thing, they eat up a lot of time and money. But of course we'd never seen one, so it was a real treat.
We didn't know what was going on, so we played it by ear. We saw a big procession going down the main road, so we
put on sarongs and followed it.

At first we were rather cautious and kept a respectful distance. But then we noticed a white guy taking lots of
photographs, along with his wife and children, and nobody seemed to mind them — in fact the villagers seemed pretty
interested in their younger child, in a baby carriage — so after a while we relaxed a bit. This village is famous for a
gamelan tuned according to some unusually archaic system — and sure enough, a bunch of guys in purple were playing
it while leading the procession! At a gateway they turned off the road and headed towards a temple:

They went into the temple, sat down under a roofed-over structure, and continued playing. Random-looking groups of
people gradually filtered into the temple courtyard. They sat or stood, talking to each other and listening to the music.
Men generally stayed with men, women with women, boys with boys and girls with girls. Many women came carrying
offerings of fruit, which they put on several altars. Many girls wore yellow outfits and handmade bamboo headdresses
— we knew they were going to do a ceremonial dance.

After watching the proceedings for a while, we asked someone if it was okay to go in, and he said it would be fine if we
gave a donation. We gave it to a guy sitting at a little table, and he asked us to write our name, address and the amount
of our donation in a book. Later he read out the names and amounts for everyone who gave donations — and it wasn't
just a few confused tourists like us, it was a long list of names.
After about 45 minutes, the girls did a dance:

And then, before the boys did their dance, it started to rain quite heavily. Both Lisa and I had foolishly forgot to bring
our umbrellas. She found cover and watched the dance, but I left the temple and went under a roofed-in area that was
packed with villagers also fleeing from the rain. I spent quite a while there, wishing I could talk to them.
After a while the rain slacked of and Lisa joined me. As the ceremony ended, women brought the offerings back out of
the temple, stacked on their heads:

Then the gamelan players left the temple and slowly marched back the road they'd come from, still playing. Other
villagers carried banners:

That was a great experience.
After a look at some shops, we then drove to see herons gather at dusk in the village of Petulu. Then, back to Ubud.
Nyoman suggested that we have dinner at Cafe Wayan, so that's what we did. They first gave us a bad table, but then we
got a nice table way in back, in the typical Balinese garden. Lisa was chilled from being wet, but when we got back to
the hotel I took a quick dip in the pool!
September 26, 2010
In the afternoon we took a taxi to the Mandala Wisata Wanara Wana, or Sacred Monkey Forest Sanctuary. It was fun
watching the monkeys. The big males were quite aggressive.

We saw two temples there, one being the Pura Dalem Agung Padangtegal, or Padangtegal Great Temple of Death.

There were monkeys roaming around the temple, and a bunch in the cemetery. Funeral ceremonies are expensive.
People who cannot afford a proper Hindu funeral are buried until their relatives can get the money.
After a small snack that turned out to be a bit too large, we did a forced march through the rain up the length of
Hanuman Road to the same ATM on Jilin Raya Ubud. We then had a nice light dinner at Coco Bistro, across from the
Ubud Wantilan. We could hear the gamelan music for yet another dance performance, and also see it in shadow form on
the wall of the hall.
September 27, 2010

This afternoon we flew home to Singapore. But in the morning, we went on a marvelous 3-hour walk with a young
guide, Made Dadug, whom we'd met on our previous failed attempt to walk down to the river. We started from our hotel
(the Sayan Terrace Resort), walked down to the river, upstream to a dam, and then back through miles of terraced rice
fields. I wrote about this in week303, and I don't have the energy for a thorough report here, even though that writeup
just scratched the surface. For example, I didn't talk about the sacred banyan trees that slowly "walk" by lowering aerial
roots to the ground, which then grow into new trees as the old ones die. Nor did I talk about how our guide, Made
Dagung, invited us to his home for snacks! It was great getting to see inside one of the family compounds that Balinese
traditionally live in.
Another image that stuck with me is a local lad sitting in a small open-air hut amid the rice fields, working on a laptop,
using a wireless internet connection provided by a big fancy hotel up the hill. People who work at the hotel tell the everchanging password to their friends.
For my October 2010 diary, go here.
Hesperiidae
Papilionidae
Hyblaeoidae
Epiplemidae
Notodontidae
Nemeobiidae
Eupterotidae
Callidulidae

Dioptidae
Lymantriidae
Noctuidae
Endromidae
Oxytenidae
Lycaenidae
Argyresthiidae
Ctenuchidae
Nepticulidae
Hieroxestidae
Symmocidae
Blastobasidae
Heliozelidae
Limacodidae
Agonoxenidae
Compsoctenidae
Neopseustidae
Incurvariidae
Oecophoridae
Stenomidae
Thyrididae
Heliodinidae
Glyphipterigidae
Dudgeoneidae - Elizabeth Fraser, Melonella
© 2010 John Baez
baez@math.removethis.ucr.andthis.edu

home

For my September 2010 diary, go here.

Diary - October 2010
John Baez
October 1, 2010

The view outside our apartment window, a bit after sunset.

October 16, 2010
I spent most of the day working on the Azimuth Project and writing letters of recommendation for two of my students
who are graduating this year, John Huerta and Chris Rogers. John is studying categorified groups that describe
symmetries in superstring theory and M-theory — more precisely, "Lie 2-supergroups" and "Lie 3-supergroups". Chris
is studying a a categorified version of a standard procedure for quantizing classical mechanics problems, called
"geometric quantization". Again, the categorification naturally gives a way to take ideas developed for point particles
and bump them up to strings or higher-dimensional membranes. It's funny that we got so heavily into string theory,
since I don't believe in this this as a theory of physics — not yet, anyway, not unless someone comes up with a really
good idea or two. But the math of this theory is beautiful, and it connects very naturally to categorification, which was
an interest of mine for a long time.
Right now I don't feel particularly interested in categorification anymore. I'm more excited about energy technology,
trying to figure out what we should do to slow and maybe someday even stop global warming. I went into town to have
dinner with Walter Blackstock and talk about this. As I left the apartment I noticed it was really hazy today in Singapore
— like a really polluted day in downtown LA back in the 1980s. Walter told me it's due to forest fires in nearby

Sumatra: 80 hotspots were detected in the Riau Province in Sumatra. Farmers set these fires to clear land, and maybe
they get out of control — I don't know, but in some previous years massive fires in Sumatra made the air very bad here.
Ironically, Walter gave me a book on how Singapore has been cleaning up its act since 1968:
Tan Yong Soon, Lee Tung Jean and Karen Tan, Clean, Green and Blue: Singapore's Journey Towards
Environmental and Water Sustainability, Utopia Press, 2009.
Walter and I had dinner at a place called Brussels Sprouts, downtown by the river. Good Belgian beer and mussels,
friendly but intermittent service.
October 17, 2010

You know "CAPTCHAs", those annoying little things where you have to read some warped letters and type them in to
prove your human — a device used to prevent spam? Well, spammers are hiring people at low wages to crack thousands
of them:
Spammers use the human touch to avoid CAPTCHA, Weekend Edition Sunday, National Public Radio, October
17, 2010.
Marti Motoyama, Kirill Levchenko, Chris Kanich, Damon McCoy, Geoffrey M. Voelker and Stefan Savage, Re:
CAPTCHAs — Understanding CAPTCHA-solving from an economic context, Proceedings of the USENIX
Security Symposium, Washington, D.C., August 2010.
Front-end companies like DeCaptcher make a plugin that solves CAPTCHAs. The way this plugin works is by sending
the CAPTCHAs to another company, like PixProfit, that hires people in places like Russia and Southeast Asia to solve
them. These folks work all day for rock-bottom wages, comparable to those in the lowest paid textile mills. It's basically
a kind of white-collar sweatshop operation. I find it pretty depressing to imagine working a job like this, doing a
repetitive task that seems utterly useless. Make a hundred shirts and at least you've done something. But help a hundred
spam attacks...
When I told Mike Stay about this, he said this wasn't anything new. He pointed me to this old blog entry:
Hackers, Solving CAPTCHAs for cash, April 27, 2007.
It's about a guy in Romania who set up a team of 5 guys who worked 12 hours a day to solve CAPTCHAs at a price of
$9-$15 per thousand. But read the comments to this blog entry! You'll see people from India, Bangladesh and elsewhere

offering to do the same job for less! For example:
I am from bangladesh. In bangladesh there is lot of jobless computer known people. We wanna do captcha
job. Please guide us on this regards. Please reply.
Have a nice a day.
Thanks
Robin
abdul815@gmail.com
+8801713228990
Dhaka, Bangladesh
If you read a bunch of these comments you won't be at all surprised that the going price for solving CAPTCHAs keeps
going down. From the paper cited above:
While the market for CAPTCHA-solving services has expanded, the wages of workers solving CAPTCHAs
have been declining. A cursory examination of historical advertisements on getafreelancer.com shows that,
in 2007, CAPTCHA solving routinely commanded wages as high as $10/1,000, but by mid-2008 a typical
offer had sunk to $1.5/1,000, $1/1,000 by mid-2009, and today $0.75/1,000 is common, with some workers
earning as little as $0.5/1,000.
Your firm can charge more money if you can guarantee that you'll solve the CAPTCHAs quickly:
For example, suppose that a customer wants to create 1,000 accounts on an Internet service, and the Internet
service requires that CAPTCHAs be solved within 30 seconds. When using a CAPTCHA solver, the
customer will have to pay to have at least 1,000 CAPTCHAs solved, and likely more due to solutions with
response times longer than the 30-second threshold (recall that customers do not have to pay for incorrect
solutions). From this perspective, the solver with the best value may not be the one with the cheapest price.
The question of whether CAPTCHAs remain useful as an anti-spam tool is fundamentally an economic calculation:
Put simply, a CAPTCHA reduces an attacker's expected profit by the cost of solving the CAPTCHA. If the
attacker's revenue cannot cover this cost, CAPTCHAs as a defense mechanism have succeeded. Indeed, for
many sites (e.g., low PageRank blogs), CAPTCHAs alone may be sufficient to dissuade abuse. For highervalue sites, CAPTCHAs place a utilization constraint on otherwise "free" resources, below which it makes
no sense to target them. Taking e-mail spam as an example, let us suppose that each newly registered Web
mail account can send some number of spam messages before being shut down. The marginal revenue per
message is given by the average revenue per sale divided by the expected number of messages needed to
generate a single sale. For pharmaceutical spam, Kanich et al. estimate the marginal revenue per message to
be roughly $0.00001; at $1 per 1,000 CAPTCHAs, a new Web mail account starts to break even only after
about 100 messages sent.
Thus, CAPTCHAs naturally limit site access to those attackers whose business models are efficient enough
to be profitable in spite of these costs, and act as a drag on profit for all actors.
October 18, 2010
As I get deeper into the Azimuth Project I may be moving away from a science-based approach towards an engineeringbased approach. In science you try to understand the universe; in engineering you try to do something about it.
I've always done science, so that's what I know, not engineering. I'm used to starting with a situation and trying to
understand it. It doesn't come naturally to me to say "hmm, how can I make a gizmo that does this?" But it turns out that
now, I'm not really motivated by wanting to understand the Earth's climate, although it's a fascinating subject. I'm

motivated by wanting to do something about it. (Of course you have to understand things to know how to do anything:
engineering relies on science. The converse is true too. So they're not really separable. But still, one can be motivated
more by one than the other.)
Climate science is tricky. The Earth's atmosphere, ocean and biosphere form a very complex system. The struggle to
understand this system has led people to develop the most complicated scientific simulations ever done. It's hard to
know if you're getting it right — and almost impossible to convince a skeptic that you're not doing something wrong, or
deliberately cooking your results.
Climate engineering may actually be easier. In science you're naturally pulled into studying subtle effects; in
engineering you can try to set things up so those effects don't matter much! You can build in robustness. In other words,
you can make the relevant aspects of the system's behavior insensitive to parameters whose values are uncertain. Then
it's more likely to do what you want, even if your understanding is a bit off.
Note: by "climate engineering" I don't mainly mean big scary geo-engineering products. I'm just distinguishing science
from engineering. So I mean things like reducing carbon emissions by increasing efficiency, moving away from fossil
fuels, and the like. I also mean a whole host of adaptation measures that could allow us to better survive global
warming.
Some of these things are good to do regardless of the details of your views on global warming. Focusing on those is a
way of building in robustness.
Here's a great example. You can get people to improve energy efficiency and move away from fossil fuels even if they
don't believe in global warming, because there are other reasons to do these things:
Leslie Kaufman, In Kansas, climate skeptics embrace cleaner energy, New York Times, October 18, 2010.
It's about Nancy Jackson, chairwoman of the Climate and Energy Project:
The energy experiment started as a kitchen-table challenge three years ago.
Over dinner, Wes Jackson, the president of the Land Institute, which promotes environmentally sustainable
agriculture, complained to Ms. Jackson, his daughter-in-law, that even though many local farmers would
suffer from climate change, few believed that it was happening or were willing to take steps to avoid it.
Why did the conversation have to be about climate change? Ms. Jackson countered. If the goal was to
persuade people to reduce their use of fossil fuels, why not identify issues that motivated them instead of
getting stuck on something that did not?
Only 48 percent of people in the Midwest agree with the statement that there is "solid evidence that the
average temperature on earth has been getting warmer," a poll conducted in the fall of 2009 by the Pew
Research Center for the People and the Press showed — far fewer than in other regions of the country.
The Jacksons already knew firsthand that such skepticism was not just broad, but also deep. Like opposition
to abortion or affirmations of religious faith, they felt, it was becoming a cultural marker that helped some
Kansans define themselves.
Nevertheless, Ms. Jackson felt so strongly that this opposition could be overcome that she left a job as
development director at the University of Kansas in Lawrence to start the Climate and Energy Project with
a one-time grant from the Land Institute. (The project is now independent.)
At the outset she commissioned focus groups of independents and Republicans around Wichita and Kansas
City to get a sense of where they stood. Many participants suggested that global warming could be
explained mostly by natural earth cycles, and a vocal minority even asserted that it was a cynical hoax
perpetrated by climate scientists who were greedy for grants.

Yet Ms. Jackson found plenty of openings. Many lamented the nation's dependence on foreign oil. Some
articulated an amorphous desire, often based in religious values, to protect the earth. Some even spoke of
changes in the natural world — birds arriving weeks earlier in the spring than they had before — leading
her to wonder whether, deep down, they might suspect that climate change was afoot.
Ms. Jackson settled on a three-pronged strategy. Invoking the notion of thrift, she set out to persuade towns
to compete with one another to become more energy-efficient. She worked with civic leaders to embrace
green jobs as a way of shoring up or rescuing their communities. And she spoke with local ministers about
"creation care," the obligation of Christians to act as stewards of the world that God gave them, even
creating a sermon bank with talking points they could download.
Relatively little was said about climate.
"I don't recall us being recruited under a climate change label at all," said Stacy Huff, an executive for the
Coronado Area Council of the Boy Scouts of America, which was enlisted to help the project. Mr. Huff
describes himself as "somewhat skeptical" about global warming.
Mr. Huff said the project workers emphasized conservation for future generations when they recruited his
group. The message resonated, and the scouts went door to door in low-income neighborhoods to deliver
and install weatherization kits.
"It is in our DNA to leave a place better than we found it," he said.
Elliot Lahn, a community development planner for Merriam, a city that reduced its energy use by 5 percent,
said that when public meetings were held on the six-town competition to save energy, some residents
offered their view that global warming was a hoax.
But they were very eager to hear about saving money, Mr. Lahn said. "That's what really motivated them".
Jerry Clasen, a grain farmer in Reno County, south of Salina, said he largely discounted global warming. "I
believe we are going through a cycle and it is not a big deal," he said. But his ears pricked up when project
workers came to town to talk about harnessing wind power. "There is no sense in our dependency on
foreign oil," he said, "especially since we have got this resource here".
I think it's ultimately counterproductive to trick people into fighting global warming when that's not what they want to
do. Condescension is also deadly. People will notice it, and it'll backfire. Instead of saying "you're a hick who doesn't
believe in global warming, so I'll get you to fight it without noticing you're doing that", it's better to say right up front:
"we may disagree about global warming, but I think we can agree that a wind farm here would be good." By focusing on
areas of agreement rather than disagreement — avoiding the climate change "wars" — it may be possible to make a lot
more progress.
And focusing on areas of agreement is a form of "building in robustness".
October 31, 2010
"Transition Towns", also known as the Transition Network or Transition Movement, is a movement that tries to prepare
communities for the challenges of global warming and peak oil using the principles of permaculture. The term
"transition town" was coined by Louise Rooney and Catherine Dunne. The movement began in Kinsale, Ireland and
then spread to Totnes, England in 2005 and 2006 thanks to the help of Rob Hopkins and Naresh Giangrande. By now
there are 321 "transition initiatives" in Europe, mainly in England (see map), as well as 8 in North America and 3 in
Australia.
Transition Towns, Wikipedia.
Transition Network website.

New Economics Foundation, The Great Transition: A Tale of How it Turned Out Right, October 19th, 2009.
Quoting from the last:
Put bluntly, the dilemma of growth has us caught between the desire to maintain economic stability and the
need to reduce resource use and emissions. This dilemma arises because environmental impacts 'scale with'
economic output; the more economic output there is, the greater the environmental impact — all other
things being equal.
Tim Jackson, Prosperity without growth.
Of course, as Tim Jackson points out in his recent report for the Sustainable Development Commission, all
things are not equal. While there is now widespread acceptance of the severity of our environmental
position, there is a presumption that growth can be decoupled from environmental impact through more
efficient use of resources and through the dematerialisation of economies.
As Jackon argues and as nef's own climate research has shown, there is absolutely no evidence to support
this " quite the opposite in fact: the scale of output continues to outstrip efficiency gains and no economies
have dematerialised to any meaningful extent or show any signs of doing so. The reasons for this have long
been well understood, though largely ignored. The environmental economist Herman Daly put it like this:
"The notion that we can save the 'growth forever' paradigm by dematerialising the economy, or 'decoupling'
it from resources, or substituting information for resources, is fantasy. We can surely eat lower down the
food chain, but we cannot eat recipes..."
It looks increasingly inescapable that we need to stop the growth in output and consumption and even to put
this process into reverse . at least until an environmentally sustainable level is reached, taking full account
of all potential efficiency gains and renewable energy uses.
The problem is that our economies are entirely geared towards maximising growth. Whilst this may not
always succeed, there have been no attempts to deliberately engineer a 'steady-state economy' of the kind
that would be needed after the Great Transition.
The Canadian economist Peter Victor is one of the only members of the profession to have devoted any
time to this subject — which in itself is astonishing. Victor constructed a macroeconomic model of the
Canadian economy, where standard macro variables (e.g., savings, investment, output, consumption, public
expenditure) combine to produce outputs (e.g., poverty, employment, debt, GDP per capita, C02 emissions,
etc.), with the relationships based on empirical data from the Canadian economy.
Victor then proceeds to develop a number of scenarios by altering the variables associated with growth —
such as investment, for example — and looks at the impact on key variables. The first scenario shows why
everyone is terrified of even talking about no longer targeting growth: GDP per capita remains flat and CO2
emissions fall, but unemployment, debt and poverty escalate alarmingly.
The second scenario is more encouraging, however. As we do in the Great Transition report, Victor
assumes an introduction of measures such as shorter working weeks, more publicly funded investment on
infrastructure and the provision of high-quality public goods. Here, CO2 emissions also fall, but so, too, do
unemployment, poverty and debt.
This is an important first step, but no more than that. What Victor has done is to adapt standard
macroeconomic models, but it is clear that a new modelling approach is needed. Standard models take no
account of the use of finite resources and environmental constraints, and are blind to social outcomes in
terms of equity and, of course, human well-being.
To make a reality of the sort of society and economy envisaged in this report, such a model is not a luxury

but an essential foundation.
Macroeconomic models are open-ended by nature, with growth being the primary output of interest. Inputs
feed in, interact with each other, achieve balance (or equilibrium) and outcomes result. We need to reverse
this. That is, to start with the hard outcomes we need: environmental sustainability; equitable social and
economic justice; and high levels of human well-being. We then propose to link these to relevant economic
determinants within the model (aggregate output, income distribution and working hours, respectively, for
example) and to "reverse engineer" what this would imply for the levels and types of differing inputs.
Solving the problem of economic externalities and the production of a working, full-scale and robust model
of the 'new economy' are huge tasks. While we clearly could not do these alone at nef, we will continue to
contribute what we can to overcoming these major challenges.
For my November 2010 diary, go here.
The rising hills, the slopes,
of statistics
lie before us.
the steep climb
of everything, going up,
up, as we all
go down. - Gary Snyder
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Diary - November 2010
John Baez
November 1, 2010

A view from our apartment at night. The flame at left comes from a refinery burning off waste hydrocarbons. The usual
three chimneys are visible only thanks to some dim red lights.
November 3, 2010

Brian Eno has new album out: Small Craft on a Milk Sea. You can hear three tunes from it on his webpage. At least you
can now; this may change. My favorite of these three is "Emerald and Stone", and indeed this could be my favorite of all
the tunes on this album.
Also: check out the joke interview with Eno on Wired.com. I have to tell you it's a joke, because if you don't know that,
you may get disgusted after the first minute and quit listening, like I did the first time.
(Can you see who Dick Flash really is?)
November 15, 2010
A nice improvisation by Brian Eno, Jon Hopkins and Leo Abrahams: Written, Forgotten, Remembered.
November 16, 2010
Last night Lisa and I went to Sia Huat, a really good kitchenware and kitchen appliance store at 9 Temple Street in
Chinatown here in Singapore. We took the subway to the Chinatown stop and emerged at Pagoda Street, then walked
down to South Bridge Road, went one block south and turned back up Temple Street. I can't believe I hadn't seen this
area before! Pagoda Street is really picturesque in a touristic sort of way, lined by lots of small shops and restaurants,
with red lanterns hanging all over. There's no pagoda there... the street is named after an impressive Hindu temple
whose main entrance is on South Bridge Road, the Sri Marianman Temple. If you're in the vicinity, go and take a look
inside!
We bought a bamboo steamer, a metal apparatus for supporting something in a wok, a pair of scissors, and a bunch of
glasses. Then we looked for a restaurant. We found a shop that sold Szechuan opera masks, and we bought three, which
now decorate our dining room. We asked the shop owner for a good local restaurant, and they told us to try Yum Cha.
We went there, but it turned out to specialize in dim sum, not optimal for dinner. So, we looked around a bit more and

found a Hunan/Singaporean place called Tang's Restaurant on 53 Temple Street. It's new, so they didn't have many
customers, but it was great! Try the pork cooked with coffee... very unusual, very tasty. Also pork with sliced sour long
beans, and a bitter melon omelette. Yum!
November 24, 2010

Nurd Kamal mosque, Norilsk

Anatoly Karlin runs a number of very entertaining blogs with a very strong Russian intellectual flavor. He seems like
the sort of guy who would completely dominate a conversation with his wit and unorthodox theories, and become
utterly unbearable after 2 or 3 fascinating hours. Luckily, with a blog you can take a break whenever you want!
I recommend these articles:
China, the last superpower.
Ecotechnic dictatorship is our last hope of averting collapse.
Introduction — why Arctic Progress?
November 25, 2010
Amazing machines, pointed out by Graham Jones:

November 26, 2010

For my December 2010 diary, go here.
All is clouded by desire, Arjuna — as fire by smoke, as a mirror by dust. - Krishna, in the Bhagavad-Gita
© 2010 John Baez
baez@math.removethis.ucr.andthis.edu

home

For my November 2010 diary, go here.

Diary - December 2010
John Baez
December 1, 2010

If you stare hard you can see the usual three chimneys. This photo was taken when Singapore was shrouded in haze
from dozens of fires in Sumatra. For about a week, the air quality was really bad.
December 8, 2010
It's interesting to see what Julian Assange, the head of Wikileaks, thinks he's doing:
Zunguzungu, Julian Assange and the Computer Conspiracy; "To destroy this invisible government"
For a thorough listing of the new Wikileaks revelations, including some that you don't tend to see on American media,
try:
WikiLeaks embassy cables: the key points at a glance, The Guardian.
December 3, 2010
Lisa and I went downtown and had dinner in Clarke Quay. Sitting in a bar overlooking the river after dinner, we saw
what appeared to be a UFO swooping and diving amid some trees across the river. We crossed a bridge and walked over
to the vacant lot next to the Swissotel, and saw that in fact there were a number of these flying, glowing things. They
turned out to be RC kites: radio-controlled, propeller-driven kite-like aircraft, lit up with LED lights. Some kids were

making them fly complicated maneuvers, and they jokingly dive-bombed Lisa and me as we stood there gawking,
without actually hitting us. They were standing in this field:

It turns out there's a fad for RC kites in Singapore, which was started by a guy named Michael Lim. He is now about 60,
but he is still flying RC kites, and we think we saw him out there in that field, flying the biggest and best one.
There's something peculiarly Singaporean about this. Most of the RC kite fliers were teenage males, and rap music was
blaring out of an industrial-strength speaker system — a situation I associate with unruly youthful rebellion. But the
undisputed master was this guy who looks like, and probably is, a retired businessman. This and other things, like the
mix of races involved (both Chinese and Indian), quickly made the situation seem a lot less threatening that it did at
first. And that's Singapore for you.
Here's video made at this location. It starts out focused on the bar Lisa and I were in, and then pans around to the woods
full of RC kites:

December 9, 2010

Marko Galac posted these photographs of artworks in the rapidly transforming downtown of Shanghai.
December 11, 2010
Tonight, Saturday night, we saw LED kites outside our apartment window, like glistening insects flying in front of the
chimneys that have graced the top of every diary page for the last few months. I guess we hadn't noticed these until we
were sensitized by last weekend's encounter with the RC kites! But this time what we saw were actual kites, lit by LED
lights and flown at night.
(It later became clear that they come out every Saturday, down at the park by the sea.)
December 12, 2010
The day before yesterday, Lisa and I watched the Nobel Peace Prize ceremony, with the head of the Nobel Committee,
Thorbjorn Jagland, giving a fiery speech, and Liv Ullmann reading Liu Xiaobo's remarkable closing statement from his
trial: I Have No Enemies: My Final Statement. You can watch it here, and I hope you do.
Now a friend is visiting us. She came from Beijing. She was surprised and pleased to find that in Beijing, many people
were criticizing the government for their absurd reaction to Liu Xiaobo's prize. Taxi drivers. Artists at parties... not just
whispering, but openly complaining. So, while the authorities can carry out their crackdown, it is not working.
December 23, 2010
Here are some interesting reflections on the Wikileaks case and cypherpunk culture:
Bruce Sterling, The Blast Shack, December 22, 2010.
December 24, 2010
Happy Holidays! Lisa and I are taking off for Vietnam tomorrow. We'll spend seven days in Hanoi and five days in
Huế, which was the imperial capital of the Nguyễn Dynasty until 1945. In Hue we'll be staying with our friends Gene
and Barbara Anderson. We'll be staying in the Heritage Hotel, right across the Perfume River from the citadel and
imperial palace.

View Larger Map

For my January 2011 diary, go here.
Move the needle of your radio receiver along the short-wave band. Between the foreign voices and the alien anthems
crowding the invisible frequencies, there stretches a deep gulf. The gulf is filled with an enormous hissing, and
sometimes with a prolonged, humming blaze, like wires stretched between the stars.... You are listening perhaps to what
the Hindus call ākāśa: the dark which has no end. - Christopher J. Koch
© 2010 John Baez
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Diary - January 2011
John Baez
January 1, 2011

January 3, 2011

The tower here sits on an island in Hồ Hoàn Kiếm, a lake just south of the old downtown. Hồ Hoàn Kiếm: means "Lake
of the Restored Sword", and there's a story behind that.
In 1427, Emperor Lê Lợi fought off the Ming occupation of Vietnam with the help of a sword called Heaven's Will,
which had been found in the sea. According to legend, a giant turtle emerged from a lake after his victory and asked him
to return his sword to its rightful owner: the Dragon King, who lived beneath the water. So, Lê Lợi drew his sword out
of its scabbard and threw it to the turtle, who snatched it from the air with its teeth and descended back into the lake. For
long after that, a flickering light was said to be seen from the murky depths.
The lake had been called Green Water Lake, but Lê Lợi named it Lake of the Restored Sword, and the tower in its midst
is called Turtle Tower.
Here is a bridge across Hồ Hoàn Kiếm:

For my February 2011 diary, go here.
The world keeps ending but new people too dumb to know it keep showing up as if the fun's just started. - John Updike
© 2011 John Baez
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Diary - February 2011
John Baez
February 1, 2011

February 10, 2011
Amy Walker is fun. A lot of people have been watching her video "21 Accents":

February 17, 2011
It's like I'm falling out of bed
From a long, weary dream
So far this is my favorite song from Radiohead's new album, The King of Limbs. The smearing of the vocal line helps
transform it into pure melody. And if you listen to it on good headphones, and focus deep into the background, you'll hear a
wealth of nearly subliminal mutterings and other spooky stuff. It's easiest to catch these in the beginning, in the dark spaces
between the drums, before the vocals kick in:

February 18, 2011
Lisa and I flew to Cambodia yesterday, and we'll spend a week visiting Angkor Wat and the many surrounding temples.
Angkor Wat itself is so huge I couldn't capture the whole thing in a single picture! This aerial photo by Charles J. Sharp
shows why:

The area inside the moat is about a square kilometer — and there's a wall surrounding the whole thing, almost invisible
here, 4.5 meters high. This was all a city when the Khmer king Suryavarman II had it built in the early 12th century. Now
it's reverted to jungle except for a small portion near the temple proper.
The climb to the top of the central tower of Angkor Wat is steep and intimidating, but worthwhile:

To get a better sense of the tower as it stands on the third level of the temple, just teleport yourself there and look around!
Once you get to the top of the tower, there's a lot to see. Here's the view to the west. See causeway road leading to the main
gate? If you teleport over there. Then you'll see how huge this place really is!
In the middle of the picture above there's a small building. This was once a library. In fact there are two, one to the north
and one to the south of that road. Here's a pony standing in front of the southern one:

I suggest you teleport into the southern library and look around. Just like the temple complex itself, each library has four
entrances: north, south, east and west. This had a cosmological significance to the Khmer. Angkor Wat was a microcosm of
the world, with the central tower standing for mountain at the center of the world, Mount Mehru. Each library was a
microcosm of this microcosm.
The Khmer were mainly Hindu, but Buddhism reached Angkor at the end of the 12th century, so we see its influence too.
This was Mahayana Buddhism, not the Theravada Buddhism that's found in Southeast Asia today. I think this Buddhist
statue is up in the central tower of Angkor Wat:

I believe this is the Buddhist teacher Nāgārjuna, sitting on a seven-headed nāga. In Cambodian legend, the nāga were a
snake-like race of beings who possessed a large kingdom in the Pacific Ocean.
Going back down to the ground floor, you'll see many wonderful carvings.

The sculptors of this culture had a healthy fondness for the female form and weren't embarrassed about it. 'Devatas' like
these stand in a dignified way, while the 'apsaras' dance. Counting both kinds, there are a total of 1796 in Angkor Wat!

In Hindu myth, apsaras are female celestial beings who fly around, dance, change their shape at will, and rule over the
fortunes of gamblers. But now the security guards in Angkor are called the Apsara Authority.

I enjoyed the contradictory connotations built into this term: it's a bit like a Nymph Squad, or Dryad Brigade. Their main
job is to keep people from looting the temples, which extend over an area far more vast than Angkor Wat itself.
Unfortunately some may be corrupt. That would not surprise me: the dark side of Cambodia today is the corruption of its

politics. It's much better than in the Khmer Rouge days, of course—after that, they had nowhere to go but up.

The perimeter of the Angkor Wat temple features seemingly endless walkways... but they're lined with bas-reliefs—about
600 meters worth! Mostly they tell stories from the great Hindu epics: the Ramayana and the Mahabharata. But there's a
section on the triumphs of Suryamvarman II, the Khmer king who ruled from 1113 to 1150 and had Angkor Wat built. And
there's a section depicting heavens and hells. As in Dante, hell is more attention-grabbing: we see gluttons sawn in two,
seducers torn apart by birds of prey and thrown into a lake of slimy pus, and so on.
I went to Angkor Wat on two separate days, because there's so much to take in... and even then, after several hours I was
crying out for a bit of relief—any sort of relief except another bas relief!
I won't show you many of these bas-reliefs, but here's a tiny portion of an enormous one: the Battle of Kurukshetra, the
climax of the Mahabharata, where the Pandavas and Kauravas fight it out and the Pandavas triumph.

On this 49-meter-long wall, the rival armies march in from opposite ends in an orderly fashion, but action becomes utterly
chaotic near the middle. So, it reads a bit like a story as you walk from end to middle.

After each day in Angkor I'd head for the nearby town, Siem Reap, for dinner. It's bustling, packed with markets and
restaurants, and it lives off tourist dollars. Good food is cheap, beer is cheap, everything seems cheap. You can live like a
king in this country, where the average per capita income is about $700.

It can even make you feel a bit bad—and if you want to feel even worse, go visit the land mine museum! Under President
Nixon, the United States dropped 2,756,941 tons of bombs on Cambodia in a 'secret war'. Secret from the Americans, that is

—not the people being bombed. It started on March 17, 1969, with a bombing raid called 'Operation Breakfast'. The next
day, Nixon's aide Haldemann wrote:
Kissinger's 'Operation Breakfast' a great success. He came beaming in with the report, very productive.
Of course the history is complex: things were already bad in Cambodia... and in 1976 they got much worse when the Khmer
Rouge took over, made 2.5 million people leave the capital and simply walk out into the countryside, murdered all the
educated people and professionals they could find, forced everyone to become farmers... and wound up killing or starving
about 4 million. Picking wild berries was seen as 'private enterprise' and punished by death.
In 1979 the Vietnamese invaded and put an end to that, pushing the Khmer Rouge into the mountains... and gradually, and
very imperfectly, things have been getting a bit better since then.
So have another beer, buy some stuff in the markets, tip the driver well and go to bed.

February 19, 2011
Angkor Wat is huge, and beautiful, and famous. But a short drive up north there's Angkor Thom, which is about 10 times
bigger! I must have been too stunned to take any pictures as we rode into the main south entrance on our tuk tuk, or motordriven rickshaw. Luckily, 'BluesyPete' made this photo available on WikiCommons:

Here's a tuk tuk in front of a huge gate with four heads of Avalokiteśvara, flanked by rows of stone statues. Inside, there's a
complex of temples in square 9 kilometers in area!
Let's start with the least impressive parts of Angkor Thom and work our way up, okay?

This is Baphuon. Each king built his own temple, and this was built in the mid-11th century by Udayadityavarman II. Once
it held a 70-meter long statue of a reclining Buddha. Now, alas, that's gone. But here's the interesting part. The French
began reconstructing this temple in the 1960's by taking it apart into 300,000 sandstone blocks. Each block was carefully
painted with a number so they knew where it belonged. But when the Khmer Rouge swept into power in 1975, all the
records were destroyed! It became the world's biggest jigsaw puzzle. It's now close to finished — but, umm, 10,000 blocks
are still lying around out back.
You can teleport yourself to Baphuon and look around. Check out the blocks still lying around, and also the royal pools!

Here's Lisa behind Baphuon, en route to the next temple. The luxuriant jungle of Cambodia had completely overgrown all
the temples by the time the naturalist Henri Mouhot 'discovered' them in 1863. When we get to Ta Prohm, we'll see what
these trees can do to stone buildings after a few centuries: that temple was left in its natural state, and it's my favorite. You
may remember it from the movie Tomb Raider.
(I put 'discovered' in quotes because in fact some of the temples were still being used when Mouhot showed up!)
En route to the next temple, called Phimeanakas, we saw this wonderful thing that was too small to even be in the guide
book. Oh, how I would have loved this as a kid! Ruined, half-sunken structures have always excited my curiosity.

And here's Phimeanakas, directly north of Baphuon. It's small as these temples go, but small can be good: if nobody else is
there, you can pretend you're a brave jungle explorer discovering it for the first time. It's fun to stand on top of this and look
down. Wanna try? Go here. Unfortunately you'll meet a small pack of tourists, but that's very realistic.

Phimeanakas is an old temple, originally built by the king Rajendravarman around 950. Legends say the the tower was
inhabited by a nāga, or serpent, which would transform into a woman at night. The kings of Angkor had to make love with
this serpent-woman every night, or disaster would befall the kingdom.
Here is one of the Khleangs, buildings across the way from Phimeanakas. Nobody knows what it was used for, though it
makes a great place for kids to play:

And a tiny bit south, here are some of the twelve Towers of Suor Prat. I just love their ramshackle condition and tall, skinny
shape. Again, nobody knows what they were used for. You can see a statue of a nāga in front of the closest one here:

Okay: now for Bayon, the biggest temple in Angkor Thom. It's impossible to convey the whole in a single photograph! My
shots came out looking like random piles of stone unless I zoomed in on small details. Luckily Meik Steuber made this
computer model available on Wikicommons — so let's start with that.

The symmetry is evident; what you can't see here is that all 49 towers are adorned with enormous stone faces of
Avalokiteśvara, as we saw on the main front gate of Angkor Thom. In Mahanaya Buddhism, Avalokiteśvara represents
compassion. As a 'boddhisatva', he made a vow to postpone his own nirvāṇa until he has assisted every sentient being on
Earth in achieving the same. Nirvāṇa literally means 'blowing out': blowing out the fires of craving and aversion, leaving
'consciousness without feature, without end, luminous all around'.
Each tower of Bayon has four faces of Avalokiteśvara carved in the stone:

Bayon was built by King Jayavarman VII, a Mahayana Buddhist king of the Khmer empire, with construction starting
roughly around 1200 AD. This empire lasted from 802 to 1401, with the first king founding Angkor as its capital.
Henry Flower contributed this nice photo to Wikicommons.

From a distance the big temple of Bayon in Angkor Thom tends to look like a pile of rubble — I've worked hard to avoid
showing you photos that convey this impression. But as you get closer you see the giant stone faces of Avalokiteśvara, and
as you get closer still you see many delicate carvings. Here are some lively 'apsaras': dancing celestial spirits.

Lisa found the bas reliefs at Angkor Wat a bit tiring because they're mostly battle scenes. Those at Bayon in Angkor Thom
are far more diverse, including scenes of hunting, fishing, shopping, and household activities. These give us some rare
glimpses of life in Cambodia back around 1200. No texts survive from this period, though there's a lot of writing carved
into temple walls.

February 20, 2011
Angkor Wat and Bayon are huge temples built at the height of the Khmer empire, around 1100 AD. But the surrounding
area is full of older temples, less grandiose but still charming. Here is Preah Ko, 15 kilometers southeast of Angkor Wat. It
was built by Indravarman I in 879 to honor members of his family.

You can teleport yourself to Preah Ko and look around! There are actually six buildings here, not just three.
There are beautiful inscriptions on Preah Ko, written in Khmer script. This system of writing goes back at least to 611 AD,
and it's still in use, though a couple of letters have been dropped. A lot of what we know about the history of the Khmer
empire comes from inscriptions like these: as far as I know, no other texts survive.

Below you see Lisa walking the long, hot, dusty trail to Bakong, near Preah Ko. There's something exciting about the

moment when you first catch sight of a temple like this. Before you know what it's really like, you can imagine anything.

Many temples around Ankgor are modeled after Mount Meru, the center of the universe in Hindu cosmology. Bakong is the
very first of these 'temple mountains'. It was begun shortly after the founding of Cambodia in 802, and completed in 881
under King Indravarman I.

I had trouble capturing its grandeur in a single photo — you have to walk around to appreciate the geometry. Luckily you
can teleport yourself to the location shown above, and do just that!
It's work climbing up the 'temple mountain' of Bakong, but you're rewarded by a splendid view. Go here to look around.
Can you spot the statue I've photographed below? This statue, and indeed the whole temple, is made of sandstone. Later
temples, like Angkor Wat and Bayon, were built using blocks of an iron-rich clay called laterite. That's a better choice,
because it's fairly soft when first cut out of the ground, but it hardens when exposed to air!

On our way out of Bakong we were serenaded by some musicians, and gave them some money:

Blind musicians are common in Cambodia. I was told blindness is caused by malaria, but now I don't see that listed as a
side-effect. Anyway, malaria is common, and we took malarone during our visit, as well as using mosquito repellant. Since
it was the dry season, we only got a few bites, but the malarone was reassuring.
After visiting Preah Ko and Bakong we headed south to Kompong Phluk, a fishing village on the shores of a huge lake
called the Tonlé Sap. Since we visited during the dry season, you might not see why this house on the outskirts of town
needs stilts! But when it rains, everything changes. Note the boat at front left.

In Kompong Phluk all the houses are on stilts, and everyone knows how to swim. The villagers raise fish in the Tonlé Sap,
which is the largest freshwater lake in southeast Asia. During the dry season, from November to May, this lake drains into
the Mekong River near Phnom Penh. But during the monsoons, water flows back from the Mekong into the lake, and it
grows six-fold in area! Fish from this one lake provide Cambodians with 60% of their protein intake. We took a boat ride
down this muddy river into the Tonlé Sap and saw the fish farms.

I don't know about you, but I need a map to feel I understand a place. Here's Cambodia, surrounded by Thailand, Laos and
Vietnam — and with that big lake, the Tonlé Sap, at its heart. North of the lake is Angkor and the tourist town that supports
it, Siem Reap. Water flows out of the lake into the Mekong River, which then goes past the capital, Phnom Penh.

February 21, 2011
Ta Prohm is the most romantic of the temples near Angkor Wat, because it's been left in its ruined state. You may have seen
it in the movie Tomb Raider, if you weren't too busy ogling Angelina Jolie as Lara Croft. As we walked in through the
sagging front gate, some kids rushed out to say hello — and ask for money.

Ta Prohm was built in the 12th and 13th centuries, about 100 years after Angkor Wat. It was set up as a Mahayana Buddhist
monastery and university by the Cambodian king Jayavarman VII. A large area — 1 kilometer by 650 meters — was

surrounded by a wall like the one we see here. This area, once a thriving city, is now a jungle. In the center is Ta Prohm.

After the fall of the Khmer empire in the 15th century, the temple of Ta Prohm was abandoned and neglected for centuries.
It was later 'discovered' by the French explorer Henri Mouhot in 1860, though surely local residents knew about it already.
The following year Mouhot died of malaria in Luang Prabang — a town in Laos that Lisa and I later visited ourselves.

In Mahayana Buddhism, Prajñāpāramitā means 'the perfection of wisdom'. It is often personified as a female figure, and Ta
Prohm is dedicated to her. But King Jayavarman VII also constructed Ta Prohm in honor of his family... and they say the
figures of Prajñāpāramitā are modelled on his mom! Prajñāpāramitā is also the name of a collection of writings, or sūtras,
which were important in Buddhism starting around the first century BC. For example, the Vajracchedika Prajñāpāramitā
Sūtra or "Diamond Cutter of Perfect Wisdom" says, among other things:
All conditioned phenomena
Are like dreams, illusions, bubbles, or shadows
Like drops of dew, or flashes of lightning
Thusly should they be contemplated.

Here is a statue, I guess a Buddha, in the ruined main building of Ta Prohm:

But what everyone likes most about Ta Prohm is the trees! When the École Française d'Extrême-Orient started restoring the
temples around Angkor Wat, they decided that Ta Prohm would be left largely as it had been found, as a "concession to the
general taste for the picturesque." Very smart.

You can teleport yourself there and see what you think!
Two kinds of trees dominate Ta Prohm, but nobody can agree what they are: the big ones are either silk-cotton trees or
thitpoks, and the small ones are either strangler figs or gold apples. The Angkor scholar Maurice Glaize wrote: "On every
side, in fantastic over-scale, the trunks of the silk-cotton trees soar skywards under a shadowy green canopy, their long
spreading skirts trailing the ground and their endless roots coiling more like reptiles than plants."

Below we see a tree — let's say it's a strangler fig, that sounds suitably ominous — in front of some wall carvings at Ta
Prohm. Is the female figure at left Prajñāpāramitā? The small dancer at right is an apsara:

Over the centuries, the trees have knocked down enormous stone structures at Ta Prohm like children bored with their
blocks.

While Lisa was fiddling with her camera, this strangler fig snuck up from behind and tried to grab her:

I had to fight it off with my bare hands. For another amazing view, go here.

Our visit to Ta Prohm was cut short by sunset. Here is one last image of this magical place:

If you ever go to Angkor Wat, make sure to visit Ta Prohm!
February 26, 2011
If you like Sherlock Holmes stories, you should go back and read their predecessor, the first great detective novel in the
English language:

Wilkie Collins, The Moonstone, 1868.
I bought as a used paperback but you can download it for free here in many different formats.
I just finished it — it's great fun! It features an innovative style where different characters tell different parts of the story. It
also features a brilliant detective, many layers of mystery one wrapped inside another, and a romantic theme: the theft of a
large diamond, the Moonstone, which had once graced a Hindu temple and now bears a curse. T. S. Eliot called it "the first,
the longest, and the best of modern English detective novels." Dorothy Sayers, who I trust more on these matters, called it
"probably the very finest detective story ever written". As the Wikipedia article points out, it introduced a shockingly large
number of tricks that were later to become standard in the mystery genre:
an English country house robbery
an "inside job"
red herrings
a celebrated, skilled, professional investigator
a bungling local constabulary
a large number of false suspects
the "least likely suspect"
a "locked room" murder
a reconstruction of the crime
a final twist in the plot
For my March 2011 diary, go here.
Speaking as a servant, I am deeply indebted to you. Speaking as a man, I consider you to be a person whose head is full of
maggots. - Gabriel Betteredge, in The Moonstone
© 2011 John Baez
baez@math.removethis.ucr.andthis.edu
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Diary - March 2011
John Baez
March 1, 2011

March 10, 2011
I love Beethoven's late quartets, profound and introspective explorations written after he was deaf. Of these, perhaps the
most futuristic in conception (though not my personal favorite) is the Grosse Fuge, or Grand Fugue, opus 133. It
occupies a unique position in his work....
It was composed as the last movement of his String Quartet No. 13, opus 130. However, after the first performance of
this quartet, the audience demanded encores of only two of the middle movements. Beethoven growled:
And why didn't they encore the Fugue? That alone should have been repeated! Cattle! Asses!
But audiences never warmed to the future. Later he bowed to his publisher's demand and removed it from the quartet,
replacing it with a less challenging final movement. These days it is sometimes played as part of String Quartet No. 13,
and sometimes on its own.
A century later, Joseph de Marliave said that "The attitude of mind in which most people listen to chamber music must
undergo a radical change" in order to understand this piece. Still later, Stravinsky said that it is "an absolutely
contemporary piece of music that will be contemporary forever".
This beautiful video lets you see the architecture of the Grosse Fuge:

March 22, 2011
After Lisa's class ended we caught a cab to the airport and flew to Hong Kong. We passed customs around 11:30 pm
and took a taxi to Robert Black House, which is a kind of residential college for scholars at Hong Kong University. By
the time we got there it was about 1 am and we were exhausted.
March 23, 2011

On Wednesday I got up bright and early, had breakfast with Lisa in Robert Black House, which looks like a kind of
Chinese maze inside. Lisa took off for Chinese University to give a talk. Then I walked down to the Run Run Shaw
Building housing the math department of Hong Kong University, and was shown my office. And, who who was there?
None other than my old grad school pal Mathai Varghese! As usual, we started talking math... went down for tea... and
then my host, Jiang-Hua Lu, showed up. I know her from the two years I took leave from UCR and taught at Wellesley
College to be in Boston with Lisa. She was a Moore Instructor at MIT, and we took a course on quantum groups
together, taught by David Kazhdan. Many good memories. Both these pals looked noticeably older than when I'd last
seen them. I know I do too. Getting old.
I gave a colloquium talk on Energy and the Environment: What Mathematicians Can Do. It was my first try at what I
hope is a talk I keep giving and keep improving. It went okay.
March 24, 2011
Lu drove me to the Chinese University of Hong Kong to talk to Conan Leung, and at 11 am I gave a talk at the Institute
of Mathematical Sciences on the number 8, since Conan is interested in the octonions and G2 manifolds. Then we had
lunch in Sha Tin, and later I met up with Lisa in Kowloon Tong, our old stomping ground.
Lisa and I had dinner at a truly great yet not astoundingly expensive Chinese restaurant back in Central. It's called Shui
Hu Ju and it's on 68 Peel Street, a steep little street. It has wonderful old-fashioned Chinese decor and magnificent spicy
Szechuan-style food. It's my favorite restaurant so far in Hong Kong: you feel like you're back in the Tang Dynasty as
you sip your rice wine, but it's quite unpretentious. It looks like this:

View Larger Map

March 25, 2011
On Friday I gave a talk as part of the workshop on geometry and Lie groups at Hong Kong U. I spoke about what my
grad student John Huerta has been doing — he's finishing up a thesis on Higher Gauge theory, Division Algebras and
Superstrings. At the time he didn't have a job offer. Luckily Peter Bouwknegdt was in the office and liked the talk. Later
he offered John a postdoc at ANU! I was so happy. I guess it really pays to promote your students' work.
March 26, 2011
Varghese Mathai, Peter Bouwknegt and David Vogan spoke at the workshop on geometry and Lie groups. Later Lisa
hiked up from the campus into the peaks. The next day we walked around town and then flew back to Singapore.
The great thing about Hong Kong University is that a half-hour walk uphill to the peaks takes you to views like this:

while a half-hour walk downhill to Central gets you into some serious urban scenes like this:

(Click for bigger images.)
For my April 2011 diary, go here.
What does it mean, chaos
gathered into a sudden bronze sweetness,
an October flourish, and then that moment
denied, turned acid, disassembling,
questioned, rephrased?
     - Mark Doty, Grosse Fuge
© 2011 John Baez
baez@math.removethis.ucr.andthis.edu

home

For my March 2011 diary, go here.

Diary - April 2011
John Baez
April 1, 2011

April 15, 2011
This Sunday Lisa and I went downtown to Geylang, an neighborhood of Singapore that I've been hankering to explore.
Geylang is famous for preserving the old shophouses that used to be so characteristic of Singapore. Parts are a bit seedy:
the western end is known as a red light district, with the usual associated crime. But there are also a lot of clan
associations and Buddhist temples.
We were lucky: it was some sort of Chinese holiday, and a clan association near Lorong Bachok had put on a puppet
show! First we watched it from the front; then we walked around back and watched the folks doing the show, and

playing the accompanying music. It was great fun though I didn't understand a word of it.
Note the offering of fruit and incense, especially visible in the third photo. There were also some big trash cans full of
burning incense, which made enough smoke that it was hard to take good photographs!

April 19, 2011
I used to spend a lot of time discusssing physics with Greg Weeks on the newsgroup sci.physics.research. Recently he
resurfaced in my life. It turns out he's a big Stravinsky fan. That's a good thing, because just now I happen to be trying
to learn more about the later Stravinsky, having long since overdosed on the Firebird, Petrushka and The Rite of Spring.
The last was my favorite piece of music for a while around the age of 17: the crashing, lurching rhythms of the finale
seemed to "blast music into a wholly new realm of possibilities", as Peter Gudmann nicely puts it. It made the hair on
the back of my neck stand on end!
Recently I'd been listening to Stravinsky's Symphony in C, Concerto in D and Symphony of Psalms, trying to tell if I like

them or merely admire them. But Greg reminded me how great Stravinsky's 1957 ballet Agon is. "Agon" is Greek for
"struggle", and this piece is a curious struggle of baroque and 12-tone styles. I like the massed trumpets and plucked
string instruments (harp and mandolin). And I especially like the restless opening theme, which harks back to Petrushka
somewhat.
Check it out:

Greg writes:

... let's see, what are my favorite pieces by Stravinsky, in chronological order:
the three early ballets
Les Noces (The Wedding)
Renard
L'histoire du Soldat (The Soldier's Tale)
Symphonies of Wind Instruments
Oedipus Rex (although I have trouble with operatic bellowing)
Apollo (especially the climax)
Symphony of Psalms
Dumbarton Oaks
Symphony in Three Movements
Mass
Cantata
Septet (inspired by the Schönberg Suite)
Agon
My special favorites are Les Noces, Mass, and Agon.
Greg thinks that Stravinsky was the last great composer and since then classical music has gone to hell. I think that
classical music in its classical sense died with the end of "western civilization" and the rise of world culture, which is a
much more complex and so far inchoate thing. Today an ambitious composer cannot safely neglect rock, rap, techno,
ambient, jazz, bossa-nova, gamelan, qawawali, ragas and talas. And this makes it very difficult for music to be
"classical" or perfect in any sense. It can still be exciting, though. That's what I think: we're in messy transitional phase,
with one kind of music dying and another struggling to be born.
I may try to convince Greg that Steve Reich wrote some great music. I'm not sure it's classical, but it has some of the
same purity, and I think some of it is great. I think that Reich's Sextet reminds me most of Stravinsky: it's the spiky
chords and tense rhythms. Especially, say, the beginning of the 3rd movement here. That could not exist without The
Rite of Spring... but it has some of the "combinatorial" feel of Bach.

By the way, the photography of this performance is really great!
April 20, 2011
Check out Brian Eno's new tune, "A Glitch in the System", from his forthcoming album Drums Between the Bells

The lyrics on this album are by the poet Rick Holland.
April 22, 2011
More on Stravinsky from Greg Weeks:
Stravinsky had greater periods and lesser periods. Let's review them.
A. 1910-1913: the three great ballets.
B. 1914-1921: a complete renunciation of the three great ballets. This is known as his "Russian" period and
cannot be described in words. When you hear "Les Noces" and "Renard" you will know. But the period also
contains minor experimental pieces that sound like nothing else on earth. And the period contains a peculiar
strain of cosmopolitanism, in which he takes existing styles and makes them his own, somehow. A hybrid
piece (and a masterwork) is "The Soldier's Tale".
C. 1922-1925: neo-classicism, phase 1. Here, the idea of taking existing styles and making them his own
becomes his artistic credo. The risk here is that you can't really hear him making them is own at times. His
music became diminished and uninteresting.
D. 1926-1933: neo-classicism, phase 2. Stravinsky continues with neo-classicism, but he breaks free of his

dogmatic fetters. A series of masterworks — all very different, of course -- ensues: Oedipus Rex, Apollo,
The Fairy's Kiss (well, almost a masterwork), the Symphony of Psalms (which actually harks back to the
Russian period), and Persephone (which must be heard conducted by Craft). This is a great period.
E. 1933-1951: neo-classism, phase 3. Stravinsky suffers an incredible insult in France in 1934. He loses his
wife, mother, and daughter in 1939. Fascism rises and falls. Stravinsky flees to America in 1940, knowing
no English, and in trouble financially. Musically, these were lean years. The only masterworks that come to
mind are Dumbarton Oaks (a light masterwork), Symphony in Three Movements, Orpheus (so say some; I
don't), and Mass. He finishes with a neo-Mozartian 3-act opera, The Rake's Progress. At this point, the
young Turks who've adopted Webern as their master are laughing and hooting at Stravinsky premieres.
(These radicals even denounced Schönberg as insufficiently radical. SCHÖNBERG IS DEAD, screamed
Pierre Boulez. Schoenberg the man, incidentally, was still alive.)
F. 1951-1960: transition to serial music. Arnold Schoenberg dies. Rather than letting Igor solve the musical
crisis of Western civilization, which might well have been impossible, Robert Craft gently led Igor into the
land of serialism. (12-tone and serialism intersect. In Stravinsky's case, not all of his series were 12-tone.) A
series of masterworks — or at least very ear-teasing pieces — emerges: Cantata, Septet, Canticrum Sacrum,
Agon, Threni, and Movements. I can't quite love the latter two, but I do like Movements, and I bet that I
would like Threni if the voices were without vibrato, like a Gregorian chant.
G. 1961-1967: 100% 12 tone. (Not quite 100%. There are some very fine exceptions. However:) A disaster.
Horrible stuff from "A Sermon, a Narrative, and a Prayer" through Introitus. Of course, he was an
established master, the subject of documentaries, apparently accepted by the young Turks, and so was
happy. And as a final bloom of a dying tree, a near masterwork, Requiem Canticles. Robert Oppenheimer
requested that it be played at his funeral.
H. 1968-1971: No more music. Stravinksy is frail and ill. He suffers from the fore-knowledge that he will
never compose again. He fades until his death in 1971. During this entire period, Robert Craft maintains the
fiction that Stravinsky is thriving by writing letters and reviews in his name. Much controversy eventually
ensues.
April 23, 2011
I told Alex Hoffnung how I was trying to get mathematicians interested in saving the planet, and he decided that to do
this I needed a cape. This was duly provided by his friend John Vance:

For my May 2011 diary, go here.
This world, still blue, still turns. - Brian Eno
© 2011 John Baez
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Diary - May 2011
John Baez
May 1, 2011

May 21, 2011
An interesting essay about David Eagleman's studies of human time perception:
Burkhard Bilger, The Possibilian, The New Yorker, April 25, 2011.
"I was working with Larry Mullen, Jr., on one of the U2 albums," Eno told me. . "All That You Don't Leave
Behind," or whatever it's called." Mullen was playing drums over a recording of the band and a click track
— a computer-generated beat that was meant to keep all the overdubbed parts in synch. In this case,
however, Mullen thought that the click track was slightly off: it was a fraction of a beat behind the rest of
the band. "I said, 'No, that can't be so, Larry,'" Eno recalled. "We've all worked to that track, so it must be
right." But he said, 'Sorry, I just can't play to it.'"
Eno eventually adjusted the click to Mullen's satisfaction, but he was just humoring him. It was only later,
after the drummer had left, that Eno checked the original track again and realized that Mullen was right: the
click was off by six milliseconds. "The thing is," Eno told me, "when we were adjusting it I once had it two
milliseconds to the wrong side of the beat, and he said, 'No, you.ve got to come back a bit'. Which I think is
absolutely staggering."
May 16, 2011
Today I set off on a long trip back to the University of California at Riverside, where three of my graduate students are
finishing up and giving thesis defense talks this week. Meanwhile Lisa is going to Erlangen for a meeting of a
consortium on Fate, Freedom and Prognostication. Her flight took off around 6 pm, and mine around 9, so I decided to
go to the airport with her. This was a somewhat bad decision because American Airlines, being short-staffed, didn't
open its desk for check-in until shortly before the flight. Since I knew this was just the beginning of a ridiculously tiring
flight, which would include a 6-hour layover in Tokyo, I decided to buy a big fat interesting book. I settled on this:

John Keay, China: a History, Harper, 2008, 578 pp.
Detailed but engagingly written, intelligent but not too scholarly, this is just the right thing for me now. I've been in
China enough, and talked to Lisa about its history enough, that I can keep track of the the different dynasties and most
of its different provinces: I know that Hubei is different from Hebei, and Shanxi is not the same as Shaanxi. I find
myself drawn to the Tang and Song dynasties, and want to read more about them. Even the dreadful Ming holds a grisly
morbid fascination for me.

May 17, 2011
I arrived in Riverside jet-lagged but unbowed. Because I hadn't carefully read the airplane ticket bought by a secretary at
UCR, the long layover in Tokyo involved a train ride from Narita Airport to Haneda Aiport (which I'd never even heard
about). This is presumably a trick played by the ever-avaricious American Airlines to save money and pass on costs to
me—maybe by avoiding some fees at the larger and more famous airport? Luckily I knew I was in for this by the time I
took my trip, so I was prepared. It went smoothly, and actually relieved a bit of the boredom of the layover.
Typically, the American Airlines flight leaving Haneda Airport was delayed by 3 hours. I read Chinese history.
In Riverside I went to my house, picked up my car and drove to the Mission Inn, where I'll stay for this trip. (My student
Chris Rogers is renting my house, and I didn't want to bother him.)
May 20, 2011

All my students did well, and got their Ph.D's. We did one thesis defense a day for Wednesday, Thursday and Friday.
First John Huerta talked about division algebras, supersymmetry and higher gauge theory on Wednesday. Then Chris
Rogers talked about higher symplectic geometry. The Christopher Walker talked about A categorification of Hall
algebras.
I took them all to dinner at the Mission Inn, along with Alissa Crans, a former student of mine who just got tenure at
Loyola Marymount University, and Julie Bergner, who was on two of the thesis committees, and John Huerta's
girlfriend. It was fun but I think we were all a bit tired: them from last-minute thesis work, me from jet-lag. So the
revelry was low-key, and we quit at 9:30 pm.
And thus ends an era—the era of my work on categorification! Well, not quite: I still have papers to finish with Alex
Hoffnung and Christopher Walker. But it marks a transition. It's very nice, actually. I feel freer now.
May 22, 2011
I've been spending a lot of time talking to Jim Dolan, and I also checked out the house yesterday. The yard and garden
are fine, I'm relieved to say. Our gardener, Robert Rodriguez, has been doing an excellent job of tending them.
I spent a bit of time this morning surfing the web. If you've enjoyed the music of the guitarist Michael Brook—I'm a fan
of Hybrid (with Brian Eno), Cobalt Blue and Night Song (with Nusrat Fateh Ali Khan), you should try his extensive
collection of free music online. He wrote:
When initially constructed, the focus of this site was primarily as a way to interact and communicate with
fans of my recorded music and concerts.
Ironically almost as soon as the site was redesigned in 2008, it became somewhat painfully apparent that
trying to sell and promote recorded music wasn't really a viable business for me. Fortunately, I had already
started a transition into film scoring and that is now the main thing that I do.
So, now he's giving away music for free and making money through film scores!
Next I'll go visit my friends Chris Lee and Meenakshi Roy in Los Angeles for a couple of days...
May 26, 2011
I had some great conversations with Chris and his postdoc Marc Harper, a tiny portion of which I later recorded on my
blog. I survived the flight from Los Angeles back to Singapore, which was just as convoluted and tiresome as the flight
there: another train trip, luckily no flight delays, but somehow depressing to leave on the 24th and arrive on the 26th.
Luckily I had my history of China to keep me company. I'm now up to the Yuan dynasty.
I arrived in Singapore at 6 am; Lisa showed up around noon.
May 29, 2011
A somewhat lazy day. After a nice swim, I fixed up the webpage listing the papers and theses of all my students, which
was a good way to remove material about them from my main webpage and convince myself that yes, John, Chris and
Christopher really were done. I updated my vita, and some more stuff like that. Then I created a bunch of webpages
based on my blog entries about information geometry. While listening to music, all this is a bit like knitting or cleaning
out the closets. I seemed to need a low-energy day like this.
Here's a great photo of zodiacal light versus the Milky Way, taken in Tenerife by Daniel Lopez:

For my June 2011 diary, go here.
For Hillman, "soul" is about multiplicity and ambiguity, and about being polytheistic; it belongs to the night-world of
dreams where the lines across the phenomenal field are not so clearly drawn. Soul pathologizes: "it gets us into
trouble," as Moore writes, "it interferes with the smooth running of life, it obstructs attempts to understand, and it seems
to make relationships impossible." While spirit seeks unity and harmony, soul is in the vales, the depths. - Brent Dean
Robbins
© 2011 John Baez
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Diary - June 2011
John Baez
June 1, 2011

June 2, 2011

Clouds
by Vik Muniz
Photo by Charlie Samuels/Creative Time

This piece of art was created by a sky-writing airplane over New York City. It's a joke, but there's also something
thought-provoking about it. Art creates simplified representations of reality. We're willing to accept these in certain
contexts. For example, this kind of drawing of a cloud is utterly standard in cartoons: we don't question it there. But
putting these representations back into reality lets us see how different they are from the things they represent.
But the really good part is that this way of drawing a cloud on the sky uses a kind of cloud. A strange-shaped, artificial
cloud, but still: water vapor in the air.
It's also nice to see the process of skywriting which "draws" the cloud. It's a lot like drawing!

But Vik Muniz shouldn't have called this piece "Clouds". It should be called "Cloud Drawing".
On the other hand, Berndnaut Smilde makes art using indoor clouds that look like normal clouds. They only last a short
while.

June 3, 2011
When Karen Butler reawakened after anesthesia, she discovered something strange had happened: she had acquired a
foreign accent!
Jane Greenhalgh, A curious case of foreign accent sydrome, Morning Edition, National Public Radio, June 1,
2011.
June 7, 2011
This article is a bit too heavy on the bad sides of mind-machine melding, but certainly interesting:
Sue Halpern, Mind Control & the Internet, The New York Review of Books, June 23, 2011.
A couple of quotes:
Early this April, when researchers at Washington University in St. Louis reported that a woman with a host
of electrodes temporarily positioned over the speech center of her brain was able to move a computer cursor
on a screen simply by thinking but not pronouncing certain sounds, it seemed like the Singularity—the
long-standing science fiction dream of melding man and machine to create a better species—might have
arrived. At Brown University around the same time, scientists successfully tested a different kind of
brain.computer interface (BCI) called BrainGate, which allowed a paralyzed woman to move a cursor,
again just by thinking. Meanwhile, at USC, a team of biomedical engineers announced that they had
successfully used carbon nanotubes to build a functioning synapse—the junction at which signals pass from
one nerve cell to another—which marked the first step in their long march to construct a synthetic brain. On
the same campus, Dr. Theodore Berger, who has been on his own path to make a neural prosthetic for more
than three decades, has begun to implant a device into rats that bypasses a damaged hippocampus in the
brain and works in its place.

Also:
Another branch of DARPA is pouring millions of dollars into the development of a battlefield 'thought
helmet' that will let soldiers in the field communicate wordlessly by translating brain waves, which will be
'read' by sensors embedded in the helmet and arrayed around the scalp, into audible radio messages. (One
researcher called it a 'radio without a microphone'). As early as 2000, Sony began work on a patented way
to beam video games directly into the brain using ultrasound pulses to modify and create sensory images for
an immersive, thoroughly inescapable gaming experience. More recently, computer scientists at the Freie
Universität in Berlin got a jump on Stuart Wolf's vision of a car operated solely by thought. Using
commercially available electroencephalogram (EEG) sensors to first decode the brain wave patterns for
'right,' 'left,' 'brake,' and 'accelerate,' they then were able to connect those sensors to a computer-controlled
vehicle, so that a driver "was able to control the car with no problem — there was only a slight delay
between the envisaged commands and the response of the car," according to one of the lead researchers.
Moreover, a group at the University of Southampton in England has developed a BCI—a brain-computer
interface—that enables people to communicate with each other brain to brain without thought or, as the
developers call it, B2B, again with a kind of EEG cap that lets one person think of 'left' (as represented by a
zero) or 'right' (represented by a one), send one of those digits to a second person, also wired with
electrodes that are connected as well to a computer that receives the digit, and, once it is understood, allows
the second person to flash the digit back to the sender by way of a light-emitting diode (LED), which is
'read' by that person's visual cortex. It's not quite the soundless, wordless, almost thoughtless integration of
our thoughts, B2B, but it's a fourth or fifth step toward a future that is becoming increasingly visible.
June 10, 2011
If you want to learn lots of ways that evolution is more complicated and interesting than you learned in school, this book
is great:
Massimo Pigliucci and Gerd B. Müller, Evolution: The Extended Synthesis, MIT Press, Cambridge, 2010.
Epigenetics, the evolution of evolvability, group selection, dynamical patterning modules... it's all here. I want to write
about this on my blog, but I need to return it to the library before heading off for Zürich the day after tomorrow. So, this
diary entry is a reminder to myself.
June 18, 2011
I'm angry that Obama is continuing the erosion of the US Constitution by claiming that wars aren't really wars and thus
don't need congressional approval:

2 Top Lawyers Lost to Obama in Libya War Policy Debate
Charlie Savage
New York Times
June 17, 2011
WASHINGTON — President Obama rejected the views of top lawyers at the Pentagon and the Justice
Department when he decided that he had the legal authority to continue American military participation in
the air war in Libya without Congressional authorization, according to officials familiar with internal
administration deliberations.
Jeh C. Johnson, the Pentagon general counsel, and Caroline D. Krass, the acting head of the Justice
Department's Office of Legal Counsel, had told the White House that they believed that the United States
military's activities in the NATO-led air war amounted to "hostilities". Under the War Powers Resolution,

that would have required Mr. Obama to terminate or scale back the mission after May 20.
But Mr. Obama decided instead to adopt the legal analysis of several other senior members of his legal
team—including the White House counsel, Robert Bauer, and the State Department legal adviser, Harold
H. Koh—who argued that the United States military's activities fell short of "hostilities". Under that view,
Mr. Obama needed no permission from Congress to continue the mission unchanged.
June 19, 2011

This cool-looking house in Wales was built to have minimum environmental impact on the woodland. Click to enlarge;
for more details, try:
Simon Dale, A low impact woodland home.
For my July 2011 diary, go here.
Sometimes we see a cloud that's dragonish;
A vapour sometime like a bear or lion,
A tower'd citadel, a pendent rock,
A forked mountain, or blue promontory
With trees upon't, that nod unto the world,
And mock our eyes with air. - Shakespeare
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John Baez
July 3, 2011

July 3, 2011
Lisa and I flew from Erlangen to Montreal, where we'll spend a while visiting her mom, her brother, and his son.
July 4, 2011

I'm really getting into Eno's new album Drums Between the Bells, which features poetry by Rick Holland. There's a
difference between poetry and song lyrics. In a song, the music carries the lyrics along with it. In poetry, the words
should be able to stand on their own, enduring our intense gaze. Setting poetry to music almost requires that the music
move to the background. And this is what is Eno does in some pieces, like "The Real", a philosophical reflection where
the music flows slowly as glass:
The Real
the flourish
seeing the real in things
really seeing the real
describing the exact actuality
of what it is you see
or what it is you seem to see
you really seem to see the real
the exact and actual reality
of the real in things you seem to see
the real thing
and no other voice or paint in this
but just the thing, you see
the thing you see
is the real in things

what you see is what seems
the reels of this seem to mean the real in things
while real runs out and seems to reach the real
as it runs
no dry run
the real is done
Other pieces have much more of a rhythmic thrust, like "The Airman", which ends with the hauntingly repeated phrase
"where we are":
The Airman
i will see what the airman saw
and higher, the view of the astronaut
and higher, the tick of the satellite
and higher, where height morphs to night
and quantum lays out just as massive
and unknown as the small it contains.
ground fears play out on a surface
one giant map of free states
or a global ball of electric
as data streams over state lines
sat deep in this cannonball universe
sat deep in this one ward of stars
the higher we climb from our surface
the clearer we see (where we are)
July 10, 2011

Would you like a car with bones — a car that is grown rather than manufactured?
July 17, 2011
Back from Montreal! After a grueling flight via Frankfurt, Lisa and I showed up in Singapore at 6:30 am today.
I've been using Google Plus lately, and while some people use it for chitchat, Ruchira Datta is a pretty reliable source of
nontrivial news links. The concept car above is one of the goofier examples. Here's something more serious:
Gary Taubes, Is sugar toxic?, New York Times, 13 April 2011.
Since I'm battling a pre-diabetic condition myself, this sort of news touches on matters of life and death for me. The
actual substantive part of the article starts fairly far down, somewhere around here:
When Glinsmann and his F.D.A. co-authors decided no conclusive evidence demonstrated harm at the
levels of sugar then being consumed, they estimated those levels at 40 pounds per person per year beyond
what we might get naturally in fruits and vegetables — 40 pounds per person per year of "added sugars" as
nutritionists now call them. This is 200 calories per day of sugar, which is less than the amount in a can and
a half of Coca-Cola or two cups of apple juice. If that's indeed all we consume, most nutritionists today
would be delighted, including Lustig.
But 40 pounds per year happened to be 35 pounds less than what Department of Agriculture analysts said
we were consuming at the time — 75 pounds per person per year — and the U.S.D.A. estimates are
typically considered to be the most reliable. By the early 2000s, according to the U.S.D.A., we had
increased our consumption to more than 90 pounds per person per year. That this increase happened to
coincide with the current epidemics of obesity and diabetes is one reason that it's tempting to blame sugars
— sucrose and high-fructose corn syrup — for the problem. In 1980, roughly one in seven Americans was
obese, and almost six million were diabetic, and the obesity rates, at least, hadn't changed significantly in
the 20 years previously. By the early 2000s, when sugar consumption peaked, one in every three Americans
was obese, and 14 million were diabetic.

This correlation between sugar consumption and diabetes is what defense attorneys call circumstantial
evidence. It's more compelling than it otherwise might be, though, because the last time sugar consumption
jumped markedly in this country, it was also associated with a diabetes epidemic.
For my August 2011 diary, go here.
Sometimes we see a cloud that's dragonish;
A vapour sometime like a bear or lion,
A tower'd citadel, a pendent rock,
A forked mountain, or blue promontory
With trees upon't, that nod unto the world,
And mock our eyes with air. - Shakespeare
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Diary - August 2011
John Baez
August 1, 2011

It looks like a science fiction landscape, but it's a sea stack in New Zealand, with Mount Taranaki is in the background. A
"sea stack" forms when a cliff by the sea erodes, leaving a column of rock.
Thanks to some help from people on Google+, I eventually discovered that this sea stack was one of the Three Sisters on
the Three Sisters beach, which is part of the Tongaporutu coastline in New Zealand. Sometime in September 2003, the
"Little Sister" was knocked down by a storm, leaving two.
August 2, 2011
Lisa and I took the train up from Beijing to Changchun along with some other mathematicians heading for Higher
Structures in China II at Jilin University. The train ride took 6 hours and 20 minutes, going through rural northern
landscapes I'd never seen before. Lots of corn fields! We wondered what they did with all that corn until we happened to
read a story about two big competing plants that make corn starch up in Changchun.

We were greeted by Yunh Sheng. He took us out to a Korean restaurant that serves dog. Everyone in our party was eyeing
me expectantly as I took the first bite. I wowed them all by saying "Woof!" It tasted sort of like pork.
August 3, 2011
From the 3rd to 6th we went on an excursion to Baekdu Mountain, tallest of the Changbai Mountains. Most of the
westerners in the party were sick some of the time. I only came down with something near the end of the trip.
August 11, 2011
Some of us went to a show of er ren zhuan, a traditional entertainment in rural northern China. In the old days a couple
would sing and dance using folded fans or red square handkerchiefs. Now it's gone modern. The dude here started with a
smartass standup comedy act. Then his partner, dressed in some weird mix of traditional costume and white leather boots,
swooped onstage and belted out a tune.

The last of the show featured an older couple. First the man came out and played a traditional trumpet-like instrument. Then
he played it with two lit cigarettes stuffed up his nostrils. Then he swallowed one and continued to play... and then he pulled
that cigarette, still lit, out of his mouth.

For some reason he had his forelocks shaped into little horns.
Then his wife came on stage and joked that while she was older than the other women we'd seen, she was still sexy. She
flaunted a bit of skin near her waist to prove it. Then she wowed us with some cartwheels! And to wrap up the show, she
threw on a blue wig with red devil horns and sang a song.

August 12, 2011
Cultural Square in Changchun, a northern city of 7.5 million, turns into a kind of fair on a summer night. Two guys were
doing calligraphy with water on the sidewalk using sponge-tipped poles: write two verses and by then the first has
evaporated so you can keep on writing. Fancy roller skating seems to be in vogue. So are kites with LEDs on them, a lot
like here in Singapore.
But what really grabbed my attention is that girls age 10-18 are wearing flat plastic "hair bows" that light up in garish
colors. It's not a real hair bow, more like a clip-on picture of a hair bow — so fake they make you look like a cartoon
character! It's pretty hilarious.
August 13, 2011
I'm back in Singapore now. Here's some news about China, mostly from the 2 August 2011 edition of China Daily, the
government's official English newspaper. As you'll see, they're pretty concerned about environmental problems.
The Chinese have fallen in love with cars. Though less than 6% of Chinese own cars so far, that's already 75 million cars, a
market exceeded only by the US.
The price of real estate in China is shooting up---but as car ownership soars, you'll have to pay a lot more if you want to buy
a parking lot for your apartment. The old apartments don't have them. In Beijing the average price of a parking lot is
140,000 yuan, which is about $22,000. In Shanghai it's 150,000 yuan. But in fancy neighborhoods the price can be much
higher: for example, up to 800,000 yuan in Beijing!
For comparison, the average salary in Beijing was 36,000 yuan in 2007---and the median is probably much lower, since
there are lots of poor people and just a few rich ones. On top of that, I bet this figure doesn't include the many

undocumented people who have come from the countryside to work in Beijing. The big cities in China are much richer than
the rest of the country: the average salary throughout the country was 11,000 yuan, and the average rural wage was just
3,600 yuan. This disparity is causing young people to flood into the cities, leaving behind villages mostly full of old folks.
Thanks to intensive use of coal, increasing car ownership and often-ignored regulations, air quality is bad in most Chinese
cities. In Changchun, a typical summer day resembles the very worst days in Los Angeles, where the air is yellowish-grey
except for a small blue region directly overhead.
In a campaign to improve the air quality in Beijing, drivers are getting subsidized to turn in cars made in 1995 or earlier. As
usual, it's the old clunkers that stink the worst: 27% of the cars in Beijing are over 8 years old, but they make 60% of the air
pollution. The government is hoping to eliminate 400,000 old cars and cut the emission of nitrogen oxide by more than
10,000 tonnes per year by 2015.
But this policy is also supposed to stoke the market for new automobiles. That's a bit strange, since Beijing is a huge city
with massive traffic jams---some say the worst in the world! As a result, the government has taken strong steps to limit car
sales in Beijing.

In Beijing, if you want to buy a car, you have to enter a lottery to get a license plate! Car sales have been capped at 240,000
this year, and for the first lottery people's chances of winning were just one in ten:
Louisa Lim, License plate lottery meant to curb Beijing traffic, Morning Edition, 26 January 2011.
Why is the government trying to stoke new car sales in Beijing while simultaneously trying to limit them? Maybe it's just a
rhetorical move to placate the car dealers, who hate the lottery system. Or maybe it's because the government makes money
from selling cars: it's a state-controlled industry.

On another front, since July there has been a drought in the provinces of Gansu, Guizhou and Hunan, the Inner Mongolia
autonomous region, and the Ningxia Hui autonomous region, which is home to many non-Han ethnic groups including the
Hui. It's caused water shortages for 4.3 million people. In some villages all the crops have died. Drought relief agencies are
sending out more water pumps and delivering drinking water.
In Gansu province, at least, the current drought is part of a bigger desertification process.

Once they grew rice in Gansu, but then they moved to wheat:
Tu Xin-Yi, Drought in Gansu, Tzu Chi, 5 January 2011.
China is among the nations that are experiencing severe desertification. One of the hardest hit areas is Gansu
Province, deep in the nation's heartland. The province, which includes parts of the Gobi, Badain Jaran, and
Tengger Deserts, is suffering moisture drawdown year after year. As water goes up into the air, so does
irrigation and agriculture. People can hardly make a living from the arid land.
But the land was once quite rich and hospitable to agriculture, a far cry from what greets the eye today. Ruoli,
in central Gansu, epitomizes the big dry-up. The area used to be verdant farmland where, with abundant
rainfall, all kinds of plants grew lush and dense; but now the land is dry and yields next to nothing. All this
dramatic change has come about in just 50 years.lightning-fast, a mere blink of an eye in geological terms.
Rapid desertification is forcing many parties, including the government, to take action. Some residents have
moved away to seek better livelihoods elsewhere, and the government offers incentives for people to relocate to
the lowlands Tzu Chi built a new village to accommodate some of these migrants.
Tzu Chi is a Buddhist organization with a strong interest in climate change. The dramatic change they speak of seems to be
part of a longer-term drying trend in this region. Here is one of a series of watchtowers near Dunhuang, once a thriving city
at the eastern end of the Silk Road. I don't think this area was such a desert back then:

Meanwhile, down in southern China, the Guanxi Zhuang autonomous region is seeing its worst electricity shortage in the
last 2 decades, with 30% of the demand for electric power unmet, and rolling blackouts. They blame the situation on a
shortage of coal and the fact that the local river isn't deep enough to provide hydropower.

On the bright side, China is investing a lot in wind power. Their response to the financial crisis of of 2009 included $220
billion investment in renewable energy. Baoding province is now one of the world's centers for producing wind turbines,
and by 2020 China plans to have 100 gigawatts of peak wind power online.
That's pretty good! Remember our discussion of Pacala and Socolow's stabilization wedges? The world needs to reduce
carbon emissions by roughly 10 gigatonnes per year by about 2050 to stay out of trouble. Pacala and Socolow call each 1gigatonne slice of this carbon pie a 'wedge'. We could reduce carbon emissions by one 'wedge' by switching 700 gigawatts
of coal power to 2000 gigawatts of peak wind power. Why 700 of coal for 2000 of wind? Because unfortunately most of the
time wind power doesn't work at peak efficiency!
So, the Chinese plan to do 1/20 of a wedge of wind power by 2020. Multiply that effort by a factor of 200 worldwide by
2050, and we'll be in okay shape. That's quite a challenge! Of course we won't do it all with wind.
And while the US and Europe are worried about excessive government and private debt, China is struggling to figure out
how to manage its vast savings. China has a $3.2 trillion foreign reserve, which is 30% of the world's total. The fraction
invested in the US dollars has dropped from 71% in 1999 to 61% in 2010, but that's still a lot of money, so any talk of the
US defaulting, or a drop in the dollar, makes the Chinese government very nervous. This article goes into a bit more detail:
Zhang Monan, Dollar depreciation dilemma, China Daily, 2 August 2011.
In a move to keep the value of their foreign reserves and improve their ratio of return, an increasing number of
countries have set up sovereign wealth funds in recent years, especially since the onset of the global financial

crisis. So far, nearly 30 countries or regions have established sovereign wealth funds and the total assets at their
disposal amounted to $3.98 trillion in early 2011.
Compared to its mammoth official foreign reserve, China has made much slower progress than many countries
in the expansion of its sovereign wealth funds, especially in its stock investments. Currently, China has only
three main sovereign wealth funds: One with assets of $347.1 billion is managed by the Hong Kong-based
SAFE Investment Co Ltd; the second, with assets of $288.8 billion, is managed by the China Investment
Corporation, a wholly State-owned enterprise engaging in foreign assets investment; the third fund of $146.5
billion is managed by the National Social Security Fund.
From the perspective of its investment structure, China's sovereign wealth funds have long attached excessive
importance to mobility and security. For example, the China Investment Corporation has invested 87.4 percent
of its funds in cash assets and only 3.2 percent in stocks, in sharp contrast to the global average of 45 percent in
stock investments.
What's interesting to me is that on the one hand we have these big problems, like global warming, and on the other hand
these people with tons of money struggling to find good ways to invest it. Is there a way to make each of these problems the
solution to the other?
For my September 2011 diary, go here.

© 2011 John Baez
baez@math.removethis.ucr.andthis.edu

home

For my August 2011 diary, go here.

Diary - September 2011
John Baez
September 1, 2011

My August 2011 diary started with a photo of a "sea" stack". One of the most unearthly sea stacks in the world is the
Old Man of Hoy, on the western shore of the island of Hoy, one of the Orkney Islands in Scotland. It's 137 meters high
and consists of red sandstone on a base of basalt. It's less than 400 years old, and it may not last much longer! This
photo is from the Hemlington Nautical History Society's webpage.

This is an almost nightmarish view of the Old Man of Hoy, uploaded to Flickr by Mike Martin, who wrote:
It was fairly unique conditions; I scrambled down there during a hailstorm on the off chance it would pass,
and it did about 5 minutes before the sun went down. I think the wet rock and low sun combined to really
bring out the red in the sandstone. I also forgot the quick release for my tripod so I had to balance the
camera on a rock for the 4 second exposure. I took photos until another hailstorm hit then had to find my
way back to Rackwick in the dark whilst being pelted by hail with no headtorch!
September 17, 2011
Today Lisa and I flew to Lombok, the island due east of Bali. We'd chosen to stay at Hotel Sunset on the coast south of
Senggigi. It was a great place. By the time we got there, we didn't have time for much more than dinner. We went to a
small restaurant named Bamboo on the road up to Sengiggi. There we met a fellow named Han who offered to show us
around for a reasonable fee.
September 18, 2011
We took Han up on his offer, so we drove around in an SUV with him and a driver. I don't like SUV's, but that's what all
these tour guides use.
Today we went to a small town near Mataram where they do weaving. As we drove there and back, we saw four
wedding processions — it's Sunday, and that's when people have them. These processions cap off what sounds like a
long and complicated process. First the man and woman agree to get married. Then the man 'steals' the woman from her
family... they sneak off. Then he agrees to pay the price demanded by her family - though if my understanding of local

culture is any guide, some bargaining might be involved. A well-educated woman can cost a lot, because high school
and college are not free here, and the woman's family wants to recoup the money they spent on raising her. Younger,
less-educated wives are cheaper.
The grim, ashen-faced fellow at left is the groom. He was on the verge of tears. We never found out why.

On Google+, "finch wench" asked:
Is the demand for the more mature educated woman higher than for the younger "investments?"

I answered:
Good question! I don't really know. Our guide told us that most couples marry at the age of 20-23, and do
this in order to "have fun": in the villages, at least, premarital sex is a serious no-no. This doesn't suggest a
high overall demand for more mature, educated women. But there must be lots of different social strata with
different habits. For example, only 15% of the people in Lombok are Balinese, but they're very wealthy and
powerful: the Balinese invaded Lombok some centuries ago and though they've been pushed back by the
native Sasaks, they're still play an important role.
(The Balinese are Hindu, the Sasaks are Muslim. I'm sort of bummed that I missed going to the only temple
in the world where Hindus and Muslims both worship! That would have been interesting.)

In a wedding procession on Lombok, the bride's family officially 'meets' the groom's family — though they've actually
spent the previous evening partying together. So it actually starts as two separate processions, walking toward each
other down the street. And each one has a band! Above you can see two guys playing electric guitar — but at left, hard
to see, there's a guy playing keyboard. There's also a singer, not shown here — and in front of the whole crew, kids
gyrate wildly to the deafening music.
All this is a substitute for the more traditional gamelan. We saw one of those at the wedding procession of a more
wealthy couple.
On Google+, Harrison Brown asked:
Is there any attempt by these bands to imitate the traditional gamelan sound? Or is the music they play more
Western-influenced?
I answered:
These bands don't seem to be imitating gamelan music at all. Different bands I heard played in different
styles. This particular one sounded a bit like Indian pop music to my uneducated ear. However, there are
many styles of Indonesian pop music, as you'd expect from an ethnically diverse country with hundreds or

even thousands of islands... and I'm sure they were playing one of these styles.
Later our guide took us to Mataram, the capital of Lombok, and we bought a pirated DVD containing 13 CD's worth of
Sundanese gamelan music for the equivalent of $1.20. I love this Sundanese stuff.
Our guide had a DVD of "pop Sunda", which is strongly gamelan-influenced music played on modern instruments —
somewhat cheesy synthesizers and drum machines, but still fascinating. I was unable to copy it, but now I'm in Ubud
and I'll try to buy some CD's of this.

Here's the singer of that band, surrounded by a scrum of motor scooters. On Sundays, these wedding processions bring
traffic to a halt in small towns all over Lombok. Even though our driver had been a cabbie in Malaysia — which sounds
like the ultimate qualification for fighting through crowds — he gave up and pulled over. So we hopped out and
photographed these scenes.

Here's the keyboard player for that wedding procession band. What's cool is that the synthesizer is connected to a sound
board and bank of speakers... all on a wheeled cart! The band has its name emblazoned on the front of the cart.
This appears to be typical gear for weddings here on Lombok.
September 19, 2011
Today Han took us up Senaru, a town on the northern slope of the big volcano called Gunung Rinjani that dominates the
island of Lombok.
As we began our drive north along the coast, I couldn't help noting that while the ocean is beautifully blue and the palms
make the place look like a tropical paradise:

... the land is actually quite dry at this time of year — as witnessed by the dry grass here. It's less lush than Bali. The
cattle are thin now, grazing on what little they can find. But later in the autumn the rains come, and — according to Han
— the grassy hillsides spring to life!
From Senaru we hiked to two waterfalls in Gunung Rinjani National Park. The first one bursts spectacularly out of the
jungle foliage:

It's called Sendang Gila, and it's a popular tourist attraction because it's only a 20 minute walk from Senaru. Not too
crowded today, though.
Getting to the second waterfall was considerably more work. After a bit of steep hiking we had to cross the Bridge of
Horrors, shown here:

Well, that's just my own name for it, because I have a bit of acrophobia. It has a railing on one side but not the other —
and it has large holes, which reveal its true purpose: it's an aqueduct! The canal I showed you earlier flows through this
bridge across the deadly, fearful chasm below.
After gazing dizzily downwards for a minute — it's really further down than it looks here — I got a mental grip on
myself, repeated the mantra don't look down, and crossed with no problem.
Then we walked along a canal — one of many that carries cold, clear water down from the volcano's jungle-covered
slopes to the complex irrigation system that waters the terraced farms of Lombok:

It should remind you of the irrigation system on Bali, which I showed you in "week303". The Dutch built the stuff made
of concrete:

Here's the second waterfall we saw:

It's called Tiu Kelep. After crossing the Bridge of Horrors, it took about 45 minutes to get there. Towards the end we
needed to walk through the stream. The most exciting moment was when I slipped, reached out to a large rock to steady
myself, and then noticed this rock was covered with insects of a kind I'd never seen before... ants, probably, but red and
white, and strangely fuzzy. They sensed my hand and mounted a massive swarming attack. A real Indiana Jones
moment.

Little things like this make reaching the final goal that much more delightful.

Here are some more 'artistic' shots of Tiu Kelep. It's wonderful how this one particular plant thrives under these stressful
conditions. Do you know what it's called?

September 21, 2011
Today Lisa and I went on one last walk along the beach in Lombok before taking the ferry to Bali. She took this photo
of Pura Batubalong, a small Hindu temple on the coast south of our hotel. It was full of statues, seemingly carved from
the volcanic rock available right here:

September 24, 2011

Bali has a long tradition of art, and hordes of people making sculptures. The streets are lined with statues, even in outof-the-way corners. For example, last year I saw these guys near the side of a trail leading into Ubud:

The stores are full of sculptures, masks and woodwork, and you can buy good stuff dirt cheap — especially since 2005,
when the second Bali bombing crushed the tourist industry that was just beginning to creep back after the first.
Here's a statue in a restaurant called Bumbu Bali, on Monkey Forest Road in Ubud. It depicts Saraswati, the goddess of
knowledge, the arts, and music. She's often depicted standing on a swan, and with four hands holding a book, a rosary of
crystals, a pot of sacred water, and a vina - a musical instrument like a guitar. You can see some but not all of that here.

Here's a statue we saw during our last visit to Ubud:

This one was at a Hindu temple in the Sacred Monkey Forest. Besides the long tongue and screaming victim, note the
little hand-made tray of offerings at left. Such offerings, in many beautiful variations, can be seen in front of almost
every shop or home. People, mainly women, lay them out several times a day. Over on Google+, Nithyanand Rao
wrote:
I think this is the demon-king Hiranyakashipu being slain by Narasimha, one of the incarnations of Vishnu.
Looks like it anyway.
Sergey Ten replied:
Wow, really different form of culture language — the humanoid "victim" is actually a "demonic" (more
like a Greek titan) asur (bad guy), while the animalistic giant is an avatar of Vishnu (good guy)!
Here's an impressive statue of Hanuman at the Pura Dalem Agung Padangtegal, or Padangtegal Great Temple of Death
— a larger temple in the Monkey Forest:

Compare it to this Hanuman mask we bought this year in the town of Mas, close to Ubud, from a woodworker named
Ary Puja:

We'd visited Ary Puja last year and bought a sandalwood Buddha and a mask of Barong, which we have over our
kitchen door. Barong is scary-looking but good, the King of Spirits in Balinese mythology. Hanuman looks a bit scary
as well!
If you visit Bali, please buy some masks or sculpture! You can get great deals if you bargain, and the woodworkers have
been suffering ever since the Bali bombings. Ary Puja's house is packed with masks and statues, but nobody had bought
anything for a month when we came this time.
For my October 2011 diary, go here.
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Diary - October 2011
John Baez

An Arctic fogbow photographed by Sam Dobson.
October 1, 2011

One day a friend took me down to the basement and said "listen to this". I sat down on the coach and he put on a record
that would change my life: Brian Eno's Before and After Science. As I listened to the first song, I started feeling as if
some sort of weight was pushing me down. The ever-burgeoning layers of texture, the insistence of the repetition, Eno's
smeared-out vocal lines floating over the thick percussion, and the enigmatic lyrics all combined to convey the sense of
sailing in a small craft through seas alien and dense:
It will shine and it will shudder as I guide it with my rudder on its metal ways.
It will cut the night before it as it leaves the day that saw it on its metal ways.
Nobody passes us in the deep quiet of the dark sky.
Nobody sees us alone out here among the stars.
Most rock music I'd heard was full of teenage hormones and ego. While still kick-ass, this was different... somehow
empty.
Through no fault of our designing we are lost among the windings of these metal ways.
Back to silence, back to minus, with the purple sky behind us in these metal waves.
Nobody hears us when we're alone in the blue future.
No one receiving the radio's splintered waves.
His voice was so smooth, I could never tell when he was saying "metal days", "metal waves", or "metal ways"... but
what mattered most was not the lyrics but the timbre of the instruments: almost none were like anything I'd ever heard.
What in the world are those pulses that come floating by like a flock of sea birds starting around 1:26? Or that
hyperactive glassy percussion that kicks in at 2:06? (If you listen carefully, you'll hear that both these elements are
foreshadowed, so they don't really appear 'out of nowhere' - everything flows.)
In the years to come, I spent a lot of time trying to figure out this album, and the work of Eno and his many
collaborators. I think I'll go through a few of my favorites here.
By the way, please ignore the rather silly graphics in this video... and I'm sorry for how it ends abruptly slightly before
the song is done! This alternative has great advantages, not least being those of nostalgia, but the sound quality isn't
quite as good.
October 2, 2011

Around the era of Before and After Science and Low, and continuing on into Heroes, Eno liked to split albums into a
frenetic first side and a much quieter second side. But on Before and After Science my favorite quiet track is on the first

side.
It's full of subtle details, and the details are what matter. If you don't know by heart the little "pop" at 0:48 followed by
the even littler, cuter "pop" at 0:50, the echoed flanged bass starting at 1:22, or the various sighing metallic sounds and
lone piano notes, you haven't really learned this piece. It's like a small, enigmatic, carefully crafted world.
(The funny little guitar strum in the background at 2:02 foreshadows the _next_ piece, the manic "King's Lead Hat". At
this stage in his career, Eno was very meticulous about how pieces ended, since he wanted each to lead naturally to the
next.)
October 3, 2011

A while after listening to Before and After Science, I was in a record store and saw Bowie's Low for $4.99. It was a
'cutout' — a remaindered LP with a notch cut out of it. Since I was in high school, on a limited budget, that's all I could
afford... and I saw Eno was listed as the producer.
Amazing! The first side was cold, alienated rock like this song here, with drums and bass pushed up to the front revolutionary at the time. The second side, ambient. Bowie and Eno were holed up in Berlin at the time, going crazy,
trying new things. The cover is from The Man Who Fell to Earth, a truly disturbing SF movie.
October 4, 2011

While the first side of Low is still recognizably rock, full of Bowie's dark despair, the second sails off into new waters,
with brooding but delicate pieces graced now and then with vocals that are more like instrumentals. It starts with
"Warszawa", which evokes the desolation which Bowie felt on a 1973 visit to that city. The mysterious lyrics and the
piece of melody in the middle part of the song are based on a recording of a Polish folk choir. But the composition owes
a lot to Eno: Bowie told him "'Look Brian, I want you to compose a really slow piece of music, but I want a very
emotive, almost religious feel to it" — and Eno went to work.
According to Jonathan Greatorex:
In Eno's spontaneous, yet slow way, he began by preparing methodical 'accidents' to happen. Initially he
suggested laying down a track of finger-clicks on a blank piece of tape. Each of these clicks, four hundred
and thirty in all, was allocated a dot and a number on a piece of paper. The next step was to pick out
selections of dots, completely at random, from the 430. Back in the studio, Eno played chords as he hit any
of the selected numbers. Bowie did likewise with his areas. Once this had been done, the initial clicks were
removed, and the segments between the bars were infilled... using conventional methods. Bowie's 'words'
were finally added..."
Given this, it's amazing how organic and natural the piece sounds. But Eno likes to push great musicians off balance and
then let them recover with all the skills they can muster. "Infilling using conventional methods" is a rather dry way of
putting this. The result is often good music utterly unlike the musicians would have dreamt up on their own — music
that seems to have fallen to Earth from another planet. That's certainly true here.
October 7, 2011

After being blown away by Before and After Science, my friend David Michael and I got Eno's previous one, Another
Green World. It's a calmer, more meditative affair - except for the first track, which is my favorite. "Sky Saw" is a blast
of energy... but the lyrics show this isn't the energy that comes from teenage testosterone. Instead, self-referentially, they
describe Eno's attitude to lyrics:
All the clouds turn to words.

All the words float in sequence.
No one knows what they mean.
Everyone just ignores them.
Lyrics, he has said, are just a trick to get people to pay more attention to music.
The electric guitar comes in two flavors, both unique: a bracingly metallic repeated 4-note theme, and a swirlingly
hectic solo. Both, I believe, are examples of Eno's "snake guitar". The repeated upward-sliding sound starting at 2:02 is
John Cale on viola. Cale also creates the cloud of high-pitched string sounds that kicks in at 2:53. The percussion by
Phil Collins, the fretless bass by Percy Jones, and the electric piano (by Eno?) give the piece a bit of a cool jazz feel...
but this ain't the cool jazz my daddy liked!
You'll note that the comprehensible lyrics sit atop a more impenetrable cloud of words, adding to the sense that too
much information is streaming in. According to a source I don't trust, this word cloud says:
mau mau starter ching ching dad da
daughter daughter dumpling data
pack and pick the ping pong starter
carter carter go get carter
perigeeeeeeeee
open stick and delphic doldrums
open click and quantum data
Whatever: it's not about meaning, it's about feeling.
October 8, 2011

Here's one of the most peppy songs on the second side of Another Green World. It's a journey, a long hike with a friend
through moors and briars, leading up to a storm in the desert where
we saw St. Elmo's fire
splitting ions in the ether
St. Elmo's fire, named after the patron saint of sailors, happens when a luminous plasma is created by a electrical
discharge from a grounded object... for example a ship's mast. To depict this, Eno brought in the guitar virtuoso Robert

Fripp. Before recording his solo, Eno asked Fripp to visualize a Wimshurst machine, which — according to Eno — is "a
device for generating very high voltages which then leap between the two poles, very fast and unpredictable". And that's
what the solo sounds like!
The only other musician on this piece is Eno, who played organ, piano, Yamaha bass pedal, the beautiful simple washes
of "desert guitar," and synthetic percussion — most notably the clicking sounds like wood blocks.
October 31, 2011

In high school, after listening to Eno's Before and After Science and Another Green World, I had nowhere to go but back
to his 1974 album, Taking Tiger Mountain (By Strategy). This is altogether more goofy than those others — but in a
sublime and profoundly inventive way. Each song is utterly different from the rest.
"Third Uncle" has often been called a predecessor to punk. In one way that doesn't make sense at all, because Phil
Manzanera's guitar work and Robert Wyatt's drums are quite virtuosic... but there's something about its savage intensity
that makes people say it: back in '74, there wasn't much music like this. The title makes some of the lyrics jump out at
you, and they seem very nasty:
Burn my uncle
Burn his books
But if you listen to the lyrics as a whole, you'll see that surrealism is the order of the day here. Crucially, Eno doesn't
sound angry: he's energetic but oddly detached.
By the way, at the very beginning, along with the pulsing bass, there's a faint high-pitched echo. If you can't hear it, you
don't have your speakers turned up high enough!
If you like this song, but haven't heard the live version by Eno's band 801, you should also check out that.
October 31, 2011

Where are we here? Some sort of imaginary China? Taking Tiger Mountain (by Strategy), was, after all, the title of a
Maoist revolutionary opera. Brian Eno blithely sings:
In the haze of the morning, China sits on eternity
And the opium farmers sell dreams to obscure fraternities
But it's a strange place: chattering guitars, a wailing solo by Ray Manzanera played over... yes, a mass of typewriters...
and at the end, the song comes to a screeching halt, like a train that's put on the brakes. (Note how the final meltdown is
subtly foreshadowed at 4:04). Somehow it all makes sense, but only if you leave the realm of ordinary logic.
Diehard Eno fans will want to see this little known video he made for this song:

It features himself, punk rocker Judy Nylon, and Polly Eltes, who was a guest vocalist on "Mother Whale Eyeless",
another song on this album. The song "Back in Judy's Jungle" was indeed named after this Judy. She was also the one
who led Eno to invent ambient music. On the back cover of his first ambient album, he wrote:
My friend Judy Nylon visited me and brought me a record of 18th century harp music. After she had gone,
and with some considerable difficulty, I put on the record. Having laid down, I realized that the amplifier
was set at an extremely low level, and that one channel of the stereo had failed completely. Since I hadn't
the energy to get up and improve matters, the record played on almost inaudibly. This presented what was
for me a new way of hearing music — as part of the ambience of the environment just as the color of the
light and the sound of the rain were parts of that ambience.

With a punky name like Judy Nylon I wouldn't have expected her to like 18th century harp music... but it goes to show,
don't expect people to fit into little boxes!
For my November 2011 diary, go here.
Spider and I
Sit watching the sky
On our world without sound.
We knit a web
to catch one tiny fly
For our world without sound.
We sleep in the mornings,
We dream of a ship that sails away,
A thousand miles away. - Brian Eno
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Morgan Abbou explains:
Volcanic lightning photograph by Francisco Negroni. In a scene no human could have witnessed, an
apocalyptic agglomeration of lightning bolts illuminates an ash cloud above Chile's Puyehue volcano in
June 2011. The minutes-long exposure shows individual bolts as if they'd all occurred at the same moment
and, due to the Earth's rotation, renders stars (left) as streaks. Lightning to the right of the ash cloud appears
to have illuminated nearby clouds.hence the apparent absence of stars on that side of the picture. After an
ominous series of earthquakes on the previous day, the volcano erupted that afternoon, convincing
authorities to evacuate some 3,500 area residents. Eruptions over the course of the weekend resulted in
heavy ashfalls, including in Argentine towns 60 miles (a hundred kilometers) away.
Here's another shot of the same volcano:

And here's Mount Etna blowing out a smoke ring in March of 2000:

By its shadow, the ring was estimated to be 200 meters in diameter!
November 5, 2011
I've been spending less time on this diary and lots of time sharing similar tidbits of information on Google+. The quick
feedback from other people is addictive, and lots of people seem to be paying (at least a little) attention. Here's the
number of people who have me in their circles, from when I started to today:

According to the CircleCount website, I have 4872 people following me today, putting me at the 3,271st most popular
of 5,660,375 people on Google+ that they've indexed.
Now, on with some of my favorite music! I'm posting these items on Google+, but copying them here...
November 6, 2011

Going further back into Eno's catalog, my friends and I got Eno's first solo album, Here Come the Warm Jets.
From the title, you might think "Baby's on Fire" is a typical rock song about passionate lust, but no! Amid a strange
chirping of synthesizers and moaning of guitar, Eno launches into his tale in a rather unfriendly and whiny voice, and
you soon realize he means it quite literally:
Baby's on fire
better throw her in the water
Thus begins the fiery theme we hear later in songs like "Third Uncle" - remember burn my uncle, burn his books? - and
"Burning Airlines Give You So Much More". Soon Robert Fripp enters with the incendiary guitar work that's the real
point of this song. He builds up a lot of tension atop the rather static background, dominated by those endlessly chirping
synths and repetitive high-hat cymbal. Then Eno returns and leaves us with a warning:
Her temperature's rising
but any idiot would know that
and the song screeches to a halt, like a train slamming on the brakes and shooting out sparks. (If you've been paying
attention, that should remind you of "China My China".)
If you like this song and have never heard the live version by his band 801, try this:

It has Manzanera rather than Fripp on guitar. Eno became famous for avoiding live performances and staying in the
studio, but 801 could really rock, and their 1976 album 801 Live is definitely worthwhile. According to Wikipedia, it
... set new standards for live recordings because it was one of the first live LPs in which all outputs from the
vocal microphones, guitar amps and others instruments (except the drums) were fed directly to the mobile
studio mixing desk, rather than being recorded via microphones and/or signals fed out the front-of-house
PA mixer.
Note also how the applause at the end is fed through a phase-shifter!
Why 801? Well, the line "we are the 801" appears in the song "The True Wheel" on Taking Tiger Mountain (By
Strategy), but you also can't help noticing that in British English, you might say it like this: Eight Nought One.

"Dead Finks Don't Talk" is another song from the same album. It's one of Eno's silliest, but a universe without it would
be missing something crucial: as soon as I heard it, I realized that.
Here Come the Warm Jets was recorded in twelve days at Majestic Studios in London, most of it during September
1973. Besides Eno, sixteen musicians played on the album, including John Wetton and Robert Fripp of King Crimson,
Simon King from Hawkwind, Bill MacCormick of Matching Mole, Paul Rudolph of Pink Fairies, Chris Spedding on
guitar, and everyone in Eno's earlier band Roxy Music except vocalist Bryan Ferry, whose florid style Eno mimics here
when he sings:
as you make your way up there...
Eno selected them on the basis that he thought they were incompatible with each other musically. He said he "got them
together merely because I wanted to see what happens when you combine different identities like that and allow them to
compete.... [The situation] is organized with the knowledge that there might be accidents, accidents which will be more
interesting than what I had intended." He directed the musicians with the help of body language and dancing.
November 6, 2011

Returning to the 'present' in my tale — 1979, my last year of high school — another album that made a huge impact was
Fear of Music by Talking Heads.
Already from the title and the cover — textured like a manhole cover — it was clear that this was some strange new
kind of music. On many songs, like this, David Byrne's voice quivers with an emotion we hadn't heard much in rock
before: nervous fear, verging on paranoid breakdown!
I know the animals... are laughing at us.
They don't even know... what a joke is!
I won't follow... animals' advice.
I don't care... if they're laughing at us.
It's funny, of course — but he sounds like he really means it.
The music is tight, disciplined, metallic. Avoiding traditional forms, the songs come in blocks of solid contrasting
texture, cutting from one to another abruptly This one comes in two completely different parts, each with a tricky
rhythmic structure — so tricky, in fact, that they hardly ever played this one live.
Robert Christgau, writing in The Village Voice, praised this album's "gritty weirdness", but claimed that "a little
sweetening might help". In fact the uncompromising nature of Fear of Music the lack of "sweetening", is what makes it
great.

Many rock songs glamorize psychedelic drugs, but rather fewer try hard to realistically portray their effect. On Fear of
Music, the Talking Heads take a stab at it — and Byrne being the nervous fellow he was, it shouldn't be surprising that
it's a bad trip. But a great song!
Here the sonic wizardry of Brian Eno, the producer of this album, comes in handy. The song starts with a faint haze of
bird songs echoing off the hard walls of a zoo — at least that's what it sounds like. That pulls your attention in. Then
comes a heavy bass melody by Tina Weymouth — the melody that really defines the song — along with drums by Chris
Frantz, some eerie whooshing sounds, and a little guitar lick by Byrne, consisting of a note repeated 5 times. All this
then repeats, with a little development... and amazingly, it carries us almost one minute through this song. Then at 0:57
there's a dramatic transformation: the music switches from "heavy" to "spacy", with synthesizers, probably played by
Jerry Harrison, and heavily processed voices floating in a spacious blur: lots of echo to make the space seem big. The
bass line continues unperturbed; in fact, if you analyze this song you'll see it's basically a blues, despite all the unusual
features!
Then at 1:18 we go back to the "heavy" section, the space collapsing back down to claustrophobic tightness. The singing
starts at 1:21 with Byrne rapidly exhaling... then anxiously proclaiming:
and all I see
is little dots
The last word is echoed 5 times (no coincidence, that number), with each echo just as loud as the original: one of many
disorienting effects on this track.
I won't go on in such detail, though it'd be fun (for me at least). I'll just point out the scary backwards echo at 3:00,
which seems to jump out of the speakers... the way the reverb on Byrne's voice completely drops out at 3:42, making
him seem much closer all of a sudden as he lets out a little apologetic laugh... the odd vocal sounds that kick in at 3:56...
and the crazy, fractured guitar solo — probably chopped to pieces by splicing bits of tape — that ends the song in one of
those marvelous fades that leave you cranking up the volume to hear every last bit. (At end, you'll hear those birds
again.)
In short it's a meticulously composed piece, and it's that blend of craft and craziness that makes Fear of Music so fun.
November 7, 2011

How should a song end? Only with recorded music did gradually fading out while repeating become popular. Music
theorist Richard Middleton wrote:
At the meta-song level, the prevalence of pre-taped sequences (for shops, pubs, parties, concert intervals,
aircraft headsets) emphasizes the importance of flow. The effect on radio pop programme form is a stress
on continuity achieved through the use of fades, voice-over links, twin-turntable mixing and connecting
jingles.
This song "Cities" does something rarer: it fades in, with siren-like sounds mixed with a driving beat conveying the
hectic rush of city life. It also fades out at the end, with Byrne repeating:
got to find a city, find myself a city to live in
in ever more crazed ways. A good fade-out makes you want to hear every last little bit, and this one rewards you if you
do: by the end, Byrne's gibbering madness completely belies his earlier observation:
I've got it figured out
The song is remarkably homogeneous throughout, and instead of the guitar carrying the main melody, it's a repetitive
bass line by Tina Weymouth that does the job! Byrne's guitar provides percussion instead, mimicking the rhythm of his
vocal lines — with the exception of a short solo starting at 1:43. And Eno and Harrison add dashes of color here and
there to keep things exciting... for example, complicated little metallic clanking patterns in the background, noticeable
especially around 2:37. These layers of subtlety help make the song fun to listen to over and over.
Finally, a puzzle: why does Byrne say this?
Did I forget to mention, forget to mention Memphis Home of Elvis and the ancient Greeks
There's an easy part to this question, and a hard part.
November 8, 2011

This is a live version of the Talking Heads song "Cities" from 1980, one year after Fear of Music came out. It's from the

concert tour for their next album, Remain in Light. So, besides the basic band, the lineup includes Adrian Belew on
guitar, Dolette McDonald on vocals, Steve Scales on percussion, Burnie Worrell on keyboards, and Busta Jones on bass.
Some of these musicians can be heard on Remain in Light; others appear on the Heads' next album Speaking in Tongues,
or the intervening solo projects: David Byrne's The Catherine Wheel, Jerry Harrison's The Red and the Black, and Chris
Frantz and Tina Weymouth's Tom Tom Club.
In this later era, the Heads' music became less paranoid, more ecstatic. You can see the extra band members are having
lots of fun. Adrian Belew, in particular, is a happy hambone. See him wave to the crowd right before the song starts?
The camera work in this video is inane — for example, watch how it lingers on Tina's legs starting at 4:53. Someone on
Google+ suggests that this was because it was made for an Italian TV show. For a version with better camera work but
worse sound, try their show in Germany:

And from the same show in Rome, here's the song "Drugs":

Here you can really see Belew's guitar abilities put into play - he makes plenty of psychedelic sounds to make up for the
missing studio effects, and throws some great middle-eastern melodies into his final solo.

However, the wonderfully ominous feel of the original is gone. For one thing, the tempo has been sped up. For another,
it's been given a more funky vibe, thanks in part to Busta Jones on bass and Steve Scales on percussion. So, while it's
great fun, it's really a different song. It doesn't mess with your mind in the same carefully crafted way.
By the way, you can get very nicely recorded versions of the songs on this tour on the live album The Name of This
Band is Talking Heads.
November 9, 2011

The first track on Fear of Music is different from the rest! It's the only really happy song on the album, and it points to
the future of the Talking Heads, where their nervous energy got transformed into ecstatic dance. Later, Jerry Harrison
said:
We also knew that our next album would be a further exploration of what we had begun with "I Zimbra".
So here it goes! First a high-pitched guitar picking out a light repetitive melody atop cymbals and two conga tracks —
one for each ear! Then the bass enters along with a new guitar, and that high-pitched guitar drops out. Then another
guitar comes in, building up the energy. The patterns change a bit when the lyrics arrive, sung en masse by Byrne,
Harrison, Weymouth and a guest vocalist:
Gadji beri bimba glandridi
Lauli lonni cadori gadjam
A bim beri glassala glandride
E glassala tuffm i zimbra
Bim blassa galassasa zimbrabim
Blassa glallassasa zimbrabim
A bim beri glassala grandrid
E glassala tuffm i zimbra
Then comes a break at 1:19: space opens up, that little high-pitched guitar melody returns at 1:37, and things build up
much as they did at the song's beginning...
... but this time, the guitar of Robert Fripp enters, with an almost accordion-like timbre, playing a devilishly slippery
melody in 8/4 time! No live version pleases me as much as this recorded version, because no guitarist can play like

Fripp.
Then the chorus returns, just like the beginning, but now atop Fripp's guitar:
Gadji beri bimba glandridi
Lauli lonni cadora gadjam
A bim beri glassasa glandrid
E glassala tuffm i zimbra
Then that little high-pitched guitar melody... the same build-up.... but now a return of Fripp.... all building up to a
graceful climax and a sudden end.
The lyrics were based on a poem by the Hugo Ball, one of the founders of Dadaism, who started the Cabaret Voltaire in
Zurich in 1916 — an artistic nightclub where Kandinsky, Klee, de Chirico, and Max Ernst hung out.
The song also features the Egyptian musician Hossam Ramzy on surdo (a kind of bass drum), Abdou M'Boup on
djembe and talking drum, and Assane Thiam playing some other percussion... but my ears can't pick them out; maybe
I'm mixing them up with the congas.
And guess who's playing those congas? The German punk singer Ari Up, and... Gene Wilder!
By the way, after you listen to this while reading the lyrics and my description, you can have some more fun listening to
it while focusing your full attention on the bass. You'll see how disciplined Tina Weymouth is: not a virtuoso, but every
note just right, and no pointless screwing around. Rock solid. That's what makes you want to dance.
This live performance of "I Zimbra" by David Byrne is definitely worth a listen:

I don't like how the music drops to a crawl at 2:09 — I think of this song as a single energetic blast — but it's nice to see
that 19 years later, he could still belt out those lyrics!
November 14, 2011

Back in 2007 I found myself mysteriously intrigued by images of ice and the idea of coldness, both literal and
metaphorical. I felt the need to make some art and music on these themes. So, I made an album called Glacial. After a
while, just as mysteriously, this desire left.
The pieces on Glacial are in a Dorian mode. Just as an upside-down smile is a frown, turning the major scale upside
down gives a minor scale. But when you turn the Dorian mode upside down, you get the Dorian mode again. This may
account for its emotionally netural quality — a quality I used to convey the cold indifference of a glacial landscape.
Kangerdlugssuaq is the largest glacier on the east coast of the Greenland ice sheet. "Kangerdlugssuaq" is also the title of
the first piece on my album. You can hear or download it by clicking on this picture:

"Sermersuaq" digs deeper into this glacial theme. To create it, I took some fragments of sound that didn't find their way
into the first piece, and expanded them to form a piece that sounds like it was taped in an ice cave as massive floes were
grinding against each other. You can listen to it here:

In real life, Sermersuaq is in northwestern Greenland. Stretching 90 kilometers across, it's the Northern Hemisphere's
widest tidewater glacier: a glacier that begins on land, but terminates in water.
This piece was influenced by Thomas Köner's chilly, minimalist Permafrost. The pieces on that album have frigid titles
like "Nival", "Serac", and "Firn" (all snow and ice formations)... and they're scarily empty, like an Arctic landscape. I'm
happy to report that it's now available on SoundCloud.
The third and final piece on Glacial is called "pujuq kanirnartuq":

It's even colder and darker: an icy mist at twilight. Best listened to on speakers with powerful bass.
You may have heard the Eskimo have a hundred words for snow. That's a bit misleading — more on that later — and
they don't like being called "Eskimo" either. But unsurprisingly, the Inuit do have quite a few words for phenomena
involving ice, snow and the like, and pujuq kanirnartuq is the term for "frozen mist" in the language Kalaallisut, also
known as West Greenlandic.
Here's a word list taken from Fortescue's text on Kalaallisut:

'sea-ice' — siku (in plural = drift ice)
'pack-ice/large expanses of ice in motion' — sikursuit, pl. (compacted drift ice/ice field = sikut iqimaniri)
'new ice' — sikuliaq/sikurlaaq (solid ice cover = nutaaq)
'thin ice' — sikuaq (in plural = thin ice floes)
'rotten (melting) ice floe' — sikurluk
'iceberg' — iluliaq (ilulisap itsirnga = part of iceberg below waterline)
'(piece of) fresh-water ice' — nilak
'lumps of ice stranded on the beach' — issinnirit, pl.
'glacier' (also ice forming on objects) — sirmiq (sirmirsuaq = inland ice)
'snow blown in (e.g. doorway)' — sullarniq
'rime/hoar-frost' — qaqurnak/kanirniq/kaniq
'frost (on inner surface of e.g. window)' — iluq
'icy mist' — pujurak/pujuq kanirnartuq
'hail' — nataqqurnat
'snow (on ground)' — aput (aput sisurtuq = avalanche)
'slush (on ground)' — aput masannartuq
'snow in air/falling' — qaniit (qanik = snowflake)
'air thick with snow' — nittaalaq (nittaallat, pl. = snowflakes; nittaalaq nalliuttiqattaartuq = flurries)
'hard grains of snow' — nittaalaaqqat, pl.
'feathery clumps of falling snow' — qanipalaat
'new fallen snow' — apirlaat
'snow crust' — pukak
'snowy weather' — qannirsuq/nittaatsuq
'snowstorm' — pirsuq/pirsirsursuaq
'large ice floe' — iluitsuq
'snowdrift' — apusiniq
'ice floe' — puttaaq
'hummocked ice/pressure ridges in pack ice' — maniillat/ingunirit, pl.
'drifting lump of ice' — kassuq (dirty lump of glacier-calved ice = anarluk)
'ice-foot (left adhering to shore)' — qaannuq
'icicle' — kusugaq
'opening in sea ice imarnirsaq/ammaniq (open water amidst ice = imaviaq)
'lead (navigable fissure) in sea ice' — quppaq
'rotten snow/slush on sea' — qinuq
'wet snow falling' — imalik
'rotten ice with streams forming' — aakkarniq
'snow patch (on mountain, etc.)' — aputitaq
'wet snow on top of ice' — putsinniq/puvvinniq
'smooth stretch of ice' — manirak (stretch of snow-free ice = quasaliaq)
'lump of old ice frozen into new ice' — tuaq
'new ice formed in crack in old ice' — nutarniq
'bits of floating ice' — naggutit, pl.
'hard snow' — mangiggal/mangikaajaaq
'small ice floe (not large enough to stand on)' — masaaraq
'ice swelling over partially frozen river, etc. from water seeping up to the surface' — siirsinniq
'piled-up ice-floes frozen together' — tiggunnirit
'mountain peak sticking up through inland ice' — nunataq
'calved ice (from end of glacier)' — uukkarnit
'edge of the (sea) ice' — sinaaq
November 15, 2011
You've probably heard that the Eskimos have lots of words for snow — and maybe you've heard other people say no,

that's not true. But the whole dispute seems a bit silly when you find out that the Eskimo — or more precisely, the
speakers of West Greenlandic — have a word for "once again they tried to build a giant radio station, but it was
apparently only on the drawing board." It's
nalunaarasuartaatilioqateeraliorfinnialikkersaatiginialikkersaatilillaranatagoorunarsuarooq.
West Greenlandic is also known as Kalaallisut: it's the main Inuit language spoken in Greenland:

Inuit Languages

I know practically nothing about the Inuit languages, but I enjoyed this piece:
Mick Mallon, Inuktitut Linguistics for Technocrats, Ittukuluuk Language Programs, Iqaluit, 2000.
It's about Inuktitut, the name for some members of this language group spoken in Eastern Canada. It's pretty technical,
so let me just give you a taste.
Verbs can be singular, dual, or plural:
takujunga — I see
takujuguk — we two see

takujugut — we several see
Instead of using words like "because", "if" or "whether" they use different verb endings:
takugama — because I see
takugunnuk — if we two see
takungmangaatta — whether we several see
They can also attach the object of the verb:
takujagit — I see you
takujara — I see him
takugakku — because I see him
But there are also suffixes that turn verbs to nouns, and suffixes that turn nouns to verbs... and you can use both in a
single complicated word! There are ways to indicate whether something is stationary or moving, expected or
unexpected:
tavva! — Here it is! (stationary and expected)
avva! — There it is over there! (mobile and unexpected)
There are ways to add spatial information:
tavvani — at this (expected) spot
maangat — from this (unexpected) area
tappaunga — to that (expected) area up there
kanuuna — through that (unexpected) spot down there
And all this is just scratching the surface! So in a typical written text, only a minority of words are ever repeated.
For my December 2011 diary, go here.
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Diary - December 2011
John Baez
December 1, 2011

More sea stacks! These are the Needles, made of chalk, rising out of the sea near the western tip of the Isle of Wight in
England. A lighthouse stands at right. The Needles got their name from a needle-shaped pillar called Lot's Wife that was
part of this formation until it collapsed in a storm in 1764. And they got their pointed shape because these strata of chalk
were so heavily folded during the Alpine Orogeny that they're almost vertical!
They're famous, but I first learned about the Needles from Rupert Wood, who mentioned them when we were talking
about Durdle Door. He wrote: "The geology of this bit of the UK is pretty crazy. Go west a bit and you encounter Chesil
Beach - an offshore shingle beach that stretches for 29km: http://en.wikipedia.org/wiki/Chesil_Beach. Go east and, past
the Old Harry sea stacks, skip across the idyllic Bournemouth Bay and you have the iconic Needles, the chalk sea stack
denoting the western tip of the Isle of Wight."
Kevin Clift wrote: "The Needles used to be well known in America. For transatlantic travelers they were once the
logical equivalent of The Statue of Liberty at the opposite end of the journey. Most liner travel from Northern Europe to
the USA was from Southampton. (Some journeys were only one way - the Titanic sailed from Southampton.)"
This nice photo was taken by Andy Wilson, and it appears on Panoramio.
December 23, 2011
In just two days I'll be in Sathalanalat Paxathipatai Paxaxon Lao, also known as the Lao People's Democratic Republic,
or simply Laos.

One of the cool things in Laos that I will not see is the Plain of Jars: an area littered with thousands of enormous stone
jars dating back to the Iron Age. Nobody knows what they were for! One theory is that they were used for burials. Local
legends claim a race of giants lived there.

December 24, 2011
Today Lisa and I flew to Bangkok together with Prasenjit Duara and his wife and daughter. We'll spend the night here at
the Convenient Grand Hotel and then continue to Laos tomorrow.
Here's a statue of Vishnu in the Bangkok airport. I like the contrast of mythic and high-tech:

He's prancing atop a famous scene from Hindu mythology: the Churning of the Ocean of Milk, in which the demigods
(devas) and demons (asuras) pulled back and forth on a giant snake (the king of nāgas), who was wrapped around a
mountain, which rotated and churned the the Milky Way, creating the nectar of immortality — which only the devas
wound up getting, thanks to a sneaky trick.
There's also a great bas-relief of this scene in Angkor Wat, which you can see here.
In Hindu cosmology, the Milky Way, or 'Ocean of Milk', is the fifth of 7 oceans that 'surround directional space and
separate it from non-directional space'. I don't know what that means, but it sure sounds cool! I think some crackpot
physicists are actually trying to write new myths.
December 25, 2011

Today Lisa and I flew to Luang Prabang, a wonderful old town in Laos where the Nam Khan river joins the Mekong:

The Duaras and two friends of theirs went to Vientaine, the capital of Laos. They'll join us in two days.
We planned our trip to Luang Prabang very late, and we couldn't find a decent hotel until we had the idea of searching
in French. Laos was first a French protectorate and then part of French Indochina until 1953. It still shows in the
architecture, the little crêpe stalls, the baguettes and croissants, and the large number of French tourists. We wound up in
the Hotel Villa Deux Rivières, a wonderful place near the tip of the peninsula where the rivers meet. This part of town is
a bit away from the tourist epicenter — nice and quiet except when the monks pound the early morning wake-up drum

at the nearby Wat Xieng Thong.

Walking out of the hotel we saw some rice cakes drying outdoors in a nearby alley:

We never saw these served anywhere — but sticky rice called khao niao was omnipresent, usually served in a special
basket with the lid attached to the body by strings:

The rice is cooked a long time so the starch dissolves a bit, making it very sticky — but it's fairly dry, not mushy, so
people can easily eat it with their hands (or more precisely, their right hand).
Wat Xieng Thong, built around 1550, dominates the tip of the peninsula on which Luang Prabang is built. It has a long
stairway leading down to the Mekong, and it was considered the entrance to the city.

This is just one of many buildings there, but it's the most important: it's the sim, or assembly hall. The pointy spire, gold
trim and overlapping roof layers are distinctively Lao.
Here's a closeup of the front wall of the sim at Wat Xieng Thong. Patterns are drawn in gold paint using stencils:

Here's a detail from inside the assembly hall at Wat Xieng Thong:

Thanks to Denise Heywood's excellent book Ancient Luang Prabang, I learned this is a kinnara. Renowned for its
dance, song and poetry, it's a symbol of feminine beauty, grace and accomplishment. But there's also a male version,
called a kinnara. These creatures are popular throughout southeast Asia wherever Buddhist or Hindu mythology holds
sway — from Indonesia through the Khmer Empire (though I missed them at Angkor) all the way across India and on
up into Tibet!
In the Mahabharata, the kinnari and kinnara say:
We are everlasting lover and beloved. We never separate. We are eternally husband and wife; never do we
become mother and father. No offspring is seen in our lap. We are lover and beloved ever-embracing. In
between us we do not permit any third creature demanding affection. Our life is a life of perpetual pleasure.
In Burma, Buddhists believe that out of the 136 past animal lives of Buddha, 4 were spent as kinnara.
Here's a detail from the Chapelle Rouge at Wat Xieng Thong:

This goes back all the way to... 1960. But in fact all the wat in Laos are continually renewed and rebuilt, somewhat to
the annoyance of western romantics who love a good ruin.
This looks like a mammoth artichoke — but no! It's a statue of a lotus bud outside the sim of Wat Xieng Thong:

The lotus plays a big role in Hindu and Buddhist symbolism. It represents the "blossoming of purity in blissful liberation
from the muddy waters of attachment and desire".
December 26, 2011
Laos is a landlocked, hilly country where until recently river transportation was more important than the rugged
unpaved roads. The mighty Mekong reigns supreme, and it goes through the capital Vientiane but also the historically
important city of Luang Prabang, which sits where the smaller Nam Khan River flows into this giant.

Know this flower? It's also big in Southern California. But it's not really a flower! It's called a bougainvillea — and
those purple things are actually leaves, or more precisely, bracts! They get nice and colorful when the soil gets dry —
and the dry season in Laos runs from November to May, so it's delightfully cool and dry here now. May to July is the
monsoon, with heavy rains.
Oddly this weather pattern is the opposite of Singapore, where the heaviest rains start in November (but it's hot and
rainy year-round). I haven't figured out much about southeast Asia yet — not even the weather! But my trip to Laos is
helping me fill in some of the puzzle.

The people of Laos are famous for their laid-back, friendly attitude. Strong emotions and stress are avoided, and success
is often attributed to karma rather than hard work. Some of this comes from Theravada Buddhism, which emphasizes
suffering, impermanence and the illusory quality of everything. The cure for all this is nirvāna, the 'blowing out' of the
fires of craving. While all this may seem esoteric, it's probably not, especially here in Luang Prabang — the country's
religious center, with over 47 wat, or temples.
The flip side of this disinterest in reality may be that Laos is one of the poorest countries on earth, with more than 75%
of the people living on less than $2 a day. Free education is provided up to 5th grade, but only the larger villages have
high schools. Many boys who want further education become monks, often just temporarily as 'novitiates'. (Some girls
become nuns, but so far my impression of Theravadan Buddhism as practiced in southeast Asia is that it's very sexist.) I
saw a bunch of novitiates in a physics class learning how to solve harmonic oscillator problems in a wat near the hill at
the center of town. I can't read Lao, but 1/2π times the square root of k/m means the same thing worldwide!
Here's something you never see in the US!

In tourist havens like Luang Prabang, shops supply almost any good you'd want, and small businesses seem to be doing
well, but ownership of land is not allowed, and Laos is a one-party state, with many of the problems that usually entails.
All newspapers in Laos are published by the government — but even more oddly, I've never actually seen one in the
stores here! Nor have we seen a store selling books in the Lao language. I've also heard of big military processions in
Laos that nobody bothers to attend. More examples of the uniquely laid-back nature of the Lao?
An acquaintance asked novitiates at a monastery here if they knew Osama bin Laden had been killed, and they didn't
know anything about the whole business. Their physics textbook was, I believe, written in Thai — although I didn't
carefully check. Luckily, the languages are so similar that the Lao monks can understand spoken or written Thai. Thai
TV channels flood into Laos, and are widely watched.
Laos is not only poorer than Vietnam and Cambodia, it also has a weaker national identity. About 60% of the people are
ethnically Lao, mostly in the lowlands. About 30% are Mon and Khmer people, related to the Burmese and Cambodians
respectively, mainly living in the southern and central mountains. And about 10% are a mix of Hmong, Yao, Dao, Shan,
and several Tibeto-Burman tribes, who have mostly been pushed up into the higher northern mountains.
Western technology and global politics must have come as a big shock to these folks when the French took over in 1893
— not to mention when the US started bombing Laos in 1964. We dropped an average of one B-52 bombload on them
every 8 minutes, 24 hours a day, for a whole decade. The goal of this so-called 'Secret War' was to harass the
communist North Vietnamese in Laos. It's the most heavily bombed country in the world.
The Hmong are famous for supporting the US in this conflict, and they've had a rough time in Vietnam and Laos ever
since. The day after Christmas, we met a guy who'd gone to a Hmong festival on the outskirts of Luang Prabang the
previous night. He said it would still be going on, and was worth checking out. He said to get a tuk-tuk driver and
bargain him down to 30,000 kip (about $3.70) for a one-way ride. We wound up hiring a tuk-tuk driver for a round trip

for 70,000 kip.

We were told we'd see people wearing traditional Hmong garb; instead, masses of kids in Western dress were playing
various games. A popular one lets you pay to get three tries throwing darts at balloons. If you pop all three, you get a
stuffed animal. The average age in Laos is a bit over 19 — and here that was very clear.
December 27, 2011

I saw this painting on a wall near Wat Pa Khe, a Buddhist temple at the foot of the big hill called Phu Si in Luang
Prabang — the same temple where I saw monks learning about harmonic oscillators.
The country of Laos traces its roots back to the kingdom of Lan Xang, which means Land of a Million Elephants. This
romantic name refers to the formidable army led by a prince from Angkor, who invaded in 1354 and later set up his
capital at Luang Prabang. Elephants were used roughly as tanks are now. There are now about 2000 elephants in Laos,
800 in the wild and the rest domesticated, often used for labor. That doesn't sounds like many, but Laos is the country
with the sixth biggest population of Asian elephants.
You can ride an elephant in village near Luang Prabang, and even learn a bit about how to be a 'mahout', or elephant
handler — but I didn't do it.
Here's what southeast Asia was like around 1400 AD:

In green you can see Lan Xang and its capital Luang Prabang. To the south in red we see the Khmer Empire, whose
capital was Angkor. East of that, in yellow, is the kingdom of Champa. When I visited Vietnam, I saw some great Hindu
sculptures from there! To the west, in indigo, is the kingdom of Ayutthaya, also known as Siam. North of that, orange, is
the kingdom of Sukhothai, which I know nothing about! There are also others.
I'm just starting to get a sense of how these places fit together, and how Sanskrit, Hinduism, and Buddhism spread over

the whole region. At first it all seemed like a hopeless blur. Now I know just enough to start getting curious.
December 28, 2011

Almost everyone who visits Laos falls in love with the wat, or temples — they seem to be built for flight, like wings or
missiles. The orange robes of the monks are also incredibly eye-catching and charismatic. But beneath these very visible
signs of Theravada Buddhism, there's a layer of animism that pervades Lao culture. This was hard for a casual visitor
like me to detect, except in the little 'spirit huts' that dot the landscape. But according to Wikipedia:
Despite the importance of Buddhism to Lao Loum and some Lao Theung groups, animist beliefs are
widespread among all segments of the Lao population. The belief in phi (spirits) colors the relationships of
many Lao with nature and community and provides one explanation for illness and disease. Belief in phi is
blended with Buddhism, particularly at the village level, and some monks are respected as having particular
abilities to exorcise malevolent spirits from a sick person or to keep them out of a house. Many wat have a
small spirit hut built in one corner of the grounds that is associated with the phi khoun wat, the beneficent
spirit of the monastery.
Phi are ubiquitous and diverse. Some are connected with the universal elements — earth, heaven, fire, and
water. Many Lao Loum also believe that they are being protected by khwan (thirty-two spirits). Illness
occurs when one or more of these spirits leaves the body; this condition may be reversed by the soukhwan
— more commonly called the baci — a ceremony that calls all thirty-two khwan back to bestow health,
prosperity, and well-being on the affected participants. Cotton strings are tied around the wrists of the
participants to keep the spirits in place.

Here are two nāga statues on top of Phu Si, the big hill that dominates Luang Prabang. Snake-like river spirits called
nāga seem to be important in all the lands of southeast Asia that have been touched by Hinduism. I've already shown
you some images of them from Cambodia, and they seem even more popular in Laos. People along the Mekong river
seem to really believe in them! Quoting Wikipedia:
The legend of the Nāga is a strong and sacred belief held by Thai and Lao people living along the Mekong
River. Many pay their respects to the river because they believe the Nāga still rule in it, and locals hold an
annual sacrifice for the Nāga. Each ceremony depends on how each village earns its living from the
Mekong River — for instance, through fishing or transport. Local residents believe that the Nāga can
protect them from danger, so they are likely to make a sacrifice to Nāga before taking a boat trip along the
Mekong River.
Also, every year on the night of 15th day of 11th month in the Lao lunar calendar at the end of Vassa, an
unusual phenomenon occurs in the area of the Mekong River stretching over 20 kilometres between PakNgeum and Phonephisai districts in Nong Khai province, Thailand. Fireballs appear to rise from the river
into the nighttime sky. Local villagers believe that Nāga under Mekong River shoot the fireballs into the air
to celebrate the end of Vassa, because Nāga meditate during this time.
A photograph on display in bars, restaurants, guesthouses, and markets around Thailand captioned Queen of
Nagas seized by American Army at Mekhong River, Laos Military Base on June 27, 1973 with the length of
7.80 meters is a hoax. The photograph is actually that taken by USN LT DeeDee Van Wormer, of an
oarfish found in late 1996 by US Navy SEAL trainees on the coast of Coronado, California.
For my January 2012 diary, go here.
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Diary — January 2012
John Baez
January 1, 2012

Here's Durdle Door, a sea arch on the wonderfully named Jurassic Coast in Dorset, England. This coast has cliffs made
of limestone from the Triassic, Jurassic and Cretaceous periods, documenting 180 million years of geological history.
I showed you some awesome sea stacks at the top of my August and September diaries, and sea arches come from sea
stacks — but how does this work? This picture helps explain it:

When a thin peninsula with cliffs erodes, caves can form. When these caves punch all the way through, we get sea
arches. When these arches collapse, we get sea stacks. And when those erodes, we get sad little stumps.
But Sampo Syreeni asks:
How did the peninsula get as thin as to start the process in the first place? Generally speaking one would
expect it to erode away via unrelated processes, before this kind of thing should take place.
In the case of Durdle Door, Wikipedia offers information that doesn't quite answer the question, at least not for me. But
maybe someone who knows more geology can figure it out:
The arch has formed on a concordant coastline where bands of rock run parallel to the shoreline. Here the
rock strata are nearly vertical, and the bands of rock are quite narrow. Originally a band of resistant
Portland limestone ran along the shore, the same band which can be seen one mile down the coast forming
the narrow entrance to Lulworth Cove. Behind this is a 400-foot (120 m) band of weaker rocks which are
easily eroded, and behind this is a stronger and much thicker band of chalk, which forms the Purbeck Hills.
The limestone and chalk are much closer together here than at Swanage, 10 miles (16 km) to the east, where
the distance between them is over 2 miles (3 km). There are at least three reasons for this. First, the beds are
highly inclined here, and more gently angled at Swanage. Secondly, some of the beds have been cut out by
faulting at Durdle Door; and thirdly, the area around Durdle Door appears to have been unusually shallow,
so a much thinner sequence of sediments were deposited here. At Durdle Bay all except a short stretch of
the limestone has been completely eroded away by the sea and the remainder forms a small headland where
it has protected the clay behind.
But why does some limestone poke out into the sea? A concordant coastline is one where bands of different kinds of
rock run parallel to the sea; I'd naively expect a protrusion in a discordant coastline, where they run at right angles to the
sea.
January 8, 2012

Wow! I just learned about a pioneer in electronic music named Daphne Oram, shown here working on a technology
called Oramics, which she introduced in 1962... before anything like the Moog existed.
It's a table with graph paper on it. Curves are drawn freehand onto this paper and then copied with paintbrush onto 10
transparent, sprocketed loops of 35mm film. To create music, you run the film over photocells illuminated by a steady
stream of light. The 10 loops then individually control different parameters of the sound. You can also can control the
speed at which the film moves using a clutch and gears!
Here you can see an album of pieces she made:
Paradigm Discs, Daphne Oram — Oramics.
and download some free samples. Only bother to do this if you like far-out electronic music and are interested in what
someone could do back in 1962. Personally, I was impressed!
Daphne Oram joined the BBC at the age of 17 back in 1942, and "badgered the company endlessly to start investing in
electronic music", spending many nights at their studios splicing tapes and building machines. Eventually this led to the
BBC Radiophonic Workshop, which began in 1958 — but she only worked there until 1959, because she got sick of her
music serving as background to TV shows.

This is a video by Nick Street about a museum exhibit called Oramics to Electronica. The background music is all by
her! This exhibit is running at The Science Museum in South Kensington, London, until December 1st, 2012.

You can't tell a book by its cover. Click the video above and listen. I would never have expected that the perky,
conventional-looking woman here made this utterly deranged tune. From its sound, it should have been made by an
experimental LA punk band! I find that delightful.
It's called "Snow" because it was "used to illustrate the poor performance of trains in cold weather". (Maybe it was a
sound track?) It starts with some slow, atmospheric, industrial-sounding percussion. As it slowly accelerates, it starts
becoming clear that it's a loop of a drummer — in fact Sandy Nelson, a star from the early 60s. After a while some
electric guitar enters, a bit like a surf music. It keeps picking up speed, eventually becoming quite frenetic... and it ends
with a crash.
January 13, 2012
Good news! The government of Myanmar and the rebel army of the ethnic group called the Karen have signed a
ceasefire. The Karen never got an autonomous region like the other major groups in Myanmar, and a rebellion has been
going on for over 60 years. The Myanmar army has been carrying out a campaign of 'ethnic cleansing', burning Karen
villages, and about 160,000 have fled to refugee camps across the border in Thailand. Now maybe this will end.
I care about this more now that I've been seeing firsthand how the diverse peoples of Southeast Asia are being yanked
abruptly and into the modern world. The woman who cleans our house, Phaw Phaw, is a Karen from Myanmar, now
living in Singapore. In her village, they do the dance with poles shown below. We hope to visit it sometime this
summer.

Burma began as a region conquered by the British Empire in a series of wars starting in 1832. They considered it a
province of British India. After the Japanese invaded and were then defeated in 1948, it became a country — but there
are still roughly 30 rebel armies in Burma, representing various ethnic groups! In short, it's a hugely diverse region with
the misfortune of being a single country, Myanmar, ruled by a nasty government — together with a lot of armed people
unwilling to put up with this.

About 65% of the people speak Burmese, white in the picture. This is a Tibeto-Burman language — and so are the Chin
(grey), Kachin (green), Rakhine (aqua) and Naga, Lahu and Akha languages (all in burgundy).
The Karen speak three different languages: Pa'o, Kayan and Karensi (all in red). These are also considered TibetoBurman — but that's somewhat controversial, because unlike most of those languages, their sentences go subject-verbobject instead of subject-object-verb!
The Mon, Wa and Palaung languages (yellow and light purple) are from a wholly different family: the Austro-Asiatic
languages.
Finally, the Shan language (shown in tan) is from a third wholly different group: the Tai-Kadai languages. These also
include Thai and Lao.
This is a vast oversimplification, since there are about a hundred languages spoken in Burma! I'm just trying to wrap my
head around the linguistic scene in southeast Asia. So, let me add that worldwide:

About 45 million people speak Tibeto-Burman languages, mainly Burmese and Tibetan.
About 80 million speak Austro-Asiatic languages, mainly Vietnamese and Cambodian.
About 80 million speak Tai-Kadai languages, mainly Thai, Lao and Zhuang (in China).
January 22, 2012
It's New Year's Eve here in Singapore... the Year of the Dragon is coming! The stores which were so frantically selling
huge amounts of snack food are mostly closed by now, and the next two days will be public holidays. Lisa and I are
going downtown this evening to get some new door posters, have dinner, enjoy the crowds, and maybe see the
fireworks.
Here's the Prime Minister, Lee Hsien Loong, helping kick off the festivities yesterday by tossing a coin into a lantern:

January 23, 2012
Last night Lisa and I went downtown to shop for some calligraphy to hang our door. The population of Singapore is
largely Chinese, with a lot of Malays and Indians as well — but there's still a "Chinatown", a kind of epicenter of
activity, and on New Year's Eve it becomes insanely crowded with people eager to shop, eat out, and eventually watch
the fireworks. That's where we went.
Red is considered a lucky color in China: it's associated with courage, loyalty, honor, success, fortune, fertility,
happiness, passion, and summertime. Chinatown becomes very red on New Year's Eve!

For Chinese, the biggest holiday is the Lunar New Year, or "Spring Festival." It's at least the equal of Christmas and
New Year's Day combined in the United States... maybe with Thanksgiving thrown in on top! The festivities start on on
the first day of the traditional Chinese lunisolar calendar, and end on the 15th day with the Lantern Festival.
It's customary in China to put posters with calligraphy on your door — and it's good to mark the new year with a new
one. We got two saying
Going out and coming in, balance and peace.
Not one of these — but these were pretty too:

Lisa also wanted to renew our door poster saying "Spring". We couldn't find the calligrapher we used last time, but we
found someone willing to make one for us:

He used a blow drier on it before wrapping it up.
Chinese calligraphy is a marvelously subtle art, with many forms and a long history. I like it even though I can't read or
write! One reason: even the finished, static product lets you feel the motion of the brush. Joan Stanley-Baker puts it
well:
Calligraphy is sheer life experienced through energy in motion that is registered as traces on silk or paper,
with time and rhythm in shifting space its main ingredients.
We finished up our New Year's Eve by doing what Singaporeans like to do best: eat. Smith Street is packed with
restaurants and stalls selling food from all over: China, Malaysia, India, Thailand, Vietnam and more. And don't forget:
saying "Chinese food" or "Indian food" is like saying "European food": these aren't single cuisines, they're dozens! We
picked a Xi'an restaurant and had skewers of lamb, dumplings, and super-thick noodles in garlic chili sauce. By
coincidence there was a poem by by the famous Tang poet Li Bai on the wall, continuing the calligraphic theme of the
evening:

The calligraphy here is pretty basic, so let's wrap up by looking at the work of a master. This is the only surviving
calligraphy by Li Bai, also known as Li Po:

Born in 701 out in the wild west, he eventually found his way to the capital, Chang'an, where the emperor hired him as a
translator. He died in 762. According to a popular but baseless legend, he drowned trying to embrace the reflection of
the moon in the Yangtze River.

Poetry has been defined as "that which is lost in translation", and the tightly coiled patterns of classical Chinese poetry
turn to mush in English, with the complex allusions and beautiful calligraphy lost as well. For example, Li Bai's famous
poem "Visiting the Taoist priest Dai Tianshan but not finding him" rhymes in Chinese. Translating it word-for-word we
get:
Dog bark water sound in
Peach blossom bring rain thick
Tree deep sometimes see deer
Stream noon not hear bell
Wild bamboo divide green mist
Fly spring hang green peak
Lack person know place go
Sad lean two three pines
Imposing English grammar dilutes this intense word-blast to:
A dog's bark amid the water's sound,
Peach blossom that's made thicker by the rain.
Deep in the trees, I sometimes see a deer,
And at the stream I hear no noonday bell.
Wild bamboo divides the green mist,
A flying spring hangs from the jasper peak.
No-one knows the place to which he's gone,
Sadly, I lean on two or three pines.
I got these from here:
Mark Alexander, Visiting the Taoist priest Dai Tianshan but not finding him, Chinese Poems.
and there you can also see the same poem in traditional or simplified characters or pinyin, and many other poems as
well.
For more Chinese calligraphy, see this:
Calligraphy of the masters, China the Beautiful.

For my February 2012 diary, go here.
The writing stops but the meaning goes on; the brush has been put down but the power is unending. - Chinese saying
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Diary - February 2012
John Baez
February 1, 2012

This magnificent sea stack, called Old Harry Rock, stands near the eastern end of the Jurassic Coast of England. This
picture is from Dr. Ian West's webpage, which is packed with geological information about this area. For another amazing
formation on the Jurassic Coast, see the top of my January 2012 diary.
Next to Old Harry Rock is Old Harry's Wife, shown here:

Again this image is from Dr. Ian West's webpage.
But who, you ask, is Old Harry? One legend says it was Harry Paye, an infamous pirate from Dorset who later became a
commander, leading naval raids along the coast of France and Spain, burning two cities to the ground and taking many
hostages. This legend says he stored his contraband nearby. But another legend says that the Devil himself (traditionally
known euphemistically as "Old Harry") had a sleep among these rocks. Indeed, Old Harry Rock is also known as the
Devil's Rock.

Above is a nice view of Old Harry's Rock, Old Harry's Wife and the cliff on the shoreline, known as St. Lucas' Leap. Why
that name? In 1910, W. M. Hardy wrote:
It was close by, at St. Lucas's Leap, that a pair of pedigree greyhounds belonging to a certain squire at
Studland, while coursing a hare, are said to have leaped clean over the cliff and have been dashed to pieces, the
name St. Lucas being afterwards given to the spot where the tragedy occurred to commemorate the name of
one of the favourite hounds which perished so suddenly and tragically. It was said that the old gentleman did
not long survive the disaster, as he was so greatly attached to the dog and its fortunes.
More recently, in 2009, a dog chasing a rabbit ran off this 30-meter cliff, landed in the sea, and was rescued by the crew of
a yacht that happened to be nearby! The breed of dog? Springer spaniel.
The above picture was taken by "Cmcqueen" and can be found on the Wikipedia article about the Old Harry Rocks. The
anecdotes are from Dr. Ian West's webpage.
Finally, here's a stunning view of Old Harry through a sea arch:

It looks like an abstract expressionist painting! I got it here.
February 15, 2012

I've been avoiding long plane trips, but unable to resist getting to know the neighborhood while living here in Singapore.
On Friday, Lisa and I are going to Chiang Mai for a week! That's the main city in northern Thailand. Bangkok, much
bigger, is down south. Singapore is at the southern tip of Malaysia, not visible here. Luang Prabang, a town we recently
visited in Laos, is not far from Chiang Mai. And indeed the Lao language is closely related to Thai, and some of the
traditional architecture is similar. So it may be a bit familiar... though Thailand is much more prosperous.
February 16, 2012

I've been struggling to understand the history of Southeast Asia. Here's what it looked like around 1300 AD. Chiang Mai,
the city I'll be visiting on Friday, was the capital of the Kingdom of Lanna — the purple region. Next to it, in orange, is the
larger Sukothai Empire. East of that, in red, is the even larger Khmer Empire, whose capital, Angkor, I've already taken you
to: that's the city near the big lake. To the east of that is Champa, a Hindu kingdom that covers much of what's now
Vietnam. I saw some great statues from Champa when I visited the city of Huế in Vietnam.

I like the idea of staying in a city surrounded by a wall and a moat. Not that I'll feel safer... just sort of snug. Did you ever
read Doris Lessing's novel The Four-Gated City? Well, the old city of Chiang Mai is square, with four main gates. Here's
Thapae Gate, on the east. Ever since 1300, the main route into this city has come from the Ping River down Tapae Road
through this gate. By now Chiang Mai has expanded beyond its original walls, but this is still the main entrance to the old
city.

In Chiang Mai we'll be staying on Ratchadamnoen Road. Every Sunday from 4 pm until midnight this road becomes a huge
Walking Street Market. Night markets are common in Asia — and this video, while not very professional, does a great job
of conveying the feel of friendly chaos that makes these markets fun! They might seem scary at first, but everyone is
completely laid back, so relax and explore: you might see a magician, or a stall selling puzzles of the Buddha, or quail
eggs... you never know! I'm really going to miss these markets when I come back to the US. The shopping malls there are
neat, clean, and deadly dull.
February 17, 2012
We flew to Chiang Mai and took a preliminary look around. Though it's the dry season, the city was shrouded in clouds...

The first things that jump out at you are the Buddhist temples, called wats, and the many novice monks dressed in bright
orange:

The wats are similar to the Lao ones shown in my January 2012 diary entries, but subtly different in many ways. The stupas
seem more prominent, for example — the stupa is the gold-tipped thing in back of the above photo — and they have a rich
variety of sculpture:

However, as in Laos and Cambodia, Theravada Buddhism rests on an earlier layer of animist religion, so there are little
spirit houses all over, especially in front of shops:

We went east on Ratchadamoen Road to Thapae Gate. Note the typical cloudy Chiang Mai sky:

There are in fact not just four gates to the city, but twelve. But most of these are now roads rather than actual gates, since in
many places the original walls have crumbled and disappeared. Thapae Gate is the biggest actual gate, but the brickwork
here looks new.
February 18, 2012
I'm becoming fascinated by the snake-like creatures called nāgas that guard many of the buildings in the wats here.
According to the Wikipedia article:
The Buddhist nāga generally has the form of a great cobra-like snake, usually with a single head but sometimes
with many. At least some of the nāgas are capable of using magic powers to transform themselves into a human
semblance. In Buddhist painting, the nāga is sometimes portrayed as a human being with a snake or dragon
extending over his head. One nāga, in human form, attempted to become a monk; when telling it that such
ordination was impossible, the Buddha told it how to ensure that it would be reborn a man, able to become a
monk.
[...]
Nāgas are believed to both live on Mount Sumeru, among the other minor deities, and in various parts of the
human-inhabited earth. Some of them are water-dwellers, living in streams or the mer; others are earthdwellers, living in underground caverns.
I showed you some Lao nāgas in my December 28, 2011 diary entry. They play a more prominent role as temple guardians
here in Chiang Mai. Here are two at Wat Prasat, a smaller wat behind the big and famous Wat Phra Singh:

If you look carefully you can see the nāga is emerging from the jaws of another creature! See it? That's a makara!
Ubiquitous among the wat guardians is the mythical serpent, the naga. A denizen of the waters and the
underworld, the naga appears on barge boards, eave brackets, and balustrades as well as on arhces over gates,
windows and doors. According to some legends, the naga can also take the form of a human.
On the balustrades, the naga often shares his role with the makara, a crocodilian creature whose open toothy
jaws disgorge an irate naga. The makara head sometimes spouts an attenuated elephant trunk, and the neck is
usually encircled by three ruffs.
That quote is from this nice little book:
Carol Stratton, What's What in a Wat: Thai Buddhist Temples, Silkworm Books, Chiang Mai, Thailand, 2010.
For more, try this:
Phan An Tu, The signification of naga in Thai architectural and sculptural ornaments.

We passed Wat Prasat as part of a long hike that eventually took us south of the old city, because at 4 pm on Saturday's
there's a walking street market on Tha Wualai down there. Our journey took us past a stall selling crepes — one of the nice
traces of French influence!

We went out the west gate of the old city. Some of the wall here has been renovated, but some is old:

The sign, while new, features the gate's name not only in Thai (on top) and English, but also in the Lanna script that was
used here in the old days.
The Saturday walking street market starts at 4 pm on Wualai Road, south of the old part of Chiang Mai. It's less crowded
and nicer than the famous Sunday market.
About 200 years ago, the Tai Khoen people living in what's now Burma were defeated by the Lanna Kingdom, whose
capital was Chiang Mai. Many silversmiths, blacksmiths and stonemasons were captured and resettled in this part of town.
Even now this area is famous for its silver shops. But the market features crafts of all kinds, as well as food and free live
music!
Here's a bit of what we saw there:

February 19, 2012

In the morning Lis and I walked to the big, very active Wat Phra Singh at the west end of Ratchadamnoen Road. Every wat
I know in Thailand has a wihan, where lay people engage in ceremonies with the monks. The big wihan in in Wat Phra
Singh is classic example of Lanna architecture: it's called Wian Lai Kham, and it was built in 1345. Here's a remarkable
row of Buddha statues in the hall of this wihan, with banners blowing in the wind:

This makes me think of how our self has a model of itself, which has a model of itself, and so on. Elisabeth Schobus said it
makes her think of how "the higher self, that is aware of all the lives it has endured, watches benignly all the lives still
evolving". In Mahayana Buddhist temples one sometimes sees a row of three statues representing Dipankara, Shakyamuni
and Maitreya: the Buddhas of the past, present and future. But in Thailand the Buddhists are mostly Theravadan, and for
them the only Buddha is the actual historical guy, as far as I know — though they do tell tales of his past lives. So, I don't
understand the symbolism of this Buddha-row.
The gardens feature a Buddha amid tulips — quite unusual, it seems:

There are also two cute little nāgas in a pond:

In front of one building there's a much larger nāga emerging from the jaws of a makara:

There's a row of bells you can ring for good luck. They're fun to ring even if you're not superstitious:

Out back there's a garden full of signs with sayings on them. In Citizens United v. Federal Election Commission, the U.S.
Supreme Court ruled that the right to free speech means corporations and unions can spend as much money as they want on
political ads. This sign disagrees:

Then we went to Wat Chedi Luang. This temple dates back to the 14th century, when King Saen Muang Ma of the Lanna
Kingdom planned to bury the ashes of his father there. After 10 years of building it was left unfinished, later to be
continued by the king's widow after his death. They too had a nāga emerging from the jaws of a makara:

I also saw a mom:

But don't ask "whose mom?" In Thai, "mom" is the name of a mythical aquatic creature with legs. This one looked rather
bug-eyed and slow-witted: I thought it was just a kind of larval nāga. Later I saw some more energetic-looking ones.
But the high point of this wat is the enormous stupa out back. Every wat should have a stupa, which is a symbol of Mount
Mehru, the center of the universe in Hindu (and then Buddhist) cosmology:

Note the huge stone nāgas at the base of the stupa, and of course the elephants above! There used to be lots of elephants in
Thailand, and there are still quite a few.
In the afternoon we headed up to the northeast of the old city. We saw a coffee shop with a sign that raised more questions
than it answered:

Is this for customers who are so tired they need a little nap before their coffee? Is it a bed and breakfast? Another sign,
saying "spaghetti", only added to the mystery. There are lots of multifunctional places in Chiang Mai. Cafés where you can
also get a massage are a dime a dozen. But it's also the first place I saw a combination laundromat and internet café. That
seems like an obvious idea in retrospect! There are few things more dull than watching laundry spin around.
There are so many wats in Chiang Mai that we found a couple nice ones en route to our actual goal. For example, I saw
some fiesty "moms" at Wat Umong Maha Thera Chan:

But finally we reached our goal: the oldest wat in Chiang Mai! Called Wat Chiang Man, this was built in 1297 AD on the
spot that King Mangrai used a camp during the construction of his new capital city.
By this point it had cleared up, making it quite hot, but there was a beautiful blue sky to go along with the blue wihan of
Wat Chiang Man:

More nāgas:

The last picture is one of a series illustrating Buddhist tales; if you know Thai, please translate the caption and tell me what
it says!
At 4 pm, Ratchamondoen Road became an enormous market: the Sunday walking street market. When it got dark it became
too crowded to be much fun, but it was nice at first. Thai street food is famous world-wide, and a detailed description would
fill up all of this February diary — there are whole websites on this subject — so I won't even try!

February 20, 2012

This is a Taoist text, written in classical Chinese — one of several Lisa bought today. It's yet another trace of the complex
history of this area. In the 1800's, the Yao people were driven from China down into Vietnam and the Thai and Lao
highlands. More fled to Thailand after the Vietnam War, since they were on the losing side. The Yao are Taoists, and in
their struggle to scrape out a existence they sold many of their books to Thai antique stores back in the 1980's.
Lisa got these books at Kesorn Arts at 154-156 Tha Pae Road. That's a busy street which heads east from the old city of
Chiang Mai down to the Ping River. It's a very old road, probably dating back to the city's founding in 1296. Now it's lined
with coffee shops, antique stores, and small businesses. Kesorn Arts definitely worth visiting if you like old stuff! The
owner is knowledgeable and friendly.
February 22, 2012
Today we took a ride north out of the city, a bit closer to the Golden Triangle, which is apparently a lot less dangerous now
than in former times, as the Thais at least have cracked down on opium production, and a lot is now centered in
Afghanistan.
First we went to Nam Tok Mae Sa, a picturesque park with a cascading stream. Then we went to the village of Samoeng,
which wasn't picturesque at all... but they grow strawberries there, so we got some strawberries and strawberry juice. Then
we stopped at Baan Tong Luang, an "eco-agricultural hill tribes village".
"Hill tribes" is a generic name for the smaller ethnic groups in southeast Asia. They don't necessarily love living in the hills:
that's just where they were pushed when more powerful groups took over the flatlands! The groups living in this village
include Yao, Karen, Hmong and others. It's a bit of a "human zoo", not very nice — but some are refugees from Burma, and
this existence is probably quite a bit nicer than a refugee camp. They do, after all, have running water, food, accesss to
schools, and ways to earn a living.

I forgot my camera today, so Lisa took all the pictures — but the above photo of a Yao woman is from Wikipedia, taken by
"rex pe". Lisa is interested in the Yao because they're Taoist. In my February 20 diary entry, I showed you a Yao Taoist
text.
February 23, 2012

Lisa had a bit of a cold so I did a bit of wandering on my own this afternoon. On Tha Pae Road I explored Wat Bupparam.
It has some amazingly energetic-looking scaly creatures called "moms" guarding the temple doors:

It also features a nice five-headed nāga, and makaras that double as stair rails:

February 24, 2012
Lisa and I returned to Singapore today. Last night we finally broke down and had a Thai massage... and realized we should
have been doing it every night! It really rejuvenated me, removing a lot of stiffness that's been building up over the years.
There's a lot to say about this trip that I didn't say, and a lot to show you that I didn't show, but this will have to do for now!
I should emphasize that while I've shown you lots of pretty pictures, Chiang Mai is, in parts, a gritty and bustling city, with
some heavily trafficked streets and a fair amount of smog mixed with the mist. So if you go there, don't expect a romantic
paradise.
It's still a wonderful place. When I arrived back in Singapore, it seemed a bit dull.
For my March 2012 diary, go here.
Among the legends relevant to the Buddha and the indigenous animist serpent cult, one can rarely find any story which
describes the Buddha fighting against the Nagas as in the legends of Brahmanist mythology. It is significant that Buddhism
peacefully chooses an associational path in harmony with the animist serpent cult, rather than imposes its victory on the
indigenous belief system. - Phan Anh Tu
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Diary - March 2012
John Baez
March 1, 2012

Once, in a Blue Moon...

Cytia Beata from Trondheim has taken a lot of photographs, and one she took on the ninth of February 2009 caught my
eye. It was called "blue moon of deep night". I modified it considerably using some image-processing software and
here's the result. A little collaborative art project!
March 6, 2012

This is not what it looks like. The blue squares have been painted on the walls, floor and window of this building! And
they're not really squares: they only look square from this one very special point of view. If you don't believe me, go
here:
Anamorphic illusions by Felice Varini, Demilked, February 15, 2012.
March 6, 2012

More fun art... but this is exactly what it looks like! It's a desk and chair built by the sculptor Giancarlo Neri. It's 9
meters high and built from 6 tons of steel and half a ton of wood. It was put here on the Hampstead Heath in London in
June 2005, and moved back to Italy in October of that year. It's called The Writer.
March 14, 2012

'Nothing' is hardly ever really nothing. Here is an 'empty' drawing by the famous abstract expressionist Robert

Rauschenberg. But there's a fascinating story behind it, and it caused a wave of shock in the New York art community,
because of how it was made. And this story somehow is the drawing. Read the story here:
Robert Krulwich, Two ways to think about nothing, National Public Radio, March 13, 2012.
March 31, 2012

In 1965, in his studio in Warsaw, Roman Opalka began painting numbers from one to infinity. Starting in the top lefthand corner of the canvas and finishing at the bottom right, the tiny numbers were painted in rows. Each new canvas
took up counting where the last left off.
There were slight changes as he went on. At first he painted white numbers on a black background. In 1968 he changed

to a gray background, and in 1972 he decided he would gradually lighten this gray background by adding 1 per cent
more white to the ground with each passing detail. "My objective is to get up to the white on white and still be alive."
He hoped this would happen at 7,777,777.
In July 2004, he reached 5.5 million.
The final number he painted was 5,607,249. He died on August 6, 2011 at the age of 79.
For my April 2012 diary, go here.
It seems that perfection is attained not when there is nothing more to add, but when there is nothing left to subtract. Antoine de Saint Exupéry
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Diary - April 2012
John Baez
April 1, 2012

My student John Huerta is visiting me in Singapore and we're writing a paper about a ball rolling on another ball without
slipping or twisting. If the rolling ball is actually a spin-1/2 particle and the fixed one is actually a projective plane, the
space of their possible positions is the same as the space of light rays seen by someone living in a 7-dimensional universe
with 3 time dimensions and 4 space dimensions. And when one ball is exactly 3 times as big as the other, something even
better happens! Then the whole problem has the same symmetries as the split octonions: an 8-dimensional number system
whose multiplication table is shown above. Then the 7-dimensional universe consists of the 'imaginary' split octonions,
those at right angles to the number 1.
The fun thing about math is that I'm not joking: this is actually all true. Honest.
April 5, 2012

When drum 'n' bass exploded onto the scene in the 90's, stripping dance music down to its minimal elements, one of the
most intelligent practitioners was Rupert Parkes, aka Photek. His music is atmospheric, jazzy, but a bit cold and often
intensely rhythmic.

This, the title tune from his 1997 album Modus Operandi, is at the mellow end of his spectrum. It's 'music for staying up too
late': the sort of thing you want in the airport cafe at 3 am when your connection is delayed.
At first it sounds like nothing is happening, but gradually you realize that about nine different nothings are happening: a
simple jazzy drumbeat, an electronic piano lick, a deep bass line, a jazz guitar lick, various whooshing sounds to serve as
transitions, a quiet steel drum pattern, a piano melody, a synth playing a string-like tone as a kind of drone — and way
behind them, at the very brink of audibility, the sound of children playing in a schoolyard. Each is carefully chosen to be so
cool in emotional tone that the music sounds like it's just waiting for its flight to show up. It's somewhere between soothing
and unsettling.
April 6, 2012
The title track of Photek's Modus Operandi is chilly late-night mood music, but the first few tracks form a chain of linked
pieces that become increasingly energetic.

Track 1, "The Hidden Camera", starts with a deliberately cold and unpromising electronic piano riff: a ploy. Then comes a
whoosh and the main characters appear: a double bass and a twitchy, jagged drum pattern poised between the catchy and
the chaotic. To really enjoy Photek to the fullest, you have to listen to that pattern, get to know it, and try to mentally 'sing
along with it'. Then you'll notice, for example, that around 2:25 he cleverly pulls the rug out from under you.
But more easy to appreciate are the elongated, dreamy synth lines that sweep like clouds over the rhythmic bed, making us
attend to two very different time scales: the near-millisecond scale of the percussion, and the 10-second scale of these long
notes. It's when our attention is saturated that music gets really pleasurable! Our brains like being used.
April 7, 2012

Track 3: "Minotaur". This is what I've been leading up to all along. True to its title, this piece sounds like a giant beast
chasing you through an underground labyrinth!
It starts (and ends) with an off-putting raspy sound — you'll love it after the tenth listen. At 0:45 the first main character
enters: a repetitive melody on very deep tuned drums. Though simple, it's unresolved enough, with enough empty space, to
sustain the whole piece. But only at 1:51 does the tune reveal its full intentions: extra rhythmic elements, including distant
blasts that remind me of titanic footsteps, fill in the missing spaces and give the piece a truly earth-shaking character.
The piece here ends abruptly, so if you like it, buy the whole album — Modus Operandi by Photek — and hear how it
segues into the next one. The whole album is perfect for its kind.
April 8, 2012

Since drum-n-bass music is often called "dnb", it made sense for Photek to title a piece "dna". It has a curious use of jazz
guitar... and can you figure out what time signature this piece is in, or what's the underlying principle behind the strange,
lumbering beat? I like fancy rhythms best when they swing and I can follow them in some rough intuitive way even though
I can't rationally figure out what the pattern is. That makes me keep coming back for more.
This is off his 2000 LP Terminus.
April 10, 2012

A lot of Photek's old fans are disappointed with his new music, and it's easy to see why: while albums like Modus Operandi
bristled with tense intelligence, some of his new stuff seems to fall back on dance music clichés. Take this piece, "Cecconi",
from his 2011 Aviator EP. The chord sequence of the melody, and the way its timbre gradually shifts, is something we've
all heard before. And the breaks at 1:09, where 5-note bits of that melody alternate with silence — that kind of stuff really
tires me.
But wait... what rhythm is he using for the melody? I believe it's 11/4! At least, that's what I count during the parts where
he's not shifting it around. Count yourself and see.
So I think he's decided to see what he can get away without us noticing. In a 2008 interview he said:
I'm going to some amazing lengths and I've got an amazing guy who I am working with who is a visionary, Dr
Henry Nicholas — an amazing scientist basically. I've been talking to him a lot about pioneering new ground.
I've been reading a lot more than I've ever done; strategy, philosophy, neuroscience."
April 11, 2012

This 1997 piece is a classic of Photek's early, twitchy, aggressive style. It's also one of the few music videos on YouTube
where the video actually helps. This piece is an intricate composition of drum, bass, and snippets of sound from Japanese
martial arts movies - most notably, the clash of sword on sword. It's a truly athletic piece. In his 2008 interview, Photek
said:
... the track "Ni-Ten-Ichi-Ryu" (Two Swords Technique) is literally a musical representation of the technique

of fighting with a long sword and a short sword. This is a technique created by Miyamoto Musashi . a Japanese
historical samurai figure. I grew up doing martial arts before I got into music. Basically, my martial arts
suffered from that (laughs), because I was just in the studio sitting in a chair clicking a mouse rather than out
there training.
I completely disagree with the callous brutality embedded in the samurai philosophy, but single-mindedness, fearlessness
and the ability to rally immense energy to the task at hand are qualities I'm always trying to cultivate. You can see the
whole mixed package in Musashi's The Book of Five Rings:
When we are fighting with the enemy, even when it can be seen that we can win on the surface with the benefit
of the Way, if his spirit is not extinguished, he may be beaten superficially yet undefeated in spirit deep inside.
With this principle of "penetrating the depths" we can destroy the enemy's spirit in its depths, demoralising him
by quickly changing our spirit. This often occurs.
Penetrating the depths means penetrating with the long sword, penetrating with the body, and penetrating with
the spirit. This cannot be understood in a generalisation.
Once we have crushed the enemy in the depths, there is no need to remain spirited. But otherwise we must
remain spirited. If the enemy remains spirited it is difficult to crush him. You must train in penetrating the
depths for large-scale strategy and also single combat.
April 24, 2012

IceCube is a neutrino detector built in the beautifully clear 18,000-year old ice deep beneath the Amundsen-Scott South
Pole Station. When a high-energy neutrino hits a water molecule, sometimes the collision produces a muon zipping faster
than the speed of light in ice. This in turn produces something like a sonic boom, but with light instead of sound. It's called
Cerenkov radiation, and it's the blue light in the picture. This is detected by an array of 5000 photomultiplier tubes — those
gadgets hanging on electrical cables.

One thing this artist's impression doesn't show is that IceCube is amazingly large. It's a cubic kilometer in size!

If you were a physicist you could work here! The South Pole Station has 200 people in the summer... but fewer than 50 in
the winter. The station is completely self-sufficient then, powered by generators running on jet fuel. After the last flight
leaves and the long dark begins, they show a double feature of The Thing (a horror film set in Antarctica) and The Shining
(about an isolated hotel caretaker). They also have their own newspaper, The Antarctic Sun.
Right now the big news is the discovery made by the IceCube neutrino detector. This lies deep beneath the snow: even its
very top is 1.4 kilometers down, to minimize the effects of stray cosmic rays.
This Christmas saw a heat wave that set a record high temperature: -12.3 degees Celsius! But by April 7 the temperature
dropped below -100°F (-73 °C), less than three weeks after the one sunset of the year.
April 25, 2012

Here's the nucleus of Comet Hartley 2, blasting carbon dioxide into space. This photo was taken by NASA's EPOXI
mission in 2010. They were originally going to fly past a different comet, but amusingly when the time came, they couldn't
find that comet! Luckily they could change plans in midflight.
This flight was also a test of the Interplanetary Internet. According to Vince Cerf, celestial motion, planetary rotation, and
delays from the speed of light all impair communication over distances on the scale of our solar system. Delay and
Disruption Tolerant Networking solves these problems and seems to work better than TCP down here on Earth, too!
April 26, 2012
National Geographic has a blog written by people who are now climbing Mount Everest. Here's Sam Elias training in the
Khumbu Icefall near the Everest Base Camp:

As usual, it's the Sherpas who impress me most:
Years of experience, or maybe the mountain itself, had told the Sherpas that passing through the Ballroom on
this day was not a good idea, something would happen. "Big ice will fall." Panuru's words echoed in my head.
"How do they know?" I wondered.
I was sitting in my tent fitting my crampons onto my boots when I heard it. I know the sound now. Before,
when the loud rumbling began I instinctively thought of a giant semi barreling down a highway. But there are
no vehicles here.
Also:
Every year, the route through the Khumbu is set by the "ice doctors," a small team of Sherpas who take mortal
risks to navigate the safest passage through the Icefall, putting up ropes in the steep sections and stretching
ladders across the abyss-like crevasses.
Crossing the ladders is an adventure for some. For the Sherpas, setting them up is a job.

Suppose you take the southeast route to Mount Everest, on the Nepal side. When you climb up from Base Camp, the first
thing you'll hit is the Khumbu Icefall, a crazy and ever-changing mass of ice at the bottom of the Khumbu Glacier:

As the National Geographic blog put it:
Like a gargantuan bulldozer, the Khumbu glacier plows down off the Lhotse Face between Mounts Everest and

Nuptse. Dropping over a cliff just above Base Camp, this mile-wide river of ice shatters into building-size
blocks and steeple-size spires called seracs. It's riven with cracks called crevasses that can be hundreds of feet
deep. To reach our expedition's two goals — the Southeast Ridge and the West Ridge, which both begin atop
the Khumbu glacier in the Western Cwm — we must travel up through this labyrinth of raging ice.
To cross the crevasses, you use bridges that the Sherpas have made by lashing ladders together with rope. Here's Nima
Dorje Tamang crossing one. The clouds are like a ceiling... but there's no floor:

The picture above is again from National Geographic.
The glacier advances about a meter each day around here. Most climbers try to cross before the sun rises, when the cold
keeps things frozen. As the intense sunlight warms things, the icefall becomes more dangerous. Blocks of ice tumble down
the glacier from time to time, ranging in size from cars to houses... and sometimes entire large towers of ice collapse. They
say bodies of people who die in here sometimes show up at the base of the icefall years later.
Here's Kenton Cool talking about the Khumbu Icefall. "It can implode underneath you, it can drop on you above — or god
forbid, you can fall into its inner depths, never to be seen again."

And this is photographer Leo Dickinson speaking about the dangers of this place. Look at the fellow poking at snow with a
pick around 0:58, revealing that it would be deadly to step there!

But suppose you succeed in crossing the Khumbu Icefall — including the last crevasse, shown in this photo by Olaf Rieck:

Then you have reached the Western Cwm, also known as the Valley of Silence:

In the middle background is Lhotse. At far right you see a bit of Nuptse. And at left there's Sāgārmatha, also known in
Tibetan as Chomolungma... or in English, Mount Everest.
'Cwm', pronounced 'coom', is Welsh for a bowl shaped valley, also known as a 'cirque'. This one is a 4-kilometer-long
valley carved out by the Khumbu Glacier, which starts at the base of Lhotse. It's the easiest way to approach Everest from
the southeast. However, it's cut by massive crevasses that bar entrance to the upper part: here you must cross to the far right,
over to the base of Nuptse, and through a narrow passageway known as the Nuptse corner.
It's called the Valley of Silence because it's often windless and deathly quiet. On days like that, the surrounding snowcovered slopes surrounding are so bright that the valley becomes a kind of solar oven, with temperatures soaring to 35 °C
(95 °F) despite an elevation of 6000 to 6800 metres (19,600-22,300 feet). But when sun turns to shade, the temperature can
plummet to below freezing in minutes!
The photo above was taken by the Moving Mountains Trust. See the people? You may need to click for a bigger version!
For more, see:
• Alan Arnette, Life in the Western Cwm.
Want to go further? When you've reached Base Camp II near the top of the Western Cwm, you still have 2300 meters to
climb... and now it gets steep! I'm sorry, I'm quitting here and heading back down — it's my bedtime. Good luck!

We can cut our carbon footprint if we travel virtually:
• Mount Everest summit—interactive 360 degree panorama.
• Reality Maps viewer for Everest.
Michael Murphy writes:
I had become intrigued by the story of Marco Siffredi, a French snowboarder who was the first to successfully
descend Everest on a snowboard via the Norton Couloir. His second attempt to descend a far more serious
route, the Hornbein Couloir ended in his demise.
Here's the video of him leaving the summit. I used Reality Maps to trace his route. It is no wonder he did not
make it.

For my May 2012 diary, go here.
Most people find that as they walk above about 13,000 feet, something quite difficult to define changes in their
consciousness - Hugh Swift
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Diary - May 2012
John Baez
May 1, 2012

When you try to walk across a moonbow... be very careful!
This is a 30-second exposure of a lunar rainbow over Victoria Falls, with Orion in the background, taken from the Zambia
side of the falls. It was taken by Calvin Bradshaw, who kindly put it on Wiki Commons.
May 10, 2012

Hong Kong is a far-out mix of old and new, natural and artificial. Lisa and I are giving talks at universities here, and right
now we're staying at hotel near Chinese University, which is up in the New Territories, fairly far north from downtown. Our
window faces out to Tolo Harbour, and we can see that curious mix of tall apartments and wild mountains that's so common
in Hong Kong, and so rare elsewhere.
May 11, 2012

After getting to Hong Kong yesterday, Lisa and I went to the jade market in Yau Ma Tei, which is a dense urban area in
Kowloon, the peninsula across from Hong Kong Island. The woman she knew before spotted us before we saw her. We
spent two hours carefully looking through all the pieces here, and bought a small carving of Guanyin, good for a necklace.
Time for Lisa's birthday present!

Later Lisa and I walked south to Tsim Sha Tsui and had dinner. We did not eat here. These prices are in Hong Kong dollars,
so they're not as bad as they look: divide by 8 to get US dollars. But it wasn't the price that put us off.
There's a famous joke about the characteristics of people in different parts of China, which goes like this:
A man from Beijing, a man from Shanghai and a man from Guangzhou were walking along when all of a sudden, out of the
sky, came a flying saucer! It landed, the door popped open, and an alien stepped out.
The man from Beijing said: "You should let me talk to it first. We should find out who their leaders are, and put them in
touch with the government."
The man from Shanghai said: "No, you should let me talk to it first. Maybe we can set up trade relations. Just think how
profitable that could be!"
The man from Guangzhou said: "No, you should let me look at it. Maybe we can eat it!"
Guangzhou is in southern China, sort of near Hong Kong. It's in southern China that they eat all the most scary stuff.
May 12, 2012

Here's the gate of the Tin Hau temple in Yau Ma Tei, a crowded and busy neighborhood in Kowloon, the peninsula across
the harbor from Hong Kong Island. My wife Lisa took this photo.
Tin Hau, also known as Mazu, is the Chinese sea goddess who protects fishermen and sailors. There are temples to her all
along the coast — and 60 of them in Hong Kong!
According to legend, Mazu started as an actual girl who wore red garments while standing on the shore to guide fishing
boats home, even in the most dangerous storms. This part could even be true, since many Chinese gods are historical figures
who gradually got 'promoted' after death, working their way up the ranks until they became gods.

Chinese religion is very syncretic, meaning that it freely combines elements from different sources. Both Buddhism and
Taoism have borrowed popular deities from each other to attract devotees to their temples. In order to justify Mazu's
presence in Buddhist temples, legends were circulated claiming that Mazu's parents prayed to Guanyin for a son — but
Guanyin answered their prayers with the birth of yet another daughter. Guanyin, in case you're not keeping score, is a
Chinese female version of Avalokiteśvara, an important male figure in Indian Buddhism. So the idea spread that Mazu was
a reincarnation of Guanyin... so there are Buddhist as well as Taoist themes in Tin Hau temples... and there are statues of
Mazu in other Buddhist and Taoist temples, too!

My wife Lisa took this photo of someone doing divination with kau cim sticks at the Tin Hau temple in the Yau Ma Tei
neighborhood of Hong Kong.
Chinese attitudes toward religion are different from Western ones and a bit hard for me to grasp. For one thing, most
Westerners aren't used to polytheism or religions where believing in a doctrine or creed is not at all the point. I bet some
Chinese have trouble grasping Western religious ideas, too. There's recently been a big stir in Hong Kong because some
legislators were filibustering — holding up the passage of a bill — for the first time. In the May 25 South China Morning
Post, Lau Nai-keung wrote an editorial which begins:
In the Western mindset, filibustering is procedurally correct and therefore lawful. This is based on several
thousand years of blind belief that law is ultimately traced to God, and therefore rules should be obeyed and
abided by.
China, however, is a godless country, and multiple deities provide ethical role models. Laws are judged by
whether they are consistent with common sense and are workable. Legality has no overriding authority, and in

fact most Chinese believe that rules should be adaptable to changing conditions and not be rigidly fixed.
This description of Western beliefs rubs me the wrong way, and the idea that China is a 'godless country' with 'multiple
deities' sounds odd. But I suspect this points at misunderstandings in both directions that are hard to correct.
May 13, 2012

Hong Kong is an intensely modern, commercial place — but there are also many patches of the old Hong Kong still visible.
The Tin Hau templed in Yau Ma Tei also houses an altar dedicated to the city god Shing Won and the earth god To Tei, and
there are fortune-tellers inside. Outside, there's a park where old folks sit around and — as usual — play cards and Chinese
chess! They like it so much, it really makes me want to retire and take up a hobby like that.

Chinese chess, more properly known as xiàngqí, is a very old game. Along with chess, it's from a family of games that
appears to originate in India, but references to it date back to the Warring States Period, which ended with the beginning of
the Qin Dynasty in 221 BC.
I know almost nothing about this game, alas! Each side has a general, two advisors, two elephants, two horses, two chariots,
two cannons and five soldiers. Different pieces can move in different ways, and the goal is to capture the other side's
general. A river runs across the board, and the elephants cannot cross this. So, it's akin to chess, but different.
The Wikipedia article on game-tree complexity says there are at most 10123 positions in the game tree for chess, but as
many as 10150 for xiàngqí. For go, it says 10360. I like the idea of go.

Hong Kong is the fourth most crowded country in the world. The Earth's land excluding Antarctica holds 50 people per
square kilometer, but for Hong Kong it's about 6300. This is all the more impressive given how much of the land is forestcovered mountains. And Kowloon, the area where this photo was taken, the density soars to 43,000.
Nonetheless there are lots of nice little parks in Hong Kong, like this one in Ya Mau Tei near the Tin Hau temple. And
while Chinese chess is popular among men in these parks, card games attract much bigger crowds. What games do they
play? I don't know. Do you?
Which countries beat out Hong Kong? Macau, Monaco, and then Singapore! Interestingly, they all have pretty famous
casinos.

Hong Kong is full of brightly colored signs. At some point it goes past 'tacky' into a psychedelic realm all its own. If you've
ever spent a lot of time out in the wilderness and suddenly returned to civilization, you'll know what a powerful effect these
artificial colors have on us, though we quickly stop noticing. This is some street in Ya Mau Tei, the neighborhood with that
charming temple I've been showing you. It's fun just to walk along and see all the strange things merchants are tempting
you to buy.

As I walked through the gaudy streets of Ya Mau Tei, I saw lots of products that remained mysterious to me due to my

complete illiteracy. These look like fungi, dried fish and nuts of some sort. The shops selling traditional Chinese medicines
are also full of strange substances. In the West we mainly hear about the use of endangered species like tigers, rhinoceri,
black bears and the like... but there's also a cornucopia of medicinal plants and fungi, and these seem to predominate.
May 14, 2012

Both in Hong Kong and Singapore, hell bank notes are a popular form of spirit money. See this guy? I think he's the Jade
Emperor, the king of heaven in religious Taoism... but the bills are often signed by Yanluo, King of Hell. Hell is not so bad
in China: it's where we all go, and people down there (over there?) apparently need money just like us.
A good day for burning hell bank notes is Qingming, or Tomb Sweeping Day, 15 days before the spring equinox.
According to the Wikipedia article:
The Qingming Festival is an opportunity for celebrants to remember and honour their ancestors at grave sites.
Young and old pray before the ancestors, sweep the tombs and offer food, tea, wine, chopsticks, joss paper
accessories, and/or libations to the ancestors. The rites have a long tradition in Asia, especially among farmers.
Some people carry willow branches with them on Qingming, or put willow branches on their gates and/or front
doors. They believe that willow branches help ward off the evil spirit that wanders on Qingming.
On Qingming people go on family outings, start the spring plowing, sing, and dance. Qingming is also the time
when young couples start courting. Another popular thing to do is to fly kites in the shapes of animals or
characters from Chinese opera. Another common practice is to carry flowers instead of burning paper, incense
or firecrackers.
I recently bought some hell bank notes in Singapore that looked more like American money. The figure is still the Jade
Emperor, but under him it says 'Hamilton', just as on the $10 bill. Peculiar!

May 15, 2012

Hong Kong Island is very hilly. So they built the Central–Mid-levels escalators: the longest outdoor covered escalator
system in the world. It takes you from the main downtown subway station up through the fashionable Mid-levels area,
which is packed with restaurants, bars and fancy boutiques... but also little alleys and shops left over from the old days. The
ride going up is 20 minutes. Down, you have to walk. Either way, it's a nice refuge from the rain: unlike Singapore, Hong
Kong is not dominated by covered walkways.

Pick your incense! This little store in the Central district of Hong Kong Island has plenty of kinds. But see those stacks of
paper at front left? That's spirit money, also known as ghost money or joss paper. In China and Vietnam, people burn it for
their ancestors. According to the Great Encyclopedia of All Knowledge:
The goal of ancestor worship is to ensure the ancestor's continued well-being and positive disposition towards
the living and sometimes to ask for special favours or assistance. Rituals of ancestor worship most commonly
consist of offerings to the deceased to provide for their welfare in the afterlife which is envisioned to be similar
to the earthly life. The burning of spirit money enables the ancestor to purchase luxuries and necessities needed
for a comfortable afterlife.
And as we'll see, it's not just money that get burnt: paper versions of all sort of modern luxury goods are also popular!
May 16, 2012

Here's a different side of Hong Kong: a view taken from near the western tip of the island. No fancy image processing —
the sunset really looked like this! We were visiting some friends who work at the University of Hong Kong, and their
apartment overlooks the West Lamma Channel. Despite the romantic lighting, Hong Kong is one of the world's busiest
ports. Only Shanghai and Singapore ship more containers. This is a big reason these cities are doing so well economically.

Looking in another direction we could see a big cemetery. The dead, like the living, are tightly packed in Hong Kong.
May 17, 2012

Lisa and I bought new laptops up in Wong Tai Sin, across the harbour from Hong Kong Island. We also wandered around a
bit. Fans, incense, some golden Buddha statues... what else does this little shop provide? In red near the top you'll see the
double happiness symbol, pronounced shuangxi, which is commonly used for New Year's decorations, weddings and
similar occasions. And see all those red envelopes? These are called hóngbao. They're used for gifts of money on these
occasions. The red color symbolizes good luck and is supposed to ward off evil spirits. There might be something to this ...
or maybe not: this article reports on the long controversy over whether sports teams who wear red are more likely to win,
and if so, whether this correlation is due to causation. Anyway, the Chinese use a lot of red.

You always suspected it, and now you know: they use Ipads in hell. This handsome model from a shop in Wong Tai Sin is
made of paper, so you can burn it and have it ascend to your ancestors. There's an enormous range of paper goods like this:
designer purses, shoes, and so on.
For my June 2012 diary, go here.
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Diary - June 2012
John Baez
June 1, 2012

There's something deeply appealing about greenery amid the desert — and it seems even more precious when it's a
worrisomely tiny patch.

A Crescent of Water Is Slowly Sinking Into the Desert
Jim Yardley
New York Times
May 27, 2006
DUNHUANG, China, May 26 — At the bottom of the mountainous dunes once traversed by traders and
pilgrims on the ancient Silk Road, Wang Qixiang stood with a camera draped around his neck. He was a
modern-day pilgrim of sorts, a tourist.
He and his wife had traveled by train more than 2,000 miles from eastern China to the forbidding emptiness of
the Gobi Desert to glimpse at a famous pool of water known as Crescent Lake. They came because the lake has
been rapidly shrinking into the desert sand, and they feared it might soon disappear.
"It is a miracle of the desert," said Mr. Wang, 67.
In this desert oasis where East once met West and that is home to one of the world's greatest shrines to

Buddhism, the water is disappearing. Crescent Lake has dropped more than 25 feet in the last three decades
while the underground water table elsewhere in the area has fallen by as much as 35 feet.
An ancient city that once served as China's gateway to the West, Dunhuang is now threatened by very modern
demands. A dam built three decades ago to help local farming, combined with a doubling of the population,
have overstressed a fragile desert hydrology that had been stable for thousands of years.
"I would call it an ecological crisis," said Zhang Mingquan, a professor at Lanzhou University who specializes
in the region's hydrology. "The problem is the human impact. People are overusing the amount of water that the
area can sustain."
Dunhuang is an old Silk Road city famous for the Mogao caves, which contain Buddhist paintings and manuscripts:
Heaped up in layers, but without any order, there appeared in the dim light of the priest's little lamp a solid
mass of manuscript bundles rising to a height of nearly ten feet, and filling, as subsequent measurement
showed, close on 500 cubic feet. The area left clear within the room was just sufficient for two people to stand
in - Aurel Stein, Ruins of Desert Cathay, Volume II
June 2, 2012

Erebus was the primordial Greek god of darkness: son of Chaos, husband of Nyx, the goddess of night, and father of
Aether, Hypnos, and Thanatos. Here is his namesake, Mount Erebus, glowing in the dark Antarctic winter. This volcano has
been active at least since 1972, and contains one of the five longest-lived lava lakes on Earth.
June 6, 2012
Here's an abandoned Prada store near the small town of Valentine, Texas:

Actually it's a modern art installation, but I thought it was better to announce it as you're supposed to see it: a Prada store
mysteriously sitting in the middle of nowhere, 1.4 miles northwest of Valentine, Texas.
It's called Prada Marfa. Conceived by the art team Elmgreen and Dragset and realized with the help of architects Ronald
Rael and Virginia San Fratello, it cost $80,000 and was intended to never be repaired, so it would slowly fall apart and
decay. But they changed their minds when, three days after the sculpture was completed, vandals broke in and stole
handbags and shoes. Now it has security cameras!
This photo was taken by Mina Bozovic.
For my July 2012 diary, go here.

Verily at the first Chaos came to be, but next wide-bosomed Earth, the ever-sure foundations of all the deathless ones who
hold the peaks of snowy Olympus, and dim Tartarus in the depth of the wide-pathed Earth, and Eros, fairest among the
deathless gods, who unnerves the limbs and overcomes the mind and wise counsels of all gods and all men within them.
From Chaos came forth Erebus and black Night; but of Night were born Aether and Day, whom she conceived and bare
from union in love with Erebus. - Hesiod, Theogony
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Diary - July 2012
John Baez
July 4, 2012

This red giant star, called U Camelopardalis, is 1500 light years away. Every few ten thousand years or so, a layer of
helium surrounding its core gets compressed enough to undergo nuclear fusion. It does this abruptly, exploding in a
helium shell flash. When this happens, the star puffs out gas and dust, as shown here. Then the helium shell sinks back
down... and eventually the cycle repeats itself.
The star itself is actually less than one pixel in size: it's just so bright that it overwhelmed the device used to make this
picture. The cool-looking lines coming out of the star are also, sadly, just artifacts. But the sphere of dust is real. A lot of
this stuff is carbon, so U Camelopardalis is called a carbon star.
The picture is from NASA. This paper has more details:
H. Olofsson, M. Maercker, K. Eriksson, B. Gustafsson and F. Schvier, High-resolution HST/ACS images of
detached shells around carbon stars, Astronomy and Astrophysics 515 (2010), A27.

Until now, I thought all elements heavier than iron were made by supernovae. But now I read:
Nucleosynthesis in He-shell flashes accounts for the production of about half of the heavy elements (above
Fe) found on our planet. The nucleosynthesis products from the repeatedly exploding He-layer are
convectively mixed into the outer layers of the star, from where they are blown off into space, ready to form
new stars and planets.
July 9, 2012

How many hills are there in the British Isles? This is an ambiguous question, even after you decide how tall a 'hill' has
to be. After all, what looks like one hill from afar might look like two or more when you're close. But the British love
precision, so they've figured out a way to make this question precise.
First, don't count hills according to the height of the peak: that's hopeless. Count them according to prominence. A hill
has prominence 10 meters, for example, if it's 10 meters taller than the lowest contour line that encircles it but no higher
summit. Get it? Think about why this is more practical than counting hills by height!
Then, go ahead and count all hills (and mountains) with prominence greater than some arbitrary height... say, 150
meters.

In fact a 'Marilyn' is defined to be a mountain or hill in the United Kingdom, Republic of Ireland or Isle of Man with a
prominence of at least 150 meters. This is something you can count. And indeed, there are 2,009 Marilyns, shown in the
map above — and carefully tabulated in Alan Dawson's best-seller The Relative Hills of Britain.
Puzzle: Why are Marilyns called 'Marilyns'?
Or if that's too hard:
Puzzle: What is the difference between the British Isles and 'the United Kingdom, Republic of Ireland and Isle of Man'?
July 10, 2012

Some Marilyns are harder to climb than others. Two of them are sea stacks: huge rocks jutting up from the ocean.
They're called Stac an Armin and Stac Lee. In his book Relative Hills of Britain, Dawson writes:
These stacks will look absolutely frightening to most walkers. They have been climbed on several
occasions, by some of the inhabitants of St Kilda before its evacuation in 1930, and by rock climbers since
then, but there is no easy route up either of them. Even landing is a problem, as the stacks have no beach or
cove, and calm seas are a rarity in this part of the world. Once on the stacks the multitude of seabirds on the
narrow ledges are likely to pose an additional hazard.
The above picture of Stac an Armin makes it clear: this is not your typical hill! Its location makes it even harder to
climb. Northwest of Scotland you'll find the Outer Hebrides, a bunch of islands with a reputation for being cold, windy
and remote. Some of them are big. But further east you'll see a small archipelago called St. Kilda, whose population has
been evacuated. It contains a tiny island called Hirta, which is now a missile base. North of that you'll see an even tinier
island called Boreray, which is uninhabited. And northwest of that is Stac an Armin! To the southwest is Stac Lee.

You can see Stac Lee at the right in the picture above. Boreray is in the background, and Stac an Armin is the big thing
in front.
For a great tale, with pictures, written by someone who climbed Boreray, try this:
Pete J. Kenny, Boreray — St Kilda, November 27, 2009.
July 11, 2012
On July 9th I posed this puzzle:
Puzzle: What is the difference between the British Isles and 'the United Kingdom, Republic of Ireland and Isle of Man'?
The answer is clear from this chart taken from Wikipedia:

For years I found the definitions of all these concepts very confusing, and that's not even counting 'Britain' &mdsh; or
the 'Commonwealth', which now even includes Rwanda. Do all empires develop complicated Venn diagrams like this
showing degrees of partial membership, or is it an especially British thing?
July 14, 2012

Wow! Brian Eno's first full-fledged ambient album, Discreet Music, is now free online!
Eno got the idea for this while lying in bed, recovering from being hit by a car. On the back cover, he wrote:
My friend Judy Nylon visited me and brought me a record of 18th century harp music. After she had gone,
and with some considerable difficulty, I put on the record. Having laid down, I realized that the amplifier
was set at an extremely low level, and that one channel of the stereo had failed completely. Since I hadn't
the energy to get up and improve matters, the record played on almost inaudibly. This presented what was
for me a new way of hearing music — as part of the ambience of the environment just as the color of the
light and the sound of the rain were parts of that ambience.
As her name suggests, Judy Nylon was a punk rocker. It pleases me to know she'd give Eno some 18th century harp
music.
The first side of the album Discreet Music was a 30-minute piece with the same name. It's wonderfully dreamy and
peaceful, but it was made in a calculated way. It began with two melodic phrases of different lengths played back from a
synthesizer — an EMS Synthi AKS — which had something that was unusual back in 1975: a built-in digital sequencer.
This signal was then run through a graphic equalizer, which let Eno control the timbre. It was then run through an echo
unit before being recorded onto a tape machine. The tape ran to the take-up reel of a second machine. The output of that
machine was then fed back into the first tape machine, which recorded the overlapping signals.
The second half of the album was 'Three Variations on the Canon in D Major by Johann Pachelbel'. These pieces were
performed by a string ensemble, conducted and co-arranged by Gavin Bryars. The members of the ensemble were each
given brief excerpts from the score, which were repeated several times, along with instructions to gradually alter the
tempo and other elements of the composition The titles of these pieces were derived from inaccurate translations of the
French liner notes on a version of Pachelbel's canon performed by the orchestra of Jean Francois Paillard.
1. In 'Fullness of Wind' the piece starts out sounding familiar, but then falls apart, very elegantly, into a blur of
sound, with recognizable portions occasionally re-emerging and then dissolving again. This piece features effects
and processing by Brian Eno. This is my favorite of the three.
2. In 'French Catalogues' notes and melodies of similar tempos are gathered into blocks from different parts of the
score.
3. 'Brutal Ardour' has a plaintive, haunted sound... I don't know the principle behind it.

Some of my information here is paraphrased from the Wikipedia article, but I don't trust their description of the three
Pachelbel pieces. so I changed those. For some amusement, look at the 'genre' label on the mp3 files of these pieces. For
more music, try other albums on the same label, now free online.
July 15, 2012
Many years later, as he faced the firing squad, Colonel Aureliano Buendma was to remember that distant
afternoon when his father took him to discover ice. At that time Macondo was a village of twenty adobe
houses, built on the bank of a river of clear water that ran along a bed of polished stones, which were white
and enormous, like prehistoric eggs. The world was so recent that many things lacked names, and in order
to indicate them it was necessary to point.
Thus, with an bang, begins One Hundred Years of Solitude by Gabriel Garcia Márquez. The first sentence is one of
those cliffhangers that makes you read on... and it introduces the violence of Latin American military rule, and the
magic of childhood. The second introduces the main character of the book: the town of Macondo. The third tells us: "I
am making up a new world here, the tired rules of 'realism' don't apply, get ready for a wild ride."
I read this book a long time ago but I bought it again today just to celebrate finding a small French bookstore in
Singapore. (Yes, they also sell some books in English.) If you haven't read this, I recommend it. You can read some
more on the Nobel Prize website.
July 18, 2012

Imagine you're in a space ship in the very early Solar System, before planets form from the protoplanetary disk shown
here. At the frost line, about where the asteroid belt will be, it gets cold enough for ice grains. When you pass this line,
the density of solid particles in the disk abruptly increases by a factor of 3 or 4. So, these particles will stick together to
form larger bodies—and faster, too! This means that gas giants are more likely to appear beyond the frost line, since the
bodies that form beyond this line are bigger and have more time to accrete gas from the disk before it dissipates.
The frost line is also called the 'snow line', and you can read more about it here:
The "snow line" in protoplanetary disks, The ISM and Star Formation, Harvard Astronomy 201B.

What would it actually look like as you approached the early Solar System? Maybe like this:

This is a protoplanetary disk called Object HH 30 in the constellation of Taurus, 450 light years away. It's about 0.006
times the mass of our Sun, and some astronomers think it may last only about 100,000 years, a blink of an eye in the
world of astronomy. There's a huge jet of hot gas shooting out of the star. This is common, but we don't know how these
jets are focused.
For more, see:
Hubble space telescope observations of the disk and jet of HH 30, The Astrophysical Journal 473 (1996), 437–
451.
July 25, 2012
When are you most active? Are you diurnal, nocturnal, matutinal, vespertine, crepuscular... or cathemeral?

Animals used to be classified as either diurnal or nocturnal, but it's more complicated than that. Most of the words above
are explained in this chart. But a cathemeral organism is one that's active at sporadic and seemingly random times
during the day or night. An example is the common brown lemur.
It would also be good to have fancy words for people (and maybe animals) who are most active either from dawn to
noon or from noon to dusk. Luckily, good candidate words already exist: antemeridial for before noon, and pomeridial
for afternoon.
For my August 2012 diary, go here.

It can be said with complete confidence that any scientist at any age who wants to make important discoveries must
study important problems. Dull or piffling problems yield dull or piffling answers. It is not enough that the problem
should be interesting: almost any problem is interesting if it is studied in sufficient detail. - Peter Medawar
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Diary - August 2012
John Baez
August 1, 2012

This Cycladic stone head at the Metropolitan Museum of Art is from around 2700-2500 BC. The Cycladic civilization
seems to have started around 3200 BC, a bit before the Minoans in nearby Crete, and it kept going strong until around
2000 BC, when they were invaded first by the Minoans and then the Myceneans. I find their art elegant and enigmatic...
especially since the paint has worn off.
The whole history of interactions between the Cycladic, Minoan, Mycenaean and Helladic cultures seems fascinating to
me, up to and including the invasion of the mysterious 'Sea Peoples', and then the 'Greek Dark Ages' from 1200 to 800
BC. I know so little about all this! Then came the iron age and things get more familiar.
Wikipedia on the Greek Dark Ages:
Around this time large-scale revolts took place in several parts of the Eastern Mediterranean, and attempts
to overthrow existing kingdoms were made as a result of economic and political instability by surrounding

people who were already plagued with famine and hardship. Part of the Hittite kingdom was invaded and
conquered by the so-called Sea Peoples whose origins — perhaps from different parts of the Mediterranean,
such as the Black Sea, the Aegean and Anatolian regions - remain obscure.
August 4, 2012

For the first time in the history of the world, 300 players of the viola da gamba got together! Listen:
Jeff Lunden, Gathering of the viols: the 50th annual viola da gamba conclave, Deceptive Cadence, National
Public Radio, August 4, 2012.
Says one: "I maintain that all violas da gamba, of any size, have little invisible arms that are hinged the other way from
ours. The first time you put one in your lap, it reaches around you and grabs on and it never lets go. Once you've tried it,
you can't stop."
The violas da gamba, or viols, are a family of instruments that are shaped a bit like violins, and played with a bow—but
they have frets, and they're tuned in fourths rather than fifths, and the bow is held underhand. They're all played between
the knees like a cello, even the small ones.
These days they come in 6 sizes: the big contrabass (also called a violon), the bass, the tenor, the alto, the treble—and
the smallest and rarest of all, the pardessus de viole.
Where did they come from? In the mid-1400s, a flat-backed lute called the vihuela or viola da mano was developed in
the Kingdom of Aragsn, in what's now Spain. It was plucked, but in the second half of that century people started to
play it with a bow—and thus the viola da gamba was born!
For more, visit violadagamba.com. The picture above comes from there!

August 5, 2012

Ah, the good old days... 85 million years ago, when you could sail west from Appalachia across the Western Interior
Seaway to Laramidia. It was a beautiful shallow sea, just 750 meters deep, usually calm, and great for snorkeling though you had to keep an eye out for occasional sharks and predatory marine reptiles such as plesiosaurs and
mosasaurs, which could get up to 18 meters long. I really miss those days.

The worst day of my life was when that 10-kilometer meteor slammed into the Gulf of Mexico about 65 million years
ago. It hit with the energy of a 100-teraton bomb and made a tsunami 3 kilometers high... but the worst part, for those of
us far away from the impact, was the molten rock that shot into the air and started wildfires around the world... and then
the dust, which darkened the sky for years, killing the plants.
August 6, 2012

Some people think the dinosaurs went extinct when that big meteor hit, but they obviously weren't around. Birds are
technically classified as dinosaurs even now, but back then it wasn't 'technical'—just because those bastards had feathers
didn't make 'em any less scary. This thing called Gastornis ate horses for snacks! Horse d'oeuvres, you might say. Of
course horses were just the size of foxes when they first showed up around 55 million years ago, so this thing isn't as
huge as it may look to you youngsters. Still, they got up to 2 meters tall. Nasty, too.

The right to bear arms made a lot of sense back when enormous 'terror birds' roamed Texas and Florida, able to kill their
prey with powerful hatchet-like pecks. Even larger ones lived in South America! The biggest were 3 meters tall, with
beaks almost half a meter long.
They're all from a family called Phorusrhacidae, which arose around 60 million years ago. For a while people believed
they survived until humans showed up in the Americas around 14,000 years ago. But in fact it seems they went extinct
much earlier, when North and South America collided about 2 million years ago. Titanis walleri, the species found in
Texas and Florida, is the only one known to have migrated north when this happened. Maybe the big mammals were
meaner?
August 7, 2012

I used to really enjoy cruises in the Tethys Sea. Here's what it looked like 50 million years ago, about 15 million years
after that big meteorite hit and wiped out lots of dinosaurs. What you call the Mediterranean, the Black Sea and the
Caspian Sea are all just leftovers of this much bigger sea. Back then, when it got really hot, it was fun to sail up the
Turgai Strait, which separated Europe and Asia, all the way up to the Arctic.
But then Africa crashed into Europe, and India crashed into Asia, and a lot of mountains formed, and the Tethys shrank
to almost nothing. That really spoiled my summer vacations.
By the way, this map was made by C. R. Scotese for the PALEOMAP Project. It's definitely worth checking out all
those maps!
August 8, 2012

Remember how I told you about the Mediterranean drying out and becoming a big salty desert? In fact I was driving
across it in my jeep one day when someone called me and warned me that the Atlantic had broken through and was
rushing in! It was 5.33 million years ago, but I remember it like yesterday. I got out of there fast, and it's a good thing.
Once it really got going, the water was pouring down a kilometer drop at 1000 times the flow rate of the Amazon. The
water level rose at more than 10 meters a day, and the whole Mediterranean Sea filled up in less than two years! Now
they call it the Zanclean Flood.
August 10, 2012

Today I've been listening to Jon Balke's album Siwan. This is some serious stuff, featuring Jon Balke on harpsichord,
Jon Hassell on trumpet, Kheir Kachiche on violin, Helge Norbakken and Pedram Zamini on Middle-Eastern percussion
instruments, an orchestra, and the great Lebanese singer Amina Alaoi on vocals. It's inspired by Andalusian music.
This particular piece, 'Toda Ciencia Trascendiendo', has lyrics from the famous poem of that title by the mystic Juan de
Yepes Alvarez. It slowly builds up to a galloping, fiery climax with Hassell doing his thing.
The lyrics are in Spanish, but here's an English translation. They're pretty intense. I don't think you need to be a theist to
experience this sort of thing.

1
I entered into unknowing,
yet when I saw myself there,
without knowing where I was,
I understood great things;
I will not say what I felt
for I remained in unknowing
transcending all knowledge.
2
That perfect knowledge
was of peace and holiness
held at no remove
in profound solitude;
it was something so secret
that I was left stammering,
transcending all knowledge.
3
I was so 'whelmed,
so absorbed and withdrawn,
that my senses were left
deprived of all their sensing,
and my spirit was given
an understanding while not understanding,
transcending all knowledge.
4
He who truly arrives there
cuts free from himself;
all that he knew before
now seems worthless,
and his knowledge so soars
that he is left in unknowing
transcending all knowledge.
5
The higher he ascends
the less he understands,
because the cloud is dark
which lit up the night;
whoever knows this
remains always in unknowing
transcending all knowledge.
6
This knowledge in unknowing
is so overwhelming
that wise men disputing
can never overthrow it,
for their knowledge does not reach
to the understanding of not
understanding,
transcending all knowledge.

7
And this supreme knowledge
is so exalted
that no power of man or learning
can grasp it;
he who masters himself
will, with knowledge in
unknowing,
always be transcending.
8
And if you should want to hear:
this highest knowledge lies
in the loftiest sense
of the essence of God;
this is a work of his mercy,
to leave one without
understanding,
transcending all knowledge.
August 12, 2012

One-third human, two-thirds hideous monster, this picture was created by Phil McCarthy's Pareidoloop program, which
creates random images and then 'evolves' them to look more like faces. The program takes a long time, but you can see
several hours go by in minutes here.

August 15, 2012

Dopamine is a simple molecule that plays many roles in our brains. It's a neurotransmitter released by neurons in at least
8 pathways in the brain, and it then attaches to 'receptors' on other neurons. It's crucial to the brain's reward system, but
scientists argue about whether it's more about pleasure or desire—that is, enjoying or wanting. Nicotine, cocaine and
amphetamines produce high levels of dopamine in the brain, messing up its reward system and turning people into
addicts. On the other hand, mice who cannot synthesize dopamine don't bother to eat! They lack the pleasure or desire
we associate with eating.
August 16, 2012
Do your smart friends think they know all the elements? Ask them about flerovium and livermorium! These elements
were first officially named on May 30th. But news travels slow to Singapore, so:
Flerovium is element 114. It sits below lead in the periodic table, but there are hints that it acts chemically more like a
noble gas. For atoms this big, the electrons zip around near the speed of light. Special relativity kicks in and changes
how chemistry works. Already with gold, I hear special relativity is to blame for its special golden color. But making a
metal act like a noble gas—that's serious!
Livermorium is element 116. It sits below polonium in the periodic table, which sits below tellurium, which sits below
selenium... and we all know the chemical properties of that element. (If not, ask your smart friends.) But nobody knows
if livermorium is chemically like polonium, because only about 35 atoms of the stuff have been studied!
Flerovium and livermorium used to be called by the tentative names 'ununquadium' and 'ununhexium', after their atomic
numbers. My favorite name like this is 'unununium': element 111. But now it's called 'roentgenium'.

The really important thing about flerovium is that it may sit close to the island of stability, a hypothesized patch of
super-heavy elements that decay more slowly than their neighbors. But the longest-lived isotope of flerovium we've
seen so far is flerovium-289, with a half-life of about 2.6 seconds. There's some evidence for another form, flerovium289b, which lasts ten or twenty times longer. Flerovium-288 should last even longer: radioactive atoms last longer when
they have certain'magic numbers' of protons and neutrons, and magic numbers are always even.
For my September 2012 diary, go here.
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Diary - September 2012
John Baez
September 1, 2012

September 2, 2012

This is Felis silvestris: a species of wild cat from which the house cat Felis catus descends. In fact they interbreed, so some
argue they should count as the same species, but the wild ones are bigger.
Felis silvestris seems to have appeared in Europe about 2 million years ago. Around 50,000 years ago it migrated from
Europe to the Middle East, giving rise to some subspecies called steppe wildcats. Steppe wildcats then spread into Asia and
Africa. Felis silvestris reached the British Isles from mainland Europe 9000 years ago, at the end of the last ice age, before
rising sea levels created the British Channel.
Felis silvestris in turn descended from Felis lunensis, or Martelli's wildcat, which appeared in Europe around the end of the
Pliocene and beginning of the Pleistocene, 2.5 million year ago. It would be cool if we could use genetic engineering to
recreate Martelli's wildcat and even earlier kinds of cats. But there are also lots of wild cat species alive today, some on the
brink of extinction, which deserve to be saved.
September 3, 2012

This cat named Venus is a 'chimera': it has two sets of genes. In a sense, it is its own fraternal twin:
A chimera is typically formed from four parent cells (either two fertilized eggs, or two early embryos that have
fused together). When the organism forms, the cells that had already begun to develop in the separate embryos
keep their original phenotypes and appearances. This means that the resulting animal is a mixture of tissues and
can look like this gorgeous (but bizarre) kitty.
September 10, 2012
An infinity of foods for an infinity of ghosts!

At the Buddha Tooth Relic Temple in Singapore, we recently saw these tables set up for the Hungry Ghost Festival. It

happens in the middle of the 7th lunar month, Ghost Month, when the gates of hell are opened and ghosts are free to roam
the earth, where they seek food and entertainment. Hungry ghosts are ancestors of people who neglected to give them a
proper funeral or pay tribute to them after they died.
September 14, 2012

Lisa and I had dinner on Keppel Island, off the south shore of Singapore. We took a walk got a great view of the mangrove
forests and the strange towers on the mainland directly to the north.

For my October 2012 diary, go here.
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Diary - October 2012
John Baez
October 1, 2012

This is one of the largest known near-perfect spheres in the Universe! It's called Abell 39 and it's 2.5 light years in
diameter. When a star about the mass of our Sun runs out of fuel, it first expands to become a red giant, and then its
outer layers are expelled, forming a so-called planetary nebula like this... though it has nothing to do with planets:
people were confused when they made up that name.
Usually planetary nebulae get distorted in interesting ways, but this one is almost perfectly round! However, the star in
the middle is not at the exact center: it's about 1/10 of a light-year off to one side.
Do you know why this nebula looks brighter near the edges?
October 5, 2012

From 1979 to 1982, Ranulph Fiennes led the 'Transglobe Expedition', the first trip around the world to cross both poles
on land. In 1993 he crossed Antarctica in 90 days with just one partner. In 2000 he tried to be the first to hike solo to the
North Pole. He cancelled this 840-kilometer trek when he developed frostbite in his left hand - he'd plunged it into
freezing water when one of the sledges he was towing fell through thin ice. In 2009, at the age of 65, he became the
oldest person to climb Mount Everest. This was his third attempt. He suffered a heart attack on his first, but this didn't
stop him from trying until he succeeded.
Now he's planning a six-month trek across Antarctica in the depths of winter! He'll leave for Antarctica on December
6th, and hopes to begin his trek on March 21st next year. He and his 5 team members will travel on skis, but will be
followed by two modified tractors, towing two sledge-mounted living quarters, supplies, equipment, and 155,000 liters
of special fuel. They will have to climb 3000 meters onto the inland plateau, trek for several hundred kilometers with all
the supplies and equipment they need, descend 3000 again... and finally trek 3000 kilometers to reach the Ross Sea.
For more on his plan see:
Maev Kennedy, Sir Ranulph Fiennes to attempt record winter Antarctica trek, The Guardian, 17 September 2012.
For more on the Transglobe Expedition:
Scott Polar Research Institute, Transglobe Expedition 1979-82, Freeze Frame.
For his failed attempt to reach the North Pole on his own:
North Pole bid defeated by frostbite, BBC News, 22 February 2000.
October 23, 2012

In 794, the Council of Frankfurt, called by Charlemagne, condemned "the persecution of alleged witches and wizards".
It called the belief in witchcraft "superstitious", and ordered the death penalty for those who presumed to burn witches.
The craze for witch hunts reached its heights much later, from 1480 to 1750.
For my November 2012 diary, go here.
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Diary - November 2012
John Baez
November 1, 2012

Here is a photo of Manhattan taken by Iwan Baan on the night of Wednesday October 31, after it was hit by Hurricane
Sandy. It appeared on the cover of New York magazine.
November 17, 2012

Avant-garde artist Johnson Chang has outdone himself. He's recreated an entire traditional Chinese village, Jinze, using
ancient building methods! "I want to see the revival of Chinese material culture. Four thousand years of tradition need to be
kept alive. ... no other country has tried to cut off its history more radically."
Tony Perrottet, The shock of the old, Wall Street Journal, 28 June 2012.
November 24, 2012

There's no place like... Tiandechung. It's an imitation of Paris: a gated community in China, built in 2007 by Zhejiang
Guangsha Co. Ltd.. It has room for 100,000 people, but at last report only 2,000 people lived there, and many of the
Parisian-style apartments are occupied by migrant workers who are building the place.
One hour's drive away there's an imitation of London! See more pictures here:
Made in China: European clone towns, Messy Nessy, 20 November 2012.
November 25, 2012

On 3 September 2004, a 23-year-old woman was hit by a 'bolt from he he blue' while climbing on a ridge in the Alps. Her
partner said the sky was clear and sunny — when suddenly he heard cracking thunder and was thrown to the ground by a
massive shockwave! The woman was also thrown down. She lost consciousness for a few seconds and was confused
afterwards. She had no vision, and was dazzled by a bright light. She was rescued by air, hospitalized and, because of
extreme agitation, was sent into a drug-induced coma for 3 days.
After being weaned from a respirator, she was initially alert. But she complained of blurred vision, and saw golden flashes
throughout her whole visual field. She couldn't read, but she could recognize familiar faces.
That evening, things got weirder. She started seeing unknown people, animals and objects acting in different scenes, as if in
a movie. None of the persons or scenes was familiar to her, and she became very frightened by their occurrence.
For example, an old lady was sitting on a ribbed radiator, who then became thinner and thinner, finally vanishing through
the slots of the radiator. Later, on her left side a cowboy riding on a horse came from the distance. As he approached her, he
tried to shoot her, making her feel defenseless because she couldn't move or shout for help.
In another scene, two male doctors, one fair and one dark haired, and a woman, all with strange metal glasses and unnatural
brownish-red faces, were tanning in front of a sunbed, then having sexual intercourse and afterwards trying to draw blood
from her.
She couldn't tell if these scenes were real or unreal. She didn't report them at the time for fear that she might be considered
insane. She insisted on being transferred to her hometown hospital.
In 10 days she had almost completely recovered, with just a single persistent spot in her visual field. She felt good.
But 20 weeks after the accident, she reported feeling mournful and unenergetic. For a month, she'd been having frequent
nightmares that included strange flashbacks — pardon the pun — exactly replicating the visual hallucinations and paranoid
delusions she originally had!
She had trouble sleeping due to these nightmares. She was treated with 20 milligrams of paroxetine and referred to a
specialist in trauma therapy. Her nightmares vanished after 2 weeks. During the next few months, she experienced several
depressive episodes and considered suicide... but eventually she completely recovered.
She experienced those hallucinations just once more, the night after her grandmother's house caught on fire. But for long
after the initial lightning strike, she remembered the different scenes very well and was able to describe every detail.
It's interesting how something crude like a lightning bolt can do such complex and specific things. This tale is summarized
from:

Ingo Kleiter, Ralf Luerding, Gerhard Diendorfer, Helga Rek, Ulrich Bogdahn and Berthold Schalk, A lightning strike
to the head causing a visual cortex defect with simple and complex visual hallucinations, BMJ Case Reports 2009.
November 30, 2012

Astronomers recently found some incredibly old planets: 12.8 billion years old! That's amazing, because the Universe is
just 13.5 billion years old... so back when these planets and the star they orbit were formed, there wasn't much except
hydrogen and helium: not many heavier elements had formed yet! By comparison, our solar system is 4.5 billion years old.
This star is called HIP 11952. It's in our galaxy just 375 light years away, and it's only half as massive as our Sun (hence its
long life). Its two Jupiter-sized planets have orbital periods of 290 days and 7 days. For more see this nice article:
Deborah Byrd, How and when did the first planets form in our universe?, EarthSky, September 15, 2012.
and the original paper:
Johny Setiawan, Veronica Roccatagliata, et al, Planetary companions around the metal-poor star HIP 11952.
The picture is by Timotheos Samartzidis.
For my December 2012 diary, go here.

NEW YORK - Following Hurricane Sandy's destructive tear through the Northeast this week, the nation's 300 million
citizens looked upon the trail of devastation and fully realized, for the first time, that this is just going to be something that
happens from now on.
Gradually comprehending that this sort of thing is now just a fact of life, citizens all across America stared blankly at
images of destroyed homes, major cities paralyzed by flooding, and ravaged communities covered in debris, and finally
acknowledged that this, apparently, is now a regular part of the human experience.
"Oh, I see — this is just going to be how it is from here on out," said New York City resident Brian Marcello, coming to
terms with the fact that an immense storm that cripples mass transit systems and knocks out power for millions in the
nation's largest metropolitan area can no longer be regarded as an isolated, freak incident, and will henceforth be just a
normal thing that happens. "Hugely destructive weather events are going to keep happening, and they are going to get
worse and worse, and living through them is something that will be a part of all our lives from now on, whether we like it or
not."
"I get it now," Marcello added. - The Onion
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Diary - December 2012
John Baez
December 1, 2012

We're going on a great adventure! New Horizons has already taken great photos of volcanoes on Jupiter's moon Io. It's
already closer to Pluto than we've ever been. And on 14 July 2016 it will fly by Pluto and its moons Charon, Hydra, and
Nix!
But that's just the start: then it will go to see some KBOs!
The Kuiper Belt stretches from the orbit of Neptune to almost twice as far from the Sun. It's a bit like the asteroid belt, but
much bigger: 20 times as wide and 20 - 200 times as massive. But while most asteroids are made of rock and metal, most
Kuiper Belt Objects or 'KBOs' are composed largely of frozen methane, ammonia and water.
The Earth's orbit has a radius of one astronomical unit, or AU. The Kuiper Belt goes from 30 AU to 50 AU out. For
comparison, the heliosphere, the region dominated by the energetic fast-flowing solar wind, fizzles out around 120 AU.
That's where Voyager 1 is now. New Horizons will fly through the Kuiper Belt from 2016 to 2020... and, according to plan,
its mission will end in 2026. How far out will it be then? I don't know! Of course it will keep going...
For more see:
JPL, New Horizons: NASA's Pluto-Kuiper Belt Mission.
You can read an expanded, more detailed version of my December 1-5 diary entries here:
John Baez, Our galactic environment, Azimuth, December 27, 2012.
Alas, the pictures are smaller there—but if you click on them you'll get a bigger picture and/or more information!

December 2, 2012

As this young star moves through the Orion Nebula at supersonic speeds, the interstellar gas hits the fast wind of particles
shooting out from the star and creates a bow shock half a light-year across. It's a bit like when a boat moves through the
water faster than the speed of water waves.
There's also bow shock where the solar wind hits the Earth's magnetic field. It's about 17 kilometers thick, and located about
90,000 kilometers from Earth.
For a long time scientists thought there was a bow shock where the Sun's solar wind hit the interstellar gas nearby. But this
was called into question in 2012 when a satellite called the Interstellar Boundary Explorer (IBEX) discovered the solar
system is moving slower relative to this gas than we thought! This satellite isn't actually going there — it's in Earth orbit,
looking out. But Voyager 1 seems close to hitting the heliopause, where the Earth's solar wind comes to a stop. And it's
seeing strange things!
The star in the picture is called LL Orionis, and this picture was taken by the Hubble Telescope in February 1995.
December 3, 2012

The Sun shoots out a hot wind of ions moving at 300 to 800 kilometers per second. They form a kind of bubble in space:
the heliosphere. These charged particles slow down and stop when they hit the hydrogen and helium atoms in interstellar
space. But those atoms can penetrate the heliosphere, at least when they're neutral — and a near-earth satellite called IBEX,
the Interstellar Boundary Explorer, has been watching them! This picture shows what IBEX has seen.
In December 2008, IBEX first started seeing energetic neutral atoms penetrating the heliosphere. By October 2009 it had
collected enough data to see the IBEX ribbon: an unexpected arc-shaped region in the sky has many more energetic neutral
atoms than expected. You can see it here!
The color shows how many hundreds of energetic neutral atoms are hitting the heliosphere per second per square centimeter
per keV. A keV, or kilo-electron-volt, is a unit of energy. Different atoms are moving with different energies, so it makes
sense to count them this way.
You can see how the Voyager spacecraft are close to leaving the heliosphere. You can also see how the interstellar
magnetic field lines avoid this bubble. Ever since the IBEX ribbon was detected, the IBEX team has been trying to figure
out what causes it. They think it's related to the interstellar magnetic field. The ribbon has been moving and changing
intensity quite a bit in the couple of years they've been watching it!
Recently, IBEX announced that our solar system has no bow shock — a big surprise. Previously, scientists thought the
heliosphere created a bow-shaped shock wave in the interstellar gas as it moved along, like the wake of a boat.
December 4, 2012
Get to know your neighborhood!

I love the names of these nearby stars! Some I knew: Vega, Altair, Fomalhaut, Alpha Centauri, Sirius, Procyon, Denebola,
Pollux, Castor, Mizar, Aldebaran, Algol. But many I didn't: Rasalhague, Skat, Gaorux, Pherkad, Thuban, Phact, Alphard,
Wazn, and Algieba! How come none of the science fiction I've read uses these great names? Or maybe I just forgot.
The Local Bubble is a bubble of hot interstellar gas 300 light years across, probably blasted out by the supernova called
Geminga near the bottom here. But several thousand years ago we entered a cloud of cooler, denser gas: the Local Fluff.
We'll leave this in at most 4 thousand years. But this is just the beginning! As we pass the Scorpius-Centaurus Association,
we'll hit bigger, colder and denser clouds — and they'll squash the heliosphere.

When will this happen? People seem very unsure. I read different sources saying we entered the Local Fluff sometime
between 44,000 and 150,000 years ago, and that we'll stay within it for between 4,000 and 20,000 years. We'll then return to
the hotter, less dense gas of the Local Bubble until we hit the next cloud. That may take at least 50,000 years.
When we hit a big cloud, it will squash the heliosphere: the region near the Sun dominated by the solar wind. Right now
this is roughly 120 AU in radius. Before we entered the Local Fluff, it was much bigger. And when we hit thicker clouds, it
may shrink down to just 1 or 2 AU!
The heliosphere protects us from cosmic rays. So, when we hit the next cloud, more cosmic rays will reach the Earth.
Nobody knows what the effects will be... but life on Earth has survived previous incidents like this, so don't stay awake at
night worrying about it!
For more on the neighborhood of our solar system and what to expect as we pass through various clouds, try this great
article:
Priscilla Frisch, The galactic environment of the Sun, American Scientist 88 (January-February 2000).
Two candidates for the first cloud we'll hit are the G Cloud and the Apex Cloud. They're close. The Apex Cloud is just 15
light years away:
Priscilla C. Frisch, Local interstellar matter: the Apex Cloud.
I have lots of scientific heroes: whenever I study something, I find impressive people have already been there. This week
my hero is Priscilla Frisch. She edited a book called Solar Journey: The Significance of Our Galactic Environment for the
Heliosphere and Earth. The book isn't free, but this chapter is:
Priscilla C. Frisch and Jonathan D. Slavin, Short-term variations in the galactic environment of the Sun.
For more, try:
Hans-R. Mueller, Priscilla C. Frisch, Vladimir Florinski and Gary P. Zank, Heliospheric response to different

possible interstellar environments.
December 5, 2012
Here's a picture of the Aquila Rift, taken by Adam Block of the Mt. Lemmon SkyCenter at the University of Arizona:

The Aquila Rift is a region of molecular clouds about 600 light years away in the direction of the star Altair. Hundreds of
stars are being formed in these clouds.
A molecular cloud is a region in space where the interstellar gas gets so dense that hydrogen forms molecules, instead of
lone atoms. While the Local Fluff near us has about 0.3 atoms per cubic centimeter, and the Local Bubble is much less
dense, a molecular cloud can easily have 100 or 1000 atoms per cubic centimeter. Molecular clouds often contain filaments,
sheets, and clumps of submicrometer-sized dust particles, coated with frozen carbon monoxide and nitrogen. That's the dark
stuff here!
December 6, 2012

San Francisco is a wild and crazy city. I got a hotel for a big meeting of the American Geophysical Society at the last
minute, in a bad part of town. It was a bit scary seeing such large numbers of beggars and poor folks hanging around on the
streets late at night - though none of them bothered me. I overheard a grizzled bum wearing plaid pants and a crazy poncho
that looked like a rug walking along talking to a friend. "You're either with them or against them. They don't want you to be
a man of your own. And that's something I'm still learning how to do." And near the entrance of the conference I saw a guy
shouting at the top of his lungs, "If you want to stop tsunamis and floods, honor your father and mother!"
Both Riverside and Singapore are such tame places by comparison. Even Bangkok and Hanoi seemed very safe and cozy by
comparison. This picture is not mine; it was taken in San Francisco in 2008 by Doczilla.
December 21, 2012
Today Lisa, my aunt and I began a road trip to Naabeehó Bináhásdzo.
That's the Navajo Nation, a huge semi-autonomous region, 71,000 square kilometers in area, located at the corners of
Arizona, New Mexico, and Utah:

The hole in the middle here is the Hopi Reservation, and we'll also visit that, because we liked it a lot on our previous visit:
John Baez, Arizona, December 25-31, 2005.
On the first day we made it to Kingman, Arizona, a town where the big east-west interstate Route 40 crosses the famous old
highway immortalized by Nat King Cole's song: 'Get Your Kicks on Route 66'.

If you ever plan to motor west
Travel my way, take the highway that's the best
Get your kicks on Route 66
It winds from Chicago to LA
More than two thousand miles all the way
Get your kicks on Route 66
Now you go through Saint Louis
Joplin, Missouri
And Oklahoma City looks mighty pretty
You'll see Amarillo
Gallup, New Mexico
Flagstaff, Arizona
Don't forget Winona
Kingman, Barstow, San Bernandino
Won't you get hip to this timely tip
When you make that California trip
Get your kicks on Route 66!
We got gas at the Canada Mart and asked for a good hotel. Everyone in the store started chiming in, discussing a haunted
hotel, one that had rooms named after old Hollywood stars, and so on. We wound up staying at a Best Western.
But the next day, Lisa went back to the Canada Mart and checked out their extensive selection of native American jewelry.
Turquoise is used by the Navajo and Hopi, who mainly live at the eastern end of the state, but the best quality turquoise
comes from Kingman... where the Mojave live. They call this town Huwaalyapay Nyava. Lisa bought a necklace, and the
owner, Donna Hamera, threw in this piece of turquoise for free. Lisa gave it to me:

I love turquoise, but I didn't know what it actually was until I looked it up just now! It's a hydrous phosphate of copper and
aluminum, CuAl6(PO4)4(OH)8 with four H2O's thrown in. That's complicated!
December 22, 2012

Today we drove to the Navajo Nation. We took Route 40 east to Flagstaff and had lunch at Granny's Closet near the
university. Then we cut north on 89 and drove through wonderful red rock country to the Cameron Trading Post. It's fun to
see and it has a cool-looking lodge, but it sells goods that are overly touristic and/or overpriced. I took this picture looking
out from the trading post.
We continued north to Route 160, took a short drive east to Tuba City, and spent the night at the Moenkopi Legacy Inn.
This is a beautiful but somewhat desolate hotel run by the Hopis, who live not in Tuba City proper—that's Navajo—but the
adjoining town to the south, called Moenkopi.
Fans of Tony Hillerman's novels—and if you're not one, you should be!—will remember Tuba City. It's the largest town in
the Navajo Nation, and it's named after Tuuvi, a Hopi headman who converted to Mormonism. Apparently they couldn't
even get his name right—or maybe it some other white folks who came along later were to blame.
December 23, 2012
Today after a bit of confusing we drove south and then west along Route 264 through the Hopi reservation. We saw lots of
great landscapes, even before hitting the famous three mesas:

We stopped at a little store called the Monongya Gallery selling baskets and other goods. It was packed with people, quite a
shock in this desolate landscape! Maybe it's because they were having a sale, with lots of stuff 40% off. They were also
giving away cookies and coffee. Or maybe people just socialize by meeting at stores. We bought some great stuff at decent
prices: some beautiful baskets (made in Mexico according to Hopi patterns, they admitted), and leather thongs for
necklaces.

The Monongya Gallery lists its address as P.O. Box 287, Old Oraibi, AZ 86039. Their phone number is 928-734-2344, in
case you want to see if they're open. We also stopped at Old Oraibi, which may be the oldest continuously inhabited town in
North America. We'd been there on our last trip; it was just as run-down and desolate looking this time, with more dogs
than people walking around. Still, it's definitely worth seeing. It has a small art gallery there, and my aunt bought some
bookmarks there mainly out of sympathy with the owner. As we left, two old guys tried to sell us stuff, but we didn't buy.
Photography is against the rules at traditional Hopi villages, and we respected that at Old Oraibi. In better days it may have
looked like this postcard:

We then proceeded to the nearby Hopi Cultural Center. In the parking lot a young man, so soft-spoken I could barely hear
him, sold me a butterfly maiden kachina doll. I bought it out partially out of sympathy: making a living this way must be

hellishly hard. I hope he was just trying to get a few extra bucks. But I like it.
We had lunch at the center. Refried beans with lettuce and tomato on fry bread is called a Navajo tostada, tasty but
fattening. It's not surprising most of the Indians we saw are obese—and diabetes is rampant here.
Eventually we reached Route 191 and Ganado, and cut north up Chinle, driving past mesas rendered red by the late
afternoon winter sun.

We had dinner at a restaurant in Chinle. Then we drove to the Thunderbird Lodge and spent the night there, very near our
goal: Canyon de Chelly.
December 24, 2012
We weren't sure we could find a Navajo guide who would take us down to the bottom of Canyon de Chelly on the day
before Christmas! But they had the phone numbers for guides at the nearby Holiday Inn and we got in touch with one
named Timothy who has ready to go right away. So, we drove down into the canyon's mouth:

The cliff walls gradually grew taller as we went deeper in:

Soon we reached Kokopelli Cave, which is famous for its petroglyphs:

Graffiti on natural rock is considered bad — but if it lasts a thousand years it gets called a 'petroglyph', and it becomes
good.

Kokopelli is the hunch-backed flute player here. He's an important character in current-day Hopi mythology, but he goes
back to their early ancestors, the ancient Pueblo peoples who built the cliff dwellings here. He's a fertility god, who carries
unborn children on his back — and his music brings in the spring. The wiggly line is a snake: a symbol of earth and
fertility.
The first cliff dwelling we saw was the aptly named First Ruin:

I've used computer trickery to add a blue sky to this and another picture taken today. In fact it was cloudy, and later it
snowed! Click on this photo (or any other) for the true original version.
As we went deeper, the canyon walls got higher and the bottomland because full of cottonwood... as well as smaller weed
trees like Russian olive that the Navajo were trying to eliminate because they suck up so much water it's hard to grow crops:

After a bit more driving we reached the junction between the northern and southern branches of Canyon de Chelly. There
we saw the aptly named Junction Ruin:

Then we went south to the most famous cliff dwelling in the canyon: the White House Ruin. This is one you can walk to
without a guide, so I'd seen it before, in 2005.

Then we drove back up to the junction and explored the north branch of the canyon. Timothy was very good at spotting
deer lurking in the brush, like this one:

We passed some hogans, too. About 200 Navajo families live in the canyon during summer, growing crops on land they
own here. But in winter they move to other homes, so we didn't see many people here, just small groups of horses and
cattle.

We then reached Martini Rock. Can you guess why it's called this?

Because it gives you a big hangover.
We then reached our destination in the northern branch of the canyon: Antelope House! It's named after the petroglyphs to
be found here:

We then beat a hasty retreat as it began to snow in small flurries. We got stuck in the sand, so Timothy called his cousin,
who was nearby, to pull us out. Cell phones make such a big difference out in the country!
We went home, had lunch. We took a little drive out through the snow to the southern rim of the canyon...

... but soon the snow started coming down in earnest, so our fear of getting stuck made this trip a short one.

I spent the rest of the afternoon organizing the photos here, while Lisa and my aunt shopped in the Thunderbird Lodge. Lisa

got some great moccasins to replace her old and worn-out slippers.

December 25, 2012
Almost everywhere around here is closed on Christmas day, except luckily the cafeteria at the Thunderbird Lodge, which
serves blue corn pancakes to die for. They're so popular that if you order two they hand you a little blue sign saying BLUE
PAN 2, which you take to your table!
I drove out through Chinle and south down Route 191, which takes a little jog east at Ganado, and then hits the big
interstate 40 at the pathetically puny town of Chambers. I'm only disparaging this poor town because we were looking for
some blue corn flour, and the only semblance of a grocery store there seemed to be a gas station, which had ordinary flour
but no corn flour. The lonely-looking woman clerk said we could get some in nearby Sanders, to the east. We wanted to
head west, but we went to Sanders... and found no blue corn flour at the grocery store.
So, we headed grumpily back west along Route 40, and got more grumpy when we reached the Petrified Forest National
Park and discovered it was impossible to enter the park on Christmas. (Makes sense: you wouldn't want thieves making off
with petrified logs while the staff were gone on holiday!)
I first heard about Winslow, Arizona in the famous song by the Eagles:
Well, I'm a standin' on a corner in Winslow, Arizona,
and such a fine sight to see
It's a girl, my Lord, in a flatbed Ford,
slowin' down to take a look at me.
But when we got there we mainly wanted lunch. A guy at a hotel said only two places might be open: the Turquoise Room
and La Posada.

La Posada turned out to be a grandiose and really quite beautiful hotel built in 1929 by the Santa Fe Railway, and designed
by Mary Colter, a very good architect who also designed an amazing tower and some other structures I've seen at the Grand
Canyon.
But when we went to the hotel restaurant, the maitre d' asked us if we had reservations. When we said no, he looked us up
and down and said "Of course you don't." He explained that the only option on the menu was a $50 multi-course Christmas
dinner. We weren't in the mood for that, so we left after looking around. My aunt bought a mask at the very well-stocked
gift store, and Lisa examined but didn't buy any Indian jewelry.
We got lunch much later, around 3 pm, as we were entering Flagstaff. Then we headed down south to Prescott, first along
Route 19 and then cutting up along the 69. (The 169 would have been better, in case you plan to follow in our footsteps.)
We reached the historic downtown of Prescott a bit after dark, and parked to plan our next move. It turned out we were
parked in front of another rather grandiose and charming old hotel, the Hassayampa Inn, built in 1927. We decided to stay
there! It was great fun.
December 26, 2012
We left rather early, hoping to get back to Riverside in one day's drive. We took Route 89 south through the Prescott
National Forest. It turned to be a rather hair-raising ride, full of steep descents and hair-pin turns. Beautiful, but as the driver
I couldn't risk too much gazing about.
At a little town called Congress we got gas and switched to Route 71. Beautiful view all over, but not too many good
photos.

The 71 hit the 60 and we headed southwest on that until we hit the big interstate: Route 10. At this point it became familiar
to me, since I've driven across the country many times, and this is one of the ways: through Quartzsite, through Blythe, then
Indio, past Palm Springs, Banning, Beaumont, Moreno Valley and then home sweet home: Riverside.
But between Blythe and Indio, looking for a restroom, we stopped at a little town called Desert Center. It turns out to be
mostly a ghost town, though it has a population of 204. Of these two cafes, one has definitely been closed for years, while
the other claimed to be "closed for repairs". A lonesome place, beautiful in its own way.

By the way, you can read more about the prehistory of Canyon de Chelly and the people who built in my January 2013
diary!
For my January 2013 diary, go here.

© 2012 John Baez
baez@math.removethis.ucr.andthis.edu

home

For my December 2012 diary, go here.

Diary - January 2013
John Baez
January 20, 2013

A few weeks ago I visited Canyon de Chelly, which is home to some amazing cliff dwellings. I took a bunch of photos, like
this picture of the so-called 'First Ruin'. You can see them and read about my adventures starting with my December 21,
2012 diary entry.
Here I'd like to talk about what happened to the civilization that built these cliff dwellings! It's a fascinating tale full of
mystery... and it's full of lessons for the problems we face today, involving climate change, agriculture, energy production,
and advances in technology.
First let me set the stage! Canyon de Chelly is in the Navajo Nation, a huge region with its own laws and government, not
exactly part of the United States, located at the corners of Arizona, New Mexico, and Utah:

The hole in the middle is the Hopi Reservation. The Hopi are descended from the people who built the cliff dwellings in
Canyon de Chelly. Those people are often called the Anasazi, but these days the favored term is ancient Pueblo peoples.
The Hopi speak a Uto-Aztecan language, and so presumably did the Anasazi. Uto-Aztecan speakers were spread out like
this shortly before the Europeans invaded:

with a bunch more down in what's now Mexico. The Navajo are part of a different group, the Na-Dené language group:

So, the Navajo aren't a big part of the story in this fascinating book:
David E. Stuart, Anasazi America, U. of New Mexico Press, Albuquerque, New Mexico, 2000.
Let me summarize this story here!

After the ice
The last Ice Age, called the Wisconsin glaciation, began around 70,000 BC. The glaciers reached their maximum extent
about 18,000 BC, with ice sheets down to what are now the Great Lakes. In places the ice was over 1.6 kilometers thick!
Then it started warming up. By 16,000 BC people started cultivating plants and herding animals. Around 12,000 BC, before
the land bridge connecting Siberia and Canada melted, people from the so-called Clovis culture came to the Americas.
It seems likely that other people got to America earlier, moving down the Pacific coast before the inland glaciers melted.
But even if the Clovis culture didn't get there first, their arrival was a big deal. They be traced by their distinctive and
elegant spear tips, called Clovis points:

After they arrived, the Clovis people broke into several local cultures, roughly around the time of the Younger Dryas cold
spell beginning around 10,800 BC. By 10,000 BC, small bands of hunters roamed the Southwest, first hunting mammoths,
huge bison, camels, horses and elk, and later—perhaps because they killed off the really big animals—the more familiar
bison, deer, elk and antelopes we see today.

For about 5000 years the population of current-day New Mexico probably fluctuated between 2 and 6 thousand people—a
density of just one person per 50 to 150 square kilometers! Changes in culture and climate were slow.

The Altithermal
Around 5,000 BC, the climate near Canyon de Chelly began to warm up, dry out, and become more strongly seasonal. This
epoch is called the 'Altithermal'. The lush grasslands that once supported huge herds of bison began to disappear in New
Mexico, and those bison moved north. By 4,000 BC, the area near Canyon de Chelly became very hot, with summers often
reaching 45°C, and sometimes 57° at the ground's surface.
The people in this area responded in an interesting way: by focusing much more on gathering, and less on hunting. We
know this from their improved tools for processing plants, especially yucca roots. The yucca is now the state flower of New
Mexico. Here's a picture taken by Stan Shebs:

David Stuart writes:
At first this might seem an unlikely response to unremitting heat and aridity. One could argue that the
deteriorating climate might first have forced people to reduce their numbers by restricting sex, marriage, and
child-bearing so that survivors would have enough game. That might well have been the short-term solution
[....] When once-plentiful game becomes scarce, hunter-gatherers typically become extremely conservative
about sex and reproduction. [...] But by early Archaic times, the change in focus to plant resources—
undoubtedly by necessity—had actually produced a marginally growing population in the San Juan Basin and
its margins in spite of climatic adversity.
[....]
Ecologically, these Archaic hunters and gatherers had moved one entire link down the food chain, thereby
eliminating the approximately 90-percent loss in food value that occurs when one feeds on an animal that is a
plant-eater.
[....]

This is sound ecological behavior—they could not have found a better basic strategy even if they had the
advantage of a contemporary university education. Do I attribute this to their genius? No. It is simply that those
who stubbornly clung to the traditional big game hunting of their Paleo-Indian ancestors could not prosper, so
they left fewer descendents. Those more willing to experiment, or more desperate, fared better, so their
behavior eventually became traditional among their more numerous descendents.

The San Jose Period
By 3,000 BC the Altithermal was ending, big game was returning to the Southwest, yet the people retained their new-found
agricultural skills. They also developed a new kind of dart for hunting, the 'San Jose point'. So, this epoch is called the 'San
Jose period'. Populations rose to maybe about 15 to 30 thousand people in New Mexico, a vast increase over the earlier
level of 2-6 thousand. But still, that's just one person per 10 or 20 square kilometers!
The population increased until around 2,000 BC. At this point population pressures became acute... but two lucky things
happened. First, the weather got wetter. Second, corn was introduced from Mexico. The first varieties had very small cobs,
but gradually they were improved.
The wet weather lasted until around 500 BC. And at just about this time, beans were introduced, also from Mexico.
Their addition was critical. Corn alone is a costly food to metabolize. Its proteins are incomplete and hard to
synthesize. Beans contain large amounts of lysine, the amino acid missing from corn and squash. In reasonable
balance, corn, beans and squash together provide complimentary amino acids and form the basis of a nearly
complete diet. This diet lacks only the salt, fat and mineral nutrients found in most meats to be healthy and
complete.
By 500 BC, nearly all the elements for accelerating cultural and economic changes were finally in place—a
fairly complete diet that could, if rainfall cooperated, largely replace the traditional foraging one; several
additional, modestly larger-cobbed varieties of corn that not only prospered under varying growing conditions
but also provided a bigger harvest; a population large enough to invest the labor necessary to plant and harvest;
nearly 10 centuries of increasing familiarity with cultigens; and enhanced food-processing and storage
techniques. Lacking were compelling reasons to transform an Archaic society accustomed to earning a living
with approximately 500 hours of labor a year into one willing to invest the 1,000 to 2,000 yours coming to
contemporary hand-tool horticulturalists.
Nature then stepped in with one persuasive, though not compelling, reason for people to make the shift.
Namely, droughts! Precipitation became very erratic for about 500 years. People responded in various ways. Some went
back to the old foraging techniques. Others improved their agricultural skills, developing better breeds of corn, and tricks
for storing water. The latter are the ones whose populations grew.

The Basketmakers
This led to the Basketmaker culture, where people started living in dugout 'pit houses' in small villages. More precisely, the
Late Basketmaker II Era lasted from about 50 AD to 500 AD. New technologies included the baskets that gave this culture
its name:

Pottery entered the scene around 300 AD. Have you ever thought about how important this is? Before pots, people had to
cook corn and beans by putting rocks in fires and then transferring them to holes containing water!
Now, porridge and stews could be put to boil in a pot set directly into a central fire pit. The amount of heat lost
and fuel used in the old cooking process—an endless cycle of collecting, heating, transferring, removing and
replacing hot stones just to boil a few quarts of water—had always been enormous. By comparison, cooking
with pots became quick, easy, and far more efficient. In a world more densely populated, firewood had to be
gathered from greater distances. Now, less of it was needed. And there was newer fuel to supplement it—dried
corncobs.
Not all the changes were good. Most adult skeletons from this period show damage from long periods spend stooping—
either using a stone hoe to tend garden plots, or grinding corn while kneeling. And as they ate more corn and beans and
fewer other vegetables, mineral deficiencies became common. Extreme osteoporosis afflicted many of these people: we find
skulls that are porous, and broken bones. It reminds me a little of the plague of obesity, with its many side-affects, afflicting
modern Americans as we move to a culture where most people work sitting down.
On the other hand, there was a massive growth in population. The number of pit-house villages grew nine-fold from 200
AD to 700 AD!
It must have been an exciting time. In only some 25 generations, these folks had transformed themselves from
forager and hunters with a small economic sideline in corn, beans and squash into semisedentary villagers who
farmed and kept up their foraging to fill in the economic gaps.
But this was just the beginning. By 1020, the ancient Pueblo people would begin to build housing complexes that would
remain the biggest in North America until the 1880s! This happened in Chaco Canyon, 125 kilometers east of Canyon de
Chelly.
Next time I'll tell you the story of how that happened, and how later, around 1200, these people left Chaco Canyon and
started to build cliff dwellings.
For now, I'll leave you with some pictures I took of the most famous cliff dwelling in Canyon de Chelly: the 'White House
Ruins'. Click to enlarge:

January 22, 2013

Last time I told you a story of the American Southwest, starting with the arrival of small bands of hunters around 10,000
BC. I focused on the Anasazi, or 'ancient Pueblo people', and I led up to the Late Basketmaker III Era, from 500 to 750 AD.
The big invention during this time was the bow and arrow. Before then, large animals were killed by darts thrown from

slings, which required a lot more skill and luck. But even more important was the continuing growth of agriculture: the
cultivation of corn, beans and squash. This was fueled a period of dramatic population growth.
But this was just the start!

The Pueblo I and II Eras
The Pueblo I Era began around 750 AD. At this time people started living in 'pueblos': houses with flat roofs held up by
wooden poles. Towns became bigger, holding up to 600 people. But these towns typically lasted only 30 years or so. It
seems people needed to move when conditions changed.
Starting around 800 AD, the ancient Pueblo people started building 'great houses': multi-storied buildings with high
ceilings, rooms much larger than those in domestic dwellings, and elaborate subterranean rooms called 'kivas'. And around
900 AD, people started building houses with stone roofs. We call this the start of the Pueblo II Era.
The center of these developments was the Chaco Canyon area in New Mexico:

Chaco Canyon is 125 kilometers east of Canyon de Chelly. Unfortunately, I didn't see it on my trip—I wanted to, but we
didn't have time.
By 950 AD, there were pueblos on every ridge and hilltop of the Chaco Canyon area. Due to the high population density
and unpredictable rainfall, this area could no longer provide enough meat to sustain the needs of the local population.
Apparently they couldn't get enough fat, salt and minerals from a purely vegan diet—a shortcoming we have now
overcome!
Yet the population continued to grow until 1000 AD. In his book Anasazi America, David Stuart wrote:
Millions of us buy mutual funds, believing the risk is spread among millions of investors and a large "basket"
of fund stocks. Millions divert a portion of each hard-earned paycheck to purchase such funds for retirement.
"Get in! Get in!" hawk the TV ads. "The market is going up. Historically, it always goes up in the long haul.
The average rate of return this century is 9 percent per year!" Every one of us who does that is a Californian at
heart, believing in growth, risk, power. It works—until an episode of too-rapid expansion in the market,
combined with brutal business competition, threatens to undo it.
That is about what it was like, economically, at Chaco Canyon in the year 1000—rapid agricultural expansion,
no more land to be gotten, and deepening competition. Don't think of it as "romantic" or "primitive". Think of it
as just like 1999 in the United States, when the Dow Jones Industrial Average hit 11,000 and 30 million
investors held their breath to see what would happen next.

The Chaco phenomenon
In 1020 the rainfall became more predictable. There wasn't more rain, it was simply less erratic. This was good for the
ancient Pueblo people. At this point the 'Chaco phenomenon' began: an amazing flowering of civilization.
We see this in places like Pueblo Bonito, the largest great house in Chaco Canyon:

Pueblo Bonito was founded in the 800s. But starting in 1020 it grew immensely, and it kept growing until 1120. By this
time it had 700 rooms, nearly half devoted to grain storage. It also had 33 kivas, which are the round structures you see
here.

But Pueblo Bonito is just one of a dozen great houses built in Chaco Canyon by 1120. About 215 thousand ponderosa pine
trees were cut down in this building spree! Stuart estimates that building these houses took over 2 million man-hours of
work. They also built about 650 kilometers of roads! Most of these connect one great house to another... but some
mysteriously seem to go to 'nowhere'.
By 1080, however, the summer rainfall had started to decline. And by 1090 there were serious summer drought lasting for
five years. We know this sort of thing from tree rings: there are enough ponderosa logs and the like that archaeologists have
built up a detailed year-by-year record.
Thanks to overpopulation and these droughts, Chaco Canyon civilization was in serious trouble at this point, but it charged
ahead:
Part of Chacoan society were already in deep trouble after AD 1050 as health and living conditions
progressively eroded in the southern districts' open farming communities. The small farmers in the south had
first created reliable surpluses to be stored in the great houses. Ultimately, it was the increasingly terrible
conditions of those farmers, the people who grew the corn, that had made Chacoan society so fatally
vulnerable. They simply got back too little from their efforts to carry on.
[....]
Still, the great-house dwellers didn't merely sit on their hands. As some farms failed, they used farm labor to
expand roads, rituals, and great houses. This prehistoric version of a Keynesian growth model apparently
alleviated enough of the stresses and strains to sustain growth through the 1070s. Then came the waning
rainfall of the 1080s, followed by drought in the 1090s.
Circumstances in farming communities worsened quickly and dramatically with this drought; the very survival
of many was at stake. The great-house elites at Chaco Canyon apparently responded with even more roads,
rituals, and great houses. This was actually a period of great-house and road infrastructure "in-fill", both in and
near established open communities. In a few years, the rains returned. This could not help but powerfully
reinforce the elites' now well-established, formulaic response to problems.
But roads, rituals, and great houses simply did not do enough for the hungry farmers who produced corn and
pottery. As the eleventh century drew to a close, even though the rains had come again, they walked away,
further eroding the surpluses that had fueled the system. Imagine it: the elites must have believe the situation
was saved, even as more farmers gave up in despair. Inexplicably, they never "exported" the modest irrigation
system that had caught and diverted midsummer runoff from the mesa tops at Chaco Canyon and made local
fields more productive. Instead, once again the elites responded with the sacred formula—more roads, more
rituals, more great houses.
So, Stuart argues that the last of the Chaco Canyon building projects were "the desperate economic reactions of a fragile
and frightened society".
Regardless of whether this is true, we know that starting around 1100 AD, many of the ancient Pueblo people left the Chaco
Canyon area. Many moved upland, to places with more rain and snow. Instead of great houses, many returned to building
the simpler pit houses of old.
Tribes descending from the ancient Pueblo people still have myths about the decline of the Chaco civilization. While such
tales should be taken with a huge grain of salt, these are too fascinating not to repeat. Here are two quotes:
In our history we talk of things that occurred a long time ago, of people who had enormous amounts of power,
spiritual power and power over people. I think that those kinds of people lived here in Chaco.... Here at Chaco
there were very powerful people who had a lot of spiritual power, and these people probably used their power
in ways that caused things to change, and that may have been one of the reasons why the migrations were set to
start again, because these these people were causing changes that were never meant to occur.
My response to the canyon was that some sensibility other than my Pueblo ancestors had worked on the Chaco

great houses. There were the familiar elements such as the nansipu (the symbolic opening into the underworld),
kivas, plazas and earth materials, but they were overlain by a strictness and precision of design that was
unfamiliar.... It was clear that the purpose of these great villages was not to restate their oneness with the earth
but to show the power and specialness of humans... a desire to control human and natural resources... These
were men who embraced a social-political-religious hierarchy and envisioned control and power over places,
resources and people.
These quotes are from an excellent book on the changing techniques and theories of archaeologists of the American
Southwest:
Stephen H. Lekson, A History of the Ancient Southwest, School for Advanced Research, Santa Fe, New Mexico,
2008.
What these quotes show, I think, is that the sensibility of current-day Pueblo people is very different from that of the people
who built the great houses of Chaco Canyon. According to David Stuart, the Chaco civilization was a 'powerful' culture,
while their descendants became an 'efficient' culture:
... a powerful society (or organism) captures more energy and expends (metabolizes) it more rapidly than an
efficient one. Such societies tend to be structurally more complex, more wasteful of energy, more competitive,
and faster paced than an efficient one. Think of modern urban America as powerful, and you will get the
picture. In contrast, an efficient society "metabolizes" its energy more slowly, and so it is structurally less
complex, less wasteful, less competitive, and slower. Think of Amish farmers in Pennsylvania or contemporary
Pueblo farms in the American Southwest.
In competitive terms, the powerful society has an enormous short-term advantage over the efficient one if
enough energy is naturally available to "feed" it, or if its technology and trade can bring in energy rapidly
enough to sustain it. But when energy (food, fuel and resources) becomes scarce, or when trade and technology
fail, an efficient society is advantageous because it simpler, less wasteful structure is more easily sustained in
times of scarcity.

The Pueblo III Era

By 1150 AD, some of the ancient Pueblo people began building cliff dwellings at higher elevations—like Mesa Verde in
Colorado, shown above. This marks the start of the Pueblo III Era. But this era lasted a short time. By 1280, Mesa Verde
was deserted!
Some of the ruins in Canyon de Chelly also date to the Pueblo III Era. For example, the White House Ruins were built
around 1200. Here are some of my pictures of this marvelous place. Click to enlarge:

But again, they were deserted by the end of the Pueblo III Era.
Why did the ancient Pueblo people move to cliff dwellings? And why did they move out so soon?
Nobody is sure. Cliff dwellings are easy to defend against attack. Built into the south face of a cliff, they catch the sun in
winter to stay warm—it gets cold here in winter!—but they stay cool when the sun is straight overhead in summer. These
are good reasons to build cliff dwellings. But these reasons don't explain why cliff dwellings were so popular from 1150 to
1280, and then were abandoned!
One important factor might be this: there was a series of severe droughts starting around 1275. There were also raids from
other tribes: speakers of Na-Dené languages, who eventually became the current-day Navajo inhabitants of this area.
Drought alone may be unable to explain what happened. Quoting Stephen Lekson's book:
Two current computationally high-powered projects—the Artificial Anasazi Project and the Villages Project—
are modelling the lives and hard times of the ancient Plateau peoples. [....] The Artificial Anasazi Project is the
heir apparent of SARG [the Southwest Archaeological Research Group] and The Anasazi in a Changing
Environment agent-based modeling of the Long House Valley from 200 to 1300, undertaken by several SARG
alumni and the Santa Fe Institute. The Villages Project, a collaboration of Washington State University and the
Crow Canyon Archaeological Center, focuses on the northern San Juan or Mesa Verde region. A recent joint
summary in Scientific American reviewed the successes and failures of high-resolution environmental
modeling. Both projects mirrored actual settlement patterns from 800 to 1250 with admirable accuracy.
Problems rose, however, with the abandonments of the regions, in both cases after 1250. There were
unexplained exceptions, misfits between the models and reality.
Those misfits were not minor. Neither model predicted complete abandonment. Yet it happened. That's

perplexing. In the Scientific American summary of the Long House Valley model, Kohler, Gummerman, and
Reynolds write, "We can only conclude that sociopolitical, ideological or environmental factors not included in
our model must have contributed to the total depopulation of the valley." Similar conundrums best the Villages
Project: "None of our simulations terminated with a population decline as dramatic as what actually happened
in the Mesa Verde region in the late 1200."
These simulation projects look interesting! For more info, click on the links. Also try this short review by the author of a
famous book on why civilizations collapse:
Jared Diamond, Life with the artificial Anasazi, Nature 419 (2002), 567–569.
From this article, here are the simulated versus 'actual' populations of the ancient Pueblo people in Long House Valley,
Arizona, from 800 to 1350 AD:

The so-called 'actual' population is estimated using the number of house sites that were active at a given time, assuming five
people per house.
This graph gives a shocking and dramatic ending to our tale! Let's hope our current-day tale doesn't end so abruptly,
because in abrupt transitions much gets lost. But of course the ancient Pueblo people didn't disappear. They didn't all die.
They became an 'efficient' society: they learned to make do with diminished resources.
January 23, 2013
I'm afraid I have to debunk this article:
From the 'X Files': "Advanced civilizations may live inside supermassive black holes", Daily Galaxy, January 18,
2013.
It starts with some perfectly sensible stuff about supermassive black holes that lurk at the centers of galaxies, but then it
says:
The inner workings of these supermassive black holes may be less hostile than we realize, possibly with stable
regions where life and even planets could exist, according to Russian cosmologist Vyacheslav Dokuchaev at
Moscow's Institute for Nuclear Research of the Russian Academy of Sciences.
Huh? I looked at his paper:
Vyacheslav I. Dokuchaev, Is there life inside black holes?

The first warning sign comes right away:
To clarify this possibility we suppose that BH interiors are described by the Kerr-Newman metric with a
maximally extended global geometry. These BHs are named the eternal ones.
So he's talking about purely hypothetical rotating charged black holes that have always existed, not realistic ones formed
from collapsing matter. These hypothetical 'eternal' black holes can be mathematically 'extended' to give worlds where the
black hole is an entrance to a kind of corridor with infinitely many universes branching off it... like doors off a hallway. If
we lived in a world like that, we might be able to jump into the black hole, go down the corridor and pop out into another
universe!
But alas, this weird and wonderful scenario does not occur in the rotating charged black holes in our world, since ours are
formed from collapsing matter!
The second warning sign comes here:
The irresistible infall [...] will finish soon after traversing the inner Cauchy horizon [....] The internal spacetime domain [...] between the central singularity and the inner BH horizon is the R-region, where stationary
observers may exist just as anywhere on the planet Earth. This internal BH domain, hidden by the two horizons
from the whole external universe, is indeed a suitable place for safe inhabitation. The only thing needed is to
put your vehicle or your planet to a stable periodic orbit inside BH.
Sorry... no! According to simplified calculations, a rotating or charged black hole has an 'inner Cauchy horizon' inside the
'event horizon'. The event horizon is the point of no return: once you pass that, you can't get out of the black hole. The inner
Cauchy horizon is the place where, according to simplified calculations, your future ceases to be determined by the past.
Sounds cool, eh? But unfortunately, more detailed calculations show that an infinitely bright sheet of light forms at the
inner Cauchy horizon. When you hit this you'd be destroyed... just as in the abrupt end to the movie here!

This movie was made by Andrew Hamilton using a supercomputer simulation by John Hawley. It shows what it's like to
fall into a Reissner-Nordstrom black hole, meaning one that's charged but not rotating. (A Kerr-Newman black hole is both
charged and rotating.)
In this movie, you fall into a 4 million solar mass black hole like the one at the center of our galaxy. The clock shows the
time in seconds as measured by your wristwatch. The tidal forces are weak enough that you aren't stretched to death. You
safely pass through the event horizon — the point of no return. But you're vaporized when you hit the inner Cauchy
horizon.

I should add that the 'more detailed calculations' that predict an infinitely bright sheet of light are still simplified. If there
were an infinitely bright sheet of light, or even a very very very bright sheet of light, this would bend the geometry of
spacetime in a drastic way. But in the calculation I'm talking about, this effect is neglected. A truly realistic calculation of
what happens inside a charged or rotating black hole is very hard... and as far as I know, it's never been done!
But: nothing suggests there's a comfy region inside a supermassive black hole, where an advanced civilization could find
peace and quiet, safe from childish civilizations like ours.
For an explanation of the movie and what's realistic and unrealistic about it, try this:
Andrew Hamilton, Journey into a realistic black hole.
For more details, this paper is very good:
Andrew J. S. Hamilton and Pedro P. Avelino, The physics of the relativistic counter-streaming instability that drives
mass inflation inside black holes.
For my February 2013 diary, go here.
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Diary - February 2013
John Baez
February 1, 2013

This summer I'm going to the Mogao Caves near the old Silk Road town of Dunhuang. I'm so excited!
Locked away in the heart of the Gobi desert, four days' camel ride from the nearest town, lies one of the least-known of China's
many wonders, the 'Caves of the Thousand Buddhas' at Tun-Huang. Here, carved in irregular rows into the cliff face and filled
with magnificent wall-painting and sculptures, are more than four hundred ancient rock temples and chapels. Tun-Huang,
which means 'Blazing Beacon', was the last caravan halt in China proper for travellers setting out along the old Silk Road.
Piligrims, merchants and soldiers about to leave China for the spiritual darkness and physical dangers of the Taklamakan desert
prayed at Tun-Huang's shrines for deliverance from the goblins and other perils ahead.
I've been wanting to explore this area, and the even more forbidding Taklamakan Desert, ever since I read Peter Hopkirk's Foreign Devils
on the Silk Road, which I quote above. Aurel Stein's travel memoir Ruins of Desert Cathay made me even more intrigued. But I never had
an excuse until now! I'll be in Singapore this summer, but Chenchang Zhu has invited me to a conference on higher algebraic structures in
Lanzhou, and we will take an excursion to Dunhuang, 1100 kilometers to the west.
I'm afraid I'm going to keep posting about this subject until August, to relieve the twitchy excitement I'm feeling.
February 7, 2013

Just 6 kilometers south of Dunhuang you feel you're deep in the Gobi Desert. But then you see an oasis called Crescent Lake. You can get
there on a camel or a four-wheel drive. I want to go there! The lake was about 5 meters deep in 1960. By the early 1990s it had shrunk to
just 1 meter deep. In 2006, the local government started working to restore its depth.
February 8, 2013

Watch the seasons change! You can see the month at lower right. See the place north of India, north of Tibet, that never changes color? It's
called the Taklamakan Desert. Sven Hedin, one of the first Europeans to explore it, called it the "worst and most dangerous desert in the
world". It's a cold desert full of shifting sand dunes. Temperatures drop to -20 °C (-4 °F) in the winter, though it gets hot in the summer.
Dunhuang, the city I'm visiting in August, lies in the Gobi Desert, east of the Taklamakan. Travelers going west along the Silk Road would
stop at Dunhuang before deciding to go north or south around the Taklamakan. Both these routes pass through ancient cities built on oases. I
want to tell you more about this whole area. Not only is it the romantic Wild West of China, it's full of fascinating history, since the Silk
Road was a meeting-ground of many ancient cultures.
This picture comes from a collection at the Digital Silk Road Project.

The Taklamakan Desert is almost surrounded by mountains: the Tien Shan range on the north, the Pamirs on the west, and the Kunlun
mountains on the south. Water flows from these into the desert, into the Tarim River, and then to the mostly dried-up lake of Lop Nur. This
let the explorer Sven Hedin travel by boat through the Taklamakan for eighty days back in 1899.
With a crew of five, he started on the Yarkand River and then took the Tarim almost to Lop Nur. Sometimes they would be carried by
raging torrents; sometimes the river slowed and they would use a sail. For a while they got stuck in ice. At the end they discovered the ruins
of Loulan, where they unearthed Chinese manuscripts from the Western Jin Dynasty (265-420)... and a wooden tablet with Kharosthi script
on it!
Kharosthi was a language used in Afghanistan and Pakistan starting around the 3rd century BC, but later in Sogdiana, an empire centered
around Samarkand. This language may have survived until the 7th century in some towns along the Silk Road.
Kharosthi is actually available as part of UNICODE, but my computer doesn't display it, and yours probably doesn't either — so if you're
interested, go to the Wikipedia article.
February 9, 2013

Lanzhou is a big city, but if you drive south it quickly becomes mountainous, and in 4 hours you can reach the Labrang Temple. It's still in
Gansu province, but it's one of the main monasteries of the Yellow Hat school of Tibetan Buddhism.
Labrang was founded in 1709, and it sits at the meeting-place of four Asian cultures: Tibetan, Mongolian, Han Chinese, and Hui, also called
'Muslim Chinese'. It was one of the largest Buddhist monastic universities, and a seat of Tibetan power until the early 1900s. It was
repeatedly attacked by the Ma clique, a group of Hui warlords in Northwestern China who ruled the Chinese provinces of Qinghai, Gansu
and Ningxia from the 1910s until 1949. It was closed by the communists from 1958 to 1970. But it's active again, with about a thousand
monks, and some amazing annual festivals. I want to see this place!
February 9, 2013

Go 420 kilometers north of Lanzhou and you reach Badain Jaran, also called Badan Jilin, with the biggest sand dunes on Earth, near the
edge of the otherwise rocky Gobi Desert. With immense optimism, a Chinese website calls this area a "resort":
Badan Jilin Desert Tourism Resort, with an area of 47 thousand square kilometers and an altitude of 1200-1700 meters, has an
extremely dry climate and hot sunshine. The highest temperature in the burning summer time can reach 38°C-43°C. The surface

ground even has higher temperature. The highest temperature of the desert can be up to 70°C-80°C. During the winter and
spring time, the wind is very strong. On the eastern and south-western edges of the desert, the Gobi is boundless and infinite.
Amazingly, there are lakes with fish here. Badan Jilin seems to be a Chinese form of the Mongolian name Badain Jaran, meaning
Mysterious Lakes. And by one of these lakes there is a monastery, shown here.
No, it's not a resort! It cannot be reached except by camel or four-wheel drive, and in Nick Middleton's book Extremes Along the Silk Road
his driver got stuck in dunes shortly before reaching it:
The driver kept trying. On a couple of occasions, we all jumped out to dig when our wheels buried themselves in the sand, each
time agonizingly close to the summit of the ridge. After the second time, Bruno and I stayed out and trudged up to the summit
to watch the vehicle, now slightly lighter, descend, circle, and try again.
It was late in the afternoon when we finally gave up, unloaded what we could carry and walked the rest of the way to the
Alashan Miao monastery on the edge of the lake.
I don't think I'll be going here.
This photo was taken by kailas97. This guy has taken a lot of great pictures of this rugged area! You can see them on Panoramio.
February 10, 2013

Here's an ancient Chinese watchtower outside the western part of Dunhuang, the Silk Road oasis town famous for its caves. In the
background are the Mingsha sand dunes, which lie between Dunhuang and more distant mountains.
Dunhuang means 'Blazing Beacon', so perhaps we should imagine this tower lit up with flames. Daniel Waugh writes:
The physical geography of Dunhuang, its region, and the approaches to it help to explain why the town became so important
militarily. The most logical route from the interior of China to the West moves through the "funnel" of the Gansu or Hexi
Corridor, bounded on north and south by mountains. The mountains to the south are high enough to serve as barriers to
invasion, and their glaciers fed the streams which made habitation in an otherwise dry region possible. To the north, the terrain
is less well defended by nature; it was for this reason that, beginning in the last centuries BCE, the rulers of China began to
create the "Great Wall," to defend against nomadic incursions. The Han emperors, especially beginning with Wu-Ti (141-87
BCE) extended the wall and its network of watchtowers along the Hexi corridor, through the "bottleneck" at Jiayu Guan (later
to be the western boundary of China under the Ming) along both sides of the broadening valley past Anxi and well beyond
Dunhuang. The British explorer Aurel Stein made the exciting discovery that the Han "limes" extended all the way to Lop Nor,

the salt lake at the edge of the Taklamakan Desert.
Here "limes" is an allusion to the walls marking the limit of the Roman empire.
While it was possible for invaders to break through the defenses to the east of Dunhuang, the fortifications there in a real sense
were the gateway to inner China. Even at the greatest extent of Chinese power in Inner Asia in the period up to the end of the
first millenium CE, Chinese control beyond Dunhuang was exercised largely through vassal states. Written records indicate that
Chinese travelers to the West clearly sensed they had stepped into another world at the moment they passed through the "Jade
Gate." To go beyond was to leave behind the comforts of home and to enter culturally alien lands. Except for the garrisons
manning the watch towers and small forts, Chinese armies almost inevitably retreated behind the defenses, often in disarray
from their inability to provision themselves adequately on long stages through the desert.
I got this information from Daniel Waugh's Dunhuang website, and the photo from Wikipedia.
February 11, 2013

This thing at the eastern edge of the Taklamakan Desert is big. It's about 6 kilometers across and 20 long. You can see it on Google Maps
here: Lop Nur. What is it? Could it be a
...training ground for human-fish hybrids, in preparation for colonization of the Pacific floor?
That's what one blogger jokingly suggests, but NASA's website gives the real answer:
Located in China's resource-rich but moisture-poor Xinjiang autonomous region, Lop Nur is an uninviting location for any kind
of agriculture. It sits at the eastern end of the Taklimakan Desert, where marching sand dunes can reach heights of 200 meters
(650 feet), and dust storms rage across the landscape.
Yet for all it lacks in agricultural appeal, Lop Nur offers something valuable to farmers the world over: potash. This potassium
salt provides a major nutrient required for plant growth, making it a key ingredient in fertilizer.
The discovery of potash at Lop Nur in the mid-1990s turned the area into a large-scale mining operation. The Advanced Land
Imager (ALI) on NASA.s Earth Observing-1 (EO-1) satellite captured this natural-color image of Lop Nur on May 17, 2011.
The rectangular shapes in this image show the bright colors characteristic of solar evaporation ponds. Around the evaporation
ponds are the earth tones typical of sandy desert.

During the early and middle Pleistocene epoch, this area held a large brackish lake. Uplift of the northern part of the lake in the
late Pleistocene created hollows that became receptacles for potash deposition. The main potash deposits found at Lop Nur
today are brine potash, and this site is the second-largest source of potash in China.
Lop Nur slowly dried up in the Holocene. The area now receives average annual precipitation of just 31.2 millimeters (1.2
inches), and experiences annual evaporation of 2,901 millimeters (114 inches), according to a study published in 2008. The
study found, however, that this area has experienced seven major climate changes since the end of the Pleistocene, including
climatic conditions far more favorable to farming and settlement than today.
Examination of plant and mollusk remains at the lake, as well as studies of sediments, indicate that the Lop Nur region
experienced a severe drought about 3,000 years ago, followed by wetter conditions. Between 1,250 and 400 years ago, Lop Nur
likely experienced the conditions most favorable to farming and settlement, and red willow trees grew in the area. Pottery
dating from the Tang and Song dynasties further testifies to welcoming conditions at the lake centuries ago.
Starting around 400 years ago, however, a more arid climate took hold, completely drying out Lop Nur. Today, by providing
potash, the desiccated lake still supports agriculture, but it does so for farming efforts further afield.
The photo mentioned above is not the one you see here — it's on NASA's webpage and it looks like this:

February 15, 2013

While the edge of the Taklamakan Desert is a gravel desert with scattered oases, its heart consists of shifting sand dunes. In general, these
dunes are between 20 and 100 meters high, and they are crescent-shaped. They're called barchan, and they slowly move along with the
wind, with a steep downwind face and a less steep upwind face.
This photo was taken by zhou1 near the eastern end of the Taklamakan, and you can see it together with others on Panoramio.
The nearest town seems to be Qiemo, also known as Charchan or Qarqan. This town has a history dating back to the Bronze Age: some
2,400-year-old mummies were found less than five kilometers southwest of the city center. During the Former Han Dynasty (123 BC to AD
23) it was described as having "230 households, 1610 individuals with 320 persons able to bear arms..." with grapes and various types of
fruit. The climate was wetter then!
February 16, 2013

Tian Shan means 'heavenly mountains', and here they seem to be floating in the clouds! This was taken north of Dabancheng, a small city at
the northeast edge of the Taklamakan Desert. While this desert is fiercely dry, its fringes gather rain and runoff from the surrounding

mountains, and here the land looks downright delightful.
The Tian Shan range forms the northern border of the Taklamakan Desert. This range was formed along with the Himalayas by the collision
of the Indian and Eurasian plates, starting about 60 million years ago near the beginning of the Cenozoic. It's one of the longest mountain
ranges in Central Asia - 2800 kilometers long, going east from Tashkent in Uzbekistan all the way to where this picture was taken!
Dabancheng is pretty obscure, but it's near a much bigger city, Urumqi. This was an important Silk Road stop in the Tang Dynasty. It's also
farther from any ocean than any other city in the world: 2500 kilometers to salt water! This area is truly the 'Wild West' of China.
This photo was taken by ssSUH, and you can see it together with others on Panoramio.
February 17, 2013

The Silk Road town of Turpan is near the hottest, driest part of China — but it's famous for its grapes. How do they get water? Starting
around 100 BC, people have dug wells and linked them with underground canals to collect runoff from the nearby Tian Shan mountains and
carry it to their farms!
These canals take advantage of the steep land: while the mountains are quite high, the nearby Turpan Depression is the third lowest place on
the Earth, 145 meters below sea level. Having canals underground helps reduce evaporation. They provide water year-round. They clearly
work: there are over 1100 wells, and the canals have a total length of over 5000 kilometers!
Underground canal systems of this sort are common in the Middle East. Such a thing is often called a qanat — an Arabic word — but in
Turpan they speak of the karez system, after a closely related Persian word, which has found its way into the local Uyghur language.
Sylvia Volk has a great page describing how qanats are built:
First, you need a man with money to invest. Qanats are a good, sound investment: a well-made qanat can be used by many
families for many, many years. Two or three good qanats will supply all the irrigation water for a small village. And the man
who builds the qanat owns the water that runs through it; the family who owns a qanat will be collecting revenue for several
generations to come.
Next, you need a water-finding expert. The process by which they locate a water-source is apparently a jealously-guarded
secret. But what is needed is a good well, about three hundred feet deep, with enough water that the bottom will accumulate a
depth of two meters overnight. It has to be uphill of the area to be irrigated; that's very important. If it's not uphill, it's useless.
Surveyors follow the water-finding expert, and dig their well. This well is called 'the mother well'. The surveyors measure its
depth with a rope. They calculate where the qanat will come out . . . and this must be on lower ground (naturally!) feasible for

farming. (Most of the Asian desert is feasible for farming - just as long as you can get water to it.)
But this is how the surveyors find the spot where water will flow out: they set a pole upright, some distance downhill from the
mother well. And stretch a string taut - from the well, to the pole. The string has to be leveled, and this they do by dripping
water on it, and adjusting the tilt of the string until this water runs both ways (!!). Then they note the spot where this string
meets the pole, and measure the height of the pole on the rope which measures the mother well's depth. They tie off a knot on
the rope to mark it. Then they set out another pole downhill, mark the height, tie another knot, etc . . . and when the whole
length of the string is knotted off, they have found the level at which the water must emerge. Theoretically. It seems like a hitor-miss prospect to anyone raised with Western engineering; but this is stone-age technology, done with stone-age tools. And it
does work: the proof is in the qanats.
The last task given to these surveyors is to dig shafts every three hundred yards along the course of the qanat, referring to the
knotted string to dig to the correct depth.
Next, qanat experts called muqannis are called in. Wise men that they are, they start a little downhill from the emergence level
indicated by the surveyors. The surveyors' shafts guide them, but they dig their own shafts every fifty feet or so, to remove
material and for ventilation. Then they dig the qanat's channel, starting at the bottom and burrowing until they come to the top,
and this is the channel down which the water will run. This is the business part of the qanat, and the muqannis dig the whole
thing underground. It's a tunnel linking all these shafts together.
The channel is kept reasonably straight by placing two lamps in it, behind the diggers and several yards apart from each other.
Then, the diggers can glance back over their shoulders as they work; if they see the two flames superimposed on each other,
they know the way is straight. Nevertheless, there are usually sharp kinks in the channel just below each well, marking errors in
the direction taken by the muqannis. Remember, these diggers start at the bottom and work uphill toward the mother well.
When the muqannis reach water-bearing strata, the seepage runs away down the channel behind them. <> Just before the
channel breaks through to it, someone has to empty the mother well; otherwise, the diggers won't be happy men. (You could
lose a lot of muqannis that way.) However, once the channel breaks through, the muqannis are finished. If need be, they brace
the qanat walls with oval bricks. They leave the original shafts open, so that they can climb down into the qanats and clean
them if necessary; for muqannis also hire themselves out as qanat maintenance men.
And there you have it: a working qanat. A great boon to the community. It will be honored with a name of its own, for qanats
are always given names. On the surface, it will be visible from an airplane: it will be a line of perfectly round green spots
running across barren ground, and these green spots are lush grass growing around each ventilation shaft. The shafts themselves
are usually capped with wooden covers, but obviously the moisture escapes. The channels of the qanat will be about four feet
wide, and muqannis will walk them regularly, cleaning them as sewers are cleaned - and ducking, for bats with eight-inch
wingspans live in the qanat tunnels and fly in and out at every exit. At the qanat's outlet, canals will run in every direction,
carrying the water to fields and gardens and houses. A single qanat in Iran usually run two miles or more, and irrigates an area
two miles square.
February 22, 2013

Here's an underground canal, or 'karez', in the old Silk Road town of Turpan. It looks spooky, but it must be great to see water in this town
at the edge of the Taklamakan Desert! It only rains 1.6 centimeters per year on average. And the climate is harsh. The summers are long and
very hot, the winters are short but very cold. The temperature easily drops to -12 °C (10 °F) in January, and shoots up to 40 °C (104 °F) in
July. But thanks to the karez system, the hot dry summers let the farmers around Turpan grow a lot of high quality fruit. The town is famous
for its very sweet grapes and melons.
This picture was taken by Vinh Binh.
For my March 2013 diary, go here.
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Diary - March 2013
John Baez
March 3, 2013

This was once the capital of a kingdom! Beginning around 2 BC, the kingdom of Loulan on the eastern end of the Taklamakan Desert had a city of the
same name as its capital. At the time, the nearby lake Lop Nur was big and full of water. Now it's mostly dry, and the city has been abandoned for
centuries.
This photo is from the China Expat website. I'd like to go there, but I probably won't. Why not? On this site, Ernie Diaz writes:
Korla, lying on the route between Urumqi and Kashgar, is the only city of substance in the vicinity of Loulan. From there, excursions can be
arranged, involving camels as well as automobile. True, it takes considerable trouble to see this place that isn't there anymore. Such is the price
of adventure.
How to get there: A trip to the Ancient City of Loulan is not recommended to casual tourists because the journey is difficult and Loulan's
remote location and harsh natural environment can prevent help reaching you in the event of an emergency. But if you are determined to go,
please read the following tips carefully:
1. The Milan 36 Tuanchang, located 74 kilometers West of the county seat of Ruoqiang, is the best place from which to begin a Loulan
exploration. You need to drive North-East for 222 kilometers and it will require constant use of GPS and a compass to stop yourself from
getting lost. The condition of the ground makes driving very difficult, so your speed at points might be limited to about 3 kilometers per hour.
2. Vehicles can go no closer than 18 kilometers to the ruins of the ancient city, and you will have to finish the rest of the journey by foot or by
camel.
3. The best time to visit Loulan is during mid-April and mid-October, when it is less windy in the desert.
4. You must have company and several off-road vehicles to go to Loulan. Other necessities include car-repair tools, GPS, satellite phone and
medicine, as well as water and food that can last for at least 15 days.
5. The temperature gap between the daytime and night can be huge in the desert, so make sure you have appropriate clothing. And it is a good
idea if your clothes and tents are in a striking color so rescuers can easily spot them in an emergency.
March 6, 2013

The Beauty of Loulan is a mummy found in 1980 in the long-abandoned city of Loulan near the east edge of the Taklamakan Desert. She is 3800 years
old! She has high cheekbones, a high bridged nose and blonde hair. She is 162 centimeters tall — that's 5'2'', for those upholding the old Imperial system of
units. She died sometime in her 40s, and she's dressed in a red robe, her hair crisply braided. Over 200 mummies of this sort have been found in and near
the Taklamakan Desert. DNA testing shows that they have haplogroup R1a Y-DNA, which is characteristic of East-Central Europe, Central Asia and the
Indus Valley.
In China, where the central government is fighting Uyghur rebels, this discovery has stirred up controversy — since there's an argument about who really
'owns' the province of Xinjiang:
Edward Wong, The dead tell a tale China doesn't care to listen to, New York Times, 18 November 2008.
Some Uyghurs claim the Beauty of Loulan as one of their own. But Victor Mair, an expert on this subject, says the Uyghurs came later:
From the evidence available, we have found that during the first 1,000 years after the Loulan Beauty, the only settlers in the Tarim Basin were
Caucasoid. East Asian peoples only began showing up in the eastern portions of the Tarim Basin about 3,000 years ago, Mair said, while the
Uyghur peoples arrived after the collapse of the Orkon Uyghur Kingdom, largely based in modern day Mongolia, around the year 842.
Personally I don't think archaeology is a good way to settle political struggles, so don't think I'm taking a side here! I'm just trying to get to know this part
of the world.
March 16, 2013

Surrounded by mountains whose snow cover changes with the seasons, the Taklamakan Desert in western China stays remarkably unchanged through the
year. But if you look carefully, you can see two rivers that flow north across the desert - and the area around them turns green when the snow melts!

These are the White Jade and Black Jade Rivers — the Karakash and Yurungkash. When the snow melts, they flow north from the Kunlun Mountains into
the Taklamakan Desert. The White Jade River actually carries chunks of white jade down from the mountains... I don't know what the deal is with the
Black Jade River. Anyway, they merge in the middle of the desert and form the Khotan River about 145 kilometers north of the old Silk Road town of
Khotan. The Khotan River then flows 290 kilometers further north across the desert, and finally empties itself into the Tarim River, which runs east across
the desert's north edge.
For a long time, these rivers running north across the Taklamakan were the best way to get across that part of the desert.
The city of Khotan was the capital of the Kingdom of Khotan for a thousand years! I've got to tell you about this kingdom someday...
March 19, 2013

Behold, I am living badly, not well, wretchedly, and I consider myself dead. Again and again I sent you letters, but I haven't received a single
one from you, and I have lost hope in you. My misfortune is this: I have been stuck in Dunhuang for three years thanks to you.... I obeyed your
command and came to Dunhuang and did not observe my mother's bidding, or that of my brothers. Surely the gods were angry with me on the
day when I did your bidding! I would rather be a dog's or a pig's wife than yours!
This letter was discovered in 1907 by the famous British archaeologist Aurel Stein. It was in a mailbag in a Chinese watch tower near the Jade Gate, a
fortified outpost 90 kilometers west of Dunhuang, a town at what was then the edge of China, on the Silk Road. It dates to around 314 AD. The mailbag
contains some letters addressed to Samarkand, so that's probably where it was going.
This letter was written by a woman named Miwnay, whose husband had abandoned her. She didn't have enough money to take a caravan out of Dunhuang.
We'll never know what happened to her.
She wrote her letter in Sogdian, a language in the Iranian family. Sogdiana was an ancient civilization centered in what's now Tajikistan and Uzbekistan,
with Samarkand as one of its most famous cities. It's one of those mysteries that lures me to the Silk Road....
I cannot tell a lie: the letter I'm talking about is not the one in the picture here. The picture shows another letter in Sogdian found in the same mailbag,
called Sogdian Ancient Letter No. 2. I'm talking about Sogdian Ancient Letter No. 3. For more see:
Prof. Nicholas Sims-Williams, The Sogdian Ancient Letters 1, 2, 3 and 5.
For my April 2013 diary, go here.
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Diary - April 2013
John Baez
April 1, 2013

Creepy... but beautiful! The Mar Sem Fim was a yacht owned by the Brazilian journalist Joco Lara Mesquita. Four
researchers were using it to film a documentary off Antarctica when the weather turned bad. High waves and 40-knot
winds made the boat toss back and forth .like a bucking bronco in a rodeo.. The Chilean Navy was sent to the rescue,
since the closest ships were at the Chilean Antarctic base Presidente Eduardo Frei Montalva. They had to wait for the
weather to calm down to save the four crew.
They did it just in time: icy water had filled the yacht. Later this water froze, expanded and split the hull! Surrounded by
ice, the boat sank to the bottom of a shallow bay: Maxwell Bay of Ardley Cove, Antarctica.
Lots of people who see this photo feel uncomfortable, and that fascinates me. I think it's a metaphor of death. But in
early 2013, ten months later, the yacht's owner returned to the site and rescued the Mar Sem Fim! Divers wrapped
strong lines under the hull and attached them to inflated buoys. Once it reached the surface, they towed it back to shore.
You can see photos of the whole story here:
Chilling remains of the Mar Sem Fim, Sometimes Interesting, 6 March 2013.
April 24, 2013

This is the Beauty of Xiaohe, one of the mummies found in the Small River Cemetery near the eastern end of the Tarim
River in the Taklamakan Desert.
This cemetery dates back to 1970 BC. It was rediscovered in 1934 AD by the Swedish archaeologist Folke Bergman...
and then forgotten until a Chinese expedition found it again with the help of a GPS system. Archaeologists began
excavating it in 2003.
When they dug into it, they found five layers of burials. They found almost 200 poles, each standing 4 meters tall. Many
had flat blades, painted black and red, like oars. At the foot of each pole there was a boat, laid upside down and covered
with cowhide. Inside the boats were bodies. Mummies!
The mummies were wearing large woolen capes with tassels and leather boots. They had felt caps with feathers tucked
in the brim. And next to them were grave goods, including beautifully woven grass baskets, skillfully carved masks and
bundles of ephedra, a widely used medicinal herb.
I'm summarizing a nice New York Times article; you can read the whole thing here:
Nicholas Wade, A host of mummies, a forest of secrets, New York Times, March 15, 2010.
For a map showing the location of the Small River Cemetery, go here.
April 25, 2013

I've been talking a lot about Silk Road towns in the Taklamakan Desert, their history and architecture. But this desert
might also play an important role in the world's weather! Check out this amazing Sudden Stratospheric Warming event.
See where it starts? For more, read this:
Randall Gates Simpson, Sudden stratospheric warming: causes & effects, Arctic Sea Ice, 22 April 2013.
These events are not rare. They're so dramatic that at first scientists thought they were caused by volcanic eruptions!
They're still mysterious.
April 27, 2013

The Taklamakan Desert, surrounded by mountains to the north and south, is really quite amazingly deep. You can see it
nicely in this image made by the CALIPSO satellite. There's almost a 4-kilometer drop when you descend from the

Kunlun Shan mountains into this desert... and quite a rise to the north, too, when you hit the Tian Shan mountains.
CALIPSO stands for Cloud-Aerosol Lidar and Infrared Pathfinder Satellite Observations. It's a French/American project
to study clouds, dust and the like by shining a laser beam down to the Earth and measuring the amount that gets
scattered back.
This technique is called lidar. The word 'lidar' was originally created by combining the words 'light' and 'radar'.
However, everyone tends to assume this word is an acronym. So, people often spell it LIDAR - and then they had to
come up with some words that this could be the acronym of! Since RADAR is an acronym for 'RAdio Detection And
Ranging', some people say LIDAR is an acronym for 'LIght Detection And Ranging'... or 'Laser Imaging, Detection And
Ranging'.
Hey, but nobody writes 'RADAR' in all capitals anymore: like 'laser', it's become an ordinary word! People are so
confusing.
I got the above picture from this article about how the Taklamakan Desert may affect the world's weather:
Randall Gates Simpson, Sudden stratospheric warming: causes & effects, Arctic Sea Ice, 22 April 2013.
For my May 2013 diary, go here.
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Diary - May 2013
John Baez
May 1, 2013

Did you know that in 1532 the Sultan of Yarkand — an important city in Central Asia, back then — tried to march all the
way to Tibet and take the city of Lhasa, because he believed it was the qibla, the direction of prayer, for all Buddhists?
His horses all died of altitude sickness before he got there. This is just one of many things I learned from Buddhism and
Islam on the Silk Road, by Johan Elverskog. Having grown up learning lots of European history, it's great to see the world
from a different perspective, in which Central Asia is the center. It's so cool! For example, here's a bit about the Qara
Khitai Khanate, or Western Liao — an important empire from 1120 to 1350:
On account of their Sino-nomadic legitimization the Qara Khitai state therefore functioned as a perfect buffer
between the Muslim world and the Tantric Bloc. In large measure the Muslim and Buddhist worlds would
therefore remain separate during the Western Liao. The coming of the Mongols, however, was to change this
dynamic completely. Yet before turning to the impact of the Mongol conquest it is important to leave the
Muslim world and outline the developments in the Buddhist world. Indeed, to avoid the common mistake of
ignoring the interconnectedness of Eurasian history we need to keep in mind that developments in the
Buddhist world were intimately related to events unfolding in Muslim Central Asia. In fact, the very creation
of the Tantric Bloc, with Tibet as its spiritual core, was very much related to the course of events described
above.
The most important element in this regard was clearly the revival of Buddhism in Tibet. After the Tibetan
Empire collapsed in the ninth century so too had Buddhism on the Tibetan plateau. Yet on account of the
Muslim advance into the Buddhist frontier zone Buddhist masters from places like Kashmir and Khotan
started to seek refuge in the Guge kingdom of western Tibet. And as news spread of this Buddhist revival in
Tibet ever more Buddhist masters from South Asia made their way across the Himalayas.
[...]

One one level the diaspora of these Khotanese, Kashmiri and Indian Buddhists into Tibet could have ended as
with the Nestorian Christians in Central Asia: as an historical oddity of little concern to anyone. Yet that was
not to be the case. As we all know Tibet and its Tantric Buddhism continues to exert a powerful influence on
the world stage. Why and how this happened is far beyond the scope of this study; nonetheless, one thing is
clear: the Indian masters and their Tibetan disciples turned the obtuse antinomianism of Tantric Buddhism
into gold.
[...]
The reasons for this are many, though one important factor in this development was, oddly enough, the
Muslim invasion of India. It was this event that set in motion the brain drain of tantric masters that ushered in
both the withering of Buddhism in India and the simultaneous growth of the Dharma in Tibet.
The 'Tantric Bloc' is Elverskog's name for a loose collection of states influenced by Tantric Buddhism, eventually running
from Tibet through Mongolia all the way to Japan.
This photo of the Potala Palace in Lhasa is from Around the World in 80 Clicks, a travel photo website.
May 7, 2013

I saw this picture by George Steinmetz here:
Kaushik, The green belt along the world's longest desert highway, Amusing Planet, 5 May 2013.
Let me quote a bit:

The Tarim Desert Highway across the Taklamakan desert, in China, links the cities of Luntai and Minfeng on
the northern and southern edges of the Tarim basin. The total length of the highway is 552 km, of which
approximately 446 km is built across uninhabited areas covered by shifting sand dunes, 20 metes tall, that
frequently bury the highway.
To prevent the highway from getting buried by the encroaching sand dunes, rows of vegetation were planted
on both sides of the road to anchor the sand with their roots. A massive irrigation system was constructed that
pump water from underground reservoirs to sustain the artificial ecosystem. Hundreds of workers were
employed, housed every four kilometers along the road who tend to the short, small-leaved rose willows,
sacsaoul and buckthorn and make sure they do not die. The water comes from wells, bored 100 meters deep
into an aquifer which sits under the desert, which in turn is fed by the rivers that flow down from the
surrounding mountains. Despite the high saline content in the water, the green belt continues to thrive.
For five years the government experimented with various plants that could survive desert conditions. In 1999,
a pilot project of sand protection afforestation belt along a 6.3-kilometer section of the highway was
completed. In 2001, the project was expanded until a 30.8-km stretch along the highway was afforested. The
project was finally approved by the state in 2003. Today, nearly four-fifth of the highway is flanked by 72 to
78 meter-wide tree belt, covering a total area of more than 3,000 hectares.
The Tarim Desert Highway has great economic significance, which is why such expensive and elaborate
measures had to be adopted just to keep the highway usable. The highway was built in 1995 to service an
essential north-south oil pipeline, that lies underneath the Taklamakan desert. Beneath the shifting sands
contains the largest oil-gas field in China. The highway not only allows direct access to resources that lie
underneath the Tarim Basin, but also allows transport of goods and resources from the Lunnan Oilfield to the
south of the country rather than take a detour around the desert that would encompass hundreds of kilometers.
Because the region is entirely uninhabited, a gas station and a few restaurants were built at the halfway point
along the desert highway to service travellers.
May 8, 2013

Even a camel can get tired crossing the Taklamakan Desert! This photo was taken by Richard Desomme in a flat barren
area east of the Yurungkax River and west of the Keriya River. There's a story to be told here, but I don't know it. The
precise location is 37° 51' 27.03" N, 81° 13' 58.48" E.
May 27, 2013

This is the entrance of a man-made underground canal in the city of Turpan, China, northeast of the Taklamakan Desert.
Turpan lies in the second deepest geographical depression in the world, with over 4,000 square kilometers of land below
sea level! It has short cold winters but it gets really hot in the summer, with average high temperatures over 32 0C (96 0F)
from May to September, and sand storms. Luckily, melt water flows down from nearby mountains. This makes their karez
system of wells and underground canals really helpful! They have over 1100 wells, and over 5000 kilometers of
underground channels.
The inhabitants of Turpan started building this irrigation system during the Han dynasty (206 BCE-24 AD), when this city
was part of China. When that dynasty collapsed, Turpan became part of an independent kingdom whose capital was the
nearby city of Jiaohe (now abandoned). Turpan became important as a stop on the Silk Road, frequented by Chinese and
Sogdian traders... and after various twists and turns it was recaptured by the Chinese during the Tang dynasty, in 640 AD.
All this is on my mind because I'm planning a trip in August. Lisa and I might fly out to this area on August 8, meet the
mathematician Weiwei Pan, and make our way to Dunhuang by August 11. It seems easier to fly to Urumqi than Turpan,
but Turpan looks more interesting — though hotter, and a 2-hour train ride away. I have a limited amount of time —
should I go there? I actually prefer staying places and getting to know them, so we may just go to Dunhuang and look
around there. Then Lisa has to leave, and Weiwei and I will go to a math conference in Lanzhou. It looks close on a world
map, but it's 1000 kilometers to the east! After the conference we may poke around Qinghai, a mountainous province just
a bit west of Lanzhou.
For my June 2013 diary, go here.
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Diary - June 2013
John Baez
June 1, 2013

Qinghai Lake is the biggest lake in China. I may see it after my conference in Lanzhou. It's just a 3-hour drive west of the
big city of Lanzhou, but that drive takes you out of Gansu Province up to Qinghai Province, which according to Wikitravel
is...
China's most scarcely populated province. There are only 5.2 million people in an area bigger than France.
Labor camps, prisons and nuclear testing sites are scattered among the ice-capped mountains. The extreme
eastern part of the province is less harsh, with two major Tibetan monasteries and the charming capital of
Xining. The southern regions of Qinghai sit at an average elevation of over 4000 m (13,120 ft) while the
northern regions sit between 2500 m and 3500 m (8200 to 11,500 ft). Qinghai has some of the largest pasture
lands in China. Many yaks and sheep are herded by Tibetan and Mongolian nomads.
The cool mountain air should make a nice change from the roasting deserts of western China, which I plan to explore before
the conference. But I guess that means I'll need to bring warm clothes!
An interesting thing about this lake is that it has salty water, despite being up in the mountains. The reason is that no water
flows out. It's in what showoffs call an endorheic basin, meaning simply that no water can flow out. The basin in which the
Taklamakan Desert resides, the Tarim Basin, is another much larger endorheic basin in this area. With the Himalayas, the
Tibetan plateau, the Kunlun Shan and Tian Shan ranges, not to mention many others, this is one of the most landlocked
parts of the world. And Urumqi is famous for being the big city that's the farthest from the ocean of any in the world!

June 5, 2013

Near the old Silk Road town of Dunhuang, you can do some camel trekking. Sara Naumann writes:
Just in case you think riding a camel is like riding a horse, I'll school you in Dunhuang-style camel riding. First,
you board your camel while the camel is on the ground with its legs tucked under it having a nice rest. The
camel is not necessarily thrilled with having to work so may do nasty things like grunt at you. But also a nice
word and a pat on the head might get you some nuzzling for which you're unprepared so think about how much
intimacy you want with your ride. After you get on the saddle, hold on. The camel will pitch forward as it
stands up first on its back legs. If you're not steady, you will tumble over the saddle and onto the camel's head
which it will not like. Nor will you.
With tremendous help from Weiwei Pan, my travel plans are solidifying and now they tentatively look like this:
Aug 6th: Lisa and I fly from Singapore to Dunhuang.
Aug 8th: Weiwei shows up and we visit the night market.
Aug 9th: Crescent Lake and Echoing Sand Mountain in the morning. Camel trek in the afternoon; overnight in desert.
Aug 10th: Drive to see rock formations in Yadan (on the way: Han Great Wall, Yumen Pass, Western Caves).
Aug 11th: Visit Mogao Caves (Yangguan pass if we have time).
Aug 12th: Museums? Fly to Lanzhou at 7 pm.
Aug 13th: Lisa leaves for Singapore.
Aug 14th-16th: Math conference in Lanzhou.
Aug 17th: Drive south to Labrang Monastery.
Aug 18th-19th: West to Qinghai Lake, then back to Lanzhou.
Aug 20th: Return to Singapore.
For Sara's complete camel story, with pictures, go here:
Sara Naumann, Camel trekking in the Mingsha sand dunes, About.com.
This photo comes from here:
Dunhuang: sand, camels, and grottoes, China Vacation, 12 August 2012.

It was taken in Mingshan, an area of sand dunes near the amazing Crescent Lake south of Dunhuang. I reflected it because
for some strange reason I wanted the camels to head ot the right... maybe they remind me of script on a page?
June 10, 2013

This is the Library Cave in Dunhuang, walled off sometime before 1100 AD — nobody knows why. The guy here is Paul
Pelliot.
Pelliot was a French expert on classical Chinese who worked at the École Française d'Extrême Orient in Hanoi. Vietnam
was a French colony then — and you can still buy baguettes on the street in Hanoi.
In 1900 he was sent to Beijing to search for Chinese books for the Icole's library. While there, he was caught up in the
Boxer Rebellion and trapped in the siege of foreign embassies. He made two forays into enemy territory during this
siege.one to capture an enemy standard, and another to obtain fresh fruit! For his bravery, he received the Legion of Honor.
He was just 22.
He returned to Hanoi and was made Professor of Chinese at the École. In 1906 he led a mission to explore Central Asia,
starting in Paris. His expedition traveled through Russia by rail to Uzbekistan, where they switched to horses and carts and
went over the Alai Mountains to China — the west end of the Taklamakan Desert, and the great city of Kashgar.
He then went east, with too many adventures and discoveries to tell here, until he reached Urumqi, near the east end of the
desert.

There he met Duke Lan, whose brother had been a leader of the Boxer Rebellion. The two had a bittersweet reunion. Pelliot
had been in Beijing while Duke Lan and his soldiers were besieging the foreigners during this rebellion! They reminisced
about old times and drank champagne. But then Duke Lan showed Pelliot a manuscript from Dunhuang.
This was just the kind of thing Pelliot was seeking! Recognizing its value, he quickly set off for Dunhuang.
The Library Cave is one of almost a thousand caves in Dunhuang: the Mogao Caves. It was guarded by a Taoist monk
named Abbot Wang. Pelliot persuaded Wang to let him look at it, and it turned out to contain a massive hoard of ancient
manuscripts: almost 50,000. After three weeks of studying them, Pelliot convinced Wang to sell him a selection of the most
important ones. Wang, who was interested in continuing the refurbishment of his monastery, agreed to the price of 500 taels
(£90).
My tale is paraphrased from these articles:
Paul Pelliot, Wikipedia.
Dunhuang manuscripts, Wikipedia.
The manuscripts are now spread around the world: many are in the British Library, the Bibliothèque Nationale in France,
and the National Library of China in Beijing. But luckily, they are being digitised by the International Dunhuang Project,
and can be freely accessed online.
June 1, 2013

Qinghai is a province of China southeast of the Taklamakan Desert. It's much higher — and as you go further south, you
reach the Kunlun Mountains and then Tibet. It holds China's largest lake. But this picture shows a smaller one, Donggi
Conag Lake, which is 'only' 220 square kilometers in size.
Not very many people live here — but the people who do are a fascinating mix of Han, Tibetans, Hui, Tu, Mongols, and
Salars. The Han, I hope you know, are the 'ordinary' Chinese. You've probably heard of Tibetans and Mongols. But what
about the rest?
The Hui are Chinese-speaking Muslims, not primarily of Han ancestry, but related. The Tu or Monguor speak a Mongolic
language that's been heavily influenced by Chinese and Tibetan; most of them are farmers, and they live mainly in Qinghai
and Gansu, the province directly to the north. The Salar speak a Turkic language of their own; their ancestors were

migrating Turks who intermarried with Han, Tibetans and Hui.
I'm just trying to get a little sense of this area before I visit it! I won't be seeing Donggi Conag Lake, but I plan to visit
Qinghai Lake, which is almost 4500 square kilometers in size.
I found this photo by someone nicknamed Huanghe Jingren ('Yellow River Scenery Person') on Panoramio. They've got a
lot of amazing photos there!
June 9, 2013

At the northern edge of the Taklamakan the dunes give way to grasslands, with rivers and oases surrounded by trees! This
beautiful photo was taken near the town of Yuli in the Bayin'gholin Mongol Autonomous Prefecture — or Bayingol for
short.
A 'prefecture' is a subdivision smaller than a province. Bayingol is in Xinjiang Province, and it's the largest prefecture in
China, in the largest province. It's sparsely populated, though! The people here are mainly a mix of Mongols, Uyghurs and
Han Chinese.

The word 'Bayingol' means 'rich river', and I'm sure that's how you feel if you travel through the Taklamakan Desert and
then reach this place.
The person who took this photo has lots more great shots of Xinjiang and other parts of China on Panoramio. This
particular one was taken near the town of Yuli at 410 2' 37.92" N, 860 4' 57.61" E.
June 12, 2013
My sister just passed a test to get a license in pest control. She wrote:
So I am now your go-to person for information on the bionomics of all major species of mosquitoes, lice, ticks,
fleas, mites, bedbugs, flies, biting members of the ant and bee families, birds, snakes, and vermin indigenous to
Virginia. Indeed, I was disappointed not to have the opportunity to regurgitate more of this knowledge (just as
mosquitoes regurgitate St. Louis encephalitis into human hosts once part of their gut becomes blocked by the
virus pathogens).
I replied:
Lisa and I agreed that now, when she thinks I'm being a pest, she can consult you for advice on how to control
me.
She replied:
In general, in cases such as this, the best first-choice option is physical exclusion. Removal of food sources and
harborage locations are other tactics that can be successful in addition to or instead of exclusion. If such
approaches failed, I would probably advise trap and release. Poison baiting or biocontrol via fungal agents
would be last resorts.
June 20, 2013

The old Silk Road town of Dunhuang is full of trees, but surrounded by tall dunes. The view from the rooftop restaurant at
the Silk Road Hotel is spectacular!

Unfortunately this hotel is sold out... so I'll console myself by saying that it was probably too expensive, and too fancy: the
rooms are done up in a charming 'caravanserai' style.
This photo was taken by Joanie Preston in November 2011, and it appears on Tripadvisor.
June 28, 2013

Downtown Singapore always looks futuristic — but last week, in the smoke of burning jungles, it looked downright postapocalyptic!
See that thing like a ship on top of 3 skyscrapers? That's the Marina Bay Sands hotel and gambling casino. It cost $8 billion
to build and it has an 'infinity pool' on top, a swimming pool with no edge that looks like you can just swim off the edge and
fall off... it scares me. And see those things like weird 16-storey-tall artificial supertrees? Those are weird 16-storey-tall
artificial Supertrees. They operate as temperature moderators, absorbing and dispersing heat. They also collect rainwater
and act as ventilation ducts for conservatories nearby. Several are outfitted with photovoltaic cells to generate solar power.
At night, they glow in strange colors.
This photo was taken by Wong Maye-E.
June 30, 2013

In China, the zoo in the city of Luoyang has three new tiger cubs! They're all female, they're 3 months old, and they're the
offspring of a pair of tigers at this zoo.
They're South China tigers. This is a tiger subspecies, Panthera tigris amoyensis, that was native to the provinces of Fujian,
Guangdong, Hunan, and Jiangxi in southern China. In the early 1950s there were more than 4,000 in the wild — but then
tigers were targeted by an 'anti-pest' campaign in Mao's Great Leap Forward. By 1982 there were at most 200, and by 1987
at most forty.
The South China tiger has been considered 'critically endangered' since 1996 — and it may be extinct in the wild, since
scientific missions to find one have failed, though there are still occasional reports of sightings, and a reported attack on a
cow in 2007. There are about 72 in captivity, though few seem to be 'pure' South China tigers, as there's genetic evidence of
cross-breeding with other species.
The South China tiger seems to be a relic population of the original 'stem' tiger, living close to the area where tigers first
appeared. Morphologically, it's the most distinctive of all tiger subspecies.
Tigers living in zoos can't easily adapt to life in the wild. But the organization Save China's Tigers is trying to rewild the
South China tiger. They took a few from zoos to South Africa and trained them to regain their hunting instincts. 14 cubs
have been born, of which 11 survived. These cubs should learn their survival skills from their rewilded mothers directly.
When they get old enough they'll be taken back to a nature reserve in China. This may have already happened... in any case,
it should be soon!
For more cute pictures, see the China Daily article.
For my July 2013 diary, go here.
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Diary - July 2013
John Baez
July 13, 2013

Yay! My sabbatical request went through, so I'm free to be with Lisa while she's in Europe from January to June next
summer!
So here is my schedule from now until next summer:
August 6-20, 2013 - I'm going to Lanzhou and nearby parts of China, and giving three 50-minute talks on "Spans
and the Categorified Heisenberg Algebra".
September 20 - I'm coming back to California.
October 1-4 - I'll speak at the inaugural conference for the new Center for Quantum Mathematics and
Computation at Oxford University. To reduce my stress level and please people who like fundamental physics and
categories, I'll give a short version of the same talk on "Spans and the Categorified Heisenberg Algebra".
October 5 - I'll speak at TEDx Torino, about environmental issues.
October 22 or 23 - I've been invited by Erik Winfree to speak about stochastic Petri nets at the Computer Science
department at Caltech.
October 25-26 - I'm speaking at a workshop on "What is Climate Change and What Should We Do About It?" at
the Balsillie School of International Affairs at the University of Waterloo.

November 6 - I'm going to talk to 5th through 8th graders at the Riverside STEM Academy about career
opportunities in mathematics, at the absurdly early hour of 8 am.
December 4-7 - I'm giving a 2-hour tutorial on information geometry at NIPS, a Neural Information Processing
Systems conference at Lake Tahoe, Nevada. Then I'll attend part of the conference.
December 14-20 - I'll go to Berkeley and participate in a Machine Intelligence Research Institute workshop with
Eliezer Yudkowsky and some other people. There will be a one-day break because...
December 17 - I'll give a talk about "Life's Struggle to Survive in Changing Climates" at the SETI Institute in
Mountain View.
January 1 - June 1, 2014 - My wife Lisa will be working in Erlangen. I will join her and poke around Europe a bit.
I've been invited to the computer science department in Oxford for up to a month by Bob Coecke, and I've also
been invited to spend a month at University Paris 7 by Paul-Andri Melliès, who is helping run a Institut Henri
Poincaré session on "Semantics of Proofs and Certified Mathematics" from April 22 to July 11.
April 7 - May 2, 2014. I'll help run a Dagstuhl Perspectives Workshop on "Categorical Methods at the
Crossroads". This is being held in a German castle, shown above, which has become a center for computer
science. The idea is to get people who apply category theory to lots of different subjects to talk to each other. I'm
running this with Samson Abramsky and Fabio Gadducci (in computer science) and Viktor Winschel (in
economics).
Whew! Sounds like fun, but also lots of work! But I'll have plenty of time to rest after I'm dead...
July 18, 2013

Some forgotten history: Edison made the first commercially viable incandescent light bulb in 1879... but street lights
were introduced in Paris in 1878. They didn't use incandescent lights. They used 'carbon arc lamps', generating light
with a continuous electric spark!
The arc lamp was invented by the chemist Humphrey Davy back in 1809: he connected two wires to a battery, and used
charcoal strips as electrodes, making a spark that could light up the room. But the arc lamp only became practical after
the generator was invented. Arc lighting came to Paris in June 1878 as part of an exposition, and soon it found its way to
London and the US as well.

But there was a problem. The arc made a constant humming noise. It was really annoying! So in 1899, in London, a
young engineer named William Duddell was asked to find a solution.
He discovered that by changing the voltage he could vary the pitch of the sound. This didn't solve the problem... but at
this point Duddell got distracted and had a cool idea. By attaching a keyboard, he was able to play music on an arc
lamp.
Watch the video above to see the idea in action... not with a keyboard, alas, but using an arc as a speaker.
In fact a German engineer named Simon had a similar idea a year before, and called it the 'singing arc'. But I think
Duddell was the first to play music with it. It was one of the first electronic instruments! Not the first — but that's
another story, for another day.
For a while, Duddell toured England demonstrating the singing arc. Scientists even speculated about the possibility of
playing music over London's street lights!
Sadly, the idea sputtered out and died. But the great mathematical physicist Henri Poincaré wrote several papers on this
problem. Forgotten until recently, they appeared in the now-obscure journal La Lumihre ilectrique, and weren't included
in his collected works. He also gave five lectures on this topic in 1908, where he showed that the oscillation of the arc is
an example of a limit cycle: a solution of a differential equation that settles down to a periodic orbit.
I found out about this story from a nice new book:
• Jeremy Gray, Henri Poincaré: A Scientific Biography, Princeton U. Press, Princeton, 2013.
I got extra details from here:
• This Month in Physics History - December 20, 1900: Nature reports on William Duddell's 'musical arcs'.
Some serious steampunk fans should build a singing arc controlled by a keyboard. It would be perfect for the right sort
of rock group.
For my August 2013 diary, go here.
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Diary - August 2013
John Baez
August 6, 2013
Lisa and I flew from Singapore to Dunhuang.
August 8, 2013
Weiwei and her boyfriend Anthony showed up and we visited the night market in Dunhuang.
August 9, 2013

This morning we went to the Mingsha Dunes and Crescent Lake, which are right next to each other, a little bit southeast of
Dunhuang.
We paid to ride a camel through the dunes. It looks romantic from a distance — but when you do it with a bunch of other
tourists, like here, you have to wait a long time to get a camel. And once you get going, you can actually get stuck in a
camel traffic jam! Still, it was good preparation for the more serious camel trek we did later.
The photo above was taken by Weiwei Pan, who is much better at photography than me. Since she's Chinese, she wasn't shy
of laughing about the foibles of Chinese tourists. For example, the concept of 'roughing it' isn't popular among Chinese.
They tend to dislike dirt. So, when exploring the Mingsha Dunes, they all get special bright orange boots to keep the sand
off.
I'm not shy of making fun of American tourists, but there were almost no Western tourists near Dunhuang! A few go to the

Mogao Caves, but they don't stay around long.
Anyway, Americans who want a camel trek can do it in the Big Bend region of Texas, home of the old U. S. Camel Corps,
which has recently been revived, in a nostalgic sort of way, by Doug Baum:
... in the 1850s, the first American settlers took root as the nation moved west. The soldiers who came to guard
them discovered that their horses and mules didn't cut it out here. They couldn't traverse the distances between
water supplies. So Gen. Jefferson Davis brought in camels before turning his attention to other things, like
secession.
"The U.S. actually sent a sailing ship, the USS Supply, twice. And they bought camels in the modern countries
of Algeria, Tunisia, Egypt and what's now Turkey," Baum says.
Eventually, hundreds of camels would be in use in the Big Bend by the Army and private owners. What
happened to them all? After the Civil War, everything that the Confederate traitor Davis had touched was
scrubbed away — and that included the Army's camels. The railroads finished them off. By the 1870s, they
were mostly gone. That is, until Baum and his Texas Camel Corps brought them back.
This is from:
Wade Goodwyn, Camels trek in the Texas deserts, just like old times, All Things Considered, December 21, 2013.

Camel trek in the afternoon; overnight in desert.

Dunes at sunset, viewed from above our campsite:

August 10, 2013
We drove to see rock formations in Yadan. On the way we saw ruins of the Han Great Wall:

We also saw Yumen Pass:

Here are the rock formations of Yadan:

August 10, 2013
We revisited the Mogao caves with Weiwei and Anthony.

August 12, 2013
Lisa and I flew to Lanzhou at 7 pm.
August 13, 2013
Lisa left for Singapore.
August 14, 2013
The math conference in Lanzhou started.
August 17, 2013
The math conference ended, and a bunch of us took a bus south to Labrang Monastery.

August 18, 2013
We went further south, to Langmusi, a town at the southern end of Gansu Province, right next to Sichuan Province. This
was a great place for a hike into the Namo Gorge.

August 19, 2013
We took a long bus ride back to Lanzhou.
August 20, 2013
I flew back to Singapore.
For my September 2013 diary, go here.
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Diary - September 2013
John Baez
September 1, 2013
Do you see something strange about this lion?

A woman named Liu Wen went the zoo in Luohe, a town in the Chinese province of Henan. She noticed that the 'lion'
was not a lion — it was a Tibetan mastiff, the kind of dog shown here!
She said: "I had my young son with me so I tried to play along and told him it was a special kind of lion. But then the
dog barked and he knew straight away what it was and that I'd lied to him."
A spokesman for the zoo later said: "We're doing our best in tough economic times. If anyone is unhappy with our
displays we will give back their money."
Tibetan mastiffs are not true mastiffs. They're impressively large dogs widely used in Tibet to protect people's houses.
They're a primitive breed, which goes into heat just once per year instead of two, like a wolf. They're aloof with
strangers, intelligent, and very stubborn.
My friend Weiwei Pan says the Chinese attribute wonderful powers to these dogs. They command high prices — one
was recently sold for $1.5 million. When we were in the Tibetan part of Gansu province, our Chinese guide repeatedly
warned us not to stray too far, lest we encounter a ferocious Tibetan mastiff. But we never saw one, except in the
distance. The guide was probably just trying to keep us under control. He also said it was dangerous to drink beer at
high altitudes.

Since it's so big, China is full of strange and outrageous news stories — and luckily, you can now read a lot of them
translated into English:
The Shanghaiist.
For more on Tibetan mastiffs, see:
Kate Andries, What's a Tibetan Mastiff? Explaining Dog Posed as Lion, National Geographic News, August 16,
2013.
For photos of the zoo see:
Becky Evans, Is this the world's worst zoo? Visitors' fury after staff in China try to pass off Tibetan mastiff as a
lion and a mongrel as a leopard, Daily News, August 15, 2013.
The 'wolf' and 'leopard' in this zoo were also dogs. The silliest-looking fake is the 'leopard'.
September 1, 2013
Next time you want to be a smart-aleck, go into a crowded fancy café and starting talking to someone at the bar. When
the barista asks what you want, say "I'll just have a culaccino".

September 21, 2013
Here's a great story. Steve Volk is a reporter who suffered from a recurring nightmare. He had it whenever he was going
through a stressful time, and it always went the same way.
Alone at home at night, he feels something bad is about to happen. He looks out the window and sees the face of a man,
just hovering there. It goes away... but then it reappears, looking very threatening. Then there's a knock at the door.
Quivering with fear and rage, he yells at the man outside, cussing, daring him to come in. The man knocks down the
door, bursts in, and they start to fight... then he wakes up.
Then he learned about lucid dreaming, where you know you're dreaming while it happens. He researched it,, learned
how people do it, and then prepared for months, getting ready for this dream again
And then one night it happens:
I'm walking through my apartment, nobody there but me. And I feel that familiar buzz of anticipation,
something bad is going to happen. I look into the window, and there's that guy. But this time I'm there. My

perspective shifts and I am in this body, in this place. Not observing something, but in it. So I could feel my
fingers tickling my palms, I could feel my feet on the floor. And I'm locked into these feelings, because
they make the dream more stable. And I wanted the dream to be stable, because this face has been showing
up in this window for twenty years.
And it does its thing: it recedes, it comes back. And I go to the door, and I reach for the door, and the
handle is a door-handle: it feels that real. And I turn it.
A moment or two later, the guy appears in the doorway. And there's this moment when we look at each
other, face to face, and he's this total nondescript guy, like any old beer-drinking dude. And he looks at me,
and he's clearly perplexed, because we're not going through our usual dance. You know, I'd backed up to
give him room. And the guy walks in, and we're looking at each other. And I hadn't thought about what I'd
say — I just thought I'd let him in.
And what does the guy do? He pulls out a gun...
For the rest of the story — which is really interesting! — go to this website and click the little thing that says 'Stream':
Wake up and dream, Radiolab, January 23, 2012.
For my October 2013 diary, go here.
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Diary - October 2013
John Baez
October 1, 2013

For almost five months a year, Lake Baikal is covered with ice. Perhaps because it's so deep, it starts freezing only in
January, long after the Siberian frosts become intense. It usually thaws in May. At its peak, the ice is between 1 and 2
meters thick. Big cracks can be 10 to 30 kilometers long!
Lake Baikal is the world's largest freshwater lake. It contains roughly 20% of the world's unfrozen surface fresh water!
It's 1600 meters deep — that's almost a mile! — and it's 640 kilometers long. It's over 30,000 square kilometers in area.
It holds over 24,000 cubic kilometers of water.
Lake Baikal is also the oldest freshwater lake — about 25 million years old. Most lakes don't last very long. For
example, the Great Lakes between Canada and the US started forming only 10,000 years ago, with the retreat of ice at
the end of the last glacial period. I bet they've come and gone many times! But 25 million years goes back into the
Oligocene, before the glacial cycles we're used to. Lake Baikal is in a rift valley, created by the Baikal Rift Zone. So, the
whole lake is itself a kind of crack, that even now is expanding at 2 centimeters per year.
These are two of many beautiful images of Lake Baikal, which I found on a Russian website that no longer exists.

For my November 2013 diary, go here.
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Diary — November 2013
John Baez
November 1, 2013

Moscow-based photographer Alexander Khokhlov and makeup artist Valeriya Kutsan are making portraits that use model's
faces to create optical illusions. One series of these portraits is called "2D or Not 2D". This one isn't from that series, but it
still could deserve that title!
November 20, 2013

This is the IceCube Neutrino Observatory in Antarctica. Actually most of it is deep under the ice. Almost 90 wires, each
with 60 detectors attached, were lowered into holes melted in the ice using a hot water drill. And recently they've found
some neutrinos with astoundingly high energies — up to 1 PeV!
I should explain that. An electron volt is how much energy an electron gets when it moves through a wire where the electric
potential changes by one volt. A PeV is a peta-electron volt, or 1,000,000,000,000,000 electron volts... that's a 1 with 15
zeros after it.
But you still may not get how impressive it is for a neutrino to have that much energy. So let's go through some examples...
and then I'll explain how a neutrino gets this much energy!
If you look at something orange, a bunch of orange photons are hitting your eye. Each one has an energy about about 2
electron volts. To pull the electron off a cold hydrogen atom takes 13.6 electron volts. These are the kind of energies we see
in chemistry.
When they use X-rays to scan your luggage at the airport, it gets hit with lots of photons having over 100,000 electron volts
of energy each.
When an electron hits its antiparticle and they annihilate, they turn into photons having a total of two times 511,000
electron volts of energy. In other words: mass can turn into energy, and the mass of an electron equals 511,000 electron
volts of energy!
A proton is a lot heavier than an electron. When a proton hits its antiparticle and they annihilate, we get two times
938,000,000 electron volts of energy. A MeV is a million electron volts. So, that's 938 MeV.
The recently discovered Higgs boson is a lot heavier than a proton! To make a Higgs boson, you need about
125,000,000,000 electron volts of energy. A GeV is a billion electron volts. So, that's 125 GeV.

The particle accelerator used to make the Higgs boson can collide protons that have an energy of roughly 3 trillion electron
volts: that's 3 TeV. People often say a flying mosquito has an energy of roughly one TeV. If so, this accelerator makes
protons with the energy of three flying mosquitos! It doesn't sound like much until you realize it's all packed into a single
particle.
A neutrino is an extremely light particle, much lighter than an electron. But Ice Cube has found neutrinos coming from
space with energies up to 1,000,000,000,000,000 electron volts. That's a quadrillion electron volts, or a PeV. In other
words: the energy of about a thousand flying mosquitos, packed into a single neutrino!
How do neutrinos get so energetic? The best guess is that even more energetic protons shooting through space hit photons
from the cosmic background radiation, causing a reaction that makes neutrinos. These high-energy protons are called
cosmic rays.
When I last checked, the most energetic cosmic ray ever seen was detected in 1994, when folks at the Fly's Eye cosmic ray
detector in Utah observed one whose energy was about 320,000,000,000,000,000,000 electron volts. That's 320 quintillion
electron volts, or 320 EeV. That's about the energy of a one-kilogram mass moving at 10 meters/second, all packed into one
proton!
So, the next question is: why there are protons shooting through space at such high energies? But that's a question for
another day.
Here's the new discovery:
IceCube Collaboration: M. G. Aartsen, R. Abbasi, Y. Abdou, M. Ackermann, J. Adams, J. A. Aguilar, M. Ahlers, D.
Altmann, J. Auffenberg, X. Bai, M. Baker, S. W. Barwick, V. Baum, R. Bay, J. J. Beatty, S. Bechet, J. Becker Tjus,
K.-H. Becker, M. L. Benabderrahmane, S. BenZvi, P. Berghaus, D. Berley, E. Bernardini, A. Bernhard, D. Bertrand,
D. Z. Besson, G. Binder, D. Bindig, M. Bissok, E. Blaufuss, J. Blumenthal, D. J. Boersma, S. Bohaichuk, C. Bohm,
D. Bose, S. Böser, O. Botner, L. Brayeur, H.-P. Bretz, A. M. Brown, R. Bruijn, J. Brunner, M. Carson, J. Casey, M.
Casier, D. Chirkin, A. Christov, B. Christy, K. Clark, F. Clevermann, S. Coenders, S. Cohen, D. F. Cowen, A. H.
Cruz Silva, M. Danninger, J. Daughhetee, J. C. Davis, M. Day, C. De Clercq, S. De Ridder, P. Desiati, K. D. de Vries
and 215 more authors, Evidence for high-energy extraterrestrial neutrinos at the IceCube detector.
Let me check the claim that a flying mosquito has a kinetic energy of 1 TeX — I got it from Wikipedia, but that doesn't
mean it's true! According to the American Mosquito Control Association, the smaller mosquitos found around the house
weigh about 2.5 milligrams. And according to a paper online, a fast mosquito flies 10 centimeters per second — this was
hard to estimate because they fly in an irregular pattern, but that's another story. This paper also talks about mosquitos
weighing 1 milligram, so I'm going to use that figure for a round number.
Kinetic energy is one half mass times velocity squared. So, the kinetic energy of such a mosquito is half of a millionth of a
kilogram times (0.1 meters/second)2, or 5 × 10-9 joules.
But a TeV is 1.6 × 10-7 joules! So in fact this estimate is fairly bad.
Even if we use heavier mosquitos, weighing 2.5 milligrams, we only get 1.2 × 10-8 joules. They'd have to also fly 6 times as
fast to get an energy of a TeV.
The paper I used sounds like a famous martial arts movie:
Bernard D. Roitberg, Edward B. Mondor and Jabus G. A. Tyerman, Pouncing spider, flying mosquito, Behavioral
Ecology 14 (2003), 736–740.
For my December 2013 diary, go here.
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Diary - December 2013
John Baez
December 1, 2013
Look, dad! The world is ending!

No — it's just a halo combined with a full parhelic circle, two sun dogs and a 120° parhelion. They were photographed
on a cold foggy day in Finland by Pauli Hänninen.
A parhelic circle is a horizontal white line at the same height from the horizon as the Sun, or occasionally the Moon. If
it's 'full', it stretches all around the sky. More commonly it only appears in sections. It happens when beams of sunlight
are reflected by vertical or almost vertical hexagonal ice crystals in the atmosphere.
A 120° parhelion appears as a bright blue-white spot on the parhelic circle, 1200 away from the Sun. It's caused by light
that bounces inside the hexagonal ice crystals at least twice.
A sun dog or 'parhelion' is a bright spot 22° to the left or right of the sun, again caused by ice crystals in the upper
atmosphere. Why 22°? I don't really know: all I know is that "these crystals act as prisms, bending the light rays passing
through them with a minimum deflection of 22°."
In the above photo you can see a halo around the Sun, which seems to be 22° away... and two sundogs at left and right.
Then there's the long parhelic circle. It doesn't show the 120° parhelion, but here's a photo showing that:

For a diagram of how all these events fit together, and more photos, see:
Jesus Diaz, These incredible sky lights look like alien spaceships coming to Earth, Gizmodo, November 1, 2013.
Some famous philosophers have written about sun dogs! In his Meteorology, Aristotle recorded an event where "two
mock suns rose with the sun and followed it all through the day until sunset." And some sun dogs seen in Rome in the
summer of 1629 made René Descartes interrupt his metaphysical studies and write a work on natural philosophy, called
The World.
December 9, 2013

Puzzle: show the area of the orange circle equals the total area of the two blue regions!
It's not complicated if you think about it the right way. I never knew this cool fact until last night, when I read this:
Brian McCartin, Mysteries of the Equilateral Triangle.
In case you're wondering, this is an equilateral triangle with a small circle inscribed in it and a big circle circumscribed
around it.

December 10, 2013

Puzzle: show the crescent has the same area as the triangle.
Greek mathematicians really wanted to 'square the circle': the goal being to use straightedge and compass to first draw a
circle and then construct a square with the same area.
In 440 BC, Hippocrates of Chios figured out how to square this crescent-shaped region, which lies between the circle
centered at O and the smaller circle centered at D. So, this region is called the lune of Hippocrates.
This gave some people hope that the circle could be squared... but it was a false hope. Much later, around 1885,
Lindemann and Weierstrass proved that squaring the circle was impossible.
Any crescent-shaped region formed by two circular arcs is called a lune. It's widely believed that only 5 kinds of lune
can be squared. Three were discovered by Hippocrates. Two more were discovered by Martin Johan Wallenius in 1766.
A proof that these are the only squarable lunes was given by Tchebatorew and Dorodnow. However, they made some
assumptions which require further proof.
For more, try these:
Brian J. Shelburne, The five quadrable (squarable) lunes.
Erik Postma, Which lenses can be squared?, Mathoverflow.
Wil Jagy, Hermite Lindemann and transcendental reals, Mathoverflow.
You have to be a loon to think you can square the circle, but you can square the lune to the tune of Claire de Lune.
December 13, 2013

Here's a true story from a spacewalk on July 16 this year:
... As I move back along my route towards the airlock, I become more and more certain that the water is
increasing. I feel it covering the sponge on my earphones and I wonder whether I'll lose audio contact. The
water has also almost completely covered the front of my visor, sticking to it and obscuring my vision. I
realise that to get over one of the antennae on my route I will have to move my body into a vertical position,
also in order for my safety cable to rewind normally.
At that moment, as I turn 'upside-down', two things happen: the Sun sets, and my ability to see — already
compromised by the water — completely vanishes, making my eyes useless; but worse than that, the water
covers my nose — a really awful sensation that I make worse by my vain attempts to move the water by
shaking my head.
By now, the upper part of the helmet is full of water and I can't even be sure that the next time I breathe I
will fill my lungs with air and not liquid. To make matters worse, I realise that I can't even understand
which direction I should head in to get back to the airlock. I can't see more than a few centimetres in front
of me, not even enough to make out the handles we use to move around the Station.
I try to contact Chris and Shane: I listen as they talk to each other, but their voices are very faint now: I can
hardly hear them and they can't hear me. I.m alone. I frantically think of a plan. It.s vital that I get inside as
quickly as possible. I know that if I stay where I am, Chris will come and get me, but how much time do I
have? It's impossible to know.
Blind, unable to hear, and alone, Luca Parmitano still managed to figure out a solution to get himself back to the airlock.
You can watch a movie of it here!
Later, NASA blandly reported:
The water was not an immediate health hazard for Parmitano, but Mission Control decided to end the
spacewalk early....
December 14, 2013

On September 3, 2002, an amateur astronomer named Bill Yeung looked into his telescope and discovered a strange
object near Earth. Experts were surprised to discover that it was orbiting Earth! The orbit was unstable, which meant
this object hadn't been here long. But there was no recently launched spacecraft that matched the orbit of this thing!
It got the name J002E3. It's fun to watch this animated gif and see how J002E3 came in from the Lagrange point L1
between the Earth and Sun, went around the Earth a few times, and then got kicked out.
But what was it?
University of Arizona astronomers found that its electromagnetic spectrum was consistent with white titanium dioxide
paint - the same paint used by NASA for the Saturn V rockets. Tracing back its orbit, they found that it had probably
been orbiting the Sun for 31 years. The last time it was near Earth was1971.
This seemed to suggest that it was a part of the Apollo 14 mission. But NASA knew the whereabouts of all hardware
used for this mission! The third stage of that rocket, for example, was deliberately crashed into the Moon for seismic
studies.
So, the most likely explanation seems to be that J002E3 is the third stage of the rocket for Apollo 12. NASA originally
planned to shoot this into an orbit around the Sun. But they used more of the propellant than planned, and it seems that
venting the rest didn't give this rocket stage enough energy to escape the Earth.Moon system. So, it ended up in a
complicated orbit around the Earth after passing by the Moon on November 18, 1969.
It may hit earth someday! It weighs 10 tonnes. But don't worry: a 10-tonne meteor hits the Earth every few years, and
most of them don't cause much trouble.
The explanation here is adapted from Wikipedia, and the animated gif was made by Paul Chodas aand Ron Baalke of
NASA.
December 15, 2013

Most asteroids lie between Mars and Jupiter, but they avoid certain places — the Kirkwood gaps, discovered in 1857 by
Daniel Kirkwood, a professor at a small college in Pennsylvania. He noticed that not many asteroids go 3 times around
the Sun each time Jupiter goes once around the Sun: this is called a 3:1 resonance, and you can see that gap on the chart.
Other gaps show up at other simple ratios. Why does this happen? I don't fully understand it. The usual story is that it's
like pushing on a swing: if you push on a swing each time it swings back, it picks up energy and swings higher.
Similarly, if you have a big heavy planet orbiting a star, asteroids that go around N times each time the planet goes
around M times pick up energy and their orbits change... leaving a gap at this location.
This effect, called an unstable N:M resonance, happens a lot. You can also see it in Saturn's rings, which have gaps
where the dust particles would be in resonance with its big moons.
So far, so good. But there are also stable resonances, where one planet or moon likes to go around N times when the
other goes around M times! For example Jupiter's moon Io is in a 2:1 resonance with Europa, and Europa is in a 2:1
resonance with Ganymede.

Also, Neptune is in a 3:2 resonance with Pluto.

So sometimes resonance makes orbits unstable, but sometimes it makes them stable. Why? Wikipedia tries to explain it,
but I'd need to see some more detail — probably some math — to really understand what makes the difference between
the two cases:
Here are the main Kirkwood gaps. It helps to know that the Earth is 1 astronomical unit or AU from the Sun, Mars is
1.52 AU away from the Sun, and Jupiter is 5.2 away. The biggest Kirkwood gaps are these:
2.06 AU (4:1 resonance)
2.5 AU (3:1 resonance), home to the Alinda family of asteroids
2.82 AU (5:2 resonance)
2.95 AU (7:3 resonance)
3.27 AU (2:1 resonance), home to the Griqua family of asteroids.
Hey! Why are there families of asteroids located in the gaps? Apparently they're in the process of moving out, but I'd
like to know more.
There are also lots of weaker or narrower gaps:
1.9 AU (9:2 resonance)
2.25 AU (7:2 resonance)
2.33 AU (10:3 resonance)
2.71 AU (8:3 resonance)
3.03 AU (9:4 resonance)
3.075 AU (11:5 resonance)
3.47 AU (11:6 resonance)
3.7 AU (5:3 resonance).
If you played sounds at these frequency ratios, you'd get different chords. 2:1 is an octave. 5:3 is a major sixth. 3:1 is an
octave and a fifth. So the Kirkwood gaps are a nice example of the 'music of the spheres' that astronomers of old used to
dream about. But the music is not played by the asteroids — it's in the gaps!
December 16, 2013

Here are some asteroids viewed in a rotating frame of reference where Jupiter almost stands still. The Trojans, in green,
are asteroids that stay near the Lagrange points 600 ahead or behind Jupiter. They go around the Sun once each time
Jupiter orbits the Sun. But the Hildas, in purple, go around the Sun 3 times while Jupiter goes around twice. We say
they're in a 3:2 resonance with Jupiter.
The Hildas seem to be moving in a triangular pattern. But actually each one takes an elliptical orbit around the Sun.
There are three kinds of ellipses. Two go farthest from the Sun near the Lagrange points, while one goes farthest from
the Sun opposite Jupiter. Although the whole triangle of Hildas is nearly equilateral, it's not quite. The side between the
two Lagrange points is a bit different from the two other sides. You can also see the whole triangle pulsing as Jupiter
moves in and out!
This animated gif is one of many made by Petr Scheirich, and you can have hours of fun looking at his website:
Petr Scheirich, Asteroid (and comet) groups.
There's a lot to say about Trojans and Lagrange points, but let me talk about Hildas. Over 1,100 Hildas have been found,
the first being Hilda, named after the discoverer's daughter. It's big — 175 kilometers in diameter — but not very bright,
because it's made of ancient stuff containing lots of carbon, similar to the nucleus of a comet.
The Hildas don't form a 'true' asteroid family, because they aren't fragments of a single parent object. Instead, they're a
'dynamical' family: they're defined by having similar orbits. Any Hilda's orbit has an eccentricity less than 0.3, an
inclination less than 200, and a semi-major axis between 3.7 AU and 4.2 AU. Remember, the semi-major axis of an
ellipse is half the distance between the farthest points.
So, the Hildas are outside the main asteroid belt, which lies between the 4:1 resonance with Jupiter at 2.1 AU and the
2:1 resonance at 3.0 AU.

The density of Hildas near the triangle's corners is more than twice the density on the sides. The reason is that the Hildas
move more slowly when they're farther from the Sun! So, they stay near the corners for an average of 5.0-5.5 years, but
move along the sides of the triangle more quickly, for 2.5 to 3.0 years. The overall period of the Hildas is about 7.9
years, which is 2/3 the period of Jupiter.
December 17, 2013

The Yarkovsky drift makes small asteroids move away from the Sun or get closer to it, depending on which way they
turn.
The asteroid at left is turning the same way it's revolving around the Sun. So the hottest part of the asteroid, which has
been in the sunshine warming up all day, is in back — the part marked "P.M." When it radiates heat, this pushes the
asteroid in the direction it's already going, so the asteroid gains energy! This gradually makes the asteroid move farther
from the Sun: that's the 'Yarkovsky drift'.
The asteroid at right is turning in the opposite way from how it's revolving around the Sun. So, radiating heat makes this
asteroid lose energy and move closer to the Sun.
This effect was discovered theoretically in 1900 by a Russian civil engineer named Ivan Osipovich Yarkovsky, who
worked on scientific problems in his spare time. It's a small effect, which is strongest for small asteroids, so it was only
seen in the 1990s. For twelve years, astronomers carefully used radar to measure the position of a small asteroid called
6489 Golevka. It drifted 15 kilometers due to this effect!
To understand how small this effect is, think about this. The force it created on 6489 Golenka was about 0.25 newton.
This is the force that pushes down on your hand when you're holding a quarter of an apple. It created an acceleration of
just a tenth of a nanometer per second per second. But this acceleration adds up over time!
December 18, 2013

The YORP effect is a way for asteroids to spin faster and faster... even until they explode!
It's powered by sunlight. Sunlight heats the asteroid, which then radiates heat in the form of infrared light. If an asteroid
has an irregular shape, like 6489 Golevka here, this infrared light can push on the asteroid in a way that makes it spin!
This is impossible if the asteroid is a sphere or ellipsoid made of some uniform material. It's easiest to understand for an
asteroid shaped like a windmill.
Indeed, the YORP effect may remind you of a light mill, or Crookes radiometer — a toy like a windmill in a glass bulb
with vanes black on one side, white on the other, powered by light. But it's a bit different, since these light mills only
turn the way they do because there's a little gas in the bulb. If the bulb contained a perfect vacuum, the light mill would
feel a torque pushing it the opposite way. Light mills are very tricky! Both Maxwell and Einstein wrote papers on
them... and they came up with different explanations of how they work! I wrote about this on the n-Category Café once.
The full name of the YORP effect is the Yarkovsky–O'Keefe–Radzievskii–Paddack effect. It's a relative of the
Yarkovsky effect, which makes a rotating asteroid move towards or away from the Sun.
In 2007, astronomers detected the YORP effect in a small asteroid named 2000 PH5. To celebrate, they renamed this
asteroid 54509 YORP. The rotation rate of this asteroid is increasing by 0.0002 degrees per day each day.
That doesn't sound like much... but in astronomy, things take a long time. The rotation rate of this asteroid will double in
600,000 years. Simulations show that it will keep spinning faster until it turns around once every 20 seconds... and then
it will burst! Asteroids are often loosely held together clumps of rock. If they spin fast, they can split into a binary
asteroid. So, the YORP effect may explain the existence of some binary asteroids.
According to Wikipedia:
Observations show that asteroids larger than 125 km in diameter have rotation rates that follow a
Maxwellian frequency distribution, while smaller asteroids (in the 50 to 125 km size range) show a small
excess of fast rotators. The smallest asteroids (size less than 50 km) show a clear excess of very fast and
slow rotators, and this becomes even more pronounced as smaller populations are measured. These results
suggest that one or more size-dependent mechanisms are depopulating the centre of the spin rate
distribution in favour of the extremes. The YORP effect is a prime candidate. It is not capable of

significantly modifying the spin rates of large asteroids by itself, however, so a different explanation must
be sought for objects such as 253 Mathilde.
December 19, 2013

(If this images doesn't play as an animated gif, download it and look at it that way.)
About 2 billion years ago, an asteroid about 100 kilometers across was completely pulverized when a smaller one hit it!
This created the Koronis family in the outer part of the main asteroid belt. There are hundreds of asteroids in this family.
The biggest are Lacrimosa and Urda, with diameters of 48 and 44 kilometers.
In the simulation here, a 119-kilometer asteroid is hit by a smaller one moving at 5 kilometers per second - or roughly
10,000 miles per hour. The shock wave created by the impact shatters the bigger asteroid, which had a lot of cracks to
begin with. Hundreds of thousands of fragments shoot in all directions. Then gravity pulls them together over several
days. The largest new asteroid, shown here, contains 4% of the mass of its parent.
About 2 billion years ago, an asteroid about 100 kilometers across was completely pulverized when a smaller one hit it!
This created the Koronis family in the outer part of the main asteroid belt. There are hundreds of asteroids in this family.
The biggest are Lacrimosa and Urda, with diameters of 48 and 44 kilometers.
In the simulation here, a 119-kilometer asteroid is hit by a smaller one moving at 5 kilometers per second — or roughly
10,000 miles per hour. The shock wave created by the impact shatters the bigger asteroid, which had a lot of cracks to
begin with. Hundreds of thousands of fragments shoot in all directions. Then gravity pulls them together over several
days. The largest new asteroid, shown here, contains 4% of the mass of its parent.
This simulation was one of many done by Patrick Michel around 2000. He used a Compaq Dec Alpha and a Beowulf
cluster. To compute the gravitational interaction of many chunks of rock using parallel processing, he used the
"hierarchical tree method".
December 23, 2013

You are in a helicopter exploring the southern part of Mars. When you enter Newton Crater, you see dark streaks that
look like signs of dripping water, or moisture. What are they?
Here's what we know. They are 0.5 to 5 meters wide. They appear in the early spring. They grow larger in the summer.
They go away in the winter. Similar things appear in a number of places in the southern hemisphere, but so far none
have been seen in the north.
A paper in Science argues that they could be caused by brine — very salty water. Salts absorb water very eagerly, and
brine has a lower melting point than ordinary water.
This image was created using a photo made on 30 May 2011 by the High Resolution Imaging Science Experiment
(HiRISE) camera on NASA's Mars Reconnaissance Orbiter. It has been reprojected to show what this view would look
like from a helicopter inside the crater. A synthetic Mars-like sky has been added, and the color has been enhanced. The
season was summer at the location of the crater: 41.60 south latitude, 202.30 east longitude.
Puzzle: could we design a helicopter that works on Mars? The gravity is weaker, but the atmosphere is thinner.
For more, see this:
Alfred S. McEwen et al, Seasonal flows on warm Martian slopes, Science 333 (2011) 740–743.

December 27, 2013

WOW! Maria Leijerstam is now the first person to cycle to the South Pole! She arrived on December 27th.
She was racing against two men, and she arrived at the pole with a lead of hundreds of miles! It took her just 9 days to
go 640 kilometers. She rode a custom-made recumbent tricycle whose great design let her cut through the gale-force
winds and scale the Transantarctic Mountains — a route similar to Scott and Amundsen's famous South Pole
expeditions. Her competitors had to go around, and that's a big part of why she won.

With the mountains behind her, Maria then faced a 480-kilometer journey over the polar plateau. Snow drifts, crevasses,
whiteouts, rough grooved terrain and temperatures as low as -35° made it hard — but she cycled in 12-hour stints, and
did up to 60 kilometers per day... for the win!
She's now back home in Wales. I love what people can do with the right technology together with intelligence and huge
amounts of determination. She practiced for 4 years - watch this video:

For more see:
Maria Leijerstam, Maria claims two world titles, 27 December 2013.
Word of the day: rough grooves in snow are called 'zastrugi'.
December 31, 2013

My mother sent me a box of old stuff including this photograph of my dad, Peter Baez... and the poncho he was wearing
here! This would have been taken around 1958 or so.

For my January 2014 diary, go here.
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While the polar vortex moved south toward the Great Lakes and blasted the US with icy weather, Britain got hit with
high winds: gusts up to 175 kilometers per hour! Huge waves hit the the coasts of Wales, southwest England and
Northern Ireland.
This beautiful, scary demonstration of nature's power happened in Porthcawl, a town on the south coast of Wales. At the
end of Porthcawl Pier stands a white lighthouse built in 1860 — but here it is hidden behind the waves! It was the last
coal and gas powered lighthouse in the United Kingdom.
January 12, 2014

A brown dwarf is a star too small to fuse hydrogen — less than 80 times the mass of Jupiter. Thanks to some great new
telescopes, astronomers have been learning about weather on brown dwarfs! It may look like this artist's picture. (It may
not.)
Luhman 16 is a pair of brown dwarfs orbiting each other just 7 light years from us. The smaller one, Luhman 16B, is
half covered by huge clouds. These clouds are hot — 1200 °C — so they're probably made of sand, iron or salts. Some
of them have been seen to disappear! Why? Maybe 'rain' is carrying this stuff further down into the star, where it melts.
So, we're learning more about something cool: the L/T transition.
Brown dwarfs can't fuse ordinary hydrogen, but a lot of them fuse the isotope of hydrogen called deuterium that people
use in H-bombs — at least until this runs out. The atmosphere of a hot brown dwarf is similar to that of a sunspot: it
contains molecular hydrogen, carbon monoxide and water vapor. This is called a type M brown dwarf.
But as they run out of fuel, they cool down. The cooler type L brown dwarfs have clouds! But the even cooler type T
brown dwarfs do not. Why not?
This is the mystery we may be starting to understand: the clouds may rain down, with material moving deeper into the
star! Luhman 16B is right near the L/T transition. Its big brother Luhman 16A is type L.
Finally, as brown dwarfs cool below 300 °C, astronomers expect that ice clouds start to form: first water ice, and
eventually ammonia ice. These are the type Y brown dwarfs. Wouldn't that be neat to see? A star with icy clouds!
The smallest brown dwarfs are 13 times the mass of Jupiter. Smaller than that, and they can't fuse deuterium.
There's been a lot of news articles about brown dwarfs in the last few days, but I think you should read the heroic
astronomy bloggers who covered this story over a year ago. Like Caroline Morley:
Caroline Morley, Swirling, patchy clouds on a teenage brown dwarf, 28 February 2012.
She doesn't like how people call brown dwarfs "failed stars". I agree! It's like calling a horse a "failed giraffe".

For more, try:
Brown dwarfs, Scholarpedia.
January 14, 2014

Here you see palms reflected in a reed-lined pond in the Thousand Palms Oasis Preserve in southern California. Lisa
and I went on a hike here last month. It's especially nice to come to this pond after hiking through the dry, dusty desert!
The palms here are native to the area: Washingtonia filifera, the desert fan palm. They're different than the palm trees
you see along city streets in Los Angeles. They grow around oases and streams in the deserts of southern California and
western Arizona. I've often seen them in Indian Canyons near Palm Springs... but this was the first time I visited this
other oasis.
Around here, the Cahuilla and related tribes used the leaves of fan palms to make sandals, thatch roofs, and baskets. The
fruit was eaten raw, cooked, or ground into flour for cakes. The stems were used to make cooking utensils. And standing
under these palms near an oasis, it's cool even on a ferociously hot day! It's definitely the place to be.
It's fun to imagine the world of the Cahuilla, where these oases would be hugely desirable places to live, and centers of
activity.
The Thousand Palms Oasis Preserve is a privately owned park that lets you in for free. It's part of the Coachella Valley
Preserve System, which was set up to protect a rare species of lizard that roams the dunes around here: the Coachella
Valley fringe-toed lizard Uma inornata. But a lot of other things live in this area: the desert is not deserted!

Tomorrow we go to Erlangen, a completely different place in a completely different climate.
January 26, 2014

One of my favorite parts of Mars is Vastitas Borealis, the vast plains in the north. They're full of dunes, many covered
with carbon dioxide frost, some of which do mysterious things in the spring. Here we see some crescent-shaped dunes
called barchans. They're about 750 meters long. They slowly move along as wind blows sand up the shallow slope and it
rolls down the steep slope. The white stuff is mostly CO2 frost, with a little water ice.
This photo is from the HiRISE project — the High Resolution Image Science Experiment. They write:
The purpose of this observation is to image dunes where substantial "gullies" formed in the previous Mars
winter. These features likely formed due to carbon dioxide defrosting or the weight causing the surface to
slump.
The gullies at this site are particularly large, which is intriguing, suggesting that this site be monitored to
see if stages of gully formation or details of activity can be observed.
Here's what they said about a similar photo taken in the previous winter:
Geologists would classify these dunes as "sand-starved" because the ground between the dunes has almost
no sand. This ground shows a pattern of cracks that is typical of icy permafrost that undergoes seasonal
expansion and contraction. It is also possible that this subsurface ice exists inside the dunes. If so, the dunes
are not currently moving, being "stabilized" by this ice.
This idea is supported by the observation that there are small landslide gullies being cut into the dunes,
something not seen if the dunes are rejuvenated as they move in the wind. However, to test this idea this
area has been repeatedly imaged by multiple cameras on different spacecraft. With meticulous care it will
be eventually possible to determine just how much the dunes have moved or changed over the past several
years.
January 31, 2014

I knew Newton did alchemy. But I hadn't known Galileo did astrology! Alchemy and astrology weren't disreputable
back then, so it's not really surprising. But not many people talk about it - perhaps because Galileo is considered a
founder of modern science, and now scientists think astrology doesn't make sense.
Here's the main evidence:
1. Galileo was hired as a mathematicus at Padua in 1592. The duties of a mathematicus included astrology.
2. The Inquisition first went after Galileo in 1604, on the charge of making astrological predictions that denied free
will. Astrology was okay, but fatalistic predictions were not.
He was accused of haver ragionato che le stelle, i pianeti at gl'influssi celesti necessitino - having reasoned that
the stars, planets and celestial influences were able to determine the course of events. He was acquitted.
3. We have astrological charts that Galileo drew up for his daughters. For his elder daughter Virginia, he wrote:
The Moon is very debilitated and in a sign which obeys. She is dominated by family relationships.
Saturn signifies submission and severe customs which gives her a sad demeanour, but Jupiter is very
well with Mercury, and well-aspected corrects this. She is patient and happy to work very hard. She
likes to be alone, does not talk too much, eats little with a strong will but she is not always in
condition and may not fulfil her promise.
4. We have astrological charts that Galileo drew up for himself.
5. We have about 20 other astrological charts drawn up by Galileo, including one for the Venetian aristocrat
Giovanni Sagredo, who later became a character in Galileo's famous dialogue. We have a letter from Sagredo to
Galileo requested a chart reading for a colleague.
You can see this evidence here:
Nick Kollerstrom, Galileo's Astrology.
But I heard the story first from Darrel Rutkin, here in Erlangen at the Internationales Kolleg für
Geisteswissenschaftliche Forschung where my wife is working. Unfortunately his paper seems hard to get online:
Darrel Rutkin, Galileo astrologer: astrology and mathematical practice in the late-sixteenth and early-seventeenth
centuries, Galileana: Journal of Galilean Studies 2 (2005), 107-143.
The story of how scientists rejected astrology is interesting and complex. We shouldn't pretend scientists knew all along
that it was wrong, by some sort of 'common sense'. Science is not the same as common sense: it takes real work.

For a quick introduction to this story, try:
H. Darrel Rutkin, Astrology, in The Cambridge History of Science, Vol. 3: Early Modern Science, Lorraine
Daston and Katharine Park (eds), Cambridge. Cambridge University Press, 2006, pp. 541-561.
Before scientists threw out astrology, they tried to understand, explain or reform it. Here's a tiny snippet:
Francis Bacon proposed a serious reform of astrology in the De augmentis scientiarum of 1623, a Latin
enlargement and reworking of his Advancement of Learning (1605), written during the forced retirement
that followed his impeachment as Lord High Chancellor. Bacon began by identifying the many
superstitions and lies that needed to be removed from its domain, including the individual planetary rule of
each hour of the day and the astrological figure constructed for precise points of time. Reviewing the four
principal divisions of astrological practice — revolutions, nativities, elections, and interrogations — he
argued that the last three had little if any foundation, whereas he described revolutions as much more sound,
though nonetheless in need of attention.
I didn't know these four kinds of astrology:
Building on Ptolemy's distinction, Albertus Magnus described the four types of astrological praxis in his
Speculum astronomiae (Mirror of the Science of the Stars, ca. 1260s): 'Revolutions' were concerned with
large-scale changes, primarily in the weather but also in state affairs. This was the major feature of the
annual prognostications found in almanacs and elsewhere [....] 'Nativities', on the other hand, involved the
astrological configuration at a person's birth. 'Interrogations' entertained questions on matters of concern,
including personal, medical, and business affairs. Finally, 'elections' determined the most propitious
moment to begin an enterprise or perform an activity, such as crowning.
The famous chemist (and alchemist!) Robert Boyle was also involved:
Bacon's vision of a reformed astrology was further developed by the English natural philosopher and
alchemist Robert Boyle (1627-1691), one of the founders of the Royal Society of London. In his
"Suspicions about some Hidden Qualities of the Air" (1674), Boyle adapted Bacon's position, declaring that
the luminaries, planets, and fixed stars likely emit subtle but corporeal emanations beyond light and heat,
which reach to our air. Developing this idea in the appendix, "Of Celestial and Aerial Magnets", Boyle
suggested experiments to test apparently good magnets by varying the air in which they were located
according to different times, temperatures, and aspects of the planets. In this way, the different natures of
the air could be discovered along with possible correspondences between the terrestrial and celestial realms.
For my February 2014 diary, go here.
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My friend Tim Silverman showed me something cool. He told me to take this list of opposites:
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

long
small
strong
sturdy
useful
beneficial
bad
imperfect
dirty
pure
mixed
plain
furnished
empty
much
long

short
large
weak
flimsy
useless
harmful
good
perfect
clean
impure
simple
decorated
bare
full
little
short

The order of elements in each pair is random. We're going to order them.
Start with the first two pairs: long/short and small/large. Order the second pair to match the first! In other words, switch
the order if large is more like long and small is more like like short. Otherwise, leave them alone.
Now ignore the first pair and look at the second and third pairs. Reorder the third pair to match the (possibly new) order
of the second pair. And so on: go through the whole list and keep doing this.
I did this, and here's what I got:
1
2
3
4
5
6
7
8
9
10

long
large
strong
sturdy
useful
beneficial
good
perfect
clean
pure

short
small
weak
flimsy
useless
harmful
bad
imperfect
dirty
impure

11
12
13
14
15
16

simple
plain
bare
empty
little
short

mixed
decorated
furnished
full
much
long

We started with long/short and we ended with short/long! We've got a Möbius strip in the space of concepts!
Puzzle: why is this happening, and what does it mean?
Mathematicians know more precise way of saying what's going on... which doesn't answer the puzzle. We've got a
double cover of the space of topics, where two sheets consist of two opposite adjectives. This double cover is nontrivial,
because when we go around a loop the two opposites trade places. Using some math called 'homology theory', we can
ask how many different ways this can happen.
The picture of ants on a Möbius strip goes back to Escher, but I found the animated gif here.
Tim Silverman writes:
Here's how I designed it to work:
What are we doing when we compare these opposites? They don't have much in common semantically. But
we do manage to classify them by some very general notion of "positive" vs "negative" and line up
positives together and negatives together.
Actually, that was a lie... there are two general notions of "positive" vs "negative" in play. One covers stuff
like quantity, dimension, number, intensity, etc. — "more" vs "less" in some very general sense. The other
is evaluative: "better" vs "worse" — again in some very general sense.
And some words lie along one axis ("long" vs "short" is pretty much just more/less), some along the other
(e.g. "good" vs "bad"), and lots are a mixture of both.and the two types of judgment don't need to align! E.g.
with "strong"/"weak", more is better; but with "clean"/"dirty", "more" means "more dirt" — which is bad!
So we have a two-dimensional space, in which we can continuously rotate a vector to point in the opposite
direction. So "long" and "large" are positive purely on the more/less scale; "strong", "sturdy", "useful" and
perhaps even "beneficial" combine an increasing component of positive evaluation with a decreasing but
non-zero degree of positive quantity or degree; "good" is purely evaluative; "perfect", "clean" and "pure"
are all cases where the positively evaluated end of the scale is the one denoting an absence of something
(imperfections, dirty, impurities); "simple" and "plain" are ambiguous (close to zero) on the axis of
evaluation but clearly negative on the more/less scale and this holds true more strongly for "bare" and
"empty"; then "little", "small" and "short" have very little or no evaluative component.
When I have the patience, I'll draw a picture.
The interesting thing is that when people are given the puzzle, they generally implicitly assume without
question that the "positive" vs "negative" scale is 1-dimensional. Given this, there must be a discontinuity
where the polarity switches, so to "understand" the puzzle, people look for the discontinuity — and they
often think they've found it! They usually think it's somewhere around 3/4 of the way through, so maybe
something is going on there, but I don't think it's the explanation of the puzzle.
January 30, 2014

I'm finally in a stable relationship!

When Lisa and I came to Erlangen, they put us in a really dreadful apartment in a boring little town nearby called
Uttenreuth. This apartment had no soul, it had no privacy, the doorknob kept falling off... and we were not living in the
charming city we'd expected; we had to take a bus to town. So we found another place. It's a house with two stories, but
it's tiny: this is the whole upstairs, and downstairs there's a bedroom and bathroom. It used to be a stable!
We bump our heads on the ceiling... but the place has charm. It's on a quiet street called Loewenichstrasse, full of old
buildings, right next to a park, but still just a 15 minute walk to the heart of town.
I'd been waiting for a couple weeks for a sunny day, so I could take a photo of this place. It was sunny this morning.
Then it got cold again and started raining. But I didn't come to Germany for the weather. I came here for the
Gemütlichkeit, the Weissbier and the Mohnschnecke! So I'm happy now.
February 9, 2014

In the late 1950's, the great organic chemist William "Bull" Doering ran weekly seminars at Yale. They were secretly
called "Bull sessions" by grad students and postdocs, and they were feared by those who were poorly prepared. So,
when Doering came up with the idea this molecule — a close relative of a chemical called fulvalene — two of his grad
students named it 'bullvalene'. He dreamt it up in 1963, and was synthesized later that year.
Bullvalene has 10 carbon atoms (in black) and 10 hydrogens (in white). The cool thing about it is that these atoms are
constantly rearranging themselves, quite quickly.
Molecules where some atoms easily change places are called 'fluxional molecules'. But what's special about bullvalene
is that all ten carbon atoms trade places!
So, there are
10! = 1 × 2 × 3 × 4 × 5 × 6 × 7 × 8 × 9 × 10 = 3,628,800
different versions of bullvalene, and it keeps switching between these versions.
But since the molecule has 3-fold rotational symmetry, chemists say bullvalene has 10!/3 valence tautomers, where
10! / 3 = 1 × 2 × 4 × 5 × 6 × 7 × 8 × 9 × 10 = 1,209,600
For more, read this:

Addison Ault, The bullvalene story: the conception of bullvalene, a molecule that has no permanent structure, J.
Chem. Educ. 78 (2001), 924-927.
Though it's published by a chemistry society in a journal of chemistry education, they charge $35 to access this article
for 48 hours... so students won't actually read it! This is an example of how the practice of science needs to be reformed.
Luckily, you can get the article for free somewhere else... for now.
Luckily, you can also learn about bullvalene from Wikipedia:
Bullvalene, Wikipedia.
There you can see the process that bullvalene uses to rearrange itself... and see related molecules like 'semibullvalene'
and 'bullvalone'. Also try:
Fluxional molecule, Wikipedia.
But here's a puzzle for physicists who know about bosons and fermions:
Puzzle: Identical atoms are indistinguishable, so what does it mean to say two traded places? How do we tell? Does this
concept have any meaning?
February 10, 2014

There's more to chemistry than I learned in school.
Take a carbon and stick on 4 hydrogens: you get methane, the gas we like to burn. Yeah, I knew that. But take a carbon
and stick on 5 hydrogens: then an electron falls off and you get methanium!
Huh?
Yes, it's a bit like ammonium. Take nitrogen and stick on 3 hydrogens, and you get ammonia. Stick on 4, an electron

falls off and you get ammonium, a positively charged ion: NH4+. Similarly, methanium is CH5+.
But here's the cool thing about methanium. It's fluxional: it keeps changing. Usually three of the hydrogens form an
equilateral triangle around the equator while the other two sit at the north and south pole. But now and then — in fact
very often! — they trade places.
I recently told you about bullvalone, a fluxional molecule where all 10 carbons keep changing places. But I didn't tell
you that they only change places if it's warm enough. When it's really cold, they lock into place.
What's cool about methanium is that it's fluxional no matter how cold it is. The uncertainty principle of quantum
mechanics is enough to make the 5 hydrogens change places even at absolute zero!
You could say this is due to 'quantum zero-point energy', but I'm afraid to mention that, because then kooks will come
out and tell us their schemes for exploiting this energy and saving the world.
Sorry, it doesn't work like that. It's just that even when methanium is at its lowest possible energy, when we can't
possibly extract any energy out of it, the positions of the hydrogen atoms aren't fixed. If we keep measuring them they
will change, thanks to the uncertainty principle. And they will change positions enough to actually trade places at a
significant rate.
But the truth is cooler than fiction. Scientists have actually seen methanium in outer space, doing its thing.
For more see:
Methanium, Wikipedia.
This picture is actually a glowing neon sculpture called "Methanium" made by a company called Wizard Glass
For my March 2014 diary, go here.
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I've got gears on my mind — maybe even in my mind!
Even the tiniest gears here are indeed turning. This moving picture is by someone called ~zy0rg, and I found it on
deviantart.
March 11, 2014

Let's count the gears on this thing!
If you stare at it, you can see it's based on a regular dodecahedron, a shape with 12 pentagons as faces. The blue gears
are the corners of these pentagons. There's a red gear in the middle of each pentagon, and there are 2 yellow gears next
to the edge of each pentagon.
Since the regular dodecahedron has 12 pentagons, and there's a red gear in each one, there must be 12 red gears.
The dodecahedron has 20 corners, since these are the faces of its dual, the icosahedron, which has 20 faces. Or, if you
don't know that, you can say: each pentagon has 5 corners, but 3 pentagons meet at each corner, so there are 12 × 5 / 3 =
20 corners. Either way, there are 20 blue gears.
Finally, the dodecahedron has 30 edges. To see this we can use Euler's formula
V-E+F=2
so
20 - E + 12 = 2
so
E = 30

Or, we can say each pentagon has 5 edges, but 2 pentagons share each edge, so there are 12 × 5 / 2 = 30 edges. Either
way, we get 30 edges, and 2 yellow gears for each edge, so 60 yellow gears.
So, there's a total of 12 + 20 + 60 = 92 gears. It's often not enlightening to total up parts of different kinds like this, and I
think it's not enlightening here. 92 is not a number I run into often in my studies of geometry and group theory.
Factorizing it shows why: it's 2 × 2 × 23. The number 23 is not a big player in these games.
This animated gif was created by someone named TaffGoch, and you can find other interesting things of theirs at
Deviantart.
March 17, 2014

Derinkuyu is an ancient multi-level underground city in Turkey. Going 60 meters deep, it was large enough to house
20,000 people along with their livestock and food supplies!
It may have been built by the Phrygians in the 8th-7th centuries BC... or maybe by Hittites fleeing the Phrygians. It
seems to have been enlarged much later in the Byzantine era.
But here's the cool part: it's the largest of over 200 underground cities in the Cappadocia region of Turkey... and it's
connected by a tunnel to the second largest one!
Why did people build so many underground cities there? I don't know - can you find out? It was relatively easy to do,
because the area has a lot of soft volcanic rock. But as any detective show will teach you, there must be motive, not just
means and opportunity.
Half of Derinkuyu is open to tourists... have you been there?
March 22, 2014

"From early boyhood, cowardly, dishonorable, cruel, lecherous, foul-mouthed and debauched."
That's what emperor Julian of the Roman Empire said about Commodus, the son of Marcus Aurelius, who was emperor
from 180 to 192 AD.
He never took after his father the philosopher, but he first showed his true colors after a failed assassination plot in 181.
The would-be assassin was tortured and revealed a plot involving his sister.
Later one of the plotters revealed a second plot, and Commodus became paranoid. He sacked all his top commanders
and started executing anyone he took a dislike to, including senators... and settled into a three-year binge of debauchery
with a string of male lovers and a harem of 300 women: like Saddam Hussein, he had henchmen grab any woman who
appealed to him.
As time went on, he only became worse. He developed a taste for voyeurism and had his political favorites have sex
with his concubines while he watched. By 188 he had removed all responsible politicians from his inner circles and
surrounded himself with a freak show. Often he would amuse himself by cutting off someone's foot or blinding them in
one eye. He practiced surgery on live people and let them bleed to death. He liked to sit people at a fancy banquet and
serve them food mixed with shit, to see their reactions. I could go on, but it becomes even more disgusting, and I don't
want to spoil your day.

As time went on, his delusions of grandeur increased. He renamed the months: August became 'Commodus', and so on.
He had always enjoyed killing animals — killing 100 lions with javelins, slicing off the heads of ostriches with special
crescent-headed arrows, and so on — and fighting as a gladiator in the Colosseum. But eventually he declared that he
was Hercules! He cut off the head of the sun god outside the Colosseum and replaced it with his own portrait, adding a
club and a lion to make him look like Hercules. He announced his plan to kill 12,000 gladiators with one hand tied
behind his back.
In 193 he was finally killed, in a plot led by his favorite mistress. An attempt to poison him failed, so his gym trainer
strangled him.
All this is from an excellent biography of Marcus Aurelius by Frank McLynn. Marcus Aurelius was wise in some ways,
but leaving the empire to Commodus was a colossal failure of judgement.
The photo above, by William Storage, shows a sculpture of Commodus at the Getty Museum in Los Angeles. For more
of his beautiful photos go here:
William Storage, Roman Imperial Portraiture.
March 23, 2014

This beautiful golden pattern was created by Taffgoch. He did it by taking a traditional Islamic tiling pattern made of
interlocking hexagons and replacing some of them by pentagons. This lets the original flat pattern 'curl up' and become
spherical!
Here is the original flat pattern:

Taffgoch says it's based on a Moroccan tile pattern of the type known as zillij, but I'd say it's an example of girih, or
'strapwork'. It's fun to see how Taffgoch transformed it into the round version... improving it step by step.
Puzzle: how many pentagons, and how many hexagons, are in this spherical zillij?
This is similar to a question about fullerenes, which are sheets of graphite — hexagons of carbon — that curl up into
spheres because some hexagons are replaced by pentagons. Fullerenes come in different sizes, with different numbers of
hexagons. But as long as a fullerene is spherical in its topology, with 3 pentagons or hexagons meeting at each corner,
the number of pentagons is fixed!
I'll compute this number now, so if you want to answer the puzzle on your own, maybe you should stop reading.
However, this spherical zillij pattern is not exactly the same as a fullerene... so it's not obvious that it has the same
number of pentagons.
Here's how it goes. Suppose we have a sphere tiled with P pentagons and H hexagons, with 3 of these polygons meeting
at each vertex.
How many edges are there in this tiling? Each pentagon has 5 edges, and each hexagon has 6, but each edge is shared by
2 shapes so the number of edges is
E = (5P + 6H)/2
How many vertices are there? This is where we need to know 3 polygons meet at each vertex. Then by the same
reasoning as above, the number of vertices is
V = (5P + 6H)/3
How many faces are there? That's easy:

F=P+H
Now Euler's formula, a fact from topology, says
V-E+F=2
So, plugging in the equations for V, E, F, we get
(5P + 6H)/3 - (5P + 6H)/2 + (P + H) = 2
or
P + H = 2 + (5P + 6H)/6
or
P = 12
Note that H cancels out, so we learn nothing about how many hexagons there are. But pentagons love the number 12...
and ultimately, that's why this shape here has
5 × 12 = 60
rotational symmetries!
Puzzle: suppose we have a doughnut with g holes tiled by pentagons and hexagons, 3 meeting at each corner. How
many pentagons are there?
March 30, 2014

This is a computer-generated image by Taffgoch, made to look nicely weathered... but it's based on an actual model,
made by a monk named Father Magnus Wenninger:

Wenninger's story is interesting. In the 1940s went to the Bahamas to teach at a Benedictine school there. He was asked
whether he wanted to teach English or math. He chose math. But not having taken many math courses in college, he
struggled at first to stay a few pages ahead of the students! He taught algebra, Euclidean geometry, trig and analytic
geometry.
In the 1950's he felt he was getting stale, so he went to Columbia Teachers College in the summer for 4 years. He got
interested in the 'new math'... and started studying polyhedra.
In 1966 he wrote a booklet called Polyhedron Models for the Classroom. He wrote to H. S. M. Coxeter, the world's
expert on polyhedra and higher-dimensional polytopes, sometimes called the 'king of geometry'. Apparently Coxeter
sent Wenninger a copy of his book Uniform Polyhedra.
A uniform polyhedron is one that has regular polygons as faces and is symmetrical enough that there's a symmetry
carrying any vertex to any other. There are 75 uniform polyhedra - not counting the infinite list of prisms and
'antiprisms'... and a very weird thing called the great disnub dirhombidodecahedron... which is a topic for another day.
After getting Coxeter's book, Magnus Wenninger spent a lot of time making models of uniform polyhedra. He made 65
of them and put them on display in his classroom. Then he decided to publish a book about them. He had the models
photographed and wrote the accompanying text, which he sent to Cambridge University Press.
They said they'd be interested in the book only if Wenninger built all 75 of the uniform polyhedra! And so he did...
It took him 10 years to finish the book, Polyhedron Models, which was published in 1971. Mathematics is full of stories
of amazing persistence, and this is one!
The key, which not everyone realizes, is that math is immensely fun. To leave behind this world of woe and lose
yourself in a world of beauty and perfection — it's dangerously addictive.
Puzzle: this shape is covered with little pentagons, little hexagons and funny-looking nonconvex shapes. How many of
each are there?
This puzzle is closely related to the question in my March 23rd diary entry. It only takes a tiny bit of persistence to
figure it out... at least compared to Wenninger's persistence. But if you get stuck, read on!
First, a solution by Greg Egan:
Marking out one face of an icosahedron as 1/20 of the whole makes it much easier to count things by eye:

Doing that, it's clear that each 1/20 contains:
3/5 of a pentagon
3/2 of a hexagon
6 non-convex shapes
So the total counts for the whole structure are:
20 × 3/5 = 12 pentagons (one per icosahedral vertex)
20 × 3/2 = 30 hexagons (one per icosahedral edge)
20 × 6 = 120 non-convex shapes (2 per icosahedral edge plus 3 per icosahedral face).
Second, a solution by Julia Young, posted on G+. It's more involved, but I like how it uses less 'looking at the shape' and
more 'pure reasoning':
We can figure this out using the Euler characteristic. Since this is a polyhedron, the Euler characteristic is 2.
So the number of faces plus the number of vertices minus the number of edges should equal 2. So this shape
satisfies f+v-e=2 where f is the number of faces, v is the number of vertices, and e is the number of edges.
One thing needs clarifying, to avoid confusion before we continue. While the non-convex shapes
technically have eight corners and eight sides, I'm going to stipulate that an edge is the curve where two
faces meet and a vertex is a point where three faces meet (or, equivalently for this shape, where three edges
intersect). With vertices and edges defined this way, the non-convex shapes each have six edges and six
vertices.
Let p=the number of pentagons on this surface, h=the number of hexagons, and n=the number of nonconvex shapes. Then we have that f=p+h+n.
Since for each pentagon there are 5 vertices, for each hexagon there are 6 vertices, for each non-convex
shape there are 6 vertices, and for each vertex there are 3 faces, the total number of vertices is v=
(5p+6h+6n)/3.

Similarly, for each pentagon there are 5 edges, for each hexagon there are 6 edges, for each non-convex
shape there are 6 edges, and for each edge there are 2 faces, the number of edges is e=(5p+6h+6n)/2.
Substituting these into the equation f+v-e=2 and simplifying leads us to conclude there are 12 pentagons.
From here, we note by observing the image, that there are two ways the non-convex shapes interact with
other shapes. Each non-convex shape satisfies one of the following conditions:
(1) The non-convex shape shares an edge with 1 hexagon and 1 pentagon, or
(2) The non-convex shape shares an edge with 2 hexagons.
Let a=the number of non-convex shapes that satisfy (1). Let b=the number of non-convex shapes that
satisfy (2). Note that a+b=n, since each non-convex shape satisfies exactly one of these two conditions.
For each non-convex shape satisfying (1), there is 1 pentagon and for each pentagon there are 5 non-convex
shapes satisfying (1). Thus, we have the relationship 5p=a. So a=60.
For each hexagon, there are 2 non-convex shapes that satisfy (1), and for each non-convex shape satisfying
(1) there is 1 hexagon. So 2h=a, hence, h=30.
Finally, for each hexagon there are 4 non-convex shapes that satisfy (2), and for each non-convex shape
satisfying (2) there are 2 hexagons. So 4h=2b and b=60.
Therefore, there are 12 pentagons, 30 hexagons, and 120 non-convex shapes on this particular polyhedron
created by Wenninger.
Here's an interesting fact revealed by Julia's analysis: for the purposes of topology, the nonconvex shapes act just like
hexagons... and this shape might as well consist of hexagons and pentagons with 3 polygons meeting at each vertex. In
my March 23rd entry, I noted that whenever we have a sphere tiled by hexagons and pentagons, with 3 polygons
meeting at each corner, there must be 12 pentagons. I used the same method as Julia: Euler's formula together with a
simple counting argument.
But that's just the start of her analysis: then things get more interesting!.
I got my tale of Wenninger from this article:
Magnus Wenninger, Wikipedia.
and the image from here:
Taffgoch, Order in Chaos, Deviantart.
For my April 2014 diary, go here.
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Diary - April 2014
April 1, 2014

Lisa and I visited Bern, where she has a colleague in the university. It's a great place — still sort of medieval in flavor.
The name of this city sounds a bit like 'bear'. And indeed, there are statues and pictures of bears all over Bern.
Legend has it that, in 1191, Duke Berthold V of Zähringen vowed to name the city after the first animal he met in the
forest that was to be chopped down for his new city. The story goes:
Then they caught a bear first, which is why the city was called Bern; and so the citizens had their coat and shield, which
was a black bear in a white shield, going upright.
Others deny this, but everyone seems to agree that in 1513, when the Bernese returned home victorious from the Battle
of Novara, they carried home a living bear... and for centuries, the city has kept bears in a pit called the Bärengraben.
This pit has been moved now and then, and in 1994 it was rebuilt to improve conditions for the bears. But keeping bears
in a pit still seemed nasty to many people, so in 2000 the city built a special park for bears by the river Aar — the
BärenPark — which is connected to the pit by a tunnel. So now the bears can visit the pit if they want, but they don't
have to stay there. When I passed the pit, none were there. No surprise!

April 5, 2014

I'm in Erlangen, where the great German mathematician Emmy Noether was born in 1882. She was the daughter of the
well-known mathematician Max Noether - but as a woman, she was only allowed to audit courses at the university here.
Somehow she finished a PhD thesis in 1907. She then worked here without pay for 7 years, since women were excluded
from academic jobs.
Her thesis advisor, Paul Gordan, specialized in doing complicated calculations to find all the polynomials that were
unchanged by certain symmetries. Around this time David Hilbert proved a powerful general theorem that said all these
polynomials could be gotten by adding, subtracting and multiplying a finite set of them, called 'generators'. But he didn't
say how to find these generators! Gordan said "this is not mathematics; this is theology."
Noether did her thesis, On Complete Systems of Invariants for Ternary Biquadratic Forms, in the style of Gordan's
work. It was well received, but she later said it was "crap". While working without pay, she learned Hilbert's ideas and

started revolutionizing the subject of algebra.
In 1915 she was invited to the University of Gvttingen by David Hilbert and Felix Klein. Their attempt to recruit her
was fought by the philologists and historians, who didn't want a woman on the faculty. Hilbert fought back, saying
"After all, we are a university, not a bath house."
It took years for her to actually get paid, but she started working at Göttingen and soon proved the theorem physicists
remember her for, relating symmetries and conservation laws. They call it Noether's Theorem.
Her theorem applies to classical mechanics and classical field theory, but there's also a quantum version, and more
recently Brendan Fong and I proved a 'stochastic' version, which applies to random processes. The stochastic version is
weirdly different from the quantum version, but Ville Bergholm has just written a nice article discussing this issue, and
some results he discovered with Jacob Biamonte and Mauro Faccin:
Ville Bergholm, Noether's theorem: quantum vs stochastic.
Check it out!
Emmy Noether finally started getting a salary in 1923, sixteen years after finishing her thesis. If anyone asks why there
are fewer famous women mathematicians than men, consider pointing this out!
Noether did extraordinary work until 1933, when the Nazis kicked her out of the University of Gvttingen. She wound up
in Bryn Mawr College, a women's college near Philadelphia. She died of complications from surgery in 1935.
But here are some of the wonderful things she did:
In 1921 she stated the general definition of 'ring' and 'ideal', and proved that in a ring where every increasing sequence
of ideals stops growing after finitely many steps, every ideal has finitely many generators. Such rings are now called
Noetherian.
In 1927 she gave a massive generalization of the fundamental theorem of arithmetic, about unique factorization into
primes. She characterized commutative rings in which the ideals have unique factorization into prime ideals as the
integral domains that are Noetherian, 0- or 1-dimensional, and integrally closed in their quotient fields. Sorry - this
sounds technical, and it is! But everyone who studies modern number theory takes this result as basic: such rings are
now called Dedekind domains, but Noether discovered them.
Even more important than either of these massive results are the beautifully simple 'Noether isomorphism theorems' that
everyone learns near the start of a course on group theory.
And perhaps even more important was her discovery of 'homology groups' while attending lectures by the famous
topologists Alexandrov and Hopf. Other people would have made a whole career out of this discovery, which utterly
revolutionized topology. But she only gave it a tiny mention in one of her works on group theory! She was truly a
fountain of new ideas.
I now have an office in the Emmy-Noether-Zentrum für Algebra at the university in Erlangen.
For more, try:
Emmy Noether, Wikipedia.
April 21, 2014

The poet Martial was a kid when Caligula was emperor of Rome. Later he got support from the emperor Domitian. So
Martial was an expert on decadence and depravity — and his work shows it.
He's famous for short, snappy, perfectly structured poems with surprise endings. People called them 'epigrams'.
But he's also infamous - because many of those epigrams are rude or even obscene. The Loeb Classical Library edition
of his work says:
No account of the work of Martial would be complete without two features being touched upon which have
darkened his fame, namely his indecency, and his adulation of Domitian. With regard to the first, however,
of the 1171 epigrams in the first twelve books, those open to objection do not exceed a fourth, and if the
350 epigrams in Books XIII and XIV be included, the proportion is still smaller. On the other hand, of the
objectionable epigrams the greater part are indescribably foul.
Here's one that's not indescribably foul:
Praedia solus habes et solus, Candide, nummos,
    aurea solus habes, murrina solus habes,
Massica solus habes et Opimi Caecuba solus,
    et cor solus habes, solus et ingenium

omnia solus habes — hoc me puta velle negare! —
    uxorem sed habes, Candide, cum populo.
You don't need to know Latin — I sure don't — to appreciate the tight structure. Almost every line has "solus habes" as
its 2nd and 3rd words! This means "only you have" — and the poems is about possessiveness, and arrogance.
Here's a decent translation by A. S. Kline:
Only you have land, then, Candidus,
Gold plate, cash, and porcelain, only you,
Massic or Caecuban wine of famous vintage,
only you — judgement and wit, only you.
You have it all — well say I don't deny it —
But everyone has your wife, along with you.
A put-down, with a zinger at the end — typical Martial.
Here's another, also translated by Kline:
Chloe, I could live without your face,
without your neck, and hands, and legs
without your breasts, and ass, and hips,
and Chloe, not to labour over details,
I could live without the whole of you.
But now maybe you want to read an "indescribably foul" one, to see how bad they get! Well, you're not getting it here.
Try this:
A. S. Kline, Martial, Selected Epigrams.
This is how to get people to read poetry.
Personally I find many of Martial's poems annoying... but it's very interesting to see that art designed to shock is not
new to the 20th century. Are we, like the Roman Empire of Martial's day (roughly 40-100 AD), a civilization that's
become decadent?
On a brighter note, Martial was a jolly fellow, good to his friends, and he spent a lot of time living out in the
countryside. This gives the flavor of it:
These, my dearest Martialis, are
the things that bring a happy life:
wealth left to you, not laboured for;
rich land, an ever-glowing hearth;
no law, light business, and a quiet mind;
a healthy body, gentlemanly powers;
a wise simplicity, friends not unlike;
good company, a table without art;
nights carefree, yet no drunkenness;
a bed that's modest, true, and yet not cold;
sleep that makes the hours of darkness brief:
the need to be yourself, and nothing more;
not fearing your last day, not wishing it.
Only the remark that inherited wealth makes for true happiness makes this outdated. Roman society, unlike ours, was
openly aristocratic, with social equality not even a goal.

The photo above was taken by someone named Victor Manuel, who put it on WikiCommons. It shows a bronze bust of
Martial created by the Spanish artist Juan Cruz Melero (1910-1986).
Over on Google+, Annarita Ruberto clarifies:
The novelty of Marco Valerio Marziale consists in the elimination of mythology, considered false and farfetched. The aim of his poem is to totally take inspiration from reality.
(I studied Latin and Greek for five years before graduating in Physics;)).
and then:
With Marziale we have the affirmation of the epigram as a literary device: before him, the epigram, dating
back to arcaic Greek age, was essentially a commemorative function and was used to positively remember a
thing or a person (and in fact the word "epigram" comes from the greek and means "inscription" from
epigraphein "to write on &mdas; inscribe"); but thanks to his work it, while retaining its brevity, deals with
new issues such as parody, satire, politics and eroticism.
From the stylistic point of view, Marziale opposes the mobility of the epigram both to the epic genre and to
Greek tragedy, which through their famous and "heavy" themes kept away from everyday reality. Constant
is in fact, in his verses, the literary controversy, often used to defend against those who considered poorly
valid (from the artistic point of view) the epigrammatic kind, but also against those who accused him of
being aggressive or obscene.
The language he uses is colloquial and everyday. His constant realism, however, allows him to develop a
rich language by introducing in literature many terms and phrases that had never before found a place. He is
able, finally, to demonstrate great flexibility in alternating elegant and sophisticated phrases with indecent
and often vernacular sentences.
For my May 2014 diary, go here.
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Diary - May 2014
John Baez
May 11, 2014

It looks like an old Dutch painting, but it's a photo of L'Ecurie: a dim-lit, ancient restaurant in what once was a stable.
Lisa and I are back in Paris — and every time we come here, we eat at L'Ecurie.
See that wooden rack? That's bread up there. The food is reliably good, and the woman Miny who owns the place is
tremendously sweet
  when Lisa said how much we like coming back here, she gave Lisa a kiss on the head!
This review by Brian C. gives some of the flavor:
In the Place de la Montagne St Genevieve very near the Pantheon. A most extraordinary place. The decor
has not changed possibly for a hundred years. The bar counter is still a 'zinc'. When you arrive the manager
plonks down a sangria in front of you 'on the house'. The menu is small but the quantity is immense. A lot
of 'chips' and different bits of beef. Wine comes in carafes. One could say an atmospheric place. No decent
woman would attempt the toilet . Nor would few men. I have never seen, even in la France Profonde, a
more primitive structure. Even the owner advises people to go across the road to another establishment "if
you cannot face the toilet". She has an arrangement! Her sons tell her she should upgrade the whole place
but it would most certainly lose character! That would be a pity. But you would think that the toilet could
be modernised.
But this tale from the book Through Darkest Gaul with Trencher and Tastevin is even better:
I went on a sunny evening (one of the few this sodden summer) and found an ancient seedy building whose
decor, inside and out, could best be described as Dickensian Hippie. The facade was the sort of black which

might have begun decades ago as any other color, with decoration which included a couple of brightlypainted cartoons and an amazing tattered photo of an ancient bearded gentleman on an enormous tricycle, a
parodic Horseman of the Apocalypse. Over the sidewalk hung a sign with a stylized representation of a
strutting Etruscan stud. The tables inside were crowded and higgledy-piggledy, so I opted for a small table
on the sidewalk in the sun with the grill just the other side of an open window. There I could enjoy
everyone else's dinner as well as my own.
I was immediately brought a glass of sangria, a basket of bread, and a generous dish of aïoli which must
have kept the staff occupied all day crushing the garlic. The aroma wafting through the window told me that
my first course had to be grilled marinated sweet peppers and tomatoes, brushed with the marinade and
sprinkled with basil. These proved to be succulent even beyond expectation. For a main course I settled on
grilled lamb chops and French fries and was rewarded with lamb which tasted simply of lamb and fries
which tasted of potato. My only mistake was to pass up the house wine for an indifferent Provencal rosé.
Subsequently I would adopt the maxim,
Don't stray
   From the cliché,
Just stay
   With the pichet!
At the end of a leisurely meal I was brought a glass of calvados. (Like the sangria, it came with the
territory.) By then the restaurant had filled up and a young couple with a baby, evidently friends of the staff,
were regretfully informed that there was no room in the inn. Observing a star in the East, I stood up and
offered them my table, which they gratefully accepted. Conversation revealed that he was himself a
restaurateur, in charge of a riverside restaurant at the Bastille which was mentioned in one of my guide
books. It was his night off. I was reassured; "Eat where the chefs eat," is my motto.
He proved to be very familiar with L.Ecurie and knew something of its history. The building itself, he
thought, went back to the 16th century and the ground floor had been a restaurant for at least a hundred
years. I would later discover that the bar inside was an original zinc. This was the metal from which they
were usually made, so that it became the generic term even when the bar was wood or even plastic. Alas,
this became common during the last war, when almost all of the zinc bars were melted down by the
Germans. This is one of the few to survive, and the maker's seal is evidence that it dates from just after the
Great War (as opposed to the others).
All this is still true. But it's just the start! For the whole story, go here:
John Whiting, L'Ecurie, from Through Darkest Gaul with Trencher and Tastevin, 1997.
Clearly this place inspires not just affection but love from many people. The reason, ultimately, is that Miny is more
interested in making people happy than making money.
May 24, 2014

This is the category theorist Andrée Ehresmann in an anechoic chamber, computer in hand. Yesterday we went into this
room at IRCAM, a famous experimental music laboratory in Paris.
An anechoic chamber is a room with walls designed to absorb all incident sounds — if you snap your fingers, it sounds
strangely dead, and one of my hosts said you can lose your sense of orientation. At IRCAM they sometimes suspend a
piano inside the anechoic chamber to study its sounds without any echoes getting in the way.
IRCAM is the Institut de Recherche et Coordination Acoustique/Musique. From the outside it looks unimpressive,
because most of the rooms are underground. Inside they've got a huge performance space where all the walls are
speakers... using computers they can make sounds move around the room. And I got a great demonstration of OMax, a
program that can listen to musicians, learn the patterns, and start to improvise along with them in real time.
Andrée Ehresmann is a mathematician who began as analyst but then worked on category theory with her husband
Charles, developing concepts such as double categories, internal categories and the like, often for the study of
differential geometry. At IRCAM she is working on music theory with Moreno Andreatta and Alexandre Popoff.
They're studying 'K-nets', which are diagrams where the vertices are notes or chords, and the edges are musical
operations like transposition (raising or lowering a note or chord) and inversion (flipping a note or chord upside down).
K-nets were invented by a music theorist:
Klumpenhouwer network, Wikipedia.
but they're easiest to define using some category theory. You start with a group G of musical operations (like the 24element group of transpositions and inversions), think of it acting on a set S (like a set of notes or chords), and then look
at a functor from a diagram D into G. Then the vertices of the diagram get labelled with notes or chords in S, while the
edges get labelled with musical operations in G.
I had a great time, and hope to spend more time there someday when I return to Paris! Alas, I'm leaving the day after
tomorrow.
May 25, 2014

The Alhambra is a marvelous palace in Granada, Spain. It started as a small fortress, but it was renovated in the 11th
century by a Moorish king, and converted into a royal palace in 1333 by the Sultan of Granada. The Sultan's Canal
carries water from a nearby river, and it goes by aqueduct the Alhambra. This was used for vegetable gardens and
drinking water... but also fountains, ponds and a famous 'water stairway', which beautified and cooled the palace
grounds.
The Alhambra is also famous for its gorgeous tiling patterns. Since I like the math of these, I photographed the
Alhambra tiles when I visited Granada to give a talk at their Department of Algebra. (Yes, they have a department of
algebra!) You can see some of my photos in "week267" of This Week's Finds, along with a discussion of the 17
"wallpaper groups" that show up as symmetries of tilings. John Conway has a cool way of proving that these 17 groups
are the only options.
But yesterday, someone at Open University wanted a high-resolution copy of an Alhambra tile photo. In the process of
giving it to them, I noticed that this picture of a pool isn't bad either. See the goldfish?

May 26, 2014

Lisa are getting ready to leave Erlangen and return to Riverside. Today I gave a talk at the computer science department
here.
It turns out Erlangen is the 'sister city' of Riverside, California. When I first came here, I disovered this accidentally
when I was registering at the town hall — I bumped into a little display in the town hall that announced this. But
somehow an official from the local government found out I was giving my talk yesterday and wrote an article about it:
Mathematikstunde aus Riverside.
You can click to read a translation into English. It doesn't make much sense, but it's flattering.

May 27, 2014

Why are egg yolks yellow? They contain two very similar yellow chemicals called lutein and zeaxanthin. I like these
molecules because one of them is perfectly symmetrical, and the other is almost perfectly symmetrical. Can you see
which is which?

These chemicals are synthesized only by plants. They're called xanthophylls, from the Greek words for 'yellow' and
'leaf'. You can get lots of xanthophylls from green leafy vegetables like spinach. Plants use use xanthophylls to deal
with problems that arise when it's too sunny. Bright sunlight makes a lot of triplet-state chlorophyll, an excited form of
chlorophyll, which can cause chemical reactions that damage the plant. The xanthophyll cycle is a way of removing
excess energy from triplet chlorophyll in a harmless way.
Animals get lutein and zeaxanthin from plants. The retina of your eye contains these chemicals! Since these chemicals
look yellow, they absorb purple light... and it seems they help our eyes avoid the damaging effects of that light.

Why do egg yolks contain these chemicals? They're fat-soluble, so it's easy for them to get dissolved in the fatty yolk.
But also, they seem to be important antioxidants during the rapid growth of an embryo, and help the embryo mount a
good immune response to infections.
These chemicals are colorful because they have a long chain of conjugated double bonds between carbon atoms —
shown as alternating single and double bonds in this picture. Electrons vibrate back and forth along this chain in a fun
quantum way. So, when a photon of the right color hits the molecule, it can easily be absorbed — and its energy goes
into the motion of electrons!
Like piano strings, electrons in chains of conjugated double bonds vibrate faster when these chains are shorter.
Molecules with a chain of fewer than 8 such bonds absorb only ultraviolet light, so they look colorless to us. With every
extra double bond, the system absorbs photons of longer wavelength. Lutein and zeaxanthin absorb purple light — so
they look yellow. Carotene, from carrots, absorbs blue light — so it looks orange!
For more, see the great comments on my G+ post.
May 29, 2014

Grass is green because it contains chlorophyll. But why is chlorophyll green?
Chlorophyll contains chlorin, shown here... and in the middle of the chlorin, a magnesium atom with 2 electrons
missing! There are different kinds of chlorophyll — but the most common have a long 'tail' of carbon and hydrogen
atoms, called phytol. For example, take a look at chlorophyll a:

The chlorin, with the magnesium ion in its heart, is the part that absorbs light. It has lots of alternating single and double
bonds, and this so-called conjugated system is really good at absorbing light.
What role does the magnesium ion play, exactly? I don't know! In my May 27th entry I showed you a xanthophyll, a
yellow-colored molecule that also absorbs light in the leaves of plants — not for photosynthesis, but for dealing with
situations where there's too much light. Xanthophylls have a chain rather than a ring of single and double bonds — and
no magnesium: just carbon, hydrogen and sometimes a couple oxygens at the ends. But somehow magnesium is
essential for the proper functioning of chlorophyll: without it, plants get sick and die.

I like chlorin because it's almost but not quite symmetrical. At first it looks as symmetrical as a square! But soon you
notice that two of the nitrogen atoms are attached to hydrogens and two are not. Look harder, and you'll see even more
asymmetries!
Three of the pentagons here have alternating single and double bonds. They're called pyrrholes, and electrons in these
pentagons easily get excited by light. But the fourth pentagon does not have alternating single and double bonds. It's
called a pyrroline, and its electrons do not get easily excited.
You'll notice I never said why chlorophyll is green. One answer is that it absorbs lots of light at the red and blue ends of
the visible spectrum, but not so much green. Here are the absorption spectra of the two most common kinds of
chlorophyll — chlorophyll a and chlorophyll b:

I bet physical chemistry is advanced enough now that we can show the spectrum has to look like this, given the
molecule structure of chlorophyll and what we know about quantum mechanics. But there are other ways to tackle the
puzzle. For example:
Puzzle. Why aren't plants black, so they can absorb as much light as possible?
You can see a lot of discussion of this very hard puzzle on my Google+ post. In particular, this interesting paper:
Marcell A. Marosvvlgyi and Hans J. van Gorkom, Cost and color of photosynthesis, Photosynthesis Research,
2010.
seems to contain math errors, as discussed here and in some comments on my G+ post:
V. Verburg, Why are plants green? An investigation into the mathematical details of the paper 'Cost and color of
photosynthesis', Bachelor's thesis, Mathematisch Instituut, Universiteit Leiden, 2011.
For my June 2014 diary, go here.
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John Baez
June 3, 2014

Why is blood red? It contains heme, a molecule which is very similar to chlorophyll... but with iron instead of magnesium at its
heart!
Like chlorophyll, heme is a porphyrin. That means it's made of four pentagons of carbon and nitrogen joined together by bridges of
carbon. In chlorophyll a, almost all the carbons connected by alternating single and double bonds. In heme, they all are.
These alternating single and double bonds let electrons roam around in a smeared-out, quantum way... and when light hits the
molecule, it's like a kid jumping on a trampoline! It makes these smeared-out electrons vibrate back and forth. But unlike the kid, the
light gets absorbed if it's vibrating at the right frequency: it transfers all its energy to the molecule.
Chemists have a really sexy way of talking. Listen to how they say what I just said:
Heme and chlorophyll are porphyrins. Porphyrins are heterocyclic macrocycles composed of four modified pyrrole
subunits interconnected at their α carbon atoms via methine bridges (=CH-). Porphyrins are aromatic. That is, they obey
Hückel's rule for aromaticity, possessing 4n+2 π electrons (where n is the number of carbon atoms) delocalized over the
macrocycle. Thus porphyrins are highly conjugated systems. As a consequence, they typically have intense absorption
bands in the visible region.
Nothing about kids jumping on trampolines...
But I've got some questions. It's important that chlorophyll absorbs light - that's how plants get energy. It doesn't seem important that
heme absorbs light. What heme does is grab oxygen, carry it to where it needs to go, and then let it go. So:
Puzzle 1. Is it just a 'coincidence' that blood is red, or is its color somehow a necessary aspect of its biological function?

Puzzle 2. Did heme evolve from chlorophyll? Did chlorophyll evolve from heme? Did they both evolve from a common molecule?
Or in each case did nature arrive separately at the idea of using a porphyrin with a metal ion in the middle?
I can give you some hints for Puzzle 2. Hemoglobin and hemoglobin-like molecules are also found in many invertebrates, fungi, and
plants. These molecules can carry oxygen, or transport and regulate other things such as carbon dioxide, nitric oxide, hydrogen
sulfide and sulfide ions.
There are also porphyrins containing other metals! For example, the blood of crabs contains hemocyanin, which has copper instead
of iron.
The molecule shown above is heme b, the most common form in humans. Heme a is a lot like chlorophyll a — they both have a
long chain of carbons attached to the porphyrin. Here is heme a:

and here is chlorophyll a:

The portion with the bracket around it is repeated twice: that's what the subscript 2 means.
For some attempts to answer my puzzles, read the comments on my Google+ post.
June 5, 2014

Why are carrots orange? Because they contain carotene.

Carotene comes in different forms, but here is one of the most common: β-carotene. I like it because it's perfectly symmetrical. It

has a long chain of carbons with alternating single and double bonds. Electrons vibrating along this chain absorb blue light. So the
carrots have the opposite color: orange!
Humans need a chemical called retinal in order to see:

It looks roughly like half a carotene molecule — and like carotene, it's good at absorbing light. Attached to a larger protein molecule
called an opsin, retinal acts like a kind of antenna, catching particles of light.
Humans can't produce retinal without help from the foods we eat. Any chemical we can use to produce retinal is called vitamin A.
So vitamin A isn't one specific chemical: it's a group. But beta carotene counts as a form of vitamin A.
So, you can do something amazing without even thinking about it: you can eat a carrot, extract the beta carotene, break it in half, turn
it into retinal, attach it to an opsin, and see! That's why eating carrots is good for your vision.
It's no coincidence that plants contain carotene: its light-absorbing abilities play a role in photosynthesis. But...
Puzzle 1. Why do carrots, which are underground, contain a lot of carotene?
Puzzle 2. Why are oranges orange?
You can see alpha-, beta-, gamma- and delta-carotene here:
Carotene: the multiple forms, Wikipedia.
For answers to the puzzles, see my Google+ post.
June 6, 2014

Look at this amazing molecule! It looks a bit like chlorophyll or heme, but it's got an atom of cobalt in the middle where those others
have magnesium or iron.
What's amazing is not that this molecule exists. What's amazing is that you need to eat it — or something very like it. It's called
vitamin B12, and you need about 2 micrograms a day.
In the middle ages, German miners called some rocks kobold ore — German for 'goblin' ore — because they were poor in known
metals and gave poisonous fumes when you heated them. In 1739 a Swedish chemist named Georg Brandt discovered that these
rocks contained a new metal. So this metal, cobalt, is named after goblins!
It took a lot longer to realize that cobalt is essential for human life. In 1934, three chemists won the Nobel prize for discovering that
eating liver could prevent a disease called pernicious anemia. The crucial chemical in liver — now called vitamin B12 — was
isolated in 1947. But its structure was only understood in 1956.
Animals can't make vitamin B12 — only bacteria, and a kingdom of older life forms called archaea, can do it. But animals store it,
so if you eat liver, or other kinds of meat, or fish, or eggs or milk, you'll get vitamin B12. And you don't need very much!
The molecule here is a form of vitamin B12 called cyanocobalmin, because it has a cyanide ion — CN — attached to the cobalt. This
is an artificial form of B12 you can buy at a drug store.
Puzzle. What is vitamin B11?
For the answer and some nice discussions see my Google+ post.
June 7, 2014

Three days ago my wife Lisa started seeing flashes like lightning in the peripheral vision of her right eye. Then she started seeing
black specks like gnats. Years ago she nearly had a detached retina, which doctors bolted down with laser surgery. So she has always
been on the lookout for symptoms like this.
We went to the emergency room around 8 pm, shortly after the black specks formed a 'curtain' in the middle of her field of vision.
Standing two yards from a mirror, she said: "I can't even see the color of my eyes."
In some ways we're all waiting for something like this to happen.
We're all going to die... or at least, most of us: some 'transhumanists' optimistically freeze their brains in hopes that future
generations will revive them, but even if this hope comes true, most people can't afford that. I've gotten used to the idea of dying, so
I'm not going to extraordinary lengths to prevent it. The harder part is slowly walking down the stairway of old age: getting used to
worse and worse health, slower wits, less energy... down to nothing.
It's a journey of renunciation. Wise old people don't talk about this much, because they know it annoys and (secretly) upsets the
young. It's better to let them live in their happy self-absorbed world: no point in spoiling it.
This must be one reason people like having children and grandchildren: as you falter and fade, they (with luck) are still growing
stronger. The spotlight nicely shifts from you to them... so when death pulls you off the stage with its hook, nobody pays much
attention: overall, the show is still a happy one.
Since I don't have children, I don't know exactly what this feels like. I tend to use math and physics to create that happy dreamworld
where everything keeps getting better and better... though I also have students, who will carry on when I conk out.
When I switched from pure math and fancy theoretical physics and started thinking hard about global warming, I had to accept the
extra emotional burden of facing a world that was not all bright and beautiful. I think some of my fans left at this point: it turns out
they wanted my science explanations to cheer them up! But I've got a lot of built-in pep and happiness, so I don't need a diet of pure
candy.
Anyway, it seems that Lisa had a posterior vitreous detachment, where the vitreous membrane separates from the retina. It's not a
disaster: three quarters of people over 65 get this condition! Here eye bled a bit when this happened, so she has a bunch of red blood
cells floating in her vitreous humor. Supposedly in a month these blood cells will go away, decomposed somehow by the magically
self-repairing body.
So, it's not so bad. I know that this is just one more step down that spiral stairway to darkness that Lisa and I are walking, hand in
hand. But that's just how it goes.
Lisa seems less perturbed by this than me: while I'm writing this little essay, she's packing her suitcases. At 9 tonight she's taking a
shuttle to the airport and then flying to Singapore! I'm going to a conference in Banff for a week, on computation with chemical
reaction networks. Then I'll join her in Singapore, where we will spend the summer working.
So life goes on. Until it doesn't. And even then, it goes on.
June 12, 2014

This beautiful molecule looks a lot like heme, but with zinc instead of iron at its heart! If you get lead poisoning, your blood will
start getting this instead of heme in it.
This molecule is called zinc protoporphyrin. It can show up in your blood for several reasons, including:
lead poisoning
iron deficiency
sickle cell anemia
vanadium poisoning
Puzzle 1. Why?
I don't know! I guess it makes sense that if you have an iron deficiency the body might wind up grabbing some similar metal and
using it as a substitute for iron in the heme.
Puzzle 2. Does it work? In other words, can it actually help you breathe?
Anyway, people use the presence of zinc protoporphyrin as a test for lead poisoning and other problems. Zinc blood is a bad sign.
June 21, 2014

This molecule looks like chlorophyll or heme — but where those have magnesium or iron, this has an atom of nickel at its heart!
And this molecule, called cofactor F430, is part of why cows burp so much.
Like all vertebrates, cows can't break down cellulose, the main ingredient in grass. So they have 4 stomachs, and in the 'rumen' there
are trillions of tiny organisms that can break down cellulose. These organisms make sugars, which the cows can digest — but also
other chemicals, including methane. The cows fart and burp... and since methane is a powerful greenhouse gas, about 40% of all
global warming due to agricultural activity comes from this process! Not just from cows, but also sheep and goats.
The tiny organisms that make methane are called methanobacteria... but now we know they aren't really bacteria. We've learned a
lot about the tree of life in recent decades. Now life is classified into three huge 'domains': Archaea, Bacteria, and Eukaryota. You,
the cow, and the grass are all in Eukaryota. Archaea are a very ancient domain, and they include methanobacteria.
Here's something cool: some Archaea called methanotrophs use cofactor F430 in reverse to metabolize methane instead of make it.
Could this go back to the days when Earth's atmosphere had lots of methane? Now these methane-eaters live in mud, marshes, soils,
rice paddies, landfills and oceans. If we learn to use them, we could use them to help fight global warming!
June 22, 2014

A Thorne–Żytkow object is a giant star that has swallowed a neutron star. The idea of such a thing was invented by Kip Thorne and
Anna Żytkow in 1976. Now we may have found one!
A Thorne–Żytkow object can be formed when a neutron star collides with a red giant or supergiant star. They might simply collide
by accident... but there's a lot of room in space, so this is very unlikely.
More likely, the neutron star and the giant could be part of a binary star system! A neutron star forms when a giant star runs out of
fuel, collapses, and explodes as a supernova, blowing off its outer layers... while the core crushes down to a ball of neutronium. So,
you have to image one giant star in a binary system doing this, while its partner survives.
Then, they might slowly spiral down due to friction. A red giant is usually surrounded by a lot of very thin hot gas. Once the neutron
star enters this, drag will make the two stars spiral toward each other more quickly. Depending on their initial separation, this process
could take hundreds of years. When the two finally collide, the neutron star and the core of the giant star will merge.
If their combined mass is big enough, the two will then collapse into a black hole, resulting in a supernova that blasts away the outer
layers of the giant star. Otherwise, we'll get a giant star with a neutron star at its core: a Thorne–Żytkow object!
Strange things could happen in a Thorne–Żytkow object. As gas falls from the giant onto the surface of the neutron star, it would get
very hot — about a billion kelvin — thanks to fusion and compression due to gravity.
Under these conditions, the rapid proton capture process or rp-process might occur! This happens when protons keep smacking
into an atomic nucleus, making it heavier and heavier. This can only happen when it's very hot, since protons are strongly repelled by
the positive charge of the nucleus.
There are a few places in the universe where the rp-process can occur — not just Thorne–Żytkow objects. A more common option
would be a binary system with one neutron star and one ordinary star, where gas sucked up by the neutron star gets very hot and
creates a big explosion. That's called an X-ray burster.
Some astronomers now claim that the star HV 2112 in the Small Magellanic Cloud is a Thorne–Żytkow object. I wouldn't be as
confident as the headline in this story, but it's definitely worth a read:
Astronomers discover first Thorne-Zytkow object, a bizarre type of hybrid star, Phys.org, 4 June 2014.
The picture here is by Mike Guidry, who has a nice webpage on four places where the rp-process could occur:
Mike Guidry, Sites for the rp-process.
You can read the original paper by Kip Thorne and Anna Żytkow here:
Kip Thorne and Anna Żytkow, Stars with degenerate neutron cores. I - Structure of equilibrium models, Astrophysical Journal
Part 1 212 (1977), 832–858.
June 23, 2014

I now live on the 14th story of an apartment for faculty at the National University of Singapore. In the lobby of each floor there's a
door labelled electrical riser, where wires go up from floor to floor. There's a door labelled TAS riser, where telecommunications
cables go up. And there's a door labelled ELV riser, where elves go up.
Well, that's what I imagined. But then I looked it up. Much to my surprise, I found that ELV actually stands for electrostatically

levitating vampire.
I pondered this for days. Finally, unable to resist, I opened up the ELV riser last evening. I saw black shrouded figures, light as
feathers, floating up a large shaft, lifted by the tiny voltage gradient. They congregate in the rooftop garden, drinking cocktails and
chatting... and then, when the moon comes up, they launch themselves into the night sky. You can see them sailing with their huge
bat-like wings toward the poor neighborhoods of Geylang... the seedy streets where prostitutes and illegal immigrants live....
knowing how unlikely it is for the bored police to do more than file a routine report when yet another victim is found dead in a back
alley.
You might think life in faculty housing would be boring, but it's not.
June 25, 2014

Too cute! Here's a mother pangolin carrying its baby, photographed by Firdia Lisnawati at a zoo in Bali. The baby was born at the
zoo on May 31, and this photo was snapped last Thursday when it was less than 3 weeks old.
A pangolin is a kind of scaly anteater found in tropical regions throughout Africa and Asia. A friend of mine even saw one in a park
in Singapore! There are eight different species, from the giant pangolin to the tree pangolin. Some are endangered because people eat
them or — even worse — kill them for the completely imaginary medical properties of their scales! In one incident in 2013, 10,000
kilograms of pangolin meat was seized from a Chinese vessel that ran aground in the Philippines.
When a pangolin is born, its scales are soft and white; then they gradually get harder and darker. At first the mother stays with the
baby in a burrow, nursing it, and she will wrap her body around it if she senses danger. After about a month, the baby first leaves the
burrow riding on the mother's back. Weaning takes place at approximately three months of age, and the young pangolin begins to eat
insects. At two years of age, the youth is grown up and is left to fend for itself.
Pangolins were originally classified among the Xenarthra, which include ordinary anteaters, sloths, and armadillos. But newer
genetic evidence indicates their closest living relatives are in the order Carnivora, which include wolves, bears, tigers, etc. So, they're
are now in their own order, Pholidota, next to Carnivora in the tree of life. They've got precious genetic distinctiveness! Hug a

pangolin today!
To learn about pangolin trafficking, read:
John D. Sutter, The most trafficked mammal you've never heard of.
June 26, 2014

Are these waves going to the left or the right?
The big pulses are moving to the right. The group velocity is the velocity of the big pulses, so this is positive.
The little wiggles are moving to the left. The phase velocity is the velocity of these little wiggles, so this is negative.
So, the group velocity and phase velocity can be completely different! You have to be careful when you talk about the speed of
waves. Indeed, if this wave was a rope wiggling up and down, the rope itself wouldn't be going left or right! The speed of the wave is
an abstraction... and we can define it in different ways.
There's also the signal velocity. Say you start with no wave at all to the right of some point. How far to the right of that point can the
wave get in one second? That's the signal velocity.
As far as we know, the signal velocity of light is about 299,792,458 meters per second no matter what. That's a law of physics.
But in air, the group velocity and phase velocity of light are less than this. And in glass, the phase velocity of X-rays is more than
this! That doesn't violate any laws of physics.
It's less common, but sometimes the group velocity of light is faster than 299,792,458 meters per second. This doesn't violate any
laws of physics either!
For a great illustration of faster-than-light group velocities, try this:
Greg Egan, Subluminal.
June 27, 2014

The title of this painting by David Fricks is "Neutrino Flux - 1987A"
SN 1987A is the name of a supernova in the Tarantula Nebula of the Large Magellanic Cloud whose light — and neutrinos! —
reached us in 1987.
Though it was over 150,000 light-years away, it was visible to the naked eye. Two to three hours before the visible light reached us,
a burst of neutrinos was observed at three separate neutrino observatories. They only saw a total of 24 neutrinos... but this is what
you'd expect from a supernova that far! It probably put out 1046 joules of energy, 99% in the form of neutrinos... for a whopping
total of 1058 neutrinos.
Some went through you, and some went through this monkey.
Here's a little mystery about supernova 1987A. It acted like a type II supernova, where a massive star runs out of fuel and its core
suddenly collapses. Given the size of the original star, its core probably crunched down to a neutron star. But so far astronomers
haven't been able to find this neutron star!
There are a few possible explanations. The first, and least exciting, is that the neutron star is there, but we can't see it yet because it's
still surrounded by dust clouds.
A more exciting option is that lots of stuff fell back on the neutron star and it collapsed into a black hole. We expect a black hole to
form when a star more than 20 times as massive as the Sun goes supernova. The star that formed supernova 1987A, a blue supergiant
called Sanduleak -69° 202, was apparently close to that borderline.
There are even more exciting options, but it's good to remember that in science, the most exciting possibilities tend to be the least
likely.

But it was already a surprise that Sanduleak -69° 202 became a supernova in the first place. Astronomers didn't think that blue
supergiants could run out of fuel and go supernova like that! So, maybe more surprises are in store.
I thank David Fricks for emailing me this picture.
For my July 2014 diary, go here.
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The N-Light Membrane is a cube of mirrors with fluorescent lights as edges. 3 mirrors are one-way, so you can see
inside. All you can see is reflections of the inside of the cube, extending to infinity!
The other 3 mirrors are flexible, and the cube is connected to an air tank. By inflating or deflating the air tank, you can
make the cube convex or concave. The reflections bend in weird ways. The effect is hypnotic.
This cube was created by an art collective called Numen/For Use, and it was displayed in St. Petersburg. It's fun to
watch videos of it shot from different angles.
What if you did a tetrahedron or octahedron? There's no need to imagine; you can see them here:
Numen/For Use, N-Light Objects.
Numen/For Use is really three Croatian and Austrian guys, Sven Jonke, Christoph Katzler and Nikola Radeljkovi..
July 7, 2014

It seems a lot of ultra-high-energy cosmic rays are coming from a patch of the sky near the Big Dipper!
Cosmic rays are high-energy particles, mainly protons and atomic nuclei, which come from outer space and hit the
Earth's atmosphere. When one hits, it produces a big shower of other particles. Most cosmic rays are believed to have
picked up their energy by interacting with shock waves in the interstellar medium. But the most energetic ones remain
mysterious — nobody knows how they could have acquired such high energies.
The record is a 1994 event seen by a detector in Utah called the Fly's Eye — because that's what it looks like. It saw a
shower of particles produced by a cosmic ray with an energy of about 3 × 1020 electron volts. That's an insane amount
of energy. It's about 50 joules: the energy of a one-kilogram mass moving at 10 meters/second, all packed into one
particle!
To put it another way: the Large Hadron Collider, our best particle accelerator, speeds up protons to an energy of 7
trillion electron volts. The cosmic ray seen by the Fly's Eye had an energy of 300,000,000 trillion electron volts. We're
not doing so well compared to nature. But we don't know how nature does it.
Anyway, now we've got a detector much better than the Fly's Eye: the Telescope Array. It's also in Utah, because the air
is clear and the nights are dark. It's a jaw-dropping 760 square kilometers in size, because land is cheap. It consists of
about 500 scintillation detectors in a square grid, each 1.2 kilometers away from the next. Each one is a solar-powered
gadget containing plastic that lights up when a shower of particles hits it. There are also three telescopes that watch the
air light up.
So, we can tell where the ultra-high energy cosmic rays are coming from!
Chart (a) shows where. Each dot is a cosmic ray with energy more than 57 quintillion eV. Well, the dot labelled GC is
the galactic center, and the dot labelled anti-GC is the 'anti-galactic center': the direction in the sky pointing exactly

away from the center of the Milky Way. GP is the plane of the galaxy, and there's some other stuff.
But the point is: the dots are clustered in a patch of the northern sky.
The colors in chart (b) show how many of these cosmic rays there are in a 20-degree circle around each point. This
makes it easier to see where they're coming from. Their paths get bent by magnetic fields, so even if they all originate in
one location they'd get smeared out.
What's making them? We don't know! That's the cool part: it's still a big mystery. Here's what the astronomers say:
Assuming the hotspot is real, two possible interpretations are: it may be associated with the closest galaxy
groups and/or the galaxy filament connecting us with the Virgo cluster; or if cosmic rays are heavy nuclei
they may originate close to the supergalactic plane, and be deflected by extragalactic magnetic fields and
the galactic halo field.
What the heck is the supergalactic plane? It's the curve in chart (a) lablled SGP. It's major structure in the local universe:
nearby galaxy clusters like the Virgo cluster, the Pisces-Perseus supercluster and the Great Attractor lie roughly in a
plane!
Someday we'll figure out what's really happening. The paper is here:
The Telescope Array Collaboration: R.U. Abbasi, M. Abe, T.Abu-Zayyad, M. Allen, R. Anderson, R. Azuma, E.
Barcikowski, J.W. Belz, D.R. Bergman, S.A. Blake, R. Cady, M.J. Chae, B.G. Cheon, J. Chiba, M. Chikawa,
W.R. Cho, T. Fujii, M. Fukushima, T. Goto, W. Hanlon, Y. Hayashi, N. Hayashida, K. Hibino, K. Honda, D.
Ikeda, N. Inoue, T. Ishii, R. Ishimori, H. Ito, D. Ivanov, C.C.H. Jui, K. Kadota, F. Kakimoto, O. Kalashev, K.
Kasahara, H. Kawai, S. Kawakami, S. Kawana, K. Kawata, E. Kido, H.B. Kim, J.H. Kim, J.H. Kim, S. Kitamura,
Y. Kitamura, V. Kuzmin, Y.J. Kwon, J. Lan, S.I. Lim, J.P. Lundquist, K. Machida, K. Martens, T. Matsuda, T.
Matsuyama, J.N. Matthews, M. Minamino, K. Mukai, I. Myers, K. Nagasawa, S. Nagataki, T. Nakamura, T.
Nonaka, A. Nozato, S. Ogio, J. Ogura, M. Ohnishi, H. Ohoka, and 59 more authors, Indications of intermediatescale anisotropy of cosmic rays with energy greater than 57 EeV in the northern sky measured with the surface
detector of the Telescope Array experiment.
July 13, 2014

A rotaxane is a 2-part molecule where one part is a ring that can rotate around the other part... but can't slip off!
People are starting to make molecular machines with rotaxanes. That's really cool, but let's talk about something
simpler. How do you make a rotaxane?
The first one was made in 1967 by two chemists named Harrison. They used a simple but clever trick. Say you have a
bunch of molecules that react and stick together in pairs to form a bigger dumbbell-shaped molecule. Say you let them

do this when mixed with copies of some other ring-shaped molecule. Then a few of them will connect through the ring,
forming a rotaxane!
By now there are better tricks:
1. Capping: you let a rod-shaped molecule fit through a ring, and then cap it off with balls that keep the ring from
sliding off.
2. Clipping: you let a short C-shaped molecule fit around the middle of a dumbbell, and then get it to close off and
form a ring.
3. Slipping: sometimes at high temperatures a ring can stretch and fit around the end of a dumbbell... but at low
temperatures it can't slip off.
The picture shows a rotaxane made in 1998. The paper describing this is not open-access, and I'm too lazy to get ahold
of it and find out what trick they used. The picture was made by James Fraser Stoddart or one of his coworkers — he
runs a big lab and is a specialist on rotaxanes. You can see it here:
Rotaxane, Wikipedia.
This article also explains molecular machines made using rotaxanes!
July 17, 2014

This is a mural by Natalia Rak in Białystok, Poland. It reminds me of Alice in Wonderland, and the great Jefferson
Airplane song "White Rabbit" with its line
Ask Alice... when she's ten feet tall.
And that reminds me of this magnificent version of the same song:

If you love the original, you must listen to this! I can't give away what's so great about it: that would spoil the surprise.
Grace Slick's vocals are so powerful on the original I had thought no other version could be enjoyable, but I was wrong.
As with the mural, good art wants a good idea.
July 21, 2014

Boron is the 5th element in the periodic table, right next to carbon. But we don't hear much about it. Why not? Because
stars skip boron when building up elements, so it's rather rare!

It does, however, form interesting molecules, a bit like carbon. This is borospherene, a cage of 40 boron atoms. Earlier
this year, a team of Chinese chemists synthesized molecules made of 40 borons and did computer simulations to guess
what they'd made. This is their best guess!
It has a confusing shape. Each boron atom is connected to 4 or 5 others, and they make 48 triangles, 2 big hexagons and 4 heptagons, which are on the top, bottom, left and right.
It's a bit like the famous buckyball made of 60 carbons. But it's much less symmetrical, and it doesn't have any
hydrogens hanging off it. It has 8 symmetries. For starters, you can:
1.
2.
3.
4.

leave it alone,
rotate it 180 degrees around the axis pointing towards you,
switch the top and bottom in a certain way, or
do first 2 and then 3.

Abstractly this group of symmetries is called the Klein 4-group, because 'klein' means 'small' in German.
Puzzle 1: spot the joke.
Puzzle 2: explain why it's not just a joke; it's also sort of true.
Puzzle 3: how was most of the boron here on Earth made?
Puzzle 4: can you describe all 8 symmetries of borospherene?
If you get stuck on Puzzle 4, read what Layra Idarani wrote on G+. For more on symmetries of objects in 3d space, see:
Point groups in three dimensions, Wikipedia.
The symmetry group of borospherene is called D2d, and you can learn what that means.
Here's the paper, unfortunately not free:
Hua-Jin Zhai, Ya-Fan Zhao, Wei-Li Li, Qiang Chen, Hui Bai, Han-Shi Hu, Zachary A. Piazza, Wen-Juan Tian,
Hai-Gang Lu, Yan-Bo Wu, Yue-Wen Mu, Guang-Feng Wei, Zhi-Pan Liu, Jun Li, Si-Dian Li and Lai-Sheng
Wang, Observation of an all-boron fullerene, Nature Chemistry.
I thank Mark Bruce for alerting me to this discovery! The picture above, made by 'Materialscientist', is on
Wikicommons:
Borospherene, Wikipedia.
July 24, 2014

Cinnabar is a mineral made of mercury — the silver balls here — and sulfur — the yellow ones. It's fascinated people
for thousands of years. When you grind it up, you get vermilion: a brilliant red pigment.
Vermillion was used in murals in Çatalhöyük, one of the world's oldest cities, in Turkey, back around 7000 BC. It's been
used in the art and lacquerware of China since the Han Dynasty! You'll also find it in the Tomb of the Red Queen built
by the Mayans around 650 AD:

It was precious in Rome, used for art and decoration. Since mercury is poisonous, a term in working in the cinnabar

mines was a virtual death sentence. Pliny the Elder wrote:
Nothing is more carefully guarded. It is forbidden to break up or refine the cinnabar on the spot. They send
it to Rome in its natural condition, under seal, to the extent of some ten thousand pounds a year. The sales
price is fixed by law to keep it from becoming impossibly expensive, and the price fixed is seventy
sesterces a pound.
The Chinese were probably the first to make a synthetic vermilion, back in the 4th century BC. A Greek alchemist
named Zosimus of Panopolis mentioned the process around the 3rd century AD. In the early ninth century the alchemist
Jabir ibn Hayyan described it in a book — and it then spread to Europe.
The process is pretty simple. You mix mercury and sulfur together, forming a black compound called Aethiopes
mineralis. You heat it in a flask. The compound vaporizes, and recondenses on the top of the flask. Then you break the
flask, take out the vermilion, and grind it. At first the stuff is almost black, but the more you grind it, the redder it gets.
Puzzle 1: Where did they get the mercury in the first place, if not from cinnabar?
Puzzle 2: If they had cinnabar, why not just grind that to make vermillion?
Puzzle 3: Why does the stuff start out black?
Here's one possible answer to Puzzle 3. Cinnabar contains one crystal form of mercury sulfide, the so-called α form,
shown here. It's a hexagonal crystal, and it's red. But there's also another form, the β form, which is black. This is
sometimes called 'metacinnabar' — a cool word if I ever saw one.
In Taoist alchemy in China, cinnabar and gold were used in various potions that were supposed to give long life.
Cinnabar was considered to have a lot of yang and gold a lot of yin. According to their theories, gold naturally
transmutes into cinnabar over time, much as yin becomes yang (and vice versa). The evidence? Deposits of cinnabar are
sometimes found beneath veins of gold.
Unfortunately, some people got mercury poisoning thanks to these potions!
Isaac Newton also spent a lot of his later life doing alchemy. This is not as dumb as it sounds, because at that time
alchemy included what we now call 'chemistry', along with more mystical things. Some hairs from Newton's body have
been found to contain 4 times as much lead, arsenic and antimony as normal — and 15 times as much mercury! This
might explain Newton's tremors, severe insomnia, and paranoia.
I love the look of this crystal! The picture, made by Ben Mills, is on Wikipedia:
Mercury sulfide, Wikipedia.
Some of my text is quoted or paraphrased from these articles:
Cinnabar, Wikipedia.
Vermillion, Wikipedia.
For the use of cinnabar in Taoist alchemy, see:
Cinnabar use in Taoist alchemy, Encyclopedia of Buddhism.
July 25, 2014

Can you see what's happening here?
Each square is rotated by some angle compared to the square directly below it. This angle increases as time passes.
The angle starts out being zero, so the stack is straight. As the angle increases, the stack of squares starts to twist. When
the angle becomes big, the stack twists so much that it becomes very complicated! But when the angle reaches 90
degrees, the stack becomes straight again — because when you rotate a square by 90 degrees, it looks exactly the same!
So, the stack seems to twist more and more... and then straighten out again.
Moral: a symmetry is a way to change something so that it doesn't change.
This 'paradox' is why symmetry is so powerful. We see it in action here. We twist the squares so much they are
untwisted.
This gif was created by a mysterious person known only as intothecontinuum. I'll guess it's a he, because he uses a
picture of Erwin Schrödinger as his icon. He puts his gifs here:
Intothecontinuum, Archery.
Here's the Mathematica code for this particular gif:
v[x_, y_, z_] =
Flatten[Table[ {(-1)^i*x, (-1)^j*y, (-1)^k*z}, {i, 0, 1}, {j, 0,
1}, {k, 0, 1} ], 2];
f = {{1 , 2 , 4 , 3 }, {1 , 2 , 6 , 5 }, {5 , 6 , 8 , 7 }, { 3, 4 ,
8 , 7 }, { 1, 3 , 7 , 5 }, { 2, 4 , 8 , 6 } };

G[x_, y_, z_, s_, H_ , t_] :=
Table[
Translate[
Rotate[
GraphicsComplex[v[x, y, z], Polygon[f]],
h (Cos[t] + 1) Pi/4, {0 , 0, 1 }],
{0, 0, s*h}],
{h, 1, H}]
Manipulate[
Graphics3D[
G[2, 2, .1, .25, 30, t],
Lighting -> "Neutral", ViewPoint -> Front, ViewAngle -> 35 Degree,
Boxed -> False, ImageSize -> 500],
{t, 0, Pi}]

Puzzle 1: What's the significance of these numbers?
f = {{1 , 2 , 4 , 3 }, {1 , 2 , 6 , 5 }, {5 , 6 , 8 , 7 }, { 3, 4 ,
8 , 7 }, { 1, 3 , 7 , 5 }, { 2, 4 , 8 , 6 } };

For some answers, go to my G+ post on this subject and read the comments.
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This 'hypersnake' made by Davidope is cool, but here's something much cooler:
Darius Baon, Moiré eel.
It starts out intense... and then keeps getting more so.
You can control the shape of the little rectangles by moving your cursor over the screen. Do it! Try to keep your eye on
just one little rectangle! It moves up and down, not very fast... but sometimes it's impossible to keep your eye on it,
because all the rectangles together produce patterns that grab your attention. These are called Moiré patterns.
I think the 'hypersnake' above is attention-grabbing because your brain has parts that are good at detecting snakes even

before you are conscious of it. Your amygdala is one of these parts:
Information from an external stimulus reaches the amygdala in two different ways: by a short, fast, but
imprecise route, directly from the thalamus; and by a long, slow, but precise route, by way of the cortex.
It is the short, more direct route that lets us start preparing for a potential danger before we even know
exactly what it is. In some situations, these precious fractions of a second can mean the difference between
life and death.
Here is an example. Suppose you are walking through a forest when you suddenly see a long, narrow shape
coiled up at your feet. This snake-like shape very quickly, via the short route, sets in motion the
physiological reactions of fear that are so useful for mobilizing you to face the danger. But this same visual
stimulus, after passing through the thalamus, will also be relayed to your cortex. A few fractions of a
second later, the cortex, thanks to its discriminatory faculty, will realize that the shape you thought was a
snake was really just a discarded piece of garden hose. Your heart will then stop racing, and you will just
have had a moment's scare.
The 'moiré eel' was made by Darius Bacon. You can see more of his stuff here:
Darius Bacon, Wry Me.
Davidope makes a lot of cool animated gifs, which you can see here:
Davidope,
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The first report of a fast radio burst appeared in 2007. An astronomer named Duncan Lorimer found a signal buried in
recordings made at the Parkes radio telescope in Australia. It lasted for less than 5 milliseconds and it seemed to come
from outside our galaxy. It didn't match anything we'd seen in visible light, X-rays or anything else. A complete

mystery!
Last year people found 4 more. But all at the Parkes telescope. Maybe there was an error of some sort?
But now they've seen one at Arecibo, the famous radio telescope in Puerto Rico. Duncan Lorimer says several more
confirmations will soon be announced.
So what causes these fast radio bursts?
We don't know. But here's one theory: a 'blitzar'.
When a supernova blasts the outer layers of a big star into space, the remaining core collapses down to a ball of
neutronium heavier than our Sun and the size of a small city: a neutron star.
If this spins fast enough, like a thousand times a second, it's highly magnetic. It produces regular pulses of intense
radiation — and we call it a pulsar.
If it's too heavy, though, the neutron star collapses into a black hole.
But suppose it's spinning really fast! Then the centrifugal force might pull it out and keep it from collapsing into a black
hole!
Until it slowed down. Then it would collapse into a black hole. The magnetic field lines would suddenly get cut by an
event horizon. They don't like that. WHAM — a blast of radio waves. A blitzar.
One newspaper headline describes it this way: "as if millions of voices suddenly cried out in terror and were suddenly
silenced". It's good to see that purple prose isn't dead in science journalism.
This is just a theory, so far. We'll get more evidence as we see more short radio bursts.
For more, read these:
John Timmer, Mysterious radio bursts come from outside our galaxy, Ars Technica, July 7, 2013.
John Timmer, Possible explanation for radio bursts: Meet the "blitzar", Ars Technica, July 8, 2013.
They're well-written!
And here's the paper that introduced the blitzar theory. The calculations are surprisingly sketchy. It's really hard to
calculate what happens when a ball of neutronium suddenly collapses into a black hole, so they use simple estimates:
Heino Falcke and Luciano Rezzolla, Fast radio bursts: the last sign of supramassive neutron stars.
Abstract. Several fast radio bursts have been discovered recently, showing a bright, highly dispersed
millisecond radio pulse. The pulses do not repeat and are not associated with a known pulsar or gamma-ray
burst. The high dispersion suggests sources at cosmological distances, hence implying an extremely high
radio luminosity, far larger than the power of single pulses from a pulsar. We suggest that a fast radio burst
represents the final signal of a supramassive rotating neutron star that collapses to a black hole due to
magnetic braking. The neutron star is initially above the critical mass for non-rotating models and is
supported by rapid rotation. As magnetic braking constantly reduces the spin, the neutron star will suddenly
collapse to a black hole several thousand to million years after its birth. We discuss several formation
scenarios for supramassive neutron stars and estimate the possible observational signatures {making use of
the results of recent numerical general-relativistic calculations). While the collapse will hide the stellar
surface behind an event horizon, the magnetic-field lines will snap violently. This can turn an almost
ordinary pulsar into a bright radio "blitzar": Accelerated electrons from the travelling magnetic shock
dissipate a significant fraction of the magnetosphere and produce a massive radio burst that is observable
out to z > 0.7. Only a few percent of the neutron stars needs to be supramassive in order to explain the

observed rate. We suggest that fast radio bursts might trace the solitary formation of stellar mass black
holes at high redshifts. These bursts could be an electromagnetic complement to gravitational-wave
emission and reveal a new formation and evolutionary channel for black holes that are not seen as gammaray bursts. Radio observations of these bursts could trace the core-collapse supernova rate throughout the
universe.
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Jupiter's moon Europa is about as big as ours... but its crust is made of water ice, and underneath there seems to be a
salty ocean!
The surface has red cracks. Spectrographs suggest these are rich in salts like magnesium sulfate left by evaporating
water that comes from within. But why are they red? Nobody knows. Maybe it's sulfur.
Why are there cracks? That's an interesting story.
Europa orbits Jupiter every three and a half days... but it's tidally locked to Jupiter, so there's a place on Europa's surface
where Jupiter always hangs directly overhead. If you looked up, it would be about 24 times as big across as the Sun

viewed from Earth. About the size of your fist at arm's length.
But all is not calm! Europa is in resonance with two other moons of Jupiter. It goes around exactly half as often as the
moon Io, and twice as often as Ganymede.

This keeps its orbit from settling down into a perfect circle. So Jupiter seems to move towards Europa and then back
away every 3½ days. Just a little bit.
When Jupiter comes closer, its gravitational attraction increases more on the near side of Europa. This causes Europa to
stretch towards and away from it - a tidal force. When Jupiter moves away, Europa relaxes a bit into a more spherical
shape.
This constant stretching and relaxing causes cracks in the surface ice of Europa. More importantly... for fans of
extraterrestrial life... it keeps Europa's oceans warm enough to stay liquid under the ice!
We've got a lot of evidence for this. The cracks and 'chaotic terrain' are hard to explain without an ocean under the ice.
The Galileo probe, which took this great photo of Europa, also detected a changing magnetic field that could be due to
electric currents flowing through a salty ocean. And the Hubble telescope has even seen water vapor near Europa's south
pole! This may have come from huge geysers... like the geysers on Saturn's moon Enceladus, but even bigger. But we
don't know how thick the ice crust is. Some people say 10-30 kilometers, others say just a few. If it's thin enough, we
could send a probe that would melt through the ice and explore the ocean. What's down there?
In 2012, the European Space Agency (ESA) announced it wants to launch a Jupiter Icy Moon Explorer. This would
includes some flybys of Europa, but is more focused on Ganymede. In January 2014, the US House Appropriations
Committee announced a new bipartisan bill that includes $80 million in funding to keep planning a Europa mission. One
possibility is the Europa Clipper, which would orbit Jupiter and conduct 45 low-altitude flybys of Europa, carrying an
ice penetrating radar, short wave infra red spectrometer, topographical imager, and an ion and neutral mass
spectrometer.
Puzzle: where does the energy originally come from, that heats Europa? If something is gaining energy, something else
must be losing it.
July 29, 2014

Last night Lisa and I ate at Feng Bo Zhuang on Temple Street in Singapore. We went there since it had good spicy food
from Hunan and Dongbei, a crowd of happy customers, and nice wood decor... but it turned out to have a 'jiang-hu'
theme: that's what Chinese call the world of wandering martial artists and swordsmen.
See that sword on the wall there?
The name of this restaurant means 'Manor of Wind and Waves' — but 'wind and waves' means the turbulence and
fighting that that goes on in the jiang-hu. There's a poem by the entrance that says "in the jiang-hu you have no choice"
— you either fight or die. This tough world is romanticized in wuxia fiction and movies:
Typically, the heroes in wuxia fiction do not serve a lord, wield military power or belong to the aristocratic
class. They are often from the lower social classes of ancient Chinese society. Wuxia heroes are usually
bound by a code of chivalry that requires them to right wrongs, fight for righteousness, remove an
oppressor, redress wrongs and bring retribution for past misdeeds. The Chinese wuxia traditions can be
compared to martial codes from other countries, such as the Japanese samurai's bushido tradition, the
chivalry of medieval European knights and the gunslingers of America's Westerns.

We had frog cooked in bamboo, dumplings with hot broth inside called xiaolongbao, spicy sliced cucumber, and an
appetizer of roast peanuts. Very tasty with some Harbin beer!
Back in 2011 this restaurant was quite serious about the jiang-hu theme: the waitresses would wear traditional outfits
and chant a poem when you left. When one reviewer tried to pay by credit card, his waitress said "in jiang-hu, we only
accept silver ingots". Luckily it's mellowed out by now; none of this nonsense, just good food.
As usual, most of my expertise on Chinese culture comes from Lisa... but the long quote is from here:
Wuxia, Wikipedia.
and the 2011 review is here:
Feng Bo Zhuang, Chinatown, Rubbish Eat, Rubbish Grow, June 11, 2011.
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This is a baby aye-aye being weighed at the the Duke Lemur Centre in North Carolina.
Aye-ayes live in Madagascar. They're the world's largest nocturnal primate. They find grubs to eat by tapping on trees.
When an aye-aye finds a good spot, it chews a hole in the wood. Then it sticks its narrow middle finger in the hole to
pull the grubs out.
Since it was founded in 1966, the Duke Lemur Center has collected data on 3600 animals from more than 40 species of
prosimians — the group of primates that includes lemurs, lorises, galagos, bushbabies, and tarsiers. Now they've
released the data to the world! It's available online, for free:
Duke Lemur Center Database.
Almost all these animals only live in Madagascar, and most of them are rare, threatened or endangered. This rich
diversity of life is precious in ways we're still too crude to assign much economic value. Each of these species is a rich

assemblage of strategies and tricks, from their behavior down to their very molecules, finely honed by millions of years
of evolution. But the natural biotechnology they represent is too sophisticated for us to understand or copy yet — or
make much money from, except for 'ecotourism'. For the most part, we count them as worthless trash, while spending
millions on canvases cleverly daubed with paint. Someday we'll regret this. Let's try to change it sooner rather than later.
Some people are thinking about it:
Can nature be monetized?, Capital Institute.
For my August 2014 diary, go here.

© 2014 John Baez
baez@math.removethis.ucr.andthis.edu

home

For my July 2014 diary, go here.

Diary - August 2014
John Baez
August 1, 2014

Look at either the red dot or the yellow dot. The circles near that dot will turn counterclockwise. The others turn clockwise!
Or: let your eyes bounce back and forth between the two.
Or: look away from both of them, but observe them from the 'corner of your eye'.
For details, see:
Arthur Shapiro, Rotating reversals, Illusion Sciences, December 16, 2008.
August 2, 2014
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Around 2000, a guy named Robert Shawyer claimed he could bounce microwaves inside a fancy-shaped can and get them to push the
can forwards, without anything leaving the can.
This would violate conservation of momentum. It's like sitting inside a car and making it roll forwards by pushing on the steering
wheel. Standard physics doesn't allow this. He didn't claim to be using anything other than standard physics.
So: ho hum, just another guy with a really bad idea. I get emails like this all the time.
But in 2001, his company got a £45,000 grant from the British government to study this idea. He built his machine and claimed that
with 850 watts of power he could get a force of 0.016 newtons. That's a bit less than the force of gravity from a penny pushing down on
your hand. It could easily be an experimental error.
Why would people want a machine that uses lots of power to create a pathetically feeble force? Because — here's the great piece of
salesmanship — if it existed, you could use it to build a reactionless drive! If you had a spaceship with huge amounts of power to spare
— like, say, a nuclear reactor — you could use this gizmo to push your spaceship forwards without anything spewing out the back end.
Again, this is about as plausible as powering a spaceship by having the crew push on it from the inside. But if you don't know physics,
it sounds very exciting.
The story goes on. And on. And on. It won't die. In 2012, some Chinese physicists claimed they could get a force of 0.720 newtons
from a power of 2,500 watts using some version of Shawyer's device.
And now NASA is studying it!
They're claiming to see a force one thousandth as big as the Chinese £ probably because they are doing the experiment one thousand
times more accurately. And still, some people are excited about this.
The new device comes with new improved mumbo-jumbo. Shawyer claimed that thanks to special relativity, classical
electromagnetism can violate conservation of momentum. I took those courses in college, I know that's baloney. Now the NASA
scientists say:
Test results indicate that the RF resonant cavity thruster design, which is unique as an electric propulsion device, is
producing a force that is not attributable to any classical electromagnetic phenomenon and therefore is potentially

demonstrating an interaction with the quantum vacuum virtual plasma.
This is baloney too — but now it's graduate level baloney. "Quantum vacuum virtual plasma" is something you'd say if you failed a
course in quantum field theory and then smoked too much weed. There's no such thing as "virtual plasma". If you want to report
experimental results that seem to violate the known laws of physics, fine. But it doesn't help your credibility to make up goofy pseudoexplanations.
I expect that in 10 years the device will be using quantum gravity and producing even less force.
For an article written by a severely optimistic blogger, see:
David Hambling, NASA validates 'impossible' space drive, Wired.co.uk, July 31, 2014.
The NASA technical report is here:
David Brady, Harold White, Paul March, James Lawrence and Frank Davies, Anomalous thrust production from an RF test
device measured on a low-thrust torsion pendulum, 50th AIAA/ASME/SAE/ASEE Joint Propulsion Conference.
Unfortunately only the abstract is free! I think someone with access should download the paper and make it publicly available. If my
government is spending my money on this sort of thing, I'd at least like to see it.
There's a website about Guido Fetta's company and his device:
Cannae Drive.
It says:
The Cannae Drive is a resonating cavity with design features that redirect the radiation pressure exerted in the cavity to
create a radiation pressure imbalance on the cavity. This differential in radiation pressure generates an unbalanced force
that creates thrust. The cavity is accelerated without use of propellant. Don't believe it? Study the theory. Replicate our
numerical models. Review our experimental results. And draw your own conclusions.
Unfortunately, when I click on the links to theory, numerical models or experimental results, I get:
404 - Article not found
Hamilton Carter pointed out another paper by the NASA team, which explains the wild optimism behind this experiment:
Dr. Harold "Sonny" White, Paul March, Nehemiah Williams, and William O'Neill, Eagleworks Laboratories: advanced
propulsion physics research.
They write:
NASA/JSC is implementing an advanced propulsion physics laboratory, informally known as "Eagleworks", to pursue
propulsion technologies necessary to enable human exploration of the solar system over the next 50 years, and enabling
interstellar spaceflight by the end of the century. This work directly supports the "Breakthrough Propulsion" objectives
detailed in the NASA OCT TA02 In-Space Propulsion Roadmap, and aligns with the #10 Top Technical Challenge
identified in the report. Since the work being pursued by this laboratory is applied scientific research in the areas of the
quantum vacuum, gravitation, nature of space-time, and other fundamental physical phenomenon [sic], high fidelity testing
facilities are needed. The lab will first implement a low-thrust torsion pendulum (<1 μN), and commission the facility with
an existing Quantum Vacuum Plasma Thruster. To date, the QVPT line of research has produced data suggesting very
high specific impulse coupled with high specific force. If the physics and engineering models can be explored and
understood in the lab to allow scaling to power levels pertinent for human spaceflight, 400kW SEP human missions to
Mars may become a possibility, and at power levels of 2MW, 1-year transit to Neptune may also be possible. Additionally,
the lab is implementing a warp field interferometer that will be able to measure spacetime disturbances down to 150nm.
Recent work published by White suggests that it may be possible to engineer spacetime creating conditions similar to what
drives the expansion of the cosmos. Although the expected magnitude of the effect would be tiny, it may be a 'Chicago
pile' moment for this area of physics.
The "Chicago pile" was the experiment that demonstrated a nuclear chain reaction.
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My last post on the NASA "quantum vacuum plasma thruster" was mainly about the shoddy theory behind it — like how there's no
such thing as a "quantum vacuum plasma". But you could argue: hey, if the gizmo actually works, isn't that good enough?
Unfortunately, the experiment has problems too. In brief:
1. They tested a device that was designed to work and one that was designed not to work. They both worked.
2. They tested the devices in a "vacuum chamber", but they didn't take the air out.
3. They didn't carefully study all possible causes of experimental error... like their devices heating the air.
In a bit more detail:
1. Their device, called the 'Cannae drive', was invented by a guy named Guido Fetta. You can see a picture below. It's not complicated!
It's a hollow container made of metal, about 11 inches in diameter and 4-5 inches long. You pump radio waves in one end. At the other
end, a copper wire serves as an antenna. This lets you measure the radio waves bouncing around inside the container, and adjust their
frequency until you hit a resonance. Then this thing is supposed to generate thrust, for some unknown reason.
Fetta thought this device would work if you carve slots on one side of the flat part. The NASA guys tried a version with slots and one
without slots. They claim both versions generate a thrust of 22-48 micronewtons when they pump 17-28 watts of radio waves into
them:
Thrust was observed on both test articles, even though one of the test articles was designed with the expectation that it
would not produce thrust. Specifically, one test article contained internal physical modifications that were designed to
produce thrust, while the other did not (with the latter being referred to as the "null" test article).
So, basically they found evidence against Fetta's idea: the slots make no difference. It's like giving someone a placebo and finding it
works just as well as the drug you're testing.
They also tried a resistor instead of their device. They claim this produced no thrust. This rules out some possibilities of experimental
error... but not others.
For example, if parts of their flat metal can get hot and create air currents, that might create the force they saw. It's a tiny force, less
you'd get from 5 milligrams of mass pushing down due to gravity.
2. Their paper goes into great detail about the "vacuum chamber" their experiment was done in — but in the abstract to the paper, they
say they didn't remove the air. This is important because of the issue of air currents.
It's also just weird. In their paper they say:
To simulate the space pressure environment, the test rig is rolled into the test chamber. After sealing the chamber, the test
facility vacuum pumps are used to reduce the environmental pressure down as far as 5x10E-6 Torr. Two roughing pumps
provide the vacuum required to lower the environment to approximately 10 Torr in less than 30 minutes. Then, two highspeed turbo pumps are used to complete the evacuation to 5x10E-6 Torr, which requires a few additional days. During this
final evacuation, a large strip heater (mounted around most of the circumference of the cylindrical chamber) is used to heat
the chamber interior sufficiently to emancipate volatile substances that typically coat the chamber interior walls whenever

the chamber is at ambient pressure with the chamber door open. During test run data takes at vacuum, the turbo pumps
continue to run to maintain the hard vacuum environment. The high-frequency vibrations from the turbo pump have no
noticeable effect on the testing seismic environment.
They're working really hard to get a good vacuum, right? But in their abstract they say:
Testing was performed on a low-thrust torsion pendulum that is capable of detecting force at a single-digit micronewton
level, within a stainless steel vacuum chamber with the door closed but at ambient atmospheric pressure.
At ambient atmospheric pressure? What's the point of the fancy vacuum chamber? A sentence in their conclusions gives a clue.
Talking about future plans, they say:
Vacuum compatible RF amplifiers with power ranges of up to 125 watts will allow testing at vacuum conditions which
was not possible using our current RF amplifiers due to the presence of electrolytic capacitors.
So it seems they couldn't actually test their device in a vacuum.
3. If you're trying to find some small effect, checking the ways you could have screwed up is the most important thing. The device
they're testing is simple, but the test apparatus itself is very complicated, and lots of things could go wrong.
Their paper should have a big section on this, but it doesn't. Instead it has a section on how if the gizmo works, you could scale it up
and do great things:
Figure 23 shows a conservative 300 kilowatt solar electric propulsion roundtrip human exploration class mission to
Mars/Deimos. Figure 24 shows a 90 metric ton 2 megawatt (MW) nuclear electric propulsion mission to Mars that has
considerable reduction in transit times due to having a thrust to mass ratio greater than the gravitational acceleration of the
Sun (0.6 milli-g's at 1 AU). Figure 25 shows the same spacecraft mass performing a roundtrip mission to the Saturn system
spending over a year around two moons of interest, Titan and Enceladus.
This is called 'counting your chickens before the eggs have hatched'.
I would need to be more of an expert than I am to imagine all the things that could go wrong with their experiment. But just so you see
what I mean, here's one thing they do mention:
one visible effect to the seismic environment is the periodic (about one-third to one-quarter Hertz) perturbation created by
the waves from the Gulf of Mexico (about 25 miles southeast of Johnson Space Center), especially on windy days.
The thrust they're measuring is so small that waves in the ocean 25 miles away could screw up the experiment! They tried to deal with
this... but it goes to show, you can't revolutionize physics until you carefully check all the sources of error.
I thank Greg Egan and Matt McIrvin for their help, but of course they're not to blame for any mistakes I made.
The paper I'm talking about was published here:
David Brady, Harold White, Paul March, James Lawrence and Frank Davies, Anomalous thrust production from an RF test
device measured on a low-thrust torsion pendulum, 50th AIAA/ASME/SAE/ASEE Joint Propulsion Conference.
Unfortunately it's not free except for the abstract. Luckily someone has liberated the paper and put a free version here:
http://rghost.net/57230791
Beware: the abstract in the paper is different than the abstract on the NASA technical report server here:
David Brady, Harold White, Paul March, James Lawrence and Frank Davies, Anomalous thrust production from an RF test
device measured on a low-thrust torsion pendulum, NASA Technical Reports Server.
This is where they say they didn't remove the air from the vacuum chamber.
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Whether it's tucking tummies, contouring jaw lines, enlarging eyes and lips, brushing out cellulite, or full-out head
swapping, I've seen it all as a photo editor. While the conversation about the media's portrayal and obsession with an
unrealistic and unattainable beauty standard is not a new one, I think it's crazy how much retouching people don't notice.
Over the last five years, having done many of the quick, subtle fixes that are the industry standard myself, I know that even
an image considered to look 'natural' is anything but.
So, she changed a bunch of famous paintings. This is Titian's Danak With Eros. You can see the rest here:
Lauren Wade, What if famous paintings were photoshopped to look like fashion models, May 14, 2014.
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Physicists often use a 'Cartesian coordinate system' — an imaginary grid, like 3d graph paper, that lets us name any point in space with
3 numbers. But what if it were real? You could climb around on it!
That's the idea of this art project by Numen/For Use, the guys who made that expanding and shrinking glowing cube with an infinity of
reflections inside — I showed you a picture on July 1.
This is an inflatable structure. Ropes inside get stretched tight when it inflates. They form a 3d grid that's strong enough to climb
around on. The inside walls are white, so it seems to go on infinitely. They tested it out in countryside near Vienna at the end of
December 2013.
For more photos, try this:
Numen/For Use, String Vienna.
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After a decade-long chase, the Rosetta spacecraft has now reached a comet! This photo was taken from just 285 kilometers away. The
comet's gravity is very weak, so Rosetta will move in a triangular orbit under its own power before moving closer.
On November 11th, Rosetta will send in a probe called Philae, which will harpoon the comet and land on it! The second picture below
shows what that should look like. Philae will drill into the comet and carry out lots of experiments.

As the comet approaches the Sun, it will heat up. Gas will start to boil up from the surface, earthquakes will shake it, and I suppose
Philae may even be destroyed. I haven't read any details about what to expect! But they will try to land Philae far away from places
where jets of gas will erupt. The comet will makes its closest approach to the Sun on August 13th, 2015.
Here are the scientific instruments on the lander Philae:
CONSERT, the COmet Nucleus Sounding Experiment by Radiowave Transmission. This will shoot radio waves through the
coment, which will be detected on the other side by Rosetta! It's sort of like taking an X-ray to see what's inside the comet.
APXS, the Alpha Proton X-ray Spectrometer. This will determine which elements are on the surface below the lander.
COSAC, for COmetary SAmpling and Composition. This is a combination gas chromatograph and time-of-flight mass
spectrometer that will perform analysis of soil samples and determine the content of volatile components.
Ptolemy is an instrument used to measure stable isotopic ratios of key volatile compounds on the comet's nucleus.
GIVA, the Comet Nucleus Infrared and Visible Analyzer.
ROLIS, the Rosetta Lander Imaging System.
MUPUS, the MUlti-PUrpose Sensors for Surface and Sub-Surface Science.
ROMAP, the Rosetta Lander Magnetometer and Plasma Monitor.
SESAME, the Surface Electric Sounding and Acoustic Monitoring Experiment.

SD2, the sampling, drilling and distribution subsystem.
For more great photos of the comet, go to the European Space Agency website.
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Puzzle: what are these sciences?
People who can read Chinese will have a huge advantage. I don't think googling these words in English will help you much! Some
websites use coppology to mean the study of film-maker Francis Ford Coppola, but that's not what it means here.
August 8, 2014

You know that mysterious crater that suddenly opened up in the Yamal Peninsula in northwest Siberia? Now an article in Nature
blames it on melting permafrost:
Katia Moskvitch, Mysterious Siberian crater attributed to methane, Nature, July 31, 2014.
A Russian archaeologist named Andrei Plekhanov led an expedition there. He and his team think it could be caused by melting
permafrost due to abnormally hot summers in 2012 and 2013 — about 50°C warmer than usual. Air in the crater had up to 9.6%
methane. The normal amount is closer to 0.0002%
Some scientists are already worrying about methane released from melting permafrost. Methane is a potent greenhouse gas: 90 times
worse than carbon dioxide by weight, at least for the first 20 years. (It goes away faster.) Could we be in for a nasty feedback loop,

where a warming climate melts permafrost, releases methane and warms the Earth even more?
The short answer is: probably not very soon.
There are certainly things that make me nervous. Back in 2011, a Russian research cruiser found methane bubbling up from the ocean
floor:
In late summer, the Russian research vessel Academician Lavrentiev conducted an extensive survey of about 10,000
square miles of sea off the East Siberian coast. Scientists deployed four highly sensitive instruments, both seismic and
acoustic, to monitor the .fountains. or plumes of methane bubbles rising to the sea surface from beneath the seabed.
"In a very small area, less than 10,000 square miles, we have counted more than 100 fountains, or torch-like structures,
bubbling through the water column and injected directly into the atmosphere from the seabed," Dr Semiletov said. "We
carried out checks at about 115 stationary points and discovered methane fields of a fantastic scale. I think on a scale not
seen before. Some plumes were a kilometre or more wide and the emissions went directly into the atmosphere — the
concentration was a hundred times higher than normal."
Others argued that this could have been going on for centuries; nobody had looked very hard! A group of experts called the Permafrost
Carbon Network polled themselves and guessed that up to 2040, they expected the effect of melting permafrost to be roughly 1/8 to 1/4
of the direct effect of burning carbon. That would be bad but not disastrous... at least not soon.
One obvious question about this crater is whether it's an unusual event or the start of a trend. Local reindeer herders have reported a
similar but smaller hole nearby. But most of us, who aren't doing research on permafrost, will just have to wait and see.
Hey, I've got an idea! In the meantime, how about cutting greenhouse gas emissions?
For more background, see:
John Baez, Melting permafrost (part 1), Azimuth, September 1, 2011.
John Baez, Melting permafrost (part 2), Azimuth, December 14, 2011.
John Baez, Melting permafrost (part 3), Azimuth, December 19, 2011.
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There's a big network of trails and parks in Singapore. You can climb up a huge wooden bridge and suddenly see this futuristic
apartment complex amid the jungle.
My friend Jamie Vicary is visiting the Centre for Quantum Technologies. Today he showed Lisa and me how to walk through park
land to Vivocity, a fancy shopping mall by the sea. There are some elevated walkways through the jungle, that really let you see the
trees and vines.

There's a World War II museum that shows how the Japanese invaded, and the battles fought around here. It was open for free because
it was National Day — the 49th anniversary of the birth of Singapore as an independent country. It's weird to be in a country that's
younger than I am.
Walking across the Henderson Wave Bridge, we spotted these buildings, called Reflections at Keppel Bay, on the horizon near the sea.
They were designed by Daniel Libeskind, who also created the plan for the World Trade Center Memorial.
Once a Chinese billionaire invited Lisa and me to lunch near those apartments! He wanted me to work with him on his physics
theories. Alas, I couldn't bring myself to do it.
When we reached Vivocity, we were really tired — it was a cool day by Singapore standards, but still sweaty after a 4-hour hike. We
watched a crowd of Chinese folks doing country-western dancing outdoors by the mall. It's fun to see a middle-aged Chinese guy
wearing cowboy boots and a hat slowly dancing to country music as if it were some sort of tai chi exercise. I really wonder how this
fad got started. Then we went to an overpriced restaurant called The Queen and Mangosteen and had beers and dinner by the water.
Life is stranger and more interesting than I'd expected.
There's a map for this walk online.
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Both rectangles are moving at constant speed
At least that's what the creator of this illusion says! It looks like the yellow and blue rectangles are taking turns going forward — one
step at a time.

This is an illusion that's so good it's hard to believe it's an illusion. When the black and white lines disappear, it's easy to see the
rectangles are moving at constant speed. But before that they seem to be taking turns, and pausing when they reach each new line.
Could the creator of this illusion be cheating — fooling you into thinking there's an illusion? How can you tell, except by making your
own version of this animated gif?
Hide one rectangle with your hand. Then look closely at the other. Try not to look at the black and white lines. I think you'll see the
rectangle is moving at constant speed.
But if you look away, and watch the rectangle with your peripheral vision, it will seem to move in steps.
We don't just 'see what's there'. We construct a mental model of reality from sensory data. We need to do this. But people can
manipulate this.
It's not optical illusions we need to worry about. It's political illusions, economic illusions, social illusions. We think we're just seeing
what's there... but we're actually constructing a model of reality. And politicians and other people are busy trying to shape your model,
so you'll do what they want. Escaping their illusions is much, much harder than escaping this optical illusion.
You can probably think of many examples of other people who are fooled by politicians, ideologies, doctrines and dogmas. Now list
the ways in which you are being fooled.
Oh, you think you're better than average? Join the club.
Puzzle 1: name the biggest way you've been fooled by a cultural, political or religious illusion.
Puzzle 2: name a way you're just starting to realize that you're being fooled by such an illusion.
For Puzzle 2, it should be just as hard to really believe you're being fooled as it is with this optical illusion. For example: I'm just
starting to realize that I've been fooled into wanting to be a 'bigshot': well-known, and seemingly 'important'. But it's hard to break out
of this belief. Even now, I'm trying to get you to pay attention to me. I'm sorry — at least I try to make it worth your while.
There was a very nice long discussion about all this on Google+. Carlos Schedegger made a version of this illusion with a higher
framerate. Gustav Delius made an open source version of the illusion where you can read the code and edit it yourself.
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Maryam Mirzakhani won the Fields medal yesterday.
As a child in Tehran, she didn't intend to become a mathematician — she just wanted to read every book she could find! She also
watched television biographies of famous women like Marie Curie and Helen Keller. She started wanting to do something great...
maybe become a writer.

She finished elementary school while the Iran-Iraq war was ending, and took a test that got her into a special middle school for girls.
She did poorly in math her first year, and it undermined her confidence. "I lost my interest in math," she said.
But the next year she had a better teacher, and she fell in love with the subject. She and a friend became the first women on Iranian
math Olympiad team. She won a gold medal the first year, and got a perfect score the next year.
After getting finishing her undergraduate work at Sharif University in Tehran in 1999, she went on to grad school at Harvard. There
she met Curtis McMullen, a Fields medalist who works on hyperbolic geometry and related topics.
Hyperbolic geometry is about curved surfaces where the angles of a triangle add up to less than 180 degrees, like the surface of a
saddle. It's more interesting than Euclidean geometry, or the geometry of a sphere. One reason is that if you have a doughnut-shaped
thing with 2 or more holes, there are many ways to give it a hyperbolic geometry where its curvature is the same at each point. These
shapes stand at the meeting-point of many roads in math. They are simple enough that we can understand them in amazing detail — yet
complicated enough to provoke endless study.
Maryam Mirzakhani took a course from McMullen and started asking him lots of questions. "She had a sort of daring imagination," he
later said. "She would formulate in her mind an imaginary picture of what must be going on, then come to my office and describe it. At
the end, she would turn to me and say, 'Is it right?' I was always very flattered that she thought I would know."
Here's a question nobody knew the answer to. If an ant walks on a flat Euclidean plane never turning right or left, it'll move along a
straight line and never get back where it started. If it does this on a sphere, it will get back where it started: it will go around a circle. If
it does this on a hyperbolic surface, it may or may not get back where it started. If it gets back to where it started, facing the same
direction, the curve it moves along is called a closed geodesic.
The ant can go around a closed geodesic over and over. But say we let it go around just once: then we call its path a simple closed
geodesic. We can measure the length of this curve. And we can ask: how many simple closed geodesics are there with length less than
some number L?
There are always only finitely many - unlike on the sphere, where the ant can march off in any direction and get back where it started
after a certain distance. But how many?
In her Ph.D. thesis, Mirzakhani figured out a formula for how many. It's not an exact formula, just an 'asymptotic' one, an
approximation that becomes good when L becomes large. She showed the number of simple closed geodesics of length less than L is
asymptotic to some number times L to the power 6g-6, where g is the number of holes in your doughnut.
She boiled her proof down to a 29-page argument, which was published in one of the most prestigious math journals:
Maryam Mirzakhani, Growth of the number of simple closed geodesics on hyperbolic surfaces, Annals of Mathematics 168
(2008), 97–125.
This is a classic piece of math: simple yet deep. The statement is simple, but the proof uses many branches of math that meet at this
crossroads.
What matters is not just knowing that the statement is true: it's the new view of reality you gain by understanding why it's true. I don't
understand why this particular result is true, but I know that's how it works. For example, her ideas also gave here a new proof of a
conjecture by the physicist Edward Witten, which came up in his work on string theory!
This is just one of the first things Mirzakhani did. She's now a professor at Stanford.
"I don't have any particular recipe," she said. "It is the reason why doing research is challenging as well as attractive. It is like being
lost in a jungle and trying to use all the knowledge that you can gather to come up with some new tricks, and with some luck you might
find a way out."
She has a lot left to think about. There are problems she has been thinking about for more than a decade. "And still there.s not much I
can do about them," she said.
"I can see that without being excited mathematics can look pointless and cold. The beauty of mathematics only shows itself to more
patient followers."
I got some of my quotes from here:
Erica Klarreich, A tenacious explorer of abstract surfaces, Quanta Magazine, August 12, 2014.

and some from here:
Maryam Mirzakhani: 'The more I spent time on maths, the more excited I got', The Guardian, August 13, 2014.
They're both fun to read.
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Manjul Bhargava is another of this year's Fields medalists. He works on number theory, which in its simplest form is the study of
integers:
. . . , − 3, − 2, − 1, 0, 1, 2, 3, . . .
So when I say 'number' in this post, I'll always mean one of these!
When Bhargava was a grad student at Princeton, he read a book on number theory by the famous mathematician Gauss. Gauss was
interested in quadratic forms, which are things like this:
x 2 + 3xy + y 2
or this
−3x 2 + y 2 + 4xz + yz − 7z 2
Gauss was mainly interested in quadratic forms with two variables, but it's also fun to think about more variables.
I can hand you a quadratic form and ask: what numbers can you get if you plug in any numbers you want for the variables?
Start with something really easy. For this one
x2
you can only get the perfect squares
0, 1, 4, 9, 16, …
But what about this one?
x2 + y2
Can you find numbers x and y that make x 2 + y 2 = 100? How about x 2 + y 2 = 99? Remember, I'm using 'numbers' to mean numbers
like these:

…, − 3, − 2, − 1, 0, 1, 2, 3, …
And what about this quadratic form?
w2 + x 2 + y 2 + z 2
It's a famous fact that for this one, you can get any positive number by plugging in numbers for w, x, y and z.
What about this?
x2 + y2 + z2
Now you can't get every positive number. Do you see why?
We say a quadratic form is positive definite if whenever you plug numbers into it, you get something positive — unless all those
numbers were zero. For example,
x2 + y2 + z2
is positive definite, but
x2 + y2 − z2
is not.
Okay, now you're ready. Here's something amazing that Manjul Bhargava proved with Jonathan Hanke in 2005: the 290 theorem.
Here's how to tell if you can get every positive number by plugging in numbers for the variables in a positive definite quadratic form.
It's enough to check that you can get every number from 1 to 290.
In fact, it's enough to get these numbers:
1, 2, 3, 5, 6, 7, 10, 13, 14, 15, 17, 19, 21, 22, 23, 26, 29, 30, 31, 34, 35, 37, 42, 58, 93, 110, 145, 203, 290.
Weird!
This is just one of many things Bhargava has done. Most are a bit harder to explain, but I described one a while ago here. It's about
'elliptic curves', another really popular topic in number theory.
And in fact, the 290 theorem I just explained is secretly about elliptic curves! As usual in number theory, the statement of a theorem
may sound simple, cute, and pointless... but the proof reveals a very different world, and that's what really matters.
Here's a nice explanation of the proof:
Yong Suk Moon, Universal quadratic forms and the 15-theorem and 290-theorem.
The original paper is here:
Manjul Bhargava and Jonathan Hanke, Universal quadratic forms and the 290-Theorem, to appear in Inventiones Mathematicae.
There's a lot left to do. For example, Jonathan Rouse tried to show that a positive definite quadratic form gives all odd positive
numbers if gives the odd numbers from 1 up to 451... but he only succeeded in showing this assuming something called the
Generalized Riemann Hypothesis! Proving this is an extremely hard problem in its own right.
Jonathan Rouse Quadratic forms representing all odd positive integers.
`
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This opal from South Australia is beautiful... but why does it look like this? It's actually a photonic crystal!
Opal is made of small spheres of silicon dioxide, the same stuff as quartz. These spheres are between 150 to 300 nanometers in
diameter, and they're arranged in a regular pattern.
When light waves pass through an opal, funny stuff happens when the distance between these spheres is half the wavelength of the
light. Imagine water waves trying to fight their way through a regular pattern of round logs standing in the water and you'll get the
picture. The waves start to bounce back and interfere with themselves.
So, light of certain wavelengths winds up bouncing back off the opal instead of going through! Since the opal is not perfectly the same
everywhere, different parts reflect different colors of light.
When a repeating pattern strongly affects the behavior of light, it's called a photonic crystal. Nowadays people are making artificial
photonic crystals. Way back in 1887, the English physicist Lord Rayleigh experimented with stacking layers of different materials to
make light of certain wavelengths interfere with itself and bounce back. When this happens, we now call it a photonic band gap. But
Rayleigh only got this effect to occur in a single direction — at right angles to the layers.
Now people can make 3d arrays of tiny spheres that act as photonic crystals. We might be able to use them to make color-changing
paints and inks. But the first commercial products involving photonic crystals are photonic-crystal fibers — a bit like ordinary optical
fibers, but different.
Photonic crystals are one example of a metamaterial — a material whose optical or electronic properties depend not just on their
composition, but from carefully designed tiny structures.
In the Middle Ages, some thought an opal could make you invisible if you wrapped it in a fresh bay leaf and held it in your hand. Now
people are designing metamaterials that can act like a 'cloak of invisibility'. But more about that later.
Puzzle: I said opal is made of tiny spheres of silicon dioxide (called silica), but what's in the spaces between these spheres?
The photo is from Dpulitzer, and the opal was found in Coober Pedy, Australia.
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Wouldn't it be cool if we could turn one dimension of space into an extra dimension of time? We can't — but we can fake it!
Einstein showed the only difference between space and time is a minus sign. So: make a material where light obeys equations with an
extra minus sign!
How? Just take lots of microscopic metal wires and put them in transparent stuff that doesn't conduct electricity. Line them all up.
You'll get something that conducts electricity like a metal in one direction but not the other two directions!

It's called a hyperbolic metamaterial. The video explains why.
But why is this like converting a dimension of space into a dimension of time?
Einstein showed that if you have a photon — a particle of light — in a vacuum, it obeys
2

2

2

2

kx + ky + k z − kt = 0
where:
k x is the momentum of the light in the x direction
k y is the momentum of the light in the y direction
k z is the momentum of the light in the z direction
k t is the momentum of the light in the time direction
(Momentum in the time direction is basically just energy.)
Photons in other stuff obey more complicated equations. In a hyperbolic metamaterial with wires lined up in the z direction, they obey
an equation basically like this:
2
2
2
2
kx + ky − k z − kt = 0

So, the z direction is acting like an extra time dimension! And this lets us do very weird things.
Here's a nice video that explains more:

A few warnings if you watch the video:
A transparent material like glass is called a dielectric, so you'll see that word a lot.
Particles are also waves! The momentum of a particle in some direction is basically just how many times its wave wiggles per
meter in that direction. So, k x, k y, and k z are also called the wave numbers.
Instead of writing k t for the momentum in the time direction, physicists write ω. This is how much the wave wiggles per second,
so it's also called the frequency.
When I say 'basically', it means I'm leaving out numbers that make things look more complicated, but don't change the basic
idea.
You can learn more about hyperbolic metamaterials here:
Prashant Shekhar, Jonathan Atkinson and Zubin Jacob, Hyperbolic metamaterials: fundamentals and applications.
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This is an intriguing conjectural map of Sub-Roman Britain.
I've been a fan of the legends of King Arthur for a long time. I love how they continue to inspire new versions, from Marion Zimmer
Bradley's Tales of Avalon (where Morgaine is recast as a hero in the doomed struggle of the Druids against encroaching Christians) to
the goofy but fun TV series Merlin (where a black Guinevere starts as a serving-girl and winds up ruling Camelot).
But I'm only just now poking into the mysterious centuries from 400 to 600 AD in Britain, after the collapse of Roman rule, when
Arthur would have lived... if he existed.
It's really cool to imagine life in former Roman towns and villas during these 'dark ages'. We have some archaeological evidence, but
very little written history: mainly just the writings of Saint Patrick and a book called On the Ruin and Conquest of Britain, written by a
guy called Saint Gildas or 'Gildas the Wise'.
This book is a grumpy attack on various kings, including:
"Constantine, the tyrannical whelp of the unclean lioness of Dumnonia". The kingdom of Dumnonia was in southwest England,
mainly Devon and Cornwall.
"dragon of the island... Maelgwn". Maelgwn was one of the kings of Gwynedd, who ruled a chunk of what's now Wales from
their base on the Isle of Anglesey.
"Vortipore... like to the spotted leopard... tyrant of the Demetians." Vortipore was a king of Demetia, or Dyfed, a small kingdom
in south-west Wales.

There were many other kingdoms that Gildas didn't bother to write about. Gildas is himself rather mysterious; one later biography tells
of how he helped mediate a struggle between King Arthur and a king who had abducted and raped Guinevere... but this is all just
legend.
'Medieval Bex' has a lively blog on medieval matters, and here's what she says about the two biographies of Gildas:
The earlier account, written in the ninth century in Rhuys, Brittany, tells how Gildas son of Caw was born in the north of
Britain. He moved to a monastic college to begin his education and then to Iren (probably Ireland) to continue his studies,
before returning to north Britain to preach to those naughty heathens. St Brigid (d. 524) asked Gildas for a token so he
made her a bell. As you do. After these high-jinks he then travelled around a bit before settling in Rhuys, where he built a
monastery and lived out his days preaching and writing epistles about kings that he didn.t like very much. When he died
his body was placed in a boat and set adrift according to his wishes. Just a floating corpse; not set aflame or anything.
Imagine being the person to find a boat containing a decomposing monk. which someone actually did (the HORROR!!) .
his boat washed up a few months later and was found by some men from Rhuys. They did the sensible thing and took his
body back to Rhuys and buried it there. Gildas. corpsified wandering days were over.
The other book, however, depicts Gildas as a sort of monk-cum-Arthurian action hero. It seems like the writer of the
twelfth-century biography, Caradoc of Llancarfan, read the earlier book and said "Oh ho! I think we can do better than
that!" and essentially pimped the Life of Gildas. The twelfth-century version has Gildas educated in Gaul before settling
near Glastonbury—all normal enough so far, if ever-so-slightly at odds with the ninth-century version of events. but then
things get a little bit more exciting when Guinevere and Arthur arrive on the scene! That's right, no floating corpses here!
According to Caradoc's biography of Gildas, King Melwas abducted Queen Guinevere and Arthur then proceeded to throw
a massive wobbly. He stormed over to Melwas. stronghold in Glastonbury with his knights, ready to attack. It was all
getting a bit intense. until Gildas stepped in and saved the day! He happened to be in the neighbourhood and persuaded
Melwas to release Guinevere, before unbelievably managing to make the two kings kiss and make up. They probably all
went for a beer and a good chortle about it all afterwards. As an interesting aside, this is the first recorded instance of the
Guinevere abduction scene, a plot which becomes a recurring motif in subsequent redactions of the Arthurian stories. So a
highly imaginative biography of a monk has helped to shape the legend of Arthur as we know it today. Who.d have
thought! There is also something in this version about Gildas. brothers rising up against Arthur, and one of them being
killed, and Gildas being rather upset about this. Apparently the large stone in Ruthin town square (north Wales) is the
chopping block that was used when Arthur decapitated Gildas. brother. It's still there, you can go and see it!
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Wolves run through the air, hit a glass wall and fall down. Then they pick themselves up, go back and do it again.

This piece, called 'Head On', is just one of the remarkable and unsettling works by Chinese artist Cai Guo-Qiang.
He recently made the news by creating a kind of Noah's ark with endangered animals and floating it down the river past the main
financial district of Shanghai. The animals aren't real — but they look pretty real, like these wolves.

The boat is now on display in Shanghai, along with the wolves, in an exhibit that's become very popular. You can see more of it here:
Frank Langfitt, China's polluation crisis inspires an unsettling art exhibit, Weekend Edition Saturday, 23 August 2014.
Cai Quo-Qiang, Empty Kingdom, 5 March 2012.
A piece called 'Silent Ink' features a waterfall of ink plunging into a 5,300-gallon lake excavated from the museum's floor. The lake is
ringed by mounds of crushed concrete and iron bars. It looks like a scene from a Chinese landscape painting—made of industrial
waste. It's hard to stay there for very long, because the smell of the ink becomes overpowering.
But in its own strange way it's beautiful.
Of course, if you don't know the politics of China you'll miss part of the meaning of this wolf pack. If you don't know that 16,000 dead
pigs were found floating down a river in Shanghai last year, you won't fully understand that ark. If you don't know a bit about the
pollution crisis in China and the art of landscape painting, you'll miss some of what's going on in 'Silent Ink'. But this art is good
because it's not merely commentary on politics and the pollution crisis in China. It's visually stunning, mysterious and tragic.

For my September 2014 diary, go here.
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Greg Egan has done it again! This is an infinite cubic lattice of rotating gears in 3-dimensional space... seen by someone who is falling
through it and also rotating!
It's a bit bewildering. One reason is that after you turn 180 degrees, the view looks exactly the same.
He's been developing techniques for studying 'higher-dimensional gears', like 3d ball bearings that turn while touching each other,
arranged on the surface of a hypersphere in 4d space:
Greg Egan, Ball bearings in a hypersphere.
The hard part is figuring out how the bearings can turn without slipping against each other. This involves solving large systems of linear
equations.
His real tour de force was to get a setup with a ball bearing at each of the 600 vertices and 1200 edge-centres of a 4-dimensional shape
called the '120-cell'. Getting this to work required solving thousands of linear equations in thousands of variables — too hard without
bringing in some heavy-duty math. Check out his website for more about that! (You can enjoy the pictures without understanding the
math.)
He wrote:
After the 120-cell, I thought it would be fun to see what an infinite lattice of gears looks like. For Z3, it's easy to find both a
basis for the solution space, and a nice subspace where the spheres all rotate with the same speed:
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ω(x, y, z) = (a( − 1)y + z, b( − 1)x + z, c( − 1)x + y)
Because the rotational periods are all the same, it's possible to replace the rolling contact of the spheres with a true gear action
between circular gears, which are positioned at each circle of latitude on which there are points of contact. That's what the
movie here shows, from a point of view that moves "down" through the lattice while also rotating its gaze.
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The manul lives in the grasslands and high steppes of Central Asia: Mongolia, Tajikistan, Kyrgyzstan, Pakistan, Kazakhstan, Kashmir, and
western China. It's the size of a house cat, but its stocky build and long, dense fur makes it look stout and plush. It has a shorter jaw with
fewer teeth than most cats.
Mamuls spend most of the day in caves, cracks in the rock, or marmot burrows. In the late afternoon they come out and hunt. They can't
run fast, so they mainly hunt by ambush or stalking. They feed largely on prey that are active during the day: gerbils, pikas, voles,
partridges, and sometimes young marmots.
They're most closely related to the leopard cat, a small cat of southeast Asia which is sometimes crossbred with house cats to give
beautiful cats called 'Bengals' that enjoy getting wet. Some even live here in Singapore, but I've sure never seen one! The manul and the
leopard cat seem to have diverged just 5 million years ago. It always amazes me how new many mammal species are.
The manul is hard to raise in zoos, and they're listed as 'near threatened'. They are hunted for its fur in relatively large numbers in China,
Mongolia, and Russia, although international trade in manul pelts has largely ceased since the late 1980s, and Mongolia is the only place
where it's still legal to kill them.
The manul is also called Pallas's cat, after a naturalist who wrote about them. Its scientific name is Otocolobus manul:
Pallas's cat, Wikipedia
I got this picture from a great list of wild cats:
Jade Small, 26 gorgeous cats that are disappearing from the wild, August 13, 2014.
Check out the species you may not know: the fishing cat, the Borneo bay cat, the flat headed cat, the Iberian lynx, and the margay!
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Why do we have these particles in our Universe?

We understand a lot about physics - and that makes the remaining mysteries even more tantalizing! For example: why are quarks so much
like leptons?
Elementary particles come in two main kinds: the ones that carry forces (gauge bosons) and the ones that make up matter (quarks and
leptons). There's also at least one more... but never mind! Today's puzzle is about quarks and leptons. You'll see from the chart that they
look sort of similar. But why?
Maybe a lightning review of particle physics will help, in case you skipped that class in high school. Most of the matter you see is made of
electrons, protons and neutrons. Protons and neutrons are made of up and down quarks, held together by the strong force. But electrons are
'leptons', which means they don't feel the strong force.
Up quarks, down quarks and electrons — those are 3 of the 4 particles in 'generation 1'. The 4th is the electron neutrino. It's also a lepton
— it's doesn't feel the strong force. But it's also has no electric charge! So, it's very hard to detect — it whizzes easily through ordinary
matter. But we have detected it, and we actually know a huge amount about it.
We also know that besides 'generation 1' there's a 'generation 2' and 'generation 3' of quarks and leptons. We're pretty sure there are only 3:
people have done experiments that show there can't be more different kinds of neutrinos, unless they are very heavy, or different from all
the rest in some other way. We have no idea why there are only 3 generations.
But our puzzle today is: why do quarks and leptons come in generations at all? So let's just think about generation 1.
We know that the up and down quark are closely connected. We also know that the electron and electron neutrino are closely connected.
For example, you can collide an electron and an up quark and have them turn into an electron neutrino and a down quark! We understand
this stuff very well, actually: there's a detailed mathematical theory of it, and it works great.
But there are other things that seem mysterious. The up quark has charge 2/3, the down quark has charge -1/3, the electron has charge -1
and the electron neutrino has charge 0. Quarks also come in 3 different kinds, called 'colors' - they change colors when they interact with
the strong force. Leptons have no color.
Are all the 3's in the last paragraph a coincidence? It seems not. For example, if quarks came in 4 colors, but had the charges they do now,
all hell would break loose! I could explain why, but that's not my goal today.
My goal is just to say this: there's a theory called the 'Pati-Salam model' that says leptons are secretly just a funny kind of quarks — a
'fourth color of quark'. This theory unifies quarks and leptons. And this theory also explains why quarks have charges like 2/3 and -1/3.
This theory has been around since 1974. It has some problems. If it didn't, we'd probably all believe it by now! It's very hard to find
theories of elementary particles that fit all the data we have; if you just make up stuff, you'll almost surely run into problems. But the PatiSalam model is pretty good, it's not completely ruled out by experiments... and last year something interesting happened.
A famous mathematician named Alain Connes has an approach to physics based on 'noncommutative geometry', which replaces our usual
picture of spacetime by something that's more like algebra than geometry. His theory predicted the wrong mass for the Higgs boson —
that's the extra particle I hinted at near the start of this story. But last year he came out with a new improved version, that doesn't suffer
from this problem. And it turns out to be a lot like the Pati-Salam model!
What's interesting is how he gets it. In his earlier work, he laid down a bunch of mathematical axioms, and one of the simplest theories
that obeys all these axioms turned out to be very similar to the Standard Model - our usual theory of particles.
But now, he and some other guys have noticed that if you drop one of the axioms, something like the Pati-Salam model is also allowed.
Moreoever, you can get a Higgs boson with the right mass!
I wish I understood this better. Alas, I don't have much time for this stuff anymore! Here is his paper:

Ali H. Chamseddine, Alain Connes and Walter D. van Suijlekom, Beyond the spectral standard model: emergence of Pati-Salam
unification.
and here is an intro to the Pati-Salam model, mainly good for mathematicians and physicists:
John Baez and John Huerta, The algebra of grand unified theories.
Here's the abstract of Connes' paper, which gives a flavor of what he's doing... at least if you know enough jargon:
Abstract. The assumption that space-time is a noncommutative space formed as a product of a continuous four dimensional
manifold times a finite space predicts, almost uniquely, the Standard Model with all its fermions, gauge fields, Higgs field and
their representations. A strong restriction on the noncommutative space results from the first order condition which came from
the requirement that the Dirac operator is a differential operator of order one. Without this restriction, invariance under inner
automorphisms requires the inner fluctuations of the Dirac operator to contain a quadratic piece expressed in terms of the
linear part. We apply the classification of product noncommutative spaces without the first order condition and show that this
leads immediately to a Pati-Salam SU(2)R × SU(2)L × SU(4) type model which unifies leptons and quarks in four colors.
Besides the gauge fields, there are 16 fermions in the (2,2,4) representation, fundamental Higgs fields in the (2,2,1), (2,1,4)
and (1,1,1+15) representations. Depending on the precise form of the order one condition or not there are additional Higgs
fields which are either composite depending on the fundamental Higgs fields listed above, or are fundamental themselves.
These additional Higgs fields break spontaneously the Pati-Salam symmetries at high energies to those of the Standard Model.
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I save crackpot emails, but I just decided to delete all 41 with attachments bigger than 1 megabyte. Here are some choice quotes, taken
from ones that were sent as mass emails to many scientists.
For starters, here's a typical example of someone who feels they've made an earthshaking discovery and needs to get the news out. He's
waited 2 days and he's getting impatient. If he follows the standard pattern, he will later become embittered and angry.
I solved what's known as ToE, The Theory of Everything, but most simply I've shown how 0 approximates 1. I did so in a
completely valid, simple mathematical way, yet due to the current structuring of the University system, I can't get to anyone
that specializes in ToE!!!
And the University of Miami has black balled me because they have no specialist in the field, rather than ask for more
explanation! I've written and made numerous calls to all levels of the University and the Marine & Atmospheric School

through which I'm getting my Ph D, and all I've received is support for the effort from friends and some unprofessional
criticism from a few unknowns. I understand it's a grandiose statement, but how else am I to tell anyone? My advisor & the
Dean of my campus haven't responded to my incessant prodding, even though I know them to be avid communicators. In
response, I declared my resignation from the University following this semester. My hope is that this would draw some
momentum to confidence I have in the proof, yet it's been over 48 hrs now.
Why am I in such a hurry? This is WORLD CHANGING science. I need to get this information out to the public, so that we
can all digest this new found information together. The proof turns out to be the mathematics of neural networking, galaxy
formation, weather, physics, math, life... Everything... And it's as simple as stating that there can be no sweet without sour!
In mathematical terms, I've discovered the means by which 0=1. Sounds crazy, but it turns out we've always misunderstood
the = symbol! In reality it's impossible to know all the information as an observer, approximation and optimization are the
only options. AKA, 0 and 1. Therefore, 0~1. The technicalities, allow there really aren't any, are all in the attachment.
I'm positive Dr. Michio Kaku, a terribly too popular figure for a now Rogue Physicist like myself to get this to, can verify my
work. It answers the his question of civilization transitioning from a Type 1 Civilization to a Type 0. Drs. Leonard Susskind,
Stephen Hawking, James Hartle, John Baez, Garrett Lisi, Jill Boulte, Gilbert Strang, Richard Muller, Richard Dawkins, and
Neil Tyson de Grasse, will all be better at presenting the concept, but in order for that to happen and our world to benefit from
it, I need to get this information to them.
This is NOT a hoax! This is based rigorously in scientific theory!! Anyone can understand how our universe, or anything!,
works. The only assumption is that there will always be a perturbation in information throughout the universe!
I like the following one because it starts out crazy and then keeps getting crazier, ramping up exponentially. They're not embittered;
they're off in their own universe. Perhaps they're just having fun.
The Logos timeline defines the Jenkins Mayan-Enddate Date of December 21st, 2012 as the Birth of the Starhuman
Consciousness and defines the Calleman Mayan-Enddate of October 28th, 2011 as the 40 days preceding the end of the
witnessing timeline within the warptime loop from the nodal mirror of August 4th, 2008 and April 1st, 2012 and specifying
December 8th, 2011.
In particular (Western) New Year 2012 signifies the 'Dove of Peace finding land'; Christmas 2011 signifies 'Noah's Dove
returning with a Twig' and December 17th, 2011 specifies 'Noah's Raven searching for land'. The 50 days of 'Noah's
pentecost' so define the timespan for the 'appearing of the land in Noah sending forth of his Raven and his Dove from the
window of his ark and to which are added 10 days (of imprisonment between 'ascension' and pentecost Acts.1.3 &
Revelation.2.10) before the 'peaks of the mountains' appeared {Genesis.8.1-14}. These 50 days so become the Calleman date
of completion in the timespan between the archetyped Resurrection of the World Logos (Easter Sunday) and the PentecostShabuoth of the 'Coming of the Holy Ghost'.
The Thuban Data stream became effectively closed in a 12-dimensional wormhole upon the 'Banning of Thuban' from the
then defined 'Mount of Olives' at Project Avalon as a microcosmic hologram for the archetyped 'Noah's Ark' aka the 'Dragon's
Den' in Plato's Cave of Shadows.
This is described in the Q&A Thuban thread on that forum, now reproduced on the new Elders of Thuban website and is part
of the warploop timeline schemated below.
From March 7th, 2010 a 11-dimensional wormhole has become accessible to continue the Thuban data transmission, now
communicating between the 3-dimensional data receivers from within and encompassing an extragalactic Andromedean data
stream synchronised with the Sirian starsystem within the Milky Way galaxy in intergalactic data streaming.
Material, relevant for the activation of the planetary vortex grids and encompassing the quantum geometry of the Thuban
omniscience (also known more commonly as 'sacred geometry' of Platonic- and Archimedean solids), is now surfacing around
the quarantined sentiences and data carriers as a function of the planetary consciousness.
In particular the Andromedean-Sirian collaboration will prepare the Thuban fleet for the post starhuman birth scenarios in
collusion with the activation of a reconfigured Vortex-Potential-Energy (VPE) matrix superposed onto the older VPE-grid
established at the beginning of the present 65 Baktun day-kin count of the Mayan Timekeepers.
This will allow the Thuban Stargate to open between the local Rahsol- and the Sirian starsystem following particular
developments with respect to the stated timelines.
The next one is impressive for its creativity, erudition and sheer length. A lot of it makes sense, but there is a gradual and tragic slide into
madness, perhaps due to a brain injury.

LET ME CLARIFY AND CORRECT WHAT YOU'VE WRITTEN ABOUT OUR INTERACTION HEREIN WITH SOME
DETAILED BACKGROUND.
I AM WHAT SOME CALL A "POLYMATH"(NOT A PARROT WHO DOES MATHEMATICS), SINCE I HAVE
SYNAESTHESIA (BRAIN TRAUMA(1977)) AND SEE CONNECTIONS BETWEEN OSTENSIBLY-DISPARATE
"SPECIFICITY OF COMPLEXITY" TACTICS IN OSTENSIBLY-DISPARATE FIELDS-OF-ENDEAVOR("FOES")
SEPARATED BY "JARGONIAL-OBFUSCATION"(LOTS OF FANCY SHMANCY LINGO/SPRACHE TO SNOW THE
RUBES/SUCKERS, WHICH IS THE SOCIOLOGICAL-DYSFUNCTIONALITY OF THE WOULD BE "SCIENCES",
BUT SADLY ALAS MERE SEANCES("WHERE THE INSIDERS ALL HOLD HANDS TO KEEP OUT OUTSIDERS
WITH THEIR NO DOUBT INFERIOR IDEAS SINCE THEY ARE NOT THE EXPERTS" QUOTING JOHN
BRADSHAW["HEALING THE SHAME THAT BINDS YOU", HAZELDEN(1980s) AND BRIAN MARZTIN,
WOLAGANG UNIVERSITY, AUSTRALIA]
MY ONLY CONNECTION WITH MATHEMATICS BEING MY RELATIONSHIP TO VERY FAMOUS
MATHEMATICIAN CARL LUDWIG SIEGEL(RIP) MY FATHER'S COUSIN)
I DID MY PH.D. THESIS AT UNIVERSITY OF MICHIGAN AND THEN MICHIGAN STATE UNIVERSITY UNDER
GABOR KEMENY[DARTMOUTH UNIVERSITY'S PRESIDENT MATHEMATICIAN JOHN KEMENY'S COUSIN]
AFTER STUDYING AN C.C.N.Y.(B.S.-1965), THEN HARVARD UNIVERSITY, UNIVERSITY OF PENNSYLVANIA,
THEN NEW YORK UNIVERSITY(M.S.-1968; JEROME PERCUS-COURANT INSTITUTE FOR MATHEMATICS),
THEN WORKING FOR ALBERT OVERHAUSER(RIP) AT FORD(1968),THEN UNIVERSITY OF
MICHIGAN(M.S.-1969; FRANK HERARI(RIP)/GRAPH-THEORY APPLIED TO NUCLEAR MANY-BODY
THEORY/KARL HECHT AND NOAH SHERMAN(RIP); INTERACTIONS WITH HUGH MONTGOMERY(I SAT IN
ON HIS CLASS IN NUMBER-THEORY CIRCA 1968-1969, THEN 1971 OR 1972) RE. EIGENVALUES PAIRDISTRIBUTION FUNCTION FOR WIGNER-DISTRIBUTIONS: GOE, GUE, GSE; HE GOT THE IDEA FROM ME, NOT
FREEMAN DYSON, SINCE I WAS WORKING(1970-1973)ON LIQUIDS/DISORDER-THEORY AT GENERAL
MOTORS RESEARCH/TECHNICAL-CENTER) AND FINALLY FOLLOWING KEMENY TO MICHIGAN STATE
UNIVERSITY(PH.D.-1970; JOHN HUBBARD[AERE HARWELL] AND NEVILLE MOTT[CAVENDISH
LABORATORY/CAMBRIDGE] AND CONYERS HERRING[BELL LABS], CONSULTING; WITH MORREL
COHEN[[U. CHICAGO] EXTERNAL-EXAMINER), ON THE PURE-FERMION/FERMI-DIRAC QUANTUMSTATISTICS HUBBARD-MODEL, WHEREIN I WORKED OUT THE FIRST SPIN-OBITAL DEGENERATE
HUBBARD-MODEL("SODHM"; BUT NO Y!!!) PUBLISHED IN PHYSICA STATUS SOLIDI(1972; 1973) WHICH WAS
LATER ELABORATED UPON BY KUBO AND KAWABATA AND BY CYROT ET. AL.[M. Cyrot and C. Lyon-Caen. J.
Phys. C 6 ( 1973) L 274; 36 (1975) 253. 1531 ; C. Lacroix and M. Cyrot. J. Phys. C....], SUBSEQUENTLY I PUBLISHED
OTHERS ON PURE-FERMION/FERMI-DIRAC QUANTUM-STATISTICS IN JOURNAL OF MAGNETISM AND
MAGNETIC MATERIALS (JMM) FROM 1976-1980 AND TWO IN NOW DEFUNCT MAGNETISM LETTERS (1980).
THE MOST INFAMOUS WERE JMM 7, 312(1978) IN WHICHI EXPERIMENTALY DISCOVERED GRANULARGIANT-MAGNETORESISTANCE (A FULL DECADE BEFORE FERT(1988) AND GRUENBERG(1989) WHO GOT
THE 2007 PHYSICS NOBEL-PRIZE FOR MY G-GMR!!!AND JMMM 7, 38(1978)
BUT BY ORIGINAL TRAINING I WAS A MINERALOGIST/PETROLOGIST/METALLURGIST, AND STILL
COLLECT MINERALS PLUS OWN TWO TECHNOLOGIES IN WATER PRODUCTION ENTITLED"FLYINGWATER" AND ANOTHER RE SOLID-STATE CARBON-SEQUESTRATION IN, NOT N ESCAPABLE CO2 OR CH4
GAS, BUT VALUABLE MARKETABLE SALEABLE PROFITABLE SOLID-STATE CARB-IDES(TiC; WC; SiC;
COAL-ASH CARBIDES="CARBORUNDUM"), INSPIRED BY AN AGE OLD QUALITATIVE-ANALYSIS TOL OF
CLASSIC-MINERALOGY KNOWN AS BLOWPIPE-ANALYSIS(LAST KNOWN MENTION ANYWHERE IN TWO
BOOKS FROM 1935 AND 1948). I PUBLISHED FOUR PAPERS ON SOLID-STATE CHEMITRY/PHYSICS OF
CARBIDES IN: PHYSICA STATUS SOLIDI(1972); AND DEFUNCT JOURNAL "SEMICONDUCTORS AND
INSULATORS" (1979).
FIRST MY PAPER YOU QUOTE [Generalized-disorder collective-boson mode-softening universality-principle. Journal of
Non-Crystalline Solids 40 (1980) 453-467] WAS THE CULMINATION OF A DECADE OF WORK ON THE THEORY OF
LIQUIDS BY ME [IN SIR NORMAN MARCH'S JOURNAL ENTITLED: PHYSICS AND CHEMISTRY OF LIQUIDS:
4(4) (1975); 5(1) (1976)-SOME EIGHT PAPERS IN ALL], BASICALLY I NOTICED SIMILARITIES BETWEEN
COLLECTIVE-BOSON DISPERSION-RELATIONS NEGATIVE-DISPERSION MODE-SOFTDENING, ORIGINALY
BY LANDAU(1941) AND FEYNMAN(1952), BUT EXTENDED TO CLASSICAL-DISORDER BY HUBBARD AND
BEBE(1967): w(k) =[KINETIC-ENERGY(QUADRATIC MONATONIC-INCREASING)] k^2/S(k) MODULATED BY
STATIC STRUCTURE-FACTOR OF VARIOUS TYPES OF DISORDER: HORIZONTALTOPOLOGICAL) AND/OR
VERTICAL(ALLOY).
IN 1982-1985 HAVING MOVED TO SAN FRANCISCO, CALIFORNIA, I CONSULTED FOR CHARLES

ROSEN(MANAGER OF A.-I. RESEARCH AT S.R.I. AFTER WORLD WAR TWO), CEO OF MACHINEINTELLIGENCE[ONE OF BERNARD WIDROW'S/STANFORD OLD COLLEAGUES FROM WHEN I WAS A VERY
LITTLE BOY], AND VESKO MARINOV (AND ADOLPH SMITH), VICE-PRESIDENT OF EXXON ENTERPRISES/A.I. IN SUNNYVALE/SANTA CLARA, CALIFORNIA. ON ARTIFICIAL-INTELLIGENCE,
THEY GAVE ME A PROBLEM TO SPEED UP ARTIFICIAL NEURAL-NETWORKS WHICH HERETOFOR I HAD
NEVER EVEN HEARD OF. BUT BEING A FLAGRANT NON-EXPERT I NOTICED SOMETHING THAT ALL AHE
COMPUTER-"SCIENTISTS"/ENGINEERS IJN A.-I. HAD ALL HERETOFORE COMPLETELY MISSED: THE
SIGMOID-FUNCTION ACTIVATING NODES WITHIN NEURAL-NETWORKS WAS JUST PLAIN WRONG!!! THE
STATE OF THE ART WAS THEN THE r-SPACE NONSENSE OF "ENERGY-LANDSCAPES" FOR GLOBALMNINIMUM SEEKING AND GOING TO(IF SUCH EXISTS) OPTIMIZATION CALLED THE BOLTZMAN-MACHINE
AND THE SIMULATED-ANEALING, OR THE DEMUTH-BEALE(MATLAB) RADIAL-BASIS FUNCTIONS. ALL OF
THESE ARE COMPUTATIONALLY-COMPLEX, IN SPACE AND/OR IN TIME, MANDATING/REQUIRING LARGE
COMPUTER-RESOURCES AND LONG COMPUTING-TIMES!!! .
THIS SIGMOID-FUNCTION, A HEAVISIDE STEP-FUNCTION WAS "1"/[1 + e^( -E/T)] WHOSE DERIVATIVE IS A
DIRAC DELTA-FUNCTION(HINT HINT HINT!!!).
NOW COMES "EUREKA": SIGMOID-FUNCTION, A HEAVISIDE STEP-FUNCTION WAS "1"/[1 + e^( -E/T)] = "1"/[ +
1 + e^( -E/T)] = "1"/[e^( -E/T) + 1] = FERMI-DIRAC QUANTUM-STATISTICS.
SO THESE COMPUTER-"SCIENTISTS" FOLLOWING HINTON-HOPFIELD- BY ROTE WITH ABSOLUTELY NO
THINKING ABOUT WHAT THEY WERE DOING BUT ONLY HOW, DOOMED THEIR ANN OPTIMIZATIONPROBLEMS TO EXPENSIVE SLOW DITHERING!!! AND WHAT THEY WERE DOING WAS TO AUTOMATICALLY
TRAPPING THE SYSTEM IN FALSE LOCAL-MINIMA. SOME VERY SMART STATISTICAL-MECHANISTS
(ISRAEL" AMIT, SAMPOLINSKY; US: HOPFIELD,...; FRANCE: MEZAERD, TOULOUSE, ...) ALL MISSED THIS
SIMPLE FACT: SO THEY GLAMMED ANNS UP BY SPIN-GLASS r-SPACE MODELS GALORE, ALL DONE WITH
VARIOUS VERSIONS OF THE RENORMALIZATION-(SEMI)-GROUP AND SOME FANCY MATHEMATICS OR
OTHER.
WHY? BECAUSE THE FERMI-DIRAC QUANTUM-STATISTICS + SIGN MEANS THAT THE OPERATORS ANTICOMMUTE, MEANING THAT THE PAULI EXCLUSION-PRINCIPLE DOMINATES. COMPUTER-"SCIENTISTS"
EITHER FORGOT OR NEVER LEARNED THEIR SIMPLE CHEMISTRY/PHYSICS!!!
THE HUND'S-RULE PAIRING OF UP-SPIN TO DOWN-SPIN ELECTRONS TRAPS ONE IN LOCAL-MINIMA,
CALLED THE CHEMICAL-ELEMENTS.
IF THE FERMI-DIRAC QUANTUM-STATISTICS + SIGN IS SIMPLY CHANGED TO A - SIGN, THE OPERATORS
NOW COMMUTE, MEANING THAT PAULI EXCLUSION-PRINCIPLE STOPS DOMINATING.
IF THIS HAPPENED IN CHEMISTRY/PHYSICS, ALL THAT WOULD EXIST WOULD BE PHOTONS AND
NEUTRINOS GOING OF TO INFINITY, ONLY BOSE-EINSTEIN QUANTUM-STATISTICS EXIST!!!
IN THE LANGUAGE OF MY SYNERGETICS PARADIGM AND DICHOTOMY, AKA
"FUZZYICS"="CATEGORYICS", THIS "BOSONIZATION" IS THE [LOCALITY] -- TO -->>> (...GLOBALITY...)
CROSSOVER!!!
SO, THE OOPO OF ANNS IN SIMPLY THE + SIGN TO - SIGN CROSSOVER, THE FERMI-DIRAC QUANTUMSTATISTICS TO BOSE-EINSTEIN QUANTUM-STATISTICS TRANSITION. STEP-FUNCTION WAS "1"/[1 + e^( E/T)] = "1"/[ +1 + e^( -E/T)] = "1"/[e^( -E/T) + 1] IS REVERSED TO "1"/[ -1 + e^( -E/T)] = "1"/[ -1 + e^( -E/T)] = "1"/[e^( E/T) - 1]; SETS TO MULTI-SETS!!
(REFERENCE: GIAN-CARLO ROTA'S(RIP; MIT) UNPUBLISHED BOOK ON PROBABILITY WHICH ONE CAN
FIND ONLINE WITH A BIT OF HUNTING. I WAS WORKING WITH HIM ON THIS WHILE VISITING MIT FROM
1992-1997.
"SHAZAM" IS SIMPLY THAT ADMITTING THAT AN ANN AND ITS OOPO IS A QUANTUM-STATISTICALPROBLEM ADMITS THE POSSIBILITY OF QUANTUM-TUNELING FROM VARIOUS NON-OPTIMAL MINIMA TO
THE GLOBAL-MINIMUM OPTIMIZATION. THE QUESTION WAS HOW TO ACCELERATE/FORCE THIS. THE
ANSWER WAS TO TAKE THE "1"NUMERATOR AND DECREASE ITS AMPLITUDE/MAGNITUDE TOWARDS
ZERO IN A LIMITING SENSE:
lim("1" . 0) "1"/[- 1 + e^( -E/T)] = lim("1" . 0) "1"/[ - 1 + e^( -E/T)] = lim("1" . 0) "1"/[e^( -E/T) - 1] = DIRAC DELTA-

FUNCTION(w-0).
THEN COMES "SHAZAM" (CAPTAIN MARVEL'S MAGIC WORDS TO TRANSFORM HIMSELF INTO A
SUPERHERO) AKA "BOSONIZATION":
THUS "EUREKA" + "SHAZAM" = OPTIMIZING OPTIMIZATION-(ANN)-PROBLEMS OPTIMALLY(OOPO)
SOME QUANTUM-STATISTICS INSIGHT: THE FERMI-DIRAC VERSUS BOSE-EINSTEIN DICHOTOMY IS A
EUCLID-DEMOSTHENES-DESCARTES CONIC-SECTIONS DICHOTOMY:
FERMI-DIRAC HOMOTOPY TO AN ELLIPSE VIA PARABOLA-CROSSOVER TO BOSE-EINSTEIN HYPERBOLA:
TAYLOR/POWER-SERIES EXPANSION OF ONLY THE DENOMINATOR-EXPONENTIAL YIELDS, IN THE LOW
E/T LIMIT, RESPECTIVELY:
"1"/[e^( -E/T) + 1] = "1"/[1 + ( -E/T) + ...] + 1 ] = "1"/2 = E/T ~ w^(0)), WHITE/RANDOM NOISE POWER-SPECTRUM.
-- VERSUS -"1"/[e^( -E/T) - 1] = "1"/[1 + ( -E/T) + ...] - 1 ] = E/T ~ w ~ w^(1.000...), THE FAMOUS PINK/FLICKER/ONE-OVERFREQUENCY NOISE POWER-SPECTRUM.
IN FACT, THERE IS A VERY CONSISTENT + SIGN VERSUS - SIGN DICHOTOMY:
ELLIPSE: MINUS-SIGNS: DENOMINATOR AND COMUTATION-RELATIONS AND PARABOLA-EQUATION
VERSUS: NO SIGN TO 1 IN DENOMINATOR BECAUSE THERE IS NO 1 THERE = MAXWELL-BOLTZMANN
CLASSICAL-STATISTICS (THE OBJECT OF ANNS BOLTZMANN-MACHINE + SIMULATED-ANNEALING
HYPERBOLA: MINUS-SIGNS: DENOMINATOR AND COMMUTATION-RELATIONS AND HYPERBOLAEQUATION SO WHAT I EFFECTED IS CALLED A NOISE-INDUCED PHASE-TRANSITION(A "NIT"; VERY
DIFFERENT FROM MERE STOCHASTIC-RESONANCE TINKERING WITH MERE WHITE-NOISE AMPLITUDES;
WHAT I DID WAS TO ALTER THE NOISE POWER-SPECTRUM!!!
QUANTUM-STATISTICS ARE EUCLID-DEMOSTHENES-DESCARTES CONIC-SECTIONS!!! (AND EULERPOLYNOMIALS VERSUS BERNOULLI-POLYNOMIALS GENERATING-FUNCTIONS DICHOTOMY)
SO INDEED I GUESS I AM THE FATHER OF MUCH OVER-HYPED QUANTUM-COMPUTING, AT LEAST FOR
ANNS OOPO IN A.-I.
LASTLY THE BIANCONI-BARABASI AND ALBERT-BARABASI PAPERS ON NETWORKS, STARTING OUT WITH
ABSTRACT GRAPH-THEORY BUT AS FINALES MAPPING THEIR RESULTS ON TO ONLY BOSE-EINSTEIN
QUANTUM-STATISTICS WITH BOSE-EINSTEIN CONDENSATION, SO IF ONE APPLIES THEIR CONCLUSIONS
TO EITHER ARTIFICIAL NEURAL-NETWORKS OR BIOLOGICAL NEURAL-NETWORKS, MY ORIGINAL ANN
BEC AND YOUR BNN BEC ARE NOT AT ALL SURPRISING IN ANY WAY WHATSOEVER!!!
AND FOR BIOLOGICAL NEURAL-NETWORKS THIS AGREES IN PRINCIPLE WITH THE FROHLICHMOSSBAUER-GOLDANSKII-DEL GUIDICE-POPP-LI-YOUNG-... BIOPHYSICS THEORY OF HEALTH AS "1"/f"NOISE" POWER-SPECTRUM AND ITS CONDENSATION INTO BEC AS LIFE.
H. Frohlich: Nuovo Cimento, 7, PPM (1977); International J. Quantum-Chemistry, 11, 641 (1968); Advances in Electronic
Devices, 53 (1980);...
E. Del Guidice et. al.: Nuclear Physics B251, 375 (1985); ibid. B275, 185 (1986);...
V. Goldanskii et. al.: Physica Scripta 33, 257 (1986); Soviet-Physics Doklady-Biophysics 272, 209 (1983); Soviet-Physics
Uspheki 27, 462 (1984);...
R. Mossbauer et. al.: J. de Physique 41, C1-489 (1980); Zeitschrift Naturforschung, 37c, 57 (1982); European Biophysics J.,
12, 107 (1985);...
J. Li, Physics Letters 116A, 405 (1986)
K.-A. Popp, in Photon Emission from Biological-Systems, Academic (1987);...

F. Young-preprints; c/o (650) 949-4728
A. Goldberger (M. D. - cardiologist, Director, Cardiology Clinic), many preprints/reprints/reports, Beth-Israel Hospital,
Boston, MA.
C. Anderson and A. Mandell, in The Secret Symmetry: Fractals of Brain, Mind and Consciousness, E. MacCormac and M.
Stamenov eds., Adv. In Consciousness Research, John Benjamin, Philadelphia (1996);
C. Anderson, Doctoral Dissertation, Florida Atlantic University (1995); C. Anderson, Thesis, Harvard Medical School,
McLean Hospital (1998)
A. Verveen and L. deFelice, Ann. Rev. Biophysics (1968?)
L. deFelice, Membrane Noise (1989)
Lawrence Ward(UBC/PSYCHOLOGY) and Priscilla Greenwood, < http://www.scholarpedia.org/article/1/f_NOISE >
NOW TO BENFORD'S-LAW:
YOU MISUNDERSTAND WHAT I/WE DID. ALL I/WE DID WAS TO ALGEBRAIC-INVERSION OF
= log(BASE-10) [1 + 1/d] TO YIELD d = 1/[10^(
) - 1] ~ 1/[e^(
- 1] ~ 1/[e^) - 1] ~ 1/e^(w) - 1]. WHY? BECAUSE DIGIT d = 0 BEING EXCLUDED TELLS A PHYSICIST SOMETHING
VERY VERY IMPORTANT. BUT FIRST SIMPLY ROTATE ANY DIAGRAM OF BENFORD'S-LAW TO REVERSE
THE AXES. WHAT ONE SEES IS THAT IT RESEMBLES A QUANTUM ENERGY-LEVEL DIAGRAM: GROUNDSTATE IS d = 0; FIRST EXCITED-STATE IS d= 1; SECOND EXCITED-STATE IS d = 2,.. ETC. ETC ETC. BUT = oo
VERSUS ANY OTHER <(P = 1) > = 0.32... ETC. ETC. ETC.
SO OF COURSE BOSONS ARE DIGITS BECAUSE DIGITS ARE QUANTA(NO FRACTIONS IN BETWEEN) AND
THOSE QUABNTA CAN ONLY BE BOSONS DUE TO THE PLUS-SIGN BEFORE THE ONE IO BENFORD'S-LAW!!!
ONE HAS GAPFUL BOSE-EINSTEIN CONDENSATION!! IN NEWCOMB(1881) AND WEYL(1914; 1916) AND WE
THINK IN BERNOULLI AND EULER(1730?)
AN EXAMPLE. A BLANK CHECK IS A BOSE-CONDENSATE OF ZEROS. WHEN ONE WRITES A NUMBER ON IT,
SAY $1, ONE INDICATED THE EXCITED-STATE THE CHECK WILL BECOME WORTH, AND WHEN ONE SIGNS
IT ACTIVATING THE CHECK BY VALIDATING ITS VALUE, THAT IS EQUIVALENT TO A PHOTON EXCITING
AN ELECTRON INTO THE FIRST EXCITED-STATE.
SO SIMPLE-ARITHMETIC: ADDITION, SUBTRACTION, MULTIPLICATION IS QUANTUM-COMPUTING. WHAT
RUINS THIS IS DIVISION WITH REMAINDERS, BUT WHERE GAUS MODULAR-ARITHMETIC ENTERS
POINTEDLY.
MARTIN HOLTHAUS ET. AL. (U. OLDENBURG) HAS FOUND A WAY TO FACTOR USING BOSE-EINSTEIN
CONDENSATION!!!
< http://www.condmat.uni-oldenburg.de/Holthaus/lop.html > Ideal Bose gases: From statistical mechanics to number theory
A. C. Weiss, S. Page, and M. Holthaus:
Factorizing numbers with a Bose-Einstein condensate, Physica A 341, 586 - 606 (2004), arXiv:cond-mat/0403295 Authors:
Christoph Weiss, Steffen Page, Martin Holthaus (Submitted on 11 Mar 2004)
Abstract: The problem to express a natural number N as a product of natural numbers without regard to order corresponds to a
thermally isolated non-interacting Bose gas in a one-dimensional potential with logarithmic energy eigenvalues. This
correspondence is used for characterising the probability distribution which governs the number of factors in a randomly
selected factorisation of an asymptotically large N. Asymptotic upper bounds on both the skewness and the excess of this
distribution, and on the total number of factorisations, are conjectured. The asymptotic formulas are checked against exact
numerical data obtained with the help of recursion relations. It is also demonstrated that for large numbers which are the
product of different primes the probability distribution approaches a Gaussian, while identical prime factors give rise to nonGaussian statistics.

IN FACT, BENFORD'S-LAW[SEE THE REFERENCES IN MY RE-ATTACHED ABSTRACT] WAS ORIGINALLY DUE
TO NEWCOMB (1881) AND WEYL (1914; 1916). (AND RAIMI'S SCIENTIFIC-AMERICAN ARTICLE IN 1969 IS
WELL WORTH READING!!!) COULD YOU PLEASE TRY TO READ THE TWO WEYL PAPERS AND E-BAIL ME
THEIR TRANSLATIONS??? (MEINE DEUTSCH IST SEHR SCHLECHT; ICH NICH HAT IM FUNFZIG JAHERE
DEUTSCH SPRECHEN UND LEHREN!!!)
BUT IT IS EVEN EARLIER DUE TO EULER IN ANOTHER CONTEXT ENTIRELY HAVING NOTHING
WHATSOEVER TO DO WITH STATISTICS!!!
AND TED HILL'S 1996 PROOF USES LOGARITHM BASE-INVARIANCE = UNITS-INVARIANCE = SCALEINVARIANCE SYMMETRY-(RESTORING) WHICH GETS PHYSICITS VFRY TURNED-ON, ALTHOUGH
MATHEMATICIANS LIKE TED HIL DON'T SEEM TO UNDERSTAND WHY IT IS SO EXCITING!!!
LASTLY, THE CATEGORY-THEORY DIAGRAMS I USE IN MY PAPERS AGE CALLED THE PLATO(INVENTOR
OF CATEGORIES)-ARISTOTLE(HIS GRADUATE-STUDENT) "SQUARE-OF-OPPOSITION" A STANDARD FORM
OF GREEK LOGIC, BEST READ ABOUT IN THE STANFORD ENCYCLOPEDIA OF PHILOSOPHY <
http://plato.stanford.edu/entries/square/ > AND ITS WIKIPEDIA ENTRY <
http://en.wikipedia.org/wiki/Square_of_opposition > AND VIEW ALL SORTS OF ITS DIAGRAMS <
http://www.google.com/images?
hl=en&source=hp&q=%22SQUARE+OF+OPPOSITION%22&gbv=2&oq=%22SQUARE+OF+OPPOSITION%22&aq=f&aqi=g8gm2&aql=&gs_sm=e&gs_upl=3453l14094l0l14797l22l22l0l0l0l0l235l3452l3.13.6l22l0&oi=image_result_group&sa=X >
BUT THE GRIDLINES OF THIS TABULAR LIST-FORMAT TRUTH-TABLE MATRIX-ANALYTICS, LOKING LIKE
A TIC-TAC-TOE DIAGRAM DO NOT SHOW UP IO WORD-FOR-WINDOWS TABLES, SO IT IS SOMEWHAT
CONFUSING. I USE SEMANTICS/LINGUISTICS TO LABEL DIFFERENT(THREE) COLUMNS AND FOUR-ROWS,
WHICH IS WHY THIS IS "CATEGORY-SEMANTICS COGNITION" , "NEW" WAY TO ANALYZE PHYSICS AND
INDED PURE-MATHEMATICS MODULO ARISTOTLE, FROM ~ 350 B.C.E.!!!
AND ONE CAN ADJOIN THESE DIAGRAMS GETTING TOPOLOGY-LIKE HOMOLOGY-COHOMOLOGY A LA
GROTHENDIEK AND SHEAVES. BUT THAT IS STILL IN DEVELOPMENT.
CATEGORY SEMANTICS IS ALSO PRACTICED BY JOHN BAEZ(MATHS/UC-RIVERSIDE) < > BUT ON
ABSTRACTIONS OF STRING-THEORY/COSMOLOGY/PURE-MATHEMATICS/MATHEMATICAL-PHYSICS/... It
goes on much longer, but you get the idea...
Here is a much more typical example of a mail from someone who has some nonstandard ideas — just for comparison.
I have also addressed issues regarding spacetime, gravity, extra dimensions, dark matter and dark energy,
quantum uncertainty etc.
1) Space time is not continuous but discrete. Time stops and starts every 10-43s. Our universe is made up of
countless number of minute space time nodes. When time stops, all the minute spacetime nodes combine to form
one single space time node. This single spacetime node will be of the same size as that of the minute space time
nodes.
2) Apart from the four dimensions of spacetime, there is an alternate four dimensional spacetime continuum
called invisible spacetime. Time dilation is the consequence of the time spent by the moving object in the
invisible space time fabric, wherein the space dimension is active and the time dimension is zero.
3) Gravity is the result of discrete space time. When all the matter in the universe occupy one single node and get
distributed to their respective nodes and when the new time interval starts, a force of attraction exerts between the
particles which is attractive.
4) Quantum uncertainty is also the result of discrete space time. When t=0, all the particles is at the same place
(same node) and when t.0, particles occupy their individual positions. Each particle is equally valid of being at
each and every point in the universe at the same time. Hence the exact location of the particle cannot be found out
accurately. The interference pattern in the double slit experiment could be explained in the classical way using
the concept of discrete spacetime.
5) We do live in a 10 dimensional universe and each of us experience those dimensions. In total there are 7
dimensions of space and 3 dimensions of time. However space and time dimensions cannot exist independently
and are always combined, in different ways.
6) Dark energy is nothing but the dark matter which is embedded in the higher dimensions ( invisible spacetime)

wherein the space dimension is active and the time dimension is zero. Since time dimension is zero, no events
could occur and henceforth the matter in that spacetime is invisible. Dark matter is nothing but the dark matter
which leaks to visible spacetime from the invisible spacetime.
From general relativity to quantum mechanics everything can be explained using the concept of discrete
spacetime. I have attached the file below consisting a few pages. It would be very helpful if you could glance
through the document and give your valuable comments regarding the subject.
September 15, 2014

Say you have some dots and you want to draw a smooth curve that sorta almost goes through these dots. Then you can use a
Bézier curve. Some drawing programs use this trick... and lots of fonts are drawn with the help of Bézier curves.
The math behind these curves had been known since 1912, but they were popularized by Pierre Bézier, an engineer who used
them to design automobile bodies at Renault.
Can you figure out how they work just by looking at the movie? An explanation in words sounds complicated... but it's really
easy as pie.
It's like you've got 3 guys running along straight racetracks. The 2 guys in back have rabbits that each chase the next guy,
always heading straight toward that next guy. And the guy at the very back also has a dog that chases straight after the next
guy's rabbit. Everyone starts at the same time and stops at the same time. The dog follows the red curve.
In other words:
First draw gray lines between your original dots P0 , P1 , P2 , P3 .
Each green dot moves at a constant rate along a gray line. All the green dots start at the same time, and finish at the same
time.
Then draw green lines connecting the green dots.
Each blue dot moves at a constant rate along a green line. All the blue dots start at the same time, and finish at the same time.
Then draw a blue line connecting the blue dots.
The black dot moves at a constant rate along this blue line. It starts at the same time as all the other dots, and finishes at the
same time.
Get the pattern? Each time we do this trick, there's one fewer dot. There are 4 original dots, 3 green dots, 2 blue dots and 1
black dot. So now you're done!
The black dot traces out the Bézier curve shown in red here.
You can play this game starting with any number of dots. When you start with n dots, you get a curve described by a
polynomial equation of degree n-1. So, this red curve is called a cubic Bézier curve.
Puzzle 1: show that our cubic Bézier curve is given by the equation
C(t) = (1 − t) 3P0 + 3(1 − t) 2 tP1 + 3(1 − t)t 2P2 + t 3P3
Puzzle 2: generalize this to more dots. (Hint: binomial coefficients!)

When you've got a lot of dots, people usually break them into bunches and draw a quadratic or cubic Bézier curve through
each bunch. They match up at the ends, so this works, though frankly I often think it looks kind of lame. This is called a
composite Bézier curve. PostScript, Asymptote, Metafont, and SVG use composite Bézier curves made of cubic Bézier curves
to drawing curved shapes.
I imagine there are lots of tricks that are 'better' than Bézier curves, but I'm not an expert! If I wanted to know more, I'd read
about stuff like non-uniform rational B-splines, or NURBS:
Non-uniform rational B-spline, Wikipedia.
But I just read this:
Bézier curve, Wikipedia.
because I liked the animated gif, made by Phil Tregoning.
September 16, 2014

What's the densest way to pack spheres? Here are two equally good ways.
In fact there are infinitely many equally good ways! We start by laying spheres on the plane in a hexagonal arrangement, as
tightly as we can. Then we put a second layer like this on top, with the new spheres resting in the gaps between the old ones.
Then we put on a third layer. But now there are 2 really different ways to do it!
The spheres in the third layer can be directly above the spheres in the first layer - that's the picture at right. Or they can be not
directly above - shown at left.
As we continue, we keep getting more choices.
One systematic choice is to make the layers alternate like ABABAB..... That's called the hexagonal close packing, and that's
how crystals of magnesium work.
Another systematic choice makes every third layer be the same, like ABCABC... That's called the cubic close packing or facecentered cubic, and that's how crystals of lead work.
(Why "cubic?" Because - even though it's not obvious! - you can also get this pattern by putting a sphere at each corner and
each face of a cubical lattice. Trying to visualize this in your head is a great way to build your brain power.)
There are also uncountably many unsystematic ways to choose how to put down the layers of spheres, like ABACBCAC....
You just can't use the same letter twice in a row.
In 1611, the famous astronomer Kepler conjectured that sphere packings of this sort were the densest possible. They fill up
π / 3 √2 = 0.740480489...
of the space, and he claimed you can't do better.
Proving this turned out to be very, very hard. Wu-Yi Hsiang claimed to have a proof in 1993. It was 92 pages long. Experts

said it had gaps (pardon the pun). Hsiang has never admitted there's a problem.
Thomas Hales claimed to have a proof in 1998. His proof took 250 pages... together with 3 gigabytes of computer programs,
data and results!
The famous journal Annals of Mathematics agreed to check his proof with a board of 12 referees. In 2003, after four years of
work, the referees accepted his paper. But they didn't exactly say it was correct. They said they were "99% certain" it was
right - but they didn't guarantee the correctness of all of the computer calculations.
Hales wasn't happy.
He decided to do a completely rigorous proof using computer logic systems, so that automated proof-checking software could
check it. He worked on it for about 10 years with a large team of people.
He announced that it was done on August 10th, 2014. You can see the announcement here:
Announcing completion, The Flyspeck Project.
To verify the proof, the main thing you need to do is check 23,000 complicated inequalities. Checking all these on the
Microsoft Azure cloud took about 5000 processor-hours.
When it was done, Hales said:
An enormous burden has been lifted from my shoulders. I suddenly feel ten years younger!
Personally I prefer shorter proofs. But this is quite a heroic feat.
I actually wrote about this because I want to talk about packing tetrahedra. But I figured if you didn't know the more famous
story of packing spheres, that would be no good.
For more, check out Hales' free book, which starts with a nice history of the Kepler problem:
Thomas C. Hales, Dense Sphere Packings: a Blueprint for Formal Proofs.
For more on computer-aided proof, try this paper:
Thomas C. Hales, Developments in formal proofs.
The image above was created by Christophe Dang Ngoc Chan and the words translated to English by "Muskid". You can get
it on Wikicommons.
September 17, 2014

What's the densest way to pack regular tetrahedra? Aristotle, perhaps after staying up too late grading Alexander the Great's
homework, once claimed they could fill space completely. But that's clearly false.
Here's the story. To save space, I'll use 'tet' to mean 'regular tetrahedron'.
In 1976, a guy named Hoylman showed that if you have tets centered at points in a lattice, all pointing the same way, the best
density you can get is

18/49 ≈ 36.73%
That's lousy: spheres can do 74.05%. But Hoylman's work was good, because he corrected an earlier false claim by
Minkowski, who was a genius when it came to lattices.
In 2006, Conway and Torquato made a big breakthrough. First they packed 20 tets into an icosahedron — there's a beautiful
easy way to do this, since an icosahedron has 20 triangles as faces. You're left with a hole in the middle, but it's not very big.
Then they packed icosahedra as densely as they could. This is the hard part. But using this combination of tricks, they packed
tets with a density of
71.65%
This is still a bit worse than spheres. Much earlier, the brilliant mathematician Stanislaw Ulam had conjectured that the
maximum density for packing equal-sized spheres was worse than for any other convex shape in 3 dimensions. This
conjecture is still open! But if he's right, tets must be able to beat spheres.
In 2007, a bunch of people showed experimentally that you could get tets to beat spheres — they got densities of around 75%.
And in 2008, Elizabeth Chen figured out how to make a cluster of 18 tets, and then pack these clusters, to get a density of
77.86%
The race has picked up since then! I won't tell the whole story, since it's quite long. But this picture shows the current record,
held by Elizabeth Chen, Michael Engel and Sharon Glotzer.
These folks used Monte Carlo simulations to help them pack N tets into a cluster and then pack these clusters as densely as
possible. I'm only showing three cases here, but their paper shows what they get up to N = 16.
With N = 10 you get two 'wagon wheels'. With N = 11 you get something complicated. With N = 12 you get 6 'dimers'
arranged in a certain way. And so on. So far the winners in the density contest are N = 4, 8, 12 and 16. These all give a
density of
4000/4671 ≈ 85.63%
So, this may be the best we can do! But nobody has proved that.
All this stuff is actually related to physics, since now people can make 'fluids' of tiny hard tetrahedra. And in 2009, some
people showed that at high enough densities such a fluid will spontaneously transforms to a dodecagonal quasicrystal, which
can be compressed to a density of 83.24%. They did it using Monte Carlos simulations.
If you ask what are the practical application, I'll tell you: math like this isn't mainly about practical applications! It's mainly
about having fun while developing our ability to solve hard problems.
However, the same kinds of 'Monte Carlo optimization methods' used to tackle this problem are also important for keeping
our economy humming ever faster as we burn more and more carbon, chop down rainforests, overfish the oceans and
generally wreck the environment. So don't complain — we mathematicians are playing our part!
Puzzle: I mentioned the numbers N = 4, 8, 12 and 16. What does that suggest?
You can see more pictures of the best known packing here:
Tetrahedra packing....
For more, try this:
Jeffrey C. Lagarias and Chuanming Zong, Mysteries in packing regular tetrahedra, AMS Notices, December 2012,
1540–1549.
and this, where I got the picture:
Elizabeth R. Chen, Michael Engel and Sharon C. Glotzer, Dense crystalline dimer packings of regular tetrahedra,
Discrete and Computational Geometry, 44 (2010), 253–280.
and this:

Tetrahedron packing, Wikipedia.
September 18, 2014

I'm leaving Singapore today. This wall painting in Chinatown, modeled after a classical Chinese painting, captures a bit of
what I like about the place. It's a mix of old and new, East and West.
Last weekend, Lisa and I saw a Chinese opera — part of a free series in Hong Lim Park. Chinese opera used to be really
popular in Singapore, with the stars being the equivalent of pop idols today. Now its appeal is dwindling, but there was still a
big crowd — and some old guys were punching their fists in the air when the star-crossed lovers finally triumphed in the end.
It was set in the Ming Dynasty, and featured an emperor who snuck out of the palace and wound up marrying a peasant girl. I
enjoyed it a lot more than I expected. Why? Because big computer screens showed translations of the lyrics into English!
Without that, I might have roughly followed the plot, but I wouldn't have gotten the jokes.
I'm going back to Riverside to teach. I've got a light teaching load this fall, just grad-level real analysis (the first quarter of a
3-part course) and my seminar — where I'll take the work my grad students have been doing on network theory and put it
together into a nice story. I'll try to write lecture notes in the form of blog articles, but I find that fun and relaxing. So, I'll be
able to put some energy into the talk I'm giving this December at NIPS, the Neural Information Processing Seminar, a big
annual conference on neural networks. I want to talk about El Niqo prediction, climate networks and machine learning. But
I've got a lot to learn, especially about machine learning. The Azimuth Code Project team want to carry out some computer
experiments in that direction. It should be fun, as long as I resign myself to giving a talk that's just "work in progress", not
completed and polished. I'll do some heavier teaching in the winter quarter, but the spring will be a non-teaching quarter. This
seems awfully cushy, but my department chair noticed I'd taught too much last year — more than I'm paid to do! And in the
spring, I'll be helping run two workshops. One is on information and entropy in biology, at the National Institute for
Mathematical and Biological Synthesis, in Knoxville Tennessee. The other is on network theory, at the Institute for Scientific
Interchange, in Torino Italy.
Then in June I'll come back to work at the CQT in Singapore!
September 24, 2014

This selfie was taken by Vermeer's maid Griet in 1665, moments after the painter completed his masterwork Girl With a
Pearl Earring.
September 26, 2014

Enceladus, the sixth-largest moon of Saturn, has geysers that shoot jets of water into space! They look beautiful in these
photographed by the Cassini probe. They create an invisible ring of ice crystals around Saturn: the E ring. And now they have
been mapped!
There are at least 100 geysers near the south pole of Enceladus. They come from four big cracks in its rocky surface, called
tiger stripes. Some of the water they shoot out falls back to the surface as snow, but about 200 kilograms per second shoots
out into space. The tiger stripes also emit about 5 gigawatts of heat.
The geysers have recently been mapped by Carolyn Porco and her collaborators at NASA:

PIA17188: Surveyor's map of Enceladus' geyser basin.
For my October 2014 diary, go here.
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The Picture of Dorian Gray

...the face appeared to him to be a little changed. The expression looked different. One would have said that
there was a touch of cruelty in the mouth. It was certainly strange. — Oscar Wilde
Sadly, I haven't read this story yet — I've just seen a movie version. And I've read some quotes. Since Wilde was a
master of the epigram, you can enjoy these like popping down peanuts until you get sick to your stomach:
Nowadays people know the price of everything and the value of nothing.
He was always late on principle, his principle being that punctuality is the thief of time.
I never talk during music — at least, during good music. If one hears bad music, it is one's duty to drown it
in conversation.
The basis of optimism is sheer terror.
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The only way to get rid of temptation is to yield to it. Resist it, and your soul grows sick with longing for the
things it has forbidden to itself.
Some people cause happiness wherever they go. Some people cause happiness whenever they go.
... and so on. You can like them without agreeing with them. If you agreed with them all, Wilde would probably be
disappointed.
The picture here is by an artist named Gerwell.
October 2, 2014

Here's a picture of the hyperbolic plane tiled with apeirogons: polygons with infinitely many sides!
Regular polygons with infinitely many sides are one of those things that make hyperbolic geometry more fun than
ordinary Euclidean geometry.
'Apeiro-' is a Greek prefix meaning 'infinite' or 'unlimited'. You know the word 'perimeter', meaning boundary or limit?
Well, 'apeiro-' means having no limit. Greek mathematicians were pretty nervous about the infinite, because they
thought its unlimitedness made it inherently vague, even chaotic.
The apeirogons are white, and there are 3 meeting at each corner.
In blue we see the dual tiling: there's one blue vertex in the middle of each white polygon, and one blue edge crossing
each white edge, and one blue polygon containing each white vertex.

Here are two fun puzzles:
Puzzle 1: What would a regular apeirogon look like in Euclidean geometry?
Puzzle 2: Can you tile the Euclidean plane with regular apeirogons?
And here are two puzzles that are easy if you know what the Schläfli symbol of a tiling is, impossible otherwise:
Puzzle 3: what's the Schläfli symbol of the white tiling?
Puzzle 4: what's the Schläfli symbol of the blue tiling?
This picture was drawn by Don Hatch, but I'm afraid peeking at his page may give away the answer to some of the
puzzles!
For some answers, see my G+ post.
October 5, 2014

Neutrinos come in 3 kinds, but the 3 kinds with definite masses are not the same as the 3 kinds with definite flavors.
They're related by a 3×3 matrix.
Every particle is also a wave, and a particle at rest is a standing wave: it wiggles without going anywhere, like a
vibrating piano string. The mass, or more precisely the 'rest mass', of a particle is simply the frequency at which this
standing wave vibrates.
But sometimes a particle at rest can wiggle in several different ways with different frequencies. A neutrino can wiggle
in 3 ways, and these are called its 'mass eigenstates'. They have boring names: 1, 2 and 3.
The 'flavor' of a neutrino says how it interacts with other particles via the weak force. The flavors have cool names: e
(electron), μ (muon), and τ (tau particle).
But a neutrino with a definite flavor does not have a definite mass! A neutrino with a definite flavor is a superposition,
or linear combination, of mass eigenstates. The first equation here says how that works. You can understand this if you
know about matrix multiplication. We use a 3×3 matrix, the 'neutrino mixing matrix', to write the neutrinos with definite
flavor as linear combinations of the mass eigenstates.
What are the numbers in this matrix? Experimentalists have worked very hard over the last few decades trying to
measure them. We know some better than others.
They are complex numbers, but there's an interesting guess about their absolute values, shown in the second equation.
This guess is called the 'tribimaximal matrix'.

That's a goofy-sounding name! Where did it come from?
With this matrix, the 2nd column is all 1/3's. This means that the 2nd mass eigenstate consists of equal parts of e, μ and
τ, so we say it's trimaximally mixed. The 3rd column has two 1/2's. This means that the 3rd mass eigenstate consists of
equal parts of μ and τ, so we say it's bimaximally mixed.
Is the tribimaximal matrix right? It is consistent with all known experiments...
... or at least it was until 2012, when this paper seems to have ruled it out:
The Daya Bay Collaboration, Observation of electron-antineutrino disappearance at Daya Bay, Physics Review
Letters 108 (2012), 171803.
Great title, eh?
I'm still hoping this experiment made a mistake. If the tribimaximal matrix is wrong, neutrinos remain profoundly
mysterious: they're described by a bunch of numbers and we have no idea why these numbers are what they are - since
we don't even know exactly what they are.
I wish I knew more about this stuff. For more, try:
Pontecorvo–Maki–Nakagawa–Sakata matrix, Wikipedia.
Tribimaximal mixing, Wikipedia.
By the way, the neutrino mixing matrix is 'unitary': its inverse is the complex conjugate of its transpose. So, the rows
say how flavors are superpositions of mass eigenstates — and the columns say how mass eigenstates are superpositions
of flavors! I used this when I explained the tribimaximal idea.
Also, because this matrix is unitary, when you take the absolute value squared of the entries, you get a matrix of
nonnegative numbers where each row sums to 1 and each column sums to 1. So, as soon as we decide it looks like this:
?
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we know what it must be:
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There have been lots of theories saying the Earth is hollow, but I know only one that could be true.
Edmond Halley, the guy who discovered the famous comet, had a theory where Earth consists of a hollow shell about
800 kilometers thick, two smaller shells nested inside, and a ball in the middle — all separated by atmospheres and
rotating at different speeds! It sounds nutty, but Halley was trying to explain the Earth's rather complicated magnetic
fields: each of his shells was magnetic.
People sometimes accuse Leonhard Euler, the famous mathematician and physicists, of believing the Earth was hollow.
But that's not true. In fact, all Euler did was propose a famous thought experiment:
Puzzle: If you could drill a hole all the way through the Earth, and drop a stone in, what would happen?
With the passage of time, scientists have been learning more about geology, so the remaining people who believe in
hollow Earth theories get crazier and crazier. For example, the neo-Nazi Ernst Zündel wrote a book entitled UFOs Nazi Secret Weapons? claiming that Hitler and his men had boarded submarines at the end of the war, escaped to
Argentina, and then established a base for flying saucers in a hole leading to the inside of the Earth at the South Pole.
Z|ndel also suggested that the Nazis had originated as a separate race that had come from inside the Earth.
My favorite hollow Earth theories are the ones that say we are actually inside! That's right: all of outer space fits inside
an Earth-sized ball, while rocks fill the infinite outside of the universe! Or maybe the outside is outer space too... but
we're stuck on the inside.
I'm not sure what this theory is supposed to accomplish, but it's fun to think about. What you think are stars may
actually be lights from cities on the other side of the Earth! When the Sun sets.... well, there are different ideas about
where it goes. Perhaps it goes into a hole? Or perhaps its light bends in such a way that only half the Earth gets sunlight
at any one time.
In fact, if you change enough laws of physics, the inside-out Earth theory becomes hard to refute. It becomes our usual

theory of the universe described in 'inside-out coordinates', so it becomes equivalent to our usual ideas — except
perhaps for one tiny point which I'll mention later.
There's an Egyptian mathematician Mostafa Abdelkader who actually took this line of thought seriously. According to
Martin Gardner, this guy claimed that light rays travel in circular paths, and slow as they approach the center of the
spherical star-filled hollow Earth. Everything shrinks and slows down as it gets close to the center, so nothing can ever
get there. On the other hand, a drill would get longer as you used it to dig outward into the rock.
This theory gets a bit freaky if you drill all the way through the Earth. At some point your drill tip has to suddenly
appear on the opposite side of the Universe!
But if you allow this, there's not much difference between the inside-out Universe and ours. True, it's missing one point
compared to our usual Universe — namely, the point right at the center of the Earth! But to make up for this, it has an
extra point, namely the 'point at infinity', in the center of this inside-out Universe.
In fact, if we include both these points, the Universe itself becomes a '3-sphere', which has two 'hemispheres', namely
the inside and the outside of the Earth. One is solid rock, the other empty space. And in fact Dante describes this
cosmology in his Divine Comedy. He was a smart dude.
It's a fun exercise in the philosophy of science to figure out why a theory that makes almost identical predictions to our
usual theories is nonetheless considered much worse.
For more on hollow Earth theories, try:
Wikipedia, Hollow Earth.
For more on the myth that Euler believed in a hollow Earth:
Ed Sandifer, How Euler did it, MAA Online, April 2007.
The nice mathematical way to turn space inside out is called 'conformal inversion'. It sends straight lines and circles to
straight lines and circles, and it preserves angles. You can read more about it here:
Wikipedia, Inversive geometry.
And here's the webpage where I got this marvelous picture:
Duane Griffin, The hollow Earth in science.
Here is seems that the 'point at infinity' is contained inside a glowing octahedral Heaven, the Moon is bowl-shaped, the
Sun's light bends, and there's a hole in the North Pole, leading... where?
Zündel, by the way, was jailed several times for publishing books like The Hitler We Loved and Why and Did Six
Million Really Die?:
Wikipedia, Ernst Zündel.
October 10, 2014

A domino can knock over a domino that's one and a half times taller. Here you see a tiny domino 5 millimeters tall
starting a chain reaction 13 dominos long... which eventually knocks over a domino about a meter tall.
The amount of energy released by the fall of that last domino is 2 billion times the amount of energy it took to knock
over the first one!
And if we could do a chain reaction like this 29 dominos long, the final domino would be the size of the Empire State
Building!
Puzzle: If each domino is 1.5 times the height of the one that knocked it over, how much longer does it take to fall?
Answer: We can use dimensional analysis to tackled this question. Assuming the overall geometry is just rescaled as we
go to larger and larger dominos, and assuming friction can be neglected, the time of fall only depends on:
the height H of the shorter of the two dominos, which has dimensions of length, L, and
the acceleration g of gravity (about 9.8 meters/second2 here on Earth), which has dimensions L/T2 .
Thus, anything with units of time built from H and g is some constant times

√H/g
So, the time it takes for each domino to fall and hit the next grows proportionally to √ H. So, if each domino is 1.5 times
taller than the previous one, it takes about 1.2 times as long to fall!
The time it takes for a dropped rock to hit the ground also grows as √ H, for the same reason..
This paper studies the physics of falling dominoes in detail, taking friction into account:
J. M. J. van Leeuwen, The domino effect.
It finds an analytical solution in the "thin domino limit", but also studies the general case.
The animated gif above comes from this video by physicist Stephen Morris:

For bigger dominoes, watch this:

October 28, 2014

Your cells contain mitochondria, little factories that help convert food into useful chemical energy, using oxygen. These
guys were once bacteria in their own right! About 1.5 billion years ago they joined forces with cells that couldn't handle

oxygen. Now you need them and they need you.
But they still have their own DNA, separate from the rest of the DNA in your cells. Mitochondria are passed down only
from mother to child, via the egg cell. So, your mitochondrial DNA gives information about you, your mother, your
grandmother, and so on.
Why does mitochondrial DNA come only from the mother? For starters, an egg cell contains 100,000 to 1,000,000
molecules of mitochondrial DNA, while a sperm has only 100 to 1000. On top of that, most mitochondria in a sperm
cell stay in the tail, and sometimes the tail is lost during fertilization. But on top of that, in mammals it seems the egg
actively destroys any mitochondria that happen to get in from the sperm.
Puzzle 1: Why?
But in biology everything is complicated. Biologists argue about how likely it is for people to inherit mitochondrial
DNA from their father. In a test of 172 sheep, three were found to inherit mitochondrial DNA from their father! But in
humans, there is so far just one recorded case of it happening.
Your mitochondrial DNA has just 37 genes. It's made of about 16,600 base pairs: molecules called A, T, C and G, just
like your ordinary DNA. The information gets copied to RNA when the genes are used to make proteins, and the T gets
copied to U, while the rest stay the same.
The chart above shows the mitochondrion's genetic code. More precisely: each codon, or triple of base pairs U, G, A,
and C, is translated into an amino acid. Amino acids, the building blocks of proteins, have fun names like phenylalanine,
leucine, isoleucine and so on - but in this chart they're abbreviated to Phe, Leu, Ile, etc.
The mitochondrial genetic code is a bit different than the genetic code used elsewhere in your cells! The differences are
marked in red:
AUA codes for Met instead of Ile as it does elsewhere.
UGA codes for Trp rather than being a stop codon (meaning, a codon that says the protein is done).
AGA and AGG are stop codons instead of coding for Arg.
The same code is used for mitochondria in all vertebrates, as far as I know. Some invertebrates have slightly different
mitochondrial genetic codes.
Puzzle 2: Why is the mitochondrial genetic code different in the above ways?
This is an extremely hard puzzle, and I doubt anyone knows the answer for sure, since it could simply be due to random
events that happened billions of years ago. But I bet people have thought about it, and I'd love to know any good ideas
they've had.
Here's a clue: when the mitochondrial genetic code differs from the 'usual' one, it tends to be simpler! All the
mitochondrial genetic code consists of blocks of 2 or 4 codons that do the same thing. Most of the usual code is this way
- but AUA and UGA break that rule.
Mitochondrial DNA, Wikipedia.
Human mitochondrial genetics, Wikipedia.
Paternal mtDNA transmission
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I'm in Banff, listening to a talk on the origin of life at a workshop on Biological and Bio-Inspired Information Theory.
The speaker said something like the above... and I was amazed, again, at how wonderful living organisms are.
I gave a talk on Biodiversity, entropy and thermodynamics, and you can watch a video of it here, but what really blew
my mind was this talk:
Naftali Tishby, Sensing and acting under information constraints - a principled approach to biology and
intelligence.
It wasn't easy for me to follow — you should already know rate-distortion theory and the Bellman equation, and I didn't
— but it's great! It's all about how living organisms balance the cost of storing information about the past against the
payoff of achieving their desired goals in the future. It's not fluff: it's a detailed mathematical model! And it ends by
testing the model on experiments with cats listening to music and rats swimming to land.
Here's a good paper about this stuff:
Naftali Tishby and Daniel Polani, Information theory of decisions and actions.
A conversation with Susanne Still convinced me even more that this is stuff I need to learn! I wrote a blog article
summarizing what I understand so far:
John Baez, Sensing and acting under information constraints, Azimuth, 30 October, 2014.
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This puffin looks afraid to come out of its burrow. It's probably perfectly happy. But the lines around its eye make it
look like a cartoon of nervousness.
Atlantic puffins spend most of their time at sea — they're good at swimming, using their wings to 'fly' underwater as
they search for fish to eat. They come to land each spring to breed in colonies on north Atlantic seacoasts and rocky
islands. They live in burrows — I just learned this yesterday! Each pair lays one egg, with the male and female sharing
incubation duties for about 40 days. After the chick hatches both parents feed it fish for approximately 45 days. After
that the young puffling is ready to leave the nest.
You can see life in a puffin burrow here:
Audubon puffin burrow, Explore.
I got my info from this website. And the picture here, taken on Skomer Island off southwestern Wales, was posted to
Flickr by someone who goes by the name 'Clear Inner Vision'.
For my November 2014 diary, go here.
© 2014 John Baez
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What happened before the Big Bang? That's what I call a boring question.
It might not make sense. But don't believe anyone who confidently asserts that it doesn't make sense. It might make
sense. We have no idea! We just don't know enough about physics to make much progress on this question right now!
Maybe later.
What happened right after the Big Bang? That's much more interesting, because we don't know the complete answer,
but we know a lot of stuff, and we have at least a chance of making progress.
Here's something easy you can do: take a solution of Einstein's equation for gravity, run it back in time, and see what it
says about the shape of the universe as you get closer and closer to the Big Bang.
You might not think this is easy if you haven't taken a course on this stuff. But it's really easy compared to, say, building
a telescope and sending it into orbit. You can do it with just a pencil and paper. So you might as well try it and see what
you get.
In
the simplest
solutions, space is homogeneous and isotropic: for example completely flat, or completely round. Then it
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stays that way as you go back in time. That's what you usually read about in a basic course on this stuff.
But in some more interesting solutions, space is homogeneous but not isotropic. That means it looks the same at every
location, but not the same in every direction.
In 1970, three Russian physicists named Belinskii, Khalatnikov and Lifshitz took these solutions, ran them back in time,
and noticed something interesting. The universe oscillated in shape ever more wildly as time went back towards the Big
Bang! And sometimes — depending on the particular solution — it would do so in a chaotic way.
Even better, they noticed that this problem was isomorphic to the problem of a ball rolling around in a 2-dimensional
region.
"Isomorphic" means that the math works the same way after you change the names of things. For example, here, instead
of working with time, you need to use minus the logarithm of time. As time goes to zero (back to the Big Bang), minus
the logarithm of time keeps increasing forever. From this viewpoint there's time for a huge amount of happen as we get
closer and closer to the Big Bang, but never quite get there!
And in these homogeneous but not isotropic solutions of the equations for gravity, as we get closer and closer to the Big
Bang, the math works more and more like a billiard ball bouncing around in one of the triangles in this picture!
This picture shows the hyperbolic plane chopped up into triangles in a very symmetrical way. Pick any triangle; then a
point in that triangle describes a possible shape of the universe in the solutions that Belinskii, Khalatnikov and Lifshitz
were studying.
Of course their work is oversimplified, because it left out all the forces besides gravity, it ignored quantum mechanics,
and it assumed the universe was homogeneous. So, don't take it too seriously! But still, it pointed out a new possibility:
the universe could wiggle around more and more wildly as we run time back toward the Big Bang.
Even more importantly, from my perspective, it led to a huge amount of cool math connecting the equations of gravity
to symmetrical ways of chopping up the hyperbolic plane into triangles, and higher-dimensional versions of that game.
And that's what I really wanted to talk about today, but I see this post is getting too long, so I'll stop for now.
This is their paper:
V. A. Belinskii, I. M. Khalatnikov and E. M. Lifshitz, Oscillatory approach to a singular point in the relativistic
cosmology, Adv. Phys. 19 (1970), 525.
Lifschitz, by the way, is one member of the famous physics textbook writing team Landau and Lifschitz. You can also
learn more about the Belinksii-Khalatnikov-Lifschitz singularity here:
BKL singularity , Wikipedia.
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You know about crystals in space. What's a crystal in spacetime? It's a repetitive pattern that has a lot of symmetries
including reflections, translations, rotations and Lorentz transformations. Rotations mix up directions in space. Lorentz
transformations mix up space and time directions.
We can study spacetime crystals mathematically — and the nicest ones are described by gadgets called 'symmetrizable
hyperbolic Dynkin diagrams', which play a fascinating role in string theory.
How do these diagrams work?
Each dot stands for a reflection symmetry of our spacetime crystal. Dots not connected by an edge are reflections along
axes that are at right angles to each other. Dots connected by various differently labelled edges are reflections at various
other angles to each other. To get a spacetime crystal, the diagram needs to obey some rules.
The number of dots in the diagram, called its 'rank', is the dimension of the spacetime the crystal lives in. So, the picture
here shows a bunch of crystals in 5-dimensional spacetime.
Victor Kac, the famous mathematician who helped invent these spacetime crystals, showed they can only exist in
dimensions 10 or below. He showed that:
there are 4 in dimension 10
there are 5 in dimension 9
there are 5 in dimension 8
there are 4 in dimension 7

In 1979, two well-known mathematicians named Lepowsky and Moody showed there were lots of spacetime crystals in
2 dimensions... but they classified all of them.
there are 20 in dimension 6
there are 20 in dimension 5
there are 40 in dimension 4
there are 44 in dimension 3
If they're right, there's a total of 142 spacetime crystals with dimensions between 3 and 10.
I think it's really cool how 10 is the maximum allowed dimension, and the number of spacetime crystals explodes as we
go to lower dimensions.
String theory lives in 10d spacetime, so it's perhaps not very shocking that some 10-dimensional spacetime crystals are
important in string theory — and also supergravity, the theory of gravity that pops out of superstring theory. The lowerdimensional ones seem to appear when you take 10d supergravity and 'curl up' some of the space dimensions to get
theories of gravity in lower dimensions.
Greg Egan and I have been playing around with these spacetime crystals. I've spent years studying crystal-like patterns
in space, so it's fun to start looking at them in spacetime. I'd like to say a lot more about them — but my wife is waiting
for me to cook breakfast, so not now!
Nobody calls them 'spacetime crystals', by the way — to sound smart, you gotta say 'symmetrizable hyperbolic Dynkin
diagrams'. Here's the paper by that big team:
Lisa Carbone, Sjuvon Chung, Leigh Cobbs, Robert McRae, Debajyoti Nandi, Yusra Naqvi and Diego Penta,
Classification of hyperbolic Dynkin diagrams, root lengths and Weyl group orbits.
By the way, there are also hyperbolic Dynkin diagrams that aren't symmetrizable, which don't give lattices. J Gregory
Moxness created nice pictures of all 238 hyperbolic Dynkin diagrams with ranks between 3 and 10 and put them on
Wikicommons, and that's where I got my picture here!
I later discovered that are also 'Lorentzian Dynkin diagrams' which are almost as good as the hyperbolic ones, whose
dimension can exceed 10. For example, there's one in 26 dimensions that's connected to bosonic string theory, and I
described it using octonions here:
John Baez, Integral octonions (part 8).
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In 1970, Belinksii, Khalatnikov and Lifschitz discovered that when you run time backwards toward the Big Bang, a
homogeneous universe behaves like a billiard ball. As you run time back, the universe shrinks, but also its shape
changes. Its shape moves around in some region of allowed shapes... and it 'bounces' off the 'walls' of this region!
These guys considered the simplest case: a universe with 3 dimensions of space and 1 dimension of time, containing
gravity but nothing else. In this case the region of allowed shapes is a triangle in the hyperbolic plane. I showed it to you
in my last diary entry.
So, running time backwards in this kind of universe is mathematically very much like watching a frictionless billiard
ball bounce around on a strangely curved triangular pool table.
But you can play the same game for other theories: gravity together with various kinds of matter, in universes with
various numbers of dimensions. And when people did this, they discovered something really cool. Different possibilities
gave different kinds of pool tables!
When space has some number of dimensions, the pool table has dimension one less. As far as I know, it's always sitting
inside 'hyperbolic space', a generalization of the hyperbolic plane. And it's always a piece of a hyperbolic honeycomb —
a very symmetrical way of chopping hyperbolic space into pieces.
The picture here, drawn by Roice Nelson, shows a hyperbolic honeycomb in 3-dimensional hyperbolic space. So, one
tetrahedron in this honeycomb could be the 'pool table' for a theory of gravity where space has 4 dimensions. (In fact it
doesn't quite work like this: we have to subdivide each tetrahedron shown here into 24 smaller tetrahedra to get the 'pool

tables'. But never mind.)
Even better, these stunningly symmetrical patterns arise from what I called spacetime crystals. The technical term is
'hyperbolic Dynkin diagrams', and I told you about them earlier. The picture here, in 3 dimensions, arises from a
spacetime crystal in 4 dimensions. That's how it always works: the crystal has one more dimension than the pool table.
And here's the really amazing thing: mathematicians have proved that the highest possible dimension for a spacetime
crystal is 10. This gives you a 9-dimensional pool table, which is the sort of thing that could show up in a theory of
gravity where space has 10 dimensions.
And there is a theory of gravity in where space has 10 dimensions: it's called 11-dimensional supergravity, because
there's also 1 dimension of time in this theory. String theorists like this theory of gravity a lot, because it seems to
connect all the other stuff they're interested in.
It turns out this particular theory of gravity gives a spacetime crystal called E10. There are several other 10-dimensional
spacetime crystals, but this is the best.
For a while I've been thinking that we should be able to describe E10 using the octonions, an 8-dimensional number
system that shows up a lot in string theory. I had a guess about how this should work. And last week, my friend the
science fiction writer Greg Egan proved this guess is right!
For the details, go here:
John Baez, Integral octonions (part 7), The n-Category Café.
This result probably came as no surprise to the real experts on cosmological billiards — I'm no expert, I just play a game
now and then. Here is a nice introduction by a real expert:
Thibault Damour, Poincaré, relativity, billiards and symmetry.
And here are some more detailed papers:
Thibault Damour, Sophie de Buyl, Marc Henneaux and Christiane Schomblond, Einstein billiards and
overextensions of finite-dimensional simple Lie algebras.
Axel Kleinschmidt, Hermann Nicolai, Jakob Palmkvist, Hyperbolic Weyl groups and the four normed division
algebras.
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Looping Lorentzian lattice!

A rapidly moving observer will see time (the vertical axis) and space (the horizontal axis) in a different way than you do
at rest. As their speed increases the warping increases.
Each black dot is a point in spacetime. As viewed by faster and faster observers, it moves along a hyperbola. But after a
while, the whole lattice of black dots gets back to the same pattern it started with!
The warpings of spacetime shown here are called Lorentz transformations. Greg Egan made this movie to illustrate how
we can do a Lorentz transformation to a lattice in spacetime and get back the same lattice. This is the one of the
symmetries that you get in what I was calling a 'spacetime crystal' — technically, a lattice coming from a symmetrizable
hyperbolic Dynkin diagram.
For many beautiful pictures related to looping Lorentzian lattices, try:
Jos Leys, Lorenz and modular flows: a visual introduction.
The set of all Lorentzian lattices where each parallelogram has area 1 forms a 3d space with a trefoil knot removed! As
we keep applying Lorentz transforms to a lattice, it traces out a curve in this space.
Here is a looping Lorentzian lattice in 3d spacetime, again made by Egan:
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Diamonds are one of hardest known substances. They're made of carbon, with each atom connected to 4 others in a
pattern called the diamond cubic.
The same pattern appears in crystals of silicon, germanium, and tin. These are other elements in the same column of the
periodic table. They all like to hook up with 4 neighbors.
The diamond cubic is elegant but a bit tricky. Look at it carefully here! We start by putting an atom at each corner of a
cube. Then we put an atom in the middle of each face of the cube. So far, this is called a face-centered cubic.
But then: the tricky part! We put 4 more atoms inside the cube. Each of these has 4 nearest neighbors, which form the
corners of a tetrahedron.
What are the coordinates of these points? It's good to start with a 4×4×4 cube. Its corners are:

(0, 0, 0) (4, 0, 0)
(0, 4, 0) (4, 4, 0)
(0, 0, 4) (4, 0, 4)
(0, 4, 4) (4, 4, 4)
The middles of its faces are
(2, 2, 0) (2, 0, 2) (0, 2, 2)
(2, 2, 4) (2, 4, 2) (4, 2, 2)
We can take the four extra points to be
(1, 1, 3) (1, 3, 1) (3, 1, 1)
(3, 3, 3)
So, here's a nice way to describe all the points in the diamond cubic. They're points (x, y, z) where:
x, y, and z are all even or all odd
x + y + z is either a multiple of 4, or one more than a multiple of 4.
Tricky, eh?
Part of why it's tricky is that there was a choice. We could also switch the 1's and 3's in the four extra points, using
(1, 1, 1)
(3, 3, 1) (3, 1, 3) (1, 3, 3)
instead. Then we'd get a diamond cubic with points (x, y, z) where:
x, y, and z are all even or all odd
x + y + z is either a multiple of 4, or one less than a multiple of 4.
Puzzle 1: Is the diamond cubic a 'lattice' in the mathematical sense? A lattice is a discrete set of points that is closed
under addition and subtraction.
Puzzle 2: take n-tuples of numbers where:
the numbers are all even or all odd
their sum is either a multiple of 4, or two more than a multiple of 4.
Does this give you a lattice? The answer may depend on n.
Puzzle 3: For experts: when you get a lattice in Puzzle 2, what is this lattice called?
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My main hobby these days is working with Greg Egan on lattices. Roughly, these are repeating patterns of points, like
the centers of atoms in a crystal. But you can study lattices in different dimensions — and a lot of fun happens in 24
dimensions!
If you look for the densest ways to pack spheres in different dimensions, you'll be led to some interesting lattices. In 3
dimensions, the usual way of stacking oranges gives the 'D3 lattice': when you center your spheres at points of this
lattice, each sphere touches 12 others. This is known to be the densest packing of spheres in 3 dimensions. It's also
called the 'face-centered cubic', and I discussed it in my September 16th diary entry, as well as yesterday's.
In 4 dimensions the densest known sphere packing comes from the D4 lattice, where each sphere touches 24 others.
These D lattices are easy to build: you draw a higher-dimensional checkerboard with alternating red and black
hypercubes, and put a dot in the middle of each red hypercube.
When you pack sphere using these D lattices in higher and higher dimensions, there's more and more room left over
between your spheres. And when you get to 8 dimensions, something funny happens! There's so much room left that
you can slip in another whole set of spheres packed the same way!
So, you can double the density with this improved lattice. It's called the 'E8 lattice', and you see it as a peak in the graph
here. With this lattice, each sphere touches 240 others. Nobody has proved that this is the densest sphere packing
possible in 8 dimensions. But in 2009, Henry Cohn and Abhinav Kumar proved that no other packing can beat its
density by a factor of more than
1.00000000000001
So, I'm willing to bet that it's the best.
What I really like about 8 dimensions is that there's an 8-dimensional number system where you can add, subtract,
multiply and divide.
I'm sure you know how a 1-dimensional ruler is labelled by ordinary real numbers. You can add, subtract, multiply and
divide those. If you try to do this trick in higher dimensions, you'll notice something weird: you can only do it in
dimensions 1, 2, 4, and 8.

In 2 dimensions you can use the complex numbers, and in 4 you can use the quaternions. In 8 dimensions you can use
the octonions, and that's where the game ends! So the octonions are special. They play a role in string theory — so if
string theory ever turns out to be right, maybe the octonions will actually count as useful. Right now they're just
amazingly beautiful and lots of fun.
But back to lattices! The simplest lattice lives in 1 dimension: it's the evenly spaced numbers on your ruler, called
integers:
... -2, -1, 0, 1, 2, ...
You can add, subtract and multiply integers and get integers... but not divide them: that takes you out of the integers.
There are versions of the integers for complex numbers, quaternions and octonions too! The Hurwitz integral
quaternions form the D4 lattice that I mentioned earlier. And the Cayley integral octonions form the E8 lattice. It's
actually the arithmetic of these integral octonions that fascinates me, more than the sphere packing business.
But as you can see from the graph, there's a really interesting mountain peak called the 'Leech lattice'. This gives the
densest known way to pack spheres in 24 dimensions. Nobody has proved it's the best — but Cohn and Kumar proved
that no other packing in this dimension can beat its density by more than a factor of
1.00000000000000000000000000000165
It's a lot harder to describe the Leech lattice than the others I mentioned so far. Each sphere touches 196,560 others...
and the pattern is rather tricky.
But 24 is 3 times 8, so you might hope to build the Leech lattice from 3 copies of the E8 lattice... and you can! But you
need a fairly clever trick. Various people have described this trick in different ways, but I like Greg Egan's the best. I
explain this here: this series:
John Baez, Integral octonions (part 9), The n-Category Café.
It relies on a great feature of the E8 lattice. You can rotate it in a way that turns every point by the same specific angle,
and expand it by factor of √2, and this transformation maps the E8 lattice into itself. Any way of doing this gives a way
to build the Leech lattice.
The graph of densities here is taken from Conway and Sloane's book Sphere Packings, Lattices and Groups. They take
spheres of radius 1, work out the density of sphere centers, take its logarithm in base 2... and then add n(24 − n) /96.
This is a parabola peaked at 12. I find this last touch a bit distracting.
Here's the paper I mentioned:
Henry Cohn and Abhinav Kumar, Optimality and uniqueness of the Leech lattice among lattices.
For more, see the comments on my G+ thread.
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Man was winged hopefully. He had in him to go further than this short flight, now ending. He proposed
even that he should become the Flower of All Things, and that he should learn to be the All-Knowing, the
All-Admiring. Instead, he is to be destroyed. He is only a fledgling caught in a bush-fire. He is very small,
very simple, very little capable of insight. His knowledge of the great orb of things is but a fledgling's
knowledge. His admiration is a nestling's admiration for the things kindly to his own small nature. He

delights only in food and the food-announcing call. The music of the spheres passes over him, through him,
and is not heard.
Yet it has used him. And now it uses his destruction. Great, and terrible, and very beautiful is the Whole;
and for man the best is that the Whole should use him.
But does it really use him? Is the beauty of the Whole really enhanced by our agony? And is the Whole
really beautiful? And what is beauty? Throughout all his existence man has been striving to hear the music
of the spheres, and has seemed to himself once and again to catch some phrase of it, or even a hint of the
whole form of it. Yet he can never be sure that he has truly heard it, nor even that there is any such perfect
music at all to be heard. Inevitably so, for if it exists, it is not for him in his littleness.
But one thing is certain. Man himself, at the very least, is music, a brave theme that makes music also of its
vast accompaniment, its matrix of storms and stars. Man himself in his degree is eternally a beauty in the
eternal form of things. It is very good to have been man. And so we may go forward together with laughter
in our hearts, and peace, thankful for the past, and for our own courage. For we shall make after all a fair
conclusion to this brief music that is man.
This is the end of Olaf Stapledon's Last and First Men. An early SF classic, it describes the history of humanity for the
next two billion years, embodied 18 different species and living on several planets. It was written in 1930, so try to
forgive the sexist language and various kinds of naivete. You can read the whole book here:
Olaf Stapledon, Last and First Men, Gutenberg Project.
November 11, 2014

Craig Kaplan has been taking ideas from Islamic wall tilings and adapting them to spheres. It's a great way to bring new
life to an glorious old tradition.

See that star with 10 points and 5 nearest neighbors? That's 5-fold symmetry. You can't get perfect 5-fold symmetry in a
tiling of the plane. The best you can do is fake it in various ways — and by 1200 AD the great tile masters of
Afghanistan, Iran, Morocco and Turkey had figured out most of these ways.
Patterns with decagons and pentagons that fool the eye into thinking there's 5-fold symmetry! Quasiperiodic tilings —
later rediscovered by Penrose — that never quite repeat but have 5-fold symmetry on average. Their discoveries were
remarkable.
But when you tile a sphere, the dodecahedron comes to your aid: it has 5-fold symmetry, and things the old tile experts
did with hexagons, you can now do with pentagons! It's like a whole new world.
And the world expands even more when you use the hyperbolic plane: then you can get 7-fold symmetry, 8-fold
symmetry and so on. Kaplan has also studied that.
If you look carefully at this pattern, you'll see every star with 10 points is surrounded by 5 stars with 9 points... and
every star with 9 points is surrounded by 6 stars, which alternate between having 9 and 10 points. The stars with 10
points are the centers of the faces of a dodecahedron, so there are 12 of them. The stars with 9 points are at the vertices
of this dodecahedron, so there are 20 of them.
The whole pattern is made of little things that look almost like triangles, but have bent edges.
Puzzle: how many of these little things are there?
I thank Layra Idarani for making me pay attention to these details.
This image was created by TaffGoch based on a design by Craig Kaplan. For more beautiful stuff, check out this page:
Craig S. Kaplan, Computer graphics and geometric ornamental design.
TaffGoch has a lot of great stuff on DeviantArt.
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Europeans have trouble understanding the USA's love affair with guns. I have trouble too. But here is one of our folk
heroes: Annie Oakley.
Born in 1860 in a log cabin in Ohio, at the age of 10 she was 'bound out' to a nearby family to help care for son, on the
false promise of fifty cents a week and an education. Being 'bound out' was pretty common for poor children: at best it
was like becoming an apprentice, at worst it was pretty much like slavery. Annie always called this family "the wolves"
— and at the age of 12 she ran away back to her mother. She'd started hunting at the age of 8 to help support her
brothers and sisters, and she got good at shooting. Really good.
A travelling show called Baughman & Butler came to town. Butler was a marksman. He placed a $100 bet that he could
beat any local shooter. The last thing he expected was a five-foot-tall, 15-year old challenger named Annie! They took
turns. After missing on his 25th shot, Butler lost the match.
A year later, he married Annie.
In 1885, they joined Buffalo Bill Cody's travelling circus. Buffalo Bill is another one of America's famous shooters. He
began his career by exterminating buffaloes and Indians. But by this time, he was running a show called 'Buffalo Bill's
Wild West'. It featured notables such as Wild Bill Hickock and Sitting Bull — a chief of the Lakota tribe who had
helped defeat Custer in a famous battle.

By this point, Annie Oakley had become almost superhuman. Her most famous trick was to split a playing card, edgeon, and put several more holes in it before it could touch the ground — all using a rifle at 90 feet.
According to the Encyclopedia Brittanica:
Oakley never failed to delight her audiences, and her feats of marksmanship were truly incredible. At 30
paces she could split a playing card held edge-on, she hit dimes tossed into the air, she shot cigarettes from
her husband's lips, and, a playing card being thrown into the air, she riddled it before it touched the ground.
One day Chief Sitting Bull was watching when
Oakley playfully skipped on stage, lifted her rifle, and aimed the barrel at a burning candle. In one shot, she
snuffed out the flame with a whizzing bullet.
Later the show went to Europe. At his request, she used a bullet to knock the ashes off a cigarette held by Kaiser
Wilhelm II. Later some people later said that if Annie had shot the Kaiser, she could have prevented World War I.
In fact, after the war started, Oakley sent a letter to the Kaiser requesting a second shot. The Kaiser did not reply.
And so on. Teddy Roosevelt turned down her request to lead a company of woman sharpshooters in the SpanishAmerican war. She won 54 of 55 libel suits against various newspapers when the publisher Randolph Hearst spread a
false story that she'd been arrested for stealing to support a cocaine habit. At the age of 62, she won a contest by hitting
100 clay targets in a row from a distance of 16 yards.
At the age of 66, she died of pernicious anemia. Her husband Butler was so grieved he stopped eating and died a couple
of weeks later.
Apart from Hearst, Annie Oakland and her husband are the only Americans named in this story who never killed anyone
with a gun. Chief Sitting Bull was later shot and killed by the police.
I got interested in Annie Oakley last night while watching an episode of TV's best-kept secret, The Murdoch Mysteries.
You can see it on Netflix. In this episode, Buffalo Bill's travelling show comes to Toronto, someone gets shot... and
Annie Oakley is one of the suspects. I was wondering how accurate it all was. It seems pretty realistic, though I don't
know if Buffalo Bill's Wild West ever went to Toronto.
I got my information here:
Annie Oakley, Wikipedia.
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In Alabama, 1/3 of black men cannot vote.
Why not? Because if you go to prison in that state, you may never be allowed to vote after that. Since black men are
imprisoned at an extremely high rate, many can't vote.
There are 11 states in the US with laws like this. Others deny the vote for shorter periods of time — for example, while
you're in prison or are on parole. Here are some of the consequences:
31% of black men in Florida can't vote.
31% of black men in Alabama can't vote.
29% of black men in Mississippi can't vote.
28% of black men in Wyoming can't vote.
26% of black men in Iowa can't vote.
25% of black men in Virginia can't vote.
24% of black men in New Mexico can't vote.
24% of black men in Washington can't vote.
21% of black men in Texas can't vote.
20% of black men in Delaware can't vote.
14% of black men in Tennessee can't vote.
12% of black men in Arizona can't vote.
10% of black men in Nevada can't vote.
These statistics are old, so they will have changed. But I don't think they've gotten better — except that in the last 20
years, three states stopped doing this.

An estimated 5.3 million Americans are denied the right to vote based on their felony convictions, 4 million of whom
are out of prison. About a third of them are black, including 13% of all African-American men.
For up-to-date information, go to the Sentencing Project website:
The Sentencing Project, Felony disenfranchisement and the 2014 midterm elections, October 2, 2014.
They list percentages of African American citizens who are denied the right to vote, not African American men, so the
figures look slightly less shocking. More details are in this report:
Christopher Uggen, Sarah Shannon and Jeff Manza, State-Level Estimates of Felon Disenfranchisement in the
United States, 2010, July 2012.
but for African American men the most up-to-date comprehensive statistics I've found are from 1996, so that's what I
used in my list.
November 19, 2014

In 2005, white US households were about 10 times more wealthy than black ones, as measured by median net worth. By
2011, they were 14 times as wealthy!
From 2005 to 2011, the Great Recession knocked American white households' median net worth down by 21%. But for
blacks, it dropped by 42%.
The numbers are from the US Census.
November 20, 2014

This is the 'Golay code'. Each row in this picture shows a string of 24 bits. There are 12 rows. If you look at any two
rows, you'll see they differ in at least 8 places.
Here's how to get the Golay code. Take a 12 × 12 square of bits with all 0's except for 1's down the diagonal — you can
see that at left here. Take another 12 × 12 square of bits that tells you when two faces of a dodecahedron share an edge:
0 if they do, 1 if they don't. Stick these squares together and you get the Golay code!

Some guys around here keep asking if the math I talk about is good for anything. In this case it is!
The Voyager 1 and 2 spacecraft needed to transmit hundreds of color pictures of Jupiter and Saturn in their 1979, 1980,
and 1981 fly-bys. They had very little bandwidth, so they needed a good error-correcting code. They used the Golay
code!
The point is that we can use the rows of this picture as code words. If we take some rows and add them — adding each
entry separately, mod 2 — we get more code words. We get a total of 212 = 4096 code words. Strictly speaking, its this
set of code words that is the Golay code.
These code words have a cool property: it takes at least 8 errors to turn any code word into any other. So, we say the
Hamming distance between any two code words is at least 8. In fact, the Golay code is the only code with 24-bit code
words where the Hamming distance between any two is at least 8.
There's a whole theory of codes like this, and this is an especially good one. You can transmit 12 bits of data with 24
bits... but since the Hamming distance between code words is big, someone can understand what you meant even if
there are lots of errors! So, the Golay code is useful for transmitting data in a noisy environment.
But the reason I like the Golay code is that it has a big and important symmetry group. Its symmetry group is called M24
- one of the amazing things called Mathieu groups. It has
24 × 23 × 22 × 21 × 20 × 48 = 244,823,040
elements. It's connected to many other symmetrical things in math: for example, it acts as symmetries of the Leech
lattice, the densest way to pack balls in 24 dimensions.
To be more precise, this code here is called the extended binary Golay code. You can learn more about it here:
Binary Golay code, Wikipedia.
Mathieu group, Wikipedia.
Puzzle: I said the symmetry group of this code is M24. But what do I mean, exactly, by a 'symmetry' of this code?
The extended binary Golay code is not only good for outer space. In 1993, the US government issued standards for high
frequency radio systems. They require using this code for "forwards error correction" in "automatic link establishment"!
See page 51 here:
National Communication System Office of Technology and Standards, Telecommunications: HF Radio
Automatic Link Establishment, Federal Standard 1045A, October 18, 1993.
November 22, 2014
The virus has landed!

This is a virus called a T4 bacteriophage. It has landed on a bacterium. Now it's getting ready to lower its tail, puncture
the bacterium's cell wall, and inject its DNA.
When this happens:
It immediately stops the bacterium's own genes from being expressed.
In 5 minutes, its DNA starts synthesizing enzymes needed to make new copies of the virus.
In 10 minutes, its DNA starts replicating.
In 12 minutes, new copies of the virus start being formed.
In 30 minutes, the bacterium bursts, releasing 100 to 150 new copies of the virus!
This deadly machine is only 0.2 micrometers tall. Its DNA — the instruction book that makes everything work — is
contained in the head, which is shaped like an icosahedron. The DNA is 169,000 base pairs long, and it codes for 289
proteins. Biologists understand it quite well now.
This picture is not a photograph; it was made by Mike Smith for a company called Xvivo Scientific Animation.
November 28, 2014

This is boron carbide, an extremely hard ceramic material used in macho gear like tank armor, bulletproof vests, and
engine sabotage powder.
(Engine sabotage powder? Yes, you can pour this into the oil supply, and it will make a car engine grind itself to death.)
If diamond has a hardness of 10, this comes in at 9.497. But its crystal structure is even cooler than diamond!
A group of 12 boron atoms likes to form an icosahedron. You can see 8 of these icosahedra here — the green things.
These form the corners of a rhombohedron — a kind of squashed cube. These repeat over and over, forming a
rhombohedral lattice.
But that's not all! The icosahedra are connected by struts! These struts have carbon atoms at their ends and a boron in
the middle. Only one strut is shown in detail here. The carbon atoms are the black balls and the boron is the little green
ball.
Overall there are 4 boron atoms per carbon atom, so people call boron carbide B4C.
Puzzle 1: Why are there 4 borons per carbon? I haven't done the counting, so I don't understand this.
Puzzle 2: What's the difference between a rhombus and a parallelogram?
Puzzle 3: What's the difference between a rhombohedron and a paralleliped?
Puzzle 4: What's the difference between a rhombohedral crystal and an 'orthorhombic' crystal?
Another macho application of boron carbide is to shielding and control rods for nuclear reactors! The reason is that
boron can absorb neutrons without forming long-lived radioactive isotopes.
The structure of boron carbide has even more subtle features, which I don't understand. Maybe I'm not looking at the
pictures carefully enough!
Puzzle 5: Where are the octahedra made of boron atoms? For clues, read this:
Boron carbide, Wikipedia.
The picture here was made by 'Materialscientist' and placed on Wikicommons.
For answers to some of the puzzles, see the comments to my G+ post. For another marvelous boron molecule, check out
my July 21st diary entry on borospherene.

For my December 2014 diary, go here.
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This is not a spiral! See
Akiyoshi Kitaoka, Akiyoshi's illusions pages.
December 7, 2014
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This is the ceiling of the tomb of the famous Persian poet Hafez, who was born in the city of Shiraz in 1315, and died
there in 1390. The current version of the tomb dates back only to 1935 and was designed by the French architect and
archaeologist André Godard. But the design is beautiful!
There's a lot of fun stuff to see if you zoom in, but let's think about the stars.
Puzzle 1: How many points do the stars here have?
Puzzle 2: How many different kinds of stars are there with this many points?
For example, there's just one kind of 5-pointed star, but two kinds of 7-pointed star. There's a 7-pointed star with blunt
points where you draw a line from each dot to the dot 2 after it, and one with sharp points where you draw a line from
each dot to the dot 3 after it.
Puzzle 3: How many different kinds of n-pointed stars are there?
Puzzle 4: How many of these are connected?

For example, there is no connected 6-pointed star. If you take a regular hexagon and draw a line from each dot to the dot
2 after it, you get the traditional Star of David, which consists of two separate triangles. If you draw a line from each dot
to the dot 1 after it, you get the hexagon... you can decide if that counts as a star. If you draw a line from each dot to the
dot 3 after it, you get three straight lines meeting at the center... you can decide if that counts as a star. And that's all you
can get, if you're following the rules I have in mind!
You can learn more here:
Tomb of Hafez, Wikipedia.
The photo above was put on Wikicommons by 'Pentocelo', and you can get a higher-quality version here.
Hafez was a Sufi, and his poems show that:
Change rooms in your mind for a day.
All the hemispheres in existence
Lie beside an equator
In your heart.
This is from The Subject Tonight is Love, translated by Daniel Ladinsky. For more in translation, try:
The poetry of Hafiz.
December 10, 2014
If a ball can roll on it, it must be real.

(But if only a picture of a ball can roll on it...)
This image is from 'Worldsday' at deviantart.
December 13, 2014

Context matters! The two disks are exactly the same in every way. Only their surroundings differ.
This is a metaphor for many things in life. What's the best example where the context of an event changed your
perception of it?
For more great visual effects by the psychologist Akiyoshi Kitaoka, go here:
Akiyoshi Kitaoka, Akiyoshi's illusions pages.
December 15, 2014

If you take every other corner of a cube, you get the corners of a demicube.
In 3 dimensions a demicube is just a regular tetrahedron! So you get two tetrahedra in a cube, as shown here. Together
they form a stellated octahedron. In other words, you can also get this shape by taking a regular octahedron and sticking
a tetrahedron on each of its faces — getting a kind of 3-dimensional star! It makes a great Christmas tree ornament.
What's a demicube in 4 dimensions? A 4-dimensional cube has 24 = 16 corners, so the demicube has 8. The cool part,
special to 4 dimensions, is that all these corners point at right angles to each other, as viewed from the center of the
cube!
If the corners of the 4-dimensional cube are
( ± 1,

± 1,

± 1,

± 1)

then we can get a demicube by taking those with an even number of minus signs. That gives these four:

(1,

1,

1,

1)

(1,

1,

−1,

−1)

(1,

−1,

1,

−1)

1,

1,

−1)

( − 1,

and their negatives. And if you know your math, you can check that the dot product of any two of the vectors I listed is
zero! That means they all point at right angles to each other.
In fact, it means that the demicube in 4 dimensions is just the 4-orthoplex: the 4d analogue of an octahedron! We
usually make a 4-orthoplex by taking these four vectors:
(1,

0,

0,

0)

(0,

1,

0,

0)

(0,

0,

1,

0)

(0,

0,

0,

1)

and their negatives, and using those as corners. Each pair of the vectors listed is at right angles to each other. But the
corners of a demicube work just as well, giving a 4-orthoplex that's twice as big in every direction, and rotated.
I don't know anything exciting to say about demicubes in 5 or 6 dimensions. But in 7 dimensions something very nice
happens! A 7-cube has 27 = 128 corners, so a 7-demicube has 64. The 7-dimensional analogue of a tetrahedron, called a
7-simplex, has 8 corners. Notice: 64 is 8 times 8.
Can we take a 7-demicube and partition its corners into 8 sets of 8, each set being the corners of a 7-simplex?
Yes we can! Greg Egan figured out how.
The trick involves the Fano plane. This is a little gadget with 7 points and 7 lines, where any two points lie on a single
line and any two lines intersect in a single point. If you haven't ever seen the Fano plane, what I just said is enough to
draw it, so that might be fun to try... but beware: some of the lines will need to look curved if you draw it on an ordinary
sheet of paper!
So, in 7 dimensions there's a picture like the one here, but with 16 different simplexes stuck inside a cube, instead of just
two. That would be fun to see!
The next opportunity to partition the corners of a cube into simplices occurs in 15 dimensions.
Puzzle 1: can you take the set of 15-bit strings and find 16 of them, each pair of which agrees in exactly 7 places?
If you succeed, you'll have a 15-simplex inside the 15-cube, since you've taken the corners of a 15-cube:
( ± 1, ± 1, ± 1, ± 1, ± 1, ± 1, ± 1, ± 1, ± 1, ± 1, ± 1, ± 1, ± 1, ± 1, ± 1)
and found 16 of them, any pair of which has a dot product of -1. This is exactly what you need for the corners of a 15simplex!
Moreover, since any pair of your bit strings disagrees in an even number of places (namely 8), your simplex will
actually lie in a demicube.
If this puzzle was too easy, move on to:
Puzzle 2: can you take the set of 15-bit strings and partition it into sets of 16, such that any two strings in a given subset

agree in exactly 7 places?
If so, you'll have found a way to partition the vertices of a 15-dimensional demicube into 15-dimensional simplices!
2048 of them, in fact.
After first raising these puzzles, I figured out how to solve them. It turns out that we can partition the corners of an ndimensional cube into sets, each being the corners of a regular n-simplex, if and only if n is one less than a power of 2.
And when n = 2k − 1 for k ≥ 2, each of these n-simplices lies in an n-dimensional demicube, so we can partition the
vertices of the demicube into simplices.
December 17, 2014

Down here in Southern California, we've had three good rains since the summer. Up north, they've gotten even more! In
the first storm, ending December 3rd, San Francisco got more rain than they did all last year! They got 9.4 centimeters
of rain in four days, compared to just 8.6 in 2013.
But we'd need a lot more rain to break the drought. It will take about 11 trillion gallons of water — 42 cubic kilometers
— to fully recover from the drought. That's what researchers at NASA say, based on satellite data including
measurements of the Earth's gravitational field, which depends on how much groundwater there is.
They say that since 2011, the Sacramento and San Joaquin river basins have decreased in volume by 4 trillion gallons of
water each year: that is, 15 cubic kilometers. About two-thirds of the loss is due to depletion of groundwater beneath
California's Central Valley:
NASA Jet Propulsion Laboratory, NASA Data underscores severity of California drought.
Some scientists studying tree rings have claimed that as measured by the Palmer Drought Severity Index — a measure
of precipitation and evaporation — this is the worst drought California has seen in 1200 years:

Daniel Griffin and Kevin J. Anchukaitis, How unusual is the 2012-2014 California drought?, Geophysical
Research Letters, December 2014.
Study: California's drought worst in 1,200 years, ReportingClimateScience.com, 5 December 2014.
I would like to see the evidence, and the definitions involved — but I haven't seen them yet.
December 19, 2014

Dolphins blow rings of bubbles and play with them. Like smoke rings, these are examples of vortex tubes. You can also
make vortex tubes that are knotted!
Long ago, the physicist Kelvin conjectured that for any kind of knot, you can create a vortex tube shaped like that knot.
He even guessed that atoms were 'knotted vortex tubes in the aether'. That wasn't true, but his conjecture is still
interesting - at least if we state it a bit more precisely.
Say you had a incompressible fluid with no viscosity. Then its velocity vector field would obey the Euler equations. The
Euler equations have lots of steady solutions where the velocity of the fluid doesn't change with time. The fluid is still
moving, but the same way all the time.
In these steady solutions, the fluid flows along curves. These curves can be very complicated!

Kelvin conjectured that for any knot, there's a stationary solution of the Euler equations where the fluid flows along a
curve shaped like that knot.
This was recently proved to be true!
Alberto Enciso, Daniel Peralta-Salas, Existence of knotted vortex tubes in steady Euler flows.
This paper will appear in the prestigious math journal Acta Mathematica. The paper is deep: in addition to a lot of work
on topology and differential equations, it even uses some number theory! To get 'invariant tori' — that is, surfaces of
vortex tubes — they use the Kolmogorov-Arnold-Moser theorem. This requires checking that some flow lines spiral
around a torus with a slope that's an irrational number that's hard to approximate by rational numbers! This condition
makes the torus robust against small perturbations.
Here's the abstract:
We prove the existence of knotted and linked thin vortex tubes for steady solutions to the incompressible
Euler equation in R3 . More precisely, given a finite collection of (possibly linked and knotted) disjoint thin
tubes in R3 , we show that they can be transformed with a Cm -small diffeomorphism into a set of vortex
tubes of a Beltrami field that tends to zero at infinity. The structure of the vortex lines in the tubes is
extremely rich, presenting a positive-measure set of invariant tori and infinitely many periodic vortex lines.
The problem of the existence of steady knotted vortex tubes can be traced back to Lord Kelvin.
A Beltrami field is a vector field with no divergence:
v=0
whose curl is proportional to itself:
× v = cv
Any Beltami field gives a steady solution of Euler's equation!
William Irvine at the University of Chicago makes knotted vortex tubes in his lab, and this picture is from there.
Real-world fluids have viscosity, and then things get even more complicated and interesting. Vortex tubes can crash into
each other and 'reconnect', as shown here!
December 20, 2014
Alien structure on Mars

Astronomers recently photographed this hole on Mars! There's no way to explain it by natural processes, and it's very
regular in shape, so they believe it was produced by intelligent life. Since there's no life on Mars now, it must have been
made by visitors from some other planet!
This hole is 1.6 centimeters across and 6.6 centimeters deep. It's in a rock in Gale Crater. It was drilled by the NASA
rover Curiosity on May 19, 2013.
The rock, which NASA dubbed 'Cumberland', is interesting because it's made of ancient mud. NASA found that the
ratio of deuterium to ordinary hydrogen in this rock is half the ratio seen in the water vapor in the Martian atmosphere.
This suggests that Mars has lost a lot of water since the formation of Cumberland, probably about 3.6 billion years ago
during the Hesperian Period — the period when Mars dried out and its atmosphere thinned to its current density.
Puzzle: Why would water on Mars have more deuterium now?
A bunch of the clay in Cumberland is 'smectite'. I had to look that up. Clay turns out to be quite interesting — like most
other things, if you dig deep enough. Clay minerals are made of tetrahedral sheets of silica and octahedral sheets of
hydroxide. There are two kinds: 1:1 clays and 2:1 clays. A 1:1 clay consists of alternating layers with one tetrahedral
sheet followed by one octahedral sheet: examples are kaolinite and serpentine. A 2:1 clay consists of an octahedral sheet
sandwiched between two tetrahedral sheets, and examples are talc, vermiculite and those in the smectite groups. I
should include some pictures of these clay structures... maybe another day. For more on what they discovered by
drilling this hole, read:
P. R. Mahaffy et al., The imprint of atmospheric evolution in the D/H or Hesperian clay minerals on Mars,
Science, 16 December 2014.

The photo is from this NASA webpage:
Jet Propulsion Laboratory, PIA16936: 'Cumberland' target drilled by Curiosity.
December 21, 2014

They're not really quantum, and they're not really ants — but they're cute, and Alexander Vlasov calls them qu-ants.
Here's his explanation:
There are four states: 0 (empty, white), 1 (red), 2 (green), 3 (blue). A step may be divided into two stages:
First stage. Mark all cells satisfying two conditions:
1) the total number of red and blue cells in four closest positions is one or two
2) the cells in the four diagonal positions are either white (empty) or green.
Second stage. Change unmarked red cells to green, unmarked green cells to red, marked empty cells to red,
marked red cells to blue, marked green cells to empty, and marked blue cells to green.
This is a cellular automaton. In other words, we've got a regular grid of cells, each colored from some finite set of
colors, with a rule for updating all cells simultaneously based on the colors of their neighbors. But it's also reversible:
the previous color of any cell before an update can be determined uniquely from the updated colors of all the cells. If
you've got a reversible cellular automaton, you can run it backwards in time using another cellular automaton rule.
Vlasov actually constructed his qu-ants as a 'second-order cellular automaton'. This is a different kind of thing, where
the color of each square depends on what's going on in its neighborhood in the previous two time steps. It's easy to make
reversible second-order cellular automata... just like how Newton's laws of physics are reversible and given by secondorder differential equations. But the description above conceals this fact, and describes the qu-ants as an ordinary
cellular automaton.
For more information and more examples, see:
Alexander Vlasov, Qu-ants.
B. Schumacher and R. F. Werner, Reversible quantum cellular automata.
Reversible cellular automaton, Wikipedia.

December 23, 2014

Water can freeze to form 'cages' that trap other molecules. They're called clathrate hydrates. There are several kinds, all
beautiful. Nature is a great geometer!
This image, animated by Isaac Calder, shows a type I clathrate. The oxygen atoms in the water are at the corners of 12sided and 14-sided shapes.
The 12-sided shapes have pentagons as sides, but they are not regular dodecahedra — if you look carefully, you'll see
the pentagons are a bit off. The 14-sided shapes also have two hexagonal sides!
All this is very similar to the Weaire-Phelan structure, the best known solution to an old puzzle raised by Kelvin. He
asked how space could be partitioned into cells of equal volume with the least area of surface between them. He
proposed a solution, and for a long time people thought it was the best possible, but in 1993 Weaire and Phelan found
one where the area is 0.3% less. It looks a lot like this, but the surfaces are curved.
For a great explanation of different clathrate structures, go here:
Martin Chaplin, Clathrate hydrates, Water Structure and Science.
It's worth learning how to enable Java applets just to see these clathrates in motion! Nowadays Windows makes it really
hard to use Java applets that aren't registered in a certain way. But you can still do it.
Here's another view of a type I clathrate:

December 26, 2014

This photo is almost unbearably cute!

It was taken by Barry Bland at TIGERS — The Institute for Greatly Endangered and Rare Species, in Myrtle Beach,
Florida.
It's interesting to think about why this photo is so cute.
First of all, obviously, the young wolf and tiger seem like pals, walking in step — and the wolf is even smiling! But
more deeply, I think we like the idea that animals of different species, even fierce ones, could be friends. The lamb may
not lie down with the lion, but at least the tiger can play with the wolf! It gives us hope.
Finally, these are young animals, and thus more friendly, playful and inquisitive than their adult versions... and more
cute. We seem to be innately fond of baby animals, perhaps thanks to our instinct to care for human babies.
Dogs are neotenized wolves — adult dogs, especially of certain breeds, resemble young wolves, not only in looks (a
more round head, etcetera) but in behavior. Dogs are now considered to be the same species as wolves, just a different
subspecies. We clearly got along best with wolf puppies that stayed friendly and submissive.
We may ourselves be neotenized apes. It could be that intelligence, playfulness and curiosity are traits of youth that
proved, in certain social contexts, to be adaptive even for adults. If so, there could be something profound about
'cuteness'. Perhaps our attraction to youthful, friendly, playful things helped spawn art, music, science, more merciful
codes of morality, and more.
For more, see:
Neoteny, Wikipedia.
December 29, 2014

Is this a clever painting on the wall of a building? No, it's a view from the parking lot at Meteor Crater, in Arizona.
Looking to the northwest, you see a number of distant mountains.

For my January 2015 diary, go here.
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January 1, 2015

Happy New Year!
The Earth has successfully completed another revolution about the Sun! This is a traditional excuse for a moment of
reflection, so I'll try that.
It's been an interesting and stressful year for me. I'm struggling to do some more practical things for the health of our planet.
I believe global warming is a serious problem and we're facing a mass extinction event. I can't just sit around. But my love
for the beauty of pure math and theoretical physics keeps pulling me back to the things I used to think about. I feel torn and
frustrated.
With my pals at the Azimuth Project, we've reached the point of understanding a bit about El Niño prediction — I gave a
talk about this to about 1000 people at the Neural Information Processing Seminar, a big annual conference on machine
learning. We made some good progress. But we've only just dipped our toes into a very deep subject. To go further I'd need
to learn a lot more, get serious about programming, and start attending the annual conference on Climate Informatics. I'd
need to get better at working with folks in the Azimuth Project, and pull more experts into it. And most of all: I'd need to
think harder about climate science and the art of prediction, and come up with some new ideas.
By comparison, it seems easy to come up with new ideas in pure math and theoretical physics — because I spent decades
doing it. Unfortunately, it feels a bit pointless. I don't think the world urgently needs to understand more about the
fundamental laws of physics, not right now. Someday it will be important. But fundamental physics doesn't hold the 'magic
bullet' for the problems we face today. And anyway, we've already got a lot of very smart people banging their heads
against that wall. We need something a bit different. I'm in a lucky position where I can afford to thrash around trying to
figure out what that is. If 1000 of us try, some will succeed, and we may do a bit better finding our way through the
ecological bottleneck.
That's what I tell myself, anyway. But I also just love pure math regardless of whether it's good for anything. So right now
I'm pursuing it as a kind of 'hobby'. It helps me relax. I've stepped aside from the great mathematical challenge of our time
— developing the theory of infinity-categories and the new world of math this opens up. Instead, I'm thinking about
Loading [MathJax]/jax/output/HTML-CSS/jax.js
'exceptional
structures' in algebra, and their role in physics: things like the octonions, the group called E8, and the Leech
lattice. I've put enough time into these over the years that I can come up with cute ideas without a massive investment of

effort.... thanks to help from Greg Egan, who is great at proving or disproving my conjectures.
As a kind of middle road, I'm also working with my grad students on 'network theory' — basically, applying category
theory to comlex systems made of interacting parts, as we see in biology, chemistry, electrical engineering, and the like.
This is not instantly useful; it will take years to develop. But I have a good feeling about it! This might be a place where
fancy abstract math can do some good.
So I guess it's a three-pronged approach to life. It gets to be a bit much at times! And then there's the job I actually get paid
for: teaching. I may be doing too many things to do any of them well.
But I'm rarely bored. When I was a kid, I was often bored. I didn't know how to do the cool things I dreamt of doing. I hated
it. Those days are gone. I'm very happy about that.
In case you're wondering, the image here is the Higman-Sims graph, an exceptional structure lurking in the Leech lattice,
animated by David Madore. He writes:
The Higman-Sims graph is the unique graph with 100 vertices such that each is adjacent to 22 others and no
two adjacent vertices have a common neighbor (i.e., the graph has no triangle) and any two non-adjacent
vertices have exactly six common neighbors. It has 88704000 automorphism, forming an extension of 2 by the
unique simple group of order 44352000 (the Higman-Sims group, a sporadic group).
The Higman-Sims graph occurs inside the 24-dimensional Leech lattice (if X,Y,Z are Leech lattice points at
distances 3,3,2 from each other, then there are 100 Leech lattice points at distance 2,2,2 from X,Y,Z, and if we
connect those at distance 3 from another, we obtain the Higman-Sims graph).
This animation displays various orthogonal projections of the Higman-Sims graph inside the Leech lattice,
chosen so as to reveal an 11-fold symmetry (there is only one conjugacy class of order 11 in the Conway group
70, which is in the Higman-Sims group).
January 4, 2015
The most dangerous animal in the world

An adult male grizzly bear can stand 3 meters tall (almost 10 feet) on its hind legs. A big one can weigh 360 kilograms
(almost 800 pounds).
But that's not the really dangerous animal in this picture. A human being won this contest — with a gun.
Luckily it was a dart gun. This bear, near Vancouver, is sedated, about to be tagged by scientists. It will be fine, losing only
a bit of its dignity.
Derrick Jensen wrote a book Thought to Exist in the Wild: Awakening from the Nightmare of Zoos. Here are some quotes:
The bear takes seven steps, her claws clicking on concrete. She dips her head, turns, and walks toward the front
of the cage. Another dip, another turn, another three steps. When she gets back to where she started, she begins
all over. This is what's left of her life.
Outside the cage, people pass by on a sidewalk. Parents stop strollers until they realize there's nothing here to
see. A pair of teenagers approach, wearing Walkmans and holding hands; one glance inside is enough, and
they're off to the next cage. Still the bear paces; three steps, head dip, turn.
My fingers are wrapped tightly around the metal railing outside the enclosure. I notice they're sore. I look at the
silver on the bear.s back, the concave bridge of her nose. I wonder how long she's been here. I release the rail,
and as I walk away, the rhythmic clicking of claws on concrete slowly fades.
Unfortunately most of us by now have been to enough zoos to be familiar with the archetype of the creature
who has been driven insane by confinement: the bear pacing a precise rectangle; the ostrich incessantly
clapping his bill; the elephants rhythmically swaying. But the bear I describe is no archetype. She is a bear. She
is a bear who, like all other bears, at one time had desires and preferences all her own, and who may still,
beneath the madness.

Or at this point she may not.
[...]
If you see an animal in a zoo, you are in control. You can come, and you can go. The animal cannot. She is at
your mercy; the animal is on display for you.
In the wild, the creature is there for her own purposes. She can come, and she can go. So can you. Both of you
can display as much of yourselves to the other as you wish. It is a meeting of equals. And that makes all the
difference in the world.
One of the great delights of living far from the city is getting to know my nonhuman neighbors — the plants,
animals, and others who live here. Although we've occasionally met by chance, I've found that it is usually the
animals who determine how and when they reveal themselves to me. The bears, for example, weren't shy,
showing me their scat immediately and their bodies soon after, standing on hind legs to put muddy paws on
windows and look inside; or offering glimpses of furry rumps that disappeared quickly whenever I approached
on a path through the forest; or walking slowly like black ghosts in the deep gray of predawn. Though I am
used to their being so forward, it is always a gift when they reveal themselves, as one did recently when he took
a swim in the pond in front of me.
Robins, flickers, hummingbirds, and phoebes all present themselves, too. Or rather, like the bear, they present
the parts of themselves they want seen. I see robins often, and a couple of times I've seen fragments of blue
eggshells long after the babies have left, but I've never seen their nests.
These encounters — these introductions — are on terms chosen by those who were on this land long before I
was: they choose the time, place, and duration of our meetings. Like my human neighbors and friends, they
show me what they want of themselves, when they want to show it, how they want to show it, and for that I am
glad. To demand they show me more — and this is as true for nonhumans as it is for humans — would be
unconscionably rude. It would destroy any potential our relationship may once have had. It would be
unneighborly.
I am fully aware that even a young bear can kill me. I am also fully aware that humans have coexisted with
bears and other wild animals for tens of thousands of years. Nature is not scary. It is not a den of fright and
horrors. For almost all of human existence, it has been home, and the wild animals have been our neighbors.
Right now, worldwide, more than 1 million people die each year in road accidents. In the United States alone,
there are about forty-two thousand traffic fatalities a year. Yet I am not afraid of cars — though perhaps I
should be. Around the world, nearly 2 million people per year are killed through direct violence by other
people. Almost 5 million people die each year from smoking. And how many people do bears kill? About one
every other year in all of North America.
We are afraid of the wrong things.
[...]
I'm at a zoo. Everywhere I see consoles atop small stands. Each console has a cartoonish design aimed at
children, and each has a speaker with a button. When I push the button, I hear a voice begin the singsong: "All
the animals in the zoo are eagerly awaiting you". The song ends by reminding the children to be sure to "get in
on the fun".
I look at the concrete walls, the glassed-in spaces, the moats, the electrified fences. I see the expressions on the
animals' faces, so different from the expressions of the wild animals I've seen. The central conceit of the zoo,
and in fact the central conceit of this whole culture, is that all of these "others" have been placed here for us,
that they do not have any existence independent of us, that the fish in the oceans are waiting there for us to
catch them, that the trees in the forests stand ready for us to cut them down, that the animals in the zoo are there
for us to be entertained by them.

It may be flattering to believe that everything is here to serve you, but in the real world, where real creatures
exist and real creatures suffer, it's narcissistic and dangerous to pretend nobody matters but you.
For more of Derrick Jensen's book, see:
Derrick Jensen, Thought to exist in the wild — awakening from the nightmare of zoos, Sun, November 2007.
I got the photo from Sean Sparling's Twitter feed. I do not know who took it.
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The Pythagorean theorem says the sum of the squares of the sides of a right triangle is the square of the hippopotamus. For
example, there's a right triangle with sides of length 3, 4, and 5, since
9 + 16 = 25
so
32 + 42 = 52
We call three integers with these properties a Pythagorean triple. There are infinitely many! For example, the next ones are
52 + 122 = 132

(25 + 144 = 169)

82 + 152 = 172

(64 + 225 = 289)

There's a nice recipe to get all the Pythagorean triples! Just take integers n < m and let
a

=

m 2 − n2

b

=

2mn

c

=

m2 + n2

Then you get
a2 + b2 = c 2
This doesn't give all the Pythagorean triples yet — but you can get the rest by taking a, b, and c and multiplying them all by
the same number.
All this has been known for a long time — Euclid wrote about it around 300 BC. There's a lot more to say, but not now!
Yesterday the guy who fixes my computers, David Scharffenberg, told me that

33 + 43 + 53 = 63
That's great! It looks like a generalization of
32 + 42 = 52
But it's not really a generalization in any way that I know. As far as I know, this equation is just a wonderfully cute,
meaningless coincidence. I could be wrong. But in particular,
34 + 44 + 54 + 64 ≠ 74
When is the sum of 3 cubes a cube? I don't know, but there's a conjecture saying that any number except for those of the
form 9k + 4 and 9k − 4 is the sum of 3 cubes.
Puzzle 1: Why can't numbers of the form 9k + 4 or 9k − 4 for some integer k be written as the sum of 3 cubes of integers?
Puzzle 2: The solution to Puzzle 1 involves working modulo 9. Why can't you get more constraints by working modulo
other numbers?
For example, 29 is the sum of 3 cubes:
33 + 13 + 13 = 29
But cubes can be negative! This makes it harder to find all the solutions. For example, we also have
43 + ( − 2) 3 + ( − 3) 3 = 29
So, was only rather recently that the number 30 was shown to be the sum of 3 cubes:
( − 283059965) 3 + ( − 2218888517) 3 + 22204229323 = 30
Pine, Yarbrough, Tarrant, and Beck discovered this in 1999 following an approach suggested by Noam Elkies.
It's still not known if the number 33 is a sum of 3 cubes! But don't bother looking for solutions where the absolute value of
one of the three numbers being cubed is less than 100 trillion, because there aren't any.
For more see:
Michael Beck, Eric Pine, Wayne Tarrant and Kim Yarbrough Jensen, New integer representations as the sum of three
cubes, Mathematics of Computation 76 (2007), 1683–1690.
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The Salt Pit

On Dec. 31, 2003, I took a bus from Germany to Macedonia. When we arrived, my nightmare began.
Macedonian agents confiscated my passport and detained me for 23 days. I was not allowed to contact anyone,
including my wife.
At the end of that time, I was forced to record a video saying I had been treated well. Then I was handcuffed,
blindfolded and taken to a building where I was severely beaten. My clothes were sliced from my body with a
knife or scissors, and my underwear was forcibly removed. I was thrown to the floor, my hands pulled behind
me, a boot placed on my back. I was humiliated.
Eventually my blindfold was removed, and I saw men dressed in black, wearing black ski masks. I did not
know their nationality. I was put in a diaper, a belt with chains to my wrists and ankles, earmuffs, eye pads, a
blindfold and a hood. I was thrown into a plane, and my legs and arms were spread-eagled and secured to the
floor. I felt two injections and became nearly unconscious. I felt the plane take off, land and take off. I learned
later that I had been taken to Afghanistan.
Khaled El-Masri wrote this back in 2005, and I added it to my collection of posts about the US-run torture program:
John Baez Torture.

In Afghanistan, he was interrogated in the Salt Pit, a CIA-run 'black site' shown in the picture above. We are now learning
more about this place.
There, I was beaten again and left in a small, dirty, cold concrete cell. I was extremely thirsty, but there was
only a bottle of putrid water in the cell. I was refused fresh water.
That first night I was taken to an interrogation room where I saw men dressed in the same black clothing and
ski masks as before. They stripped and photographed me, and took blood and urine samples. I was returned to
the cell, where I would remain in solitary confinement for more than four months.
He was interrogated, force-fed, lost 60 pounds. His requests to see a lawyer were ignored. Eventually he was blindfolded,
handcuffed, chained to an airplane seat, and taken to Albania, where he was left in the mountains. Eventually he made it
back to his home in Germany.
His crime? His name resembled that of the terror suspect Khalid al-Masri.
In 2006 as U.S. Federal District Judge dismissed a lawsuit he filed against the CIA, stating that a public trial would "present
a grave risk of injury to national security." A Court of Appeals also dismissed the case, and in 2008 so did the U.S.
Supreme Court.
In the newly released U.S. Senate report, a supervisor is quoted as saying the Salt Pit was "good for interrogations because
it is the closest thing ... to a dungeon." According to the Los Angeles Times:
Guards and interrogators tiptoed through the darkness, carrying headlamps to count detainees packed into two
dozen cells. Their lights illuminated prisoners hanging from overhead bars, next to buckets on the floor to catch
their waste. One hung there for 17 days.
Another detainee "looked like a dog that had been kenneled," wrote an interrogator. "When the doors to their
cells were opened, they cowered," according to CIA documents quoted in the report.
Indeed, reports of sleep and sensory deprivation; of nudity and unhealthful, unsanitary food; of cold showers
and ice buckets; and of rough takedowns and mock executions never were reported to supervisors.
The moral? I don't have a moral. But it's curious: anyone in the US who cared has known the rough outlines of what we've
been doing for at least 12 years. Read my posts! Yet now some people are acting surprised. Where were they back then?
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Leibniz based his approach to calculus on infinitesimals - numbers that are bigger than zero but smaller than 1/2, 1/3, 1/4, ...
and so on. Many people were uncomfortable with these, so they figured out how to do calculus without infinitesimals.

That's how it's usually taught now.
But it turns out you can do calculus with infinitesimals in a perfectly rigorous way... and in some ways, it's easier! Here's a
free online textbook that teaches calculus this way:
H. Jerome Keisler, Elementary Calculus.
The picture here is from this book. There's a tiny little infinitesimal number ϵ, pronounced 'epsilon'. And 1/ϵ is infinitely
big! These aren't 'real numbers' in the usual sense. Sometimes they're called hyperreal numbers.
You can calculate the derivative, or rate of change, of a function f by doing
f(x + ϵ) − f(x)
ϵ
and then at the end throwing out terms involving ϵ. For example, suppose
f(x) = x 2
Then to compute its derivative we do
(x + ϵ) 2 − x 2
ϵ
Working this out, we get
2ϵx + ϵ 2
x 2 + 2ϵx + ϵ 2 − x 2
=
= 2x + ϵ
ϵ
ϵ
Then, at the end, we throw out the term involving ϵ. So, we get 2x This is the rate of change of the function x 2 .
The book will teach you calculus this way, from scratch. If you had trouble understanding 'limits' in calculus, you might
prefer this way. Or, you might just enjoy seeing another approach.
The details of this subject are infinitely interesting, but I'll just say an infinitesimal amount. In 1961 the logician Abraham
Robinson showed that hyperreal numbers are just as consistent as ordinary real numbers, and that the two systems are
compatible in a certain precise sense. In 1976, Jerome Keisler, a student of the famous logician Tarski, published this
elementary textbook that teaches calculus using hyperreal numbers.
Now it's free, with a Creative Commons copyright!
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If you ever had a spirograph, or even better if you never had one: now there's a one on your web browser! It's called
Inspirograph.
It's easy to use. You just move one gear around the other using your mouse (or finger). I still prefer the actual spirograph:
working with actual physical tools is a much more immersive experience than twiddling a computer. People are getting
starved for contact with interesting matter. But not everyone has access to a spirograph!
It's written using TypeScript - a typed superset of JavaScript that compiles to plain JavaScript.
January 14, 2015

What if you look for shapes that are as symmetrical as Platonic solids, but where all the faces are stars? Then you'll find
this.
If you look carefully, you'll see lots of 5-pointed stars. Each one is a regular pentagram &mdash a 5-pointed star whose

corners are a regular pentagon. Each one touches 5 others at each corner, in exactly the same way. So, it's as regular as you
might want.
But it's funny in some ways. First, the faces are stars instead of regular polyhedra. Second, the faces intersect each other:
that's why you don't see all of any star.
There are 2 polyhedra whose faces are all regular stars, with each face just like every other and each vertex like every other.
This particular one is called the small stellated dodecahedron, because if you remove all the pyramid-shaped pieces you're
left with a dodecahedron! Each star lies in the same plane as one of this dodecahedron's faces. So, there are 12 stars in this
shape.
On the other hand, the sharp points of this shape form the corners of an invisible icosahedron! So, there are 20 sharp points.
Puzzle: how many edges does this shape have?
This shape can be seen in a floor mosaic in the Basilica of Saint Mark in Venice, built in 1430. It was rediscovered by
Kepler in his work Harmonice Mundi in 1619. This book, about the "harmonies of the world", is an amazing mix of
geometry, astronomy and music theory — a mystical warmup for his later breakthroughs on the orbits of the planets.
Much later, Escher made himself a wood model of the small stellated dodecahedron, which he drew in two woodcuts called
Order and Chaos.
Besides the small stellated dodecahedron, there's another regular polyhedron with star faces: the great stellated
dodecahedron. These two and their duals are called the Kepler–Poinsot polyhedra.

While the Kepler–Poinsot polyhedra are beautiful, I've avoided studying them because I don't see how they fit into the
theory of Coxeter groups &mdash the study of discrete symmetries that connects Platonic solids, Archimedean solids and
hyperbolic honeycombs to deeper strands of math like Lie theory, the study of continuous symmetries. I've been afraid
these shapes are merely cute, not deep.
Maybe it's time to find out.
For more, see:
Small stellated dodecahedron, Wolfram Mathworld.

Small stellated dodecahedron, Wikipedia.
The Mathworld page has a much better picture of the mosaic in the Basilica of Saint Mark. The rotating image of the small
stellated dodecahedron was made by Cyp and placed on Wikicommons with a Creative Commons Attribution-Share Alike
3.0 Unported license. The pictures of Kepler–Poinsot polyhedra were made by Tom Ruen and Júi;lio Reis and put on
Wikicommons with the same sort of license.
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This shape is called a ditrigonal dodecadodecahedron. The term 'ditrigonal' is a bit hard to explain. But it's called a
'dodecadodecahedron' because it has 12 pentagons and 12 pentagrams as faces.
It's easy to see the pentagrams - they're the red stars. But what about the 12 pentagons? That's the yellow stuff.
Do you see how to get this yellow stuff from 12 pentagons? At first I didn't see how. Now I do. The 20 vertices of a
dodecahedron lie on 4 parallel planes. 10 form two pentagonal faces of the dodecahedron. The 10 remaining ones will lie on
two more parallel planes, forming two larger pentagons. These give 2 of the 12 yellow pentagonal faces hiding in the
picture above. We get the rest by slicing the dodecahedron with parallel places in other ways: there are 6 ways, for a total of
6 × 2 = 12 yellow pentagonal faces.
This shape is an example of a uniform star polyhedron. A 'uniform polyhedron' has regular polygons as faces, with enough
symmetries that every vertex looks like every other. In a 'uniform star polyhedron' we also allow regular stars as faces.
I like how uniform star polyhedra look, but I've never been sure the math of them is deep enough to be worth studying. That
may sound snobbish. But you see, a lot of uniform polyhedra come from Coxeter groups. These are discrete symmetry
groups that are closely connected to lots of other great math - so these are very interesting. The uniform star polyhedra, on
the other hand, don't seem connected to other math in such a strong way. Or maybe I just haven't learned how.

Still, they're pretty. There are 57 of them — not counting an infinite number of prisms and antiprisms, star prisms and star
antiprisms. You can see them all here:
Uniform star polyhedron, Wikipedia.
Puzzle 1. Why does it say "57 varieties" on a bottle of Heinz ketchup? Is it really because there are 57 uniform star
polyhedra?
Puzzle 2. What's the most important appearance of the number 57 in group theory?
Puzzle 3. Why is this shape called ditrigonal'?
This picture was made by Tom Ruen using Robert Webb's Stella software and put on Wikimedia Commons. Webb
demands a link to his website. For answers to the puzzles, read the comments on my G+ post.
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As recently as 6500 BC, Great Britain was connected to Europe! And if you go back further in your time machine, you'll
see a huge plain called Doggerland between Britain and Denmark.
Why? Because the sea level is lower during ice ages. More water is locked up in ice!
The last ice age, the Wisconsin glaciation, reached its peak a bit before 18000 BC. Back then, there were huge ice sheets
going down to the Great Lakes and the mouth of the Rhine. The north of Britain was covered with ice, and the south was a
polar desert!

The light green stuff in this map shows the land a bit later, in 16000 BC. Back then Doggerland was a wide undulating plain
full of complicated meandering river systems.
As the ice age ended, the sea level rose rather quickly. Doggerland shrank to the medium green stuff in 8000 BC and the
dark green stuff in 7000 BC. One of the last parts to survive was the Dogger Bank. You can see it on the map if you look
close. It was an island until 5000 BC.
A new theory says that Doggerland was flooded by a huge tsunami around 6200 BC, thanks to a submarine landslide off the
coast of Norway! It's called the Storegga Slide. There's geological evidence of sediments washed up onto land then. Maybe
an earthquake triggered a catastrophic expansion of methane hydrates underwater.
This tsunami would have devastated a rich hunting and fishing ground populated by Mesolithic humans. People of some
sort have lived on the British Isles, on and off, for much longer! There are flint tools dating back to 815,000 BC. These
would not be made by Homo sapiens, since our species only came into existence around 250,000 BC.
But there were Homo sapiens in Britain by 40,000 BC, in the middle of the last ice age. And when that ice age ended and
treeless tundra slowly turned into forests of birch trees, more of us moved in. Instead of eating reindeer and wild horses, the
ancient Britons started eating pigs, elk, deer, wild boar and wild cattle — hunting them with ever more sophisticated stone
tools. So by 6200 BC, when the tsunami crashed over Doggerland, there would have been lots of people living quite well.
Puzzle 1: Why is this area called 'Doggerland'?
Puzzle 2: What's a 'dogger'?
Puzzle 3: When did people start building things around the cite now called Stonehenge — how does that fit into the
chronology here?
For answers to the puzzles, read the comments on my G+ post.
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This is Alberto Behar in Greenland with the robotic boat he designed. How fast is Greenland melting due to global
warming? Where does the water go? Some people sit around and argue. Others go and find out.
It was very warm in Greenland from July 11th to 13th, 2012. Scientists from NASA traveled by helicopter to study the
melting ice. They mapped rivers and streams over 5400 square kilometers of Greenland. They found 523 separate drainage
systems — small streams joining to form larger streams and rivers.
The water in every one of these flowed into a moulin! A moulin is a circular, vertical shaft. Water pours down the moulin
and goes deep below the surface — sometimes forming a layer between ice and the underlying rock. This layer can help
glaciers slide down toward the ocean. And this water reaches the ocean fast.
In the area they studied, a total of between 0.13 and 0.15 cubic kilometers of water were flowing into moulins each day.
That's a lot! That would be enough to drain 2.5 centimeters of water off the surface each day.
To study the flow of water, Alberto Behar designed two kinds of remote-controlled boats. The boat shown here, was a
drone that measured the depth of the water and how much light it reflected, allowing the researchers to calibrate the depth
of the surface water from satellite images. They used this boat on lakes and slow-flowing rivers. But for dangerous, swiftflowing rivers, Behar developed disposable robotic drifters that measured the water's velocity, depth and temperature as
they swept downstream.
Just a few days ago, Alberto Behar died in a plane crash. The plane he was flying crashed shortly after he took off from a
small airport near NASA’s Jet Propulsion Laboratory in Pasadena, California.
So, his coauthors dedicated their paper on this research to him. Here is is:
Laurence C. Smith et al., Efficient meltwater drainage through supraglacial streams and rivers on the southwest
Greenland ice sheet, Proc. Nat. Acad. Sci..
Check out the cool images and maps. And watch this great movie:
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This is not a tornado or hurricane! It's a supercell: a thunderstorm with a deep, persistently rotating updraft.
Supercells are one of the least common kinds of thunderstorm — but they can be the most severe! Supercells can happen
anywhere — but especially in the Great Plains of America and the Tornado Corridor of Argentina, Uruguay and southern
Brazil.
They start when the wind is moving faster at one height than another: this is called wind shear, and it can create a vortex.
Thunderstorms often have a strong updraft, and this can tilt the vortex so it's vertical instead of horizontal! This creates a
mesocyclone, which you see here. And sometimes the mesocyclone creates tornadoes.
Things always get more complicated and interesting when you study them in detail. I find weather to be a very tricky
subject. I've just skimmed the surface; you can learn more at the links.
This animated gif seems to be created from photos taken in Nebraska by the storm chaser Mike Hollingshead. Google
Image Search shows copis of this all over the place, with many people wrongly saying it's a hurricane.
I went through a supercell in an airplane once, shortly after taking off from Denver. We got caught in a downdraft and the
pilot had to use full power to get us up and out. Then we turned around and landed back in Denver. It was pretty scary. It
made me queasy about flying for a while: not in a rational way, just adrenaline rushes whenever the plane did something
funny.
The feeling when you're in a plane dropping through the air reminds me a bit of being in an earthquake as it gets stronger
and stronger — you're frozen, wondering: what next? I remember waking up and looking out the window at a street sign
wiggling back and forth when the Northridge quake hit in 1994. It wasn't very strong in Riverside, but strong enough that
every aftershock made me tense.
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The arc of the moral universe is long, but it bends toward justice.

On March 7, 1965, protesters seeking the right to vote tried to march from Selma to Montgomery Alabama. State troopers
and a violent posse attacked the unarmed marchers with billy clubs and tear gas.
After another try, the march finally succeeded three weeks later. After walking 54 miles, Martin Luther King gave a speech
on the steps of the State Capitol of Alabama. It began like this:
Last Sunday, more than eight thousand of us started on a mighty walk from Selma, Alabama. We have walked
through desolate valleys and across the trying hills. We have walked on meandering highways and rested our
bodies on rocky byways. Some of our faces are burned from the outpourings of the sweltering sun. Some have
literally slept in the mud. We have been drenched by the rains. Our bodies are tired and our feet are somewhat
sore.
But today as I stand before you and think back over that great march, I can say, as Sister Pollard said—a
seventy-year-old Negro woman who lived in this community during the bus boycott—and one day, she was
asked while walking if she didn't want to ride. And when she answered, "No," the person said, "Well, aren't you
tired?" And with her ungrammatical profundity, she said, "My feets is tired, but my soul is rested." And in a
real sense this afternoon, we can say that our feet are tired, but our souls are rested.
They told us we wouldn't get here. And there were those who said that we would get here only over their dead
bodies, but all the world today knows that we are here and we are standing before the forces of power in the
state of Alabama saying, "We ain't goin' let nobody turn us around."
Now it is not an accident that one of the great marches of American history should terminate in Montgomery,
Alabama. Just ten years ago, in this very city, a new philosophy was born of the Negro struggle. Montgomery
was the first city in the South in which the entire Negro community united and squarely faced its age-old
oppressors. Out of this struggle, more than bus desegregation was won; a new idea, more powerful than guns or
clubs was born. Negroes took it and carried it across the South in epic battles that electrified the nation and the
world.
Yet, strangely, the climactic conflicts always were fought and won on Alabama soil. After Montgomery.s,
heroic confrontations loomed up in Mississippi, Arkansas, Georgia, and elsewhere. But not until the colossus of
segregation was challenged in Birmingham did the conscience of America begin to bleed. White America was

profoundly aroused by Birmingham because it witnessed the whole community of Negroes facing terror and
brutality with majestic scorn and heroic courage. And from the wells of this democratic spirit, the nation finally
forced Congress to write legislation in the hope that it would eradicate the stain of Birmingham. The Civil
Rights Act of 1964 gave Negroes some part of their rightful dignity, but without the vote it was dignity without
strength.
Once more the method of nonviolent resistance was unsheathed from its scabbard, and once again an entire
community was mobilized to confront the adversary. And again the brutality of a dying order shrieks across the
land. Yet, Selma, Alabama, became a shining moment in the conscience of man. If the worst in American life
lurked in its dark streets, the best of American instincts arose passionately from across the nation to overcome
it. There never was a moment in American history more honorable and more inspiring than the pilgrimage of
clergymen and laymen of every race and faith pouring into Selma to face danger at the side of its embattled
Negroes.
The confrontation of good and evil compressed in the tiny community of Selma generated the massive power to
turn the whole nation to a new course. A president born in the South had the sensitivity to feel the will of the
country, and in an address that will live in history as one of the most passionate pleas for human rights ever
made by a president of our nation, he pledged the might of the federal government to cast off the centuries-old
blight. President Johnson rightly praised the courage of the Negro for awakening the conscience of the nation.
On our part we must pay our profound respects to the white Americans who cherish their democratic traditions
over the ugly customs and privileges of generations and come forth boldly to join hands with us. From
Montgomery to Birmingham, from Birmingham to Selma, from Selma back to Montgomery, a trail wound in a
circle long and often bloody, yet it has become a highway up from darkness. Alabama has tried to nurture and
defend evil, but evil is choking to death in the dusty roads and streets of this state. So I stand before you this
afternoon with the conviction that segregation is on its deathbed in Alabama, and the only thing uncertain about
it is how costly the segregationists and Wallace will make the funeral.
The whole speech is here:
Martin Luther King, Jr., Our god is marching on!, March 25, 1965.
Near the end he said:
The arc of the moral universe is long, but it bends toward justice.
I used to wonder if this is true. I now think it's one of those things that only becomes true if enough of us work to make it
so. A master orator, Martin Luther King was not trying to describe the world: he was trying to change it.
I saw the movie Selma, and I recommend it—a good reminder of this recent era of American history... and how powerful
determination accomplished real changes. We could use some of that spirit now.
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Mars is a windy place! This dust devil, roughly 20 kilometers high but just 70 meters wide, was seen whirling through
northern Mars on March 14, 2007. It was imaged by a high resolution camera on the Mars Reconnaissance Orbiter... and
NASA made this animation based on what they saw.
Dust devils happen on Earth too — I often see them in the deserts around here! They're spinning columns of air, made
visible by the dust they pull off the ground. Unlike tornadoes, they usually form on clear days when the ground is heated by
the sun, warming the air just above the ground.
As hot air rises, it can start to rotate, by chance... and as more hot air rushes in to replace the air that is rising, the rotation
becomes stronger. So the dust devil grows and sustains itself, becoming a quick way for hot air to rise... until it dies.
Puzzle: why does it die?
In short, a dust devil is a great example of how efficient increase in entropy can actually create ordered structures, which
however have a finite lifetime. You are an example of this.
Maybe this is why many cultures have considered dust devils to be sentient beings. In Arabia they're djinn, or genies.
Among the Navajo they're chindii, or spirits of the dead.
This dust devil happened in Amazonis Planitia during the late spring, two weeks short of the northern summer solstice,
when the ground in the northern mid-latitudes is heated most strongly by the sun.
The Mars Reconnaissance Orbiter has been examining the Red Planet with six science instruments since 2006. You can see
thousands of images taken by HiRISE — the High Resolution Imaging Science Experiment — at this website:
HiRISE
They're awesome!
Mars has a very thin atmosphere, with approach of only 600 pascals, tiny compared to Earth's 101,000 pascals — but there
are high winds thanks to the enormous daily temperature variations: the temperature typically swings by 100 Celsius each
day! This creates winds that easily gust above 90 kilometers/hour, and huge dust storms that envelope the whole planet. The
dramatic heating of air at the ground is the perfect recipe for a huge dust devil.
The physics of wind-blown sand and dust is fascinating and complex:
Jasper F. Kok, Eric J. R. Parteli, Timothy I. Michaels and Diana Bou Karam, The physics of wind-blown sand and
dust.
This paper discusses processes on both Earth and Mars. It also seems that static electricity plays an important role in

'saltation', the process whereby wind-blown sand grains hop along the ground:
X.J. Zheng, N. Huang and Y. Zhou, The effect of electrostatic force on the evolution of sand saltation cloud, Eur.
Phys. Jour. E: Soft Matter 2 (2006), 129–138.
Abstract: In a wind-blown sand layer, it has been found that wind transport of particles is always associated
with separation of electric charge. This electrification in turn produces some electrostatic forces in addition to
the gravitational and fluid friction forces that affect the movement of saltating sand particles, further, the windblown sand saltation. To evaluate this effect quantitatively, this paper presents a simulation of evolution of
wind-blown sand grains after the electrostatic forces exerted on the grains are taken into account in the wind
feedback mechanism of wind-blown saltation. That is, the coupling interaction between the wind flow and the
saltating sand particles is employed in the simulation to the non-stationary wind and sand flows when
considering fluid drag, gravitation, and a kind of electrostatic force generated from a distribution of electric
field changing with time in the evolution process of the sand saltation. On the basis of the proposed simulation
model, a numerical program is given to perform the simulation of this dynamic process and some characteristic
quantities, e.g., duration of the system to reach the steady state, and curves of the saltating grain number, grain
transport rate, mass-flux profile, and wind profile varying with time during the non-stationary evolution are
displayed. The obtained numerical results exhibit that the electrostatic force is closely related to the average
charge-to-mass ratio of sand particles and has obvious influence on these characteristic quantities. The obtained
results also show that the duration of the system to reach the steady state, the sand transport rate and the mass
flux profile coincide well with experimental results by Shao and Raupach (1992) when the average charge-tomass ratio of sand particles is 60 microC/kg for the sand particles with average diameter of 0.25 mm. When the
average charge-to-mass ratios of sand particles are taken as some other certain values, the calculation results
still show that the mass flux profiles are well in agreement with the experimental data by Rasmussen and
Mikkelsen (1998) for another category of sand particles, which tell us that the electrostatic force is one of main
factors that have to be considered in the research of mechanism of wind-blown sand saltation..
Here's another dust devil on Mars, filmed by the rover Spirit in Gusev Crater:

January 21, 2015

According to the Mars ocean hypothesis, this is what Mars might have looked like 3.8 billion years ago.
The northern polar plains of Mars, called Vastitas Borealis, are smooth, free of craters, and 4.5 kilometers below the
average elevation of the planet. Along the edges there are riverbeds and deltas!
But if there was an ocean, where did the water go?
The gravity on Mars is low, so some could have escaped into space. There's 1.6 cubic kilometers of water ice in the north
polar cap, and about the same amount in the south polar cap and its surrounding ice fields. (The south is very different than
the north.)
That's not really much water for a whole planet: taken together, just a bit more than the ice on Greenland. But there could be
more water ice underground in Vastitas Borealis. Research with MARSIS, a radar instrument on board the Mars Express
satellite in orbit around Mars, supports the idea of a large, northern ocean. The instrument revealed that this area has a
dielectric constant similar to that of low-density sedimentary deposits, massive deposits of ground ice, or a combination of
the two.
But how could Mars have been warm enough for an ocean? Its atmosphere may have been as dense as our Earth's
atmosphere is now - and mostly made of carbon dioxide. (Right now it has a carbon dioxide atmosphere just 0.6% as dense
as Earth's atmosphere!) That would give a massive greenhouse effect, enough to keep water liquid. In any event, we know
there was liquid water, thanks to those riverbeds and deltas.
But the Mars ocean hypothesis is still controversial. For example, Vastitas Borealis has a bunch of boulders on it which are
hard to explain if it was an ocean bed. Maybe they were dropped there by icebergs? That happens here on Earth!
The above picture, from Wikicommons, was made by a user named 'lttiz' using data from the Mars Orbiter Laser Altimeter.
The elevations were updated so the shore lines will closely approximate their ancient locations, and any mountains less than

two billion years old were removed. lttiz also has some other pretty pictures there.
If Mars had an ocean, it would have existed during the Noachian period This lasted on Mars lasted from 4.1 to 3.7 billion
years ago. During this time, the rate of meteor impacts on Mars was 500 times higher than now: there was about one new
100-kilometer diameter crater every million years, and many more small ones. More excitingly, water drained through the
valleys, forming ponds in craters and large lakes elsewhere. Over 200 Noachian lake beds have been found, some big as
Lake Baikal or the Caspian Sea! Many Noachian craters show channels entering on one side and exiting on the other.

This is Mars as it might have appeared much more recently, during the height of its last ice age!
Of all planets in the Solar System, Mars has the climate most like ours. Both Mars and Earth are sensitive to small changes
in the shape of its orbit and the tilt of its axis.
On Earth, when the axis tilts more, the poles warm up and ice ages end. But a 2003 paper in Nature did simulations and
found that Mars works the other way! When its axis tilts more, the poles warm up, and the polar ice caps start to
evaporate... bringing more water to the whole planet. But since Mars is below freezing most of the time, that brings ice all
the way down to 300 latitude in both hemispheres, as shown here.
From about 2.1 million to 400,000 years ago, the increased tilt of Mars' axis made its poles warmer. But the tilt has been
less since then. This is making the poles colder, so water vapor has been leaving the zone between 300 and 600 latitude, and
collecting in the ice caps.
If you haven't read Kim Stanley Robinson's trilogy Red Mars, Green Mars, Blue Mars, you really should. It's a sprawling
tale of the terraforming of Mars, packed with fascinating digressions. Now I want White Mars. The photo is from here:
Jet Propulsion Laboratory, NASA, PIA04933: Mars ice age, simulated.

It was prepared for the December 18, 2003, cover of the journal Nature. The simulated surface deposit is superposed on a
map based on altitude measurements by Global Surveyor and images from NASA's Viking orbiters of the 1970s.
The paper is here:
James W. Head, John F. Mustard, Mikhail A. Kreslavsky, Ralph E. Milliken and David R. Marchant, Recent ice ages
on Mars, Nature 426 (18 December 2003), 797–802.
January 22, 2015

A neutron is a spinning bag of charged particles, so we shouldn't be surprised that it acts like a little magnet. We say it has a
magnetic dipole moment. This means that like the Earth, it has a north magnetic pole and a south pole. The blue arrow
called μ here points to the north pole.
A neutron might also have an electric dipole moment. That would happen if there were more positive charge near one pole,
and more negative charge near the other pole. Then we could draw a red arrow called d pointing toward the positive
charges.
In the picture at left, the red arrow points the same way as the blue arrow. But nobody knows if there is a red arrow! So far
nobody has seen an electric dipole moment for a neutron. It's either zero, or very small.
A water molecule has an electric dipole moment: it's shaped like a head with two big ears, and there's more positive charge
near the ears. You might argue that the electric dipole moment of the neutron should be zero because — unlike the water
molecule — the neutron is round. There's a kernel of truth to that.
Indeed, if the electric dipole moment wasn't zero, it would violate some symmetries that the neutron seems to have!
P symmetry, or parity, is the symmetry where you reverse all 3 spatial directions: send each point (x, y, z) to the opposite
point ( − x, − y, − z). If you do this to a spinning sphere, it still spins the same way, so the arrow μ is unchanged.
However, if there had been more positive charges near one pole, now there will be more positive charges near the other
pole. So the arrow d now points the other way.
T symmetry, or time reversal, is the symmetry where you reverse the direction of time: send each time t to − t. We can't
actually turn time around, but we can try to set up a neutron that's a time-reversed version of some other neutron. It would
spin the opposite way, so the arrow . would point the other way. But the positive charges would still be on the same side. So
d points the same way.

The picture shows that if a neutron has the μ and d arrows pointing the same way, and we apply parity or time reversal, we
get another kind of neutron where the μ and d arrows point opposite ways. There can't be two kinds of neutrons: we'd have
noticed that by now. So, if neutrons have an electric dipole moment, they can't be symmetric under parity and time reversal.
In fact neutrons probably aren't symmetric under parity and time reversal, because a force called the weak force doesn't
have these symmetries, and it affects neutrons. But as the name indicates, this force is very weak. We can calculate the
electric dipole moment this force creates in the neutron, and it's tiny — about 10 million times smaller than our current
ability to measure it.
What's interesting is that as far as we know, the strong force could also fail to have parity and time reversal symmetry. This
is the force that holds the neutron together. If it broke these symmetries, it could create a larger electric dipole moment than
the weak force does.
We haven't seen any sign that this happens. People are looking because this would be one of the best ways to see if the
strong force violates parity and time reversal symmetry. If it doesn't, one of the fundamental constants of nature must be
zero... and nobody knows why, though there are some fascinating theories. This is called the 'strong CP problem':
Strong CP problem, Wikipedia.
There's a lot more to say about this, but not today!
Puzzle: I said we would have noticed by now if there are two kinds of neutrons, one where μ and d point the same way and
one where they point in opposite directions. How could we have noticed this, given that we can't yet measure the d arrow?
Right now the best upper bound on the neutron's electric dipole moment is 2.9 · 10-26 e cm. (Electric dipole moment is
often measured in units of the electron's charge times a centimeter.) There are at least five experiments in progress that aim
at improving this limit to 10-28 e cm. These should be able to rule out various theories of how supersymmetry could create
an electric dipole moment in the neutron.
The weak force should create a dipole moment of about 10-33 e cm, so detecting that is still far away. This amount of
asymmetry is so small that it's like the Earth being perfectly round except for mountains that are micron tall!
January 24, 2015

I posted some puzzles about this hypercube of bits, and Scott Carter responded with a profane version in 3 dimensions:

This gives 'binary digits' a whole new meaning!
January 25, 2015

We can thank photographer Andrey Grachev for this view! He walked across Lake Baikal, a huge lake in Siberia that
freezes over in winter... and found this ice cave on Olkhon Island. You can see more of his photos here:
Chris Kitching, Photographer braves unstable frozen lake to capture breathtaking images of magical ice cavern at
sunrise in Siberia, Daily Mail, January 20, 2015.
For almost five months a year, Lake Baikal is covered with ice. Perhaps because it's so deep, it starts freezing only in
January, long after the Siberian frosts become intense. It usually thaws in May. At its peak, the ice is between 1 and 2
meters thick. Big cracks can be 10 to 30 kilometers long!
For more on Lake Baikal, including some amazing pictures, see my October 1st, 2013 diary entry.
January 26, 2015

If the Greenland ice sheet completely melts, the sea will rise 7.2 meters. This will drown most of the world's coastal cities
— unless we move them or build dikes. So ice on Greenland is important.
It's also a fascinating record of the past! Scientists just made this wonderful cross-section of Greenland, showing 4 kinds of
ice:
Green is ice from snow that fell on Greenland after the last ice age. That's after 12,000 years ago.
Blue is ice from the last ice age. That's between 12,000 and 115,000 years ago.
Red is ice from the warm period before the last ice age: the Eemian interglacial. That's between 115,000 and 130,000
years ago.
Gray is ice we don't understand yet.
This cross-section is just part of a detailed 3d map of Greenland, built using ice core samples and radar from planes. Here's
a great video that shows the whole 3d map and how it was made:

The Greenland ice sheet is melting at a rate of about 200 cubic kilometers per year. The rate is increasing at about 1718

cubic kilometers per year each year. This sounds bad. Indeed, Greenland is contributing about as much to sea level rise as
Antarctica. But the Greenland ice sheet won't go away soon. It has about 2,850,000 cubic kilometers of ice!
Ice from the last interglacial — the Eemian — was only recently found in Greenland. For more, read this story by Eric
Steig:
Eric Steig, The Greenland melt, RealClimate, 23 January 2013.
Puzzle 1: if you extrapolate the constantly accelerating rate of melting that I described, when would the Greenland ice sheet
be completely melted? Of course this is naive, but the calculation is easy and fun.
Puzzle 2: about how many gigatonnes of water are in a cubic kilometer?
Puzzle 3: if it were spread equally over the whole ocean, how much would a cubic kilometer of water raise the sea level?
You can see some answers on my G+ post.
For my February 2015 diary, go here.
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I saw this in a post by the mathematician Richard Green, who explains the underlying math quit nicely. But it's been making the rounds for a while.
February 2, 2015

There are different kinds of Morse code: this is International Morse Code.
Each letter or number is represented by a sequence of dots and dashes. When you type these out on a telegraph, a dash should be 3 times as long as a dot.
Each dot or dash is followed by a short silence, as long as a dot. The letters of a word should be separated by a silence that's 3 dots long, and words should be
separated by a silence that's 7 dots long.
How long is a dot? That depends on your skills!

The codes for numbers make a pattern. The codes for letters look chaotic. But they're not: they're chosen so that commonly used letters have short codes! The
system is nicely explained using a tree:

E and T are on top: they have the shortest codes, because they are very commonly used letters. The E is a single dot and the T is a single dash. Then come I,
A, M and N. And so on.
How good is International Morse Code? For that you should compare the tree it uses to the tree it would use if it were as good as possible. The best possible
way is called a Huffman coding. You can see it on page 16 here:
Ingrid Daubechies, The mathematics of communication.
February 3, 2015
Ancient Alien Mathematics

"So you traveled the whole twenty light years?"
"More than that," Joan said truthfully, "from my original home. I've spent half my life traveling".
"Faster than light?" Pirit suggested hopefully.
"No. That's impossible".
They circled around the question a dozen more times, before Pirit finally changed her tune from how to why?
"I'm a xenomathematician," Joan said. "I've come here in the hope of collaborating with your archaeologists in their study of Niah artifacts."
Pirit was stunned. "What do you know about the Niah?"

"Not as much as I'd like to." Joan gestured at her Noudah body. "As I'm sure you've already surmised, we've listened to your broadcasts for some
time, so we know pretty much what an ordinary Noudah knows. That includes the basic facts about the Niah. Historically they've been referred to
as your ancestors, though the latest studies suggest that you and they really just have an earlier common ancestor. They died out about a million
years ago, but there's evidence that they might have had a sophisticated culture for as long as three million years. There's no indication that they
ever developed space flight. Basically, once they achieved material comfort, they seem to have devoted themselves to various artforms, including
mathematics."
"So you've traveled twenty light years just to look at Niah tablets?" Pirit was incredulous.
"Any culture that spent three million years doing mathematics must have something to teach us."
"Really?" Pirit's face became blue with disgust. "In the ten thousand years since we discovered the wheel, we've already reached halfway to the
Cataract. They wasted their time on useless abstractions."
Joan said, "I come from a culture of spacefarers myself, so I respect your achievements. But I don't think anyone really knows what the Niah
achieved. I'd like to find out, with the help of your people."
[...]
"Jown! Jown! Come and look at this!" Surat called to her. Joan switched off the tomography unit and jogged toward the archaeologists, suddenly
conscious of her body's strangeness. Her legs were stumpy but strong, and her balance as she ran came not from arms and shoulders but from the
swish of her muscular tail.
"It's a significant mathematical result," Rali informed her proudly when she reached them. He'd pressure-washed the sandstone away from the
near-indestructible ceramic of the tablet, and it was only a matter of holding the surface at the right angle to the light to see the etched writing
stand out as crisply and starkly as it would have a million years before.
Rali was not a mathematician, and he was not offering his own opinion on the theorem the tablet stated; the Niah themselves had a clear set of
typographical conventions which they used to distinguish between everything from minor lemmas to the most celebrated theorems. The size and
decorations of the symbols labelling the theorem attested to its value in the Niah's eyes.
Joan read the theorem carefully. The proof was not included on the same tablet, but the Niah had a way of expressing their results that made you
believe them as soon as you read them; in this case the definitions of the terms needed to state the theorem were so beautifully chosen that the
result seemed almost inevitable.
The theorem itself was expressed as a commuting hypercube, one of the Niah's favorite forms. You could think of a square with four different
sets of mathematical objects associated with each of its corners, and a way of mapping one set into another associated with each edge of the
square. If the maps commuted, then going across the top of the square, then down, had exactly the same effect as going down the left edge of the
square, then across: either way, you mapped each element from the top-left set into the same element of the bottom-right set. A similar kind of
result might hold for sets and maps that could naturally be placed at the corners and edges of a cube, or a hypercube of any dimension. It was also
possible for the square faces in these structures to stand for relationships that held between the maps between sets, and for cubes to describe
relationships between those relationships, and so on.
That a theorem took this form didn't guarantee its importance; it was easy to cook up trivial examples of sets and maps that commuted. The Niah
didn't carve trivia into their timeless ceramic, though, and this theorem was no exception. The seven dimensional commuting hypercube
established a dazzlingly elegant correspondence between seven distinct, major branches of Niah mathematics, intertwining their most important
concepts into a unified whole. It was a result Joan had never seen before: no mathematician anywhere in the Amalgam, or in any ancestral culture
she had studied, had reached the same insight.
She explained as much of this as she could to the three archaeologists; they couldn't take in all the details, but their faces became orange with
fascination when she sketched what she thought the result would have meant to the Niah themselves.
"This isn't quite the Big Crunch," she joked, "but it must have made them think they were getting closer". The Big Crunch was her nickname for
the mythical result that the Niah had aspired to reach: a unification of every field of mathematics that they considered significant. To find such a
thing would not have meant the end of mathematics — it would not have subsumed every last conceivable, interesting mathematical truth — but
it would certainly have marked a point of closure for the Niah's own style of investigation.
These are two quotes from this story:
Greg Egan, Glory.
Read the whole thing! The start is quite dramatic!
The image above is not alien mathematics; it's from an article about a codes for communicating with extraterrestrial civilizations:
Brandon Keim, Building a better alien-calling code, Wired, 23 November 2009.
February 15, 2015

Greg Egan and I have been exploring the 'forbidden tilings'. These are ways to stick together shapes that look like they should tile the plane, but don't.

Two regular pentagons and a regular decagon fit snugly at a point: their interior angles sum to 360°. Despite this, you cannot tile the plane with regular
pentagons and decagons!
But you can do some other things. The above picture by Egan shows one of them.
The idea here is to start drawing regular pentagons and decagons on the plane, and make sure that:
each decagon touches 10 pentagons along its edges;
each pentagon touches 2 decagons and 3 pentagons along its edges;
there are two kinds of vertices: at some, 2 pentagons and a decagon meet, while at others, 10 pentagons meet.
The pentagons and decagons will overlap, and the picture will get very confusing, so here Egan shows just one stage of drawing the picture. To see more
stages, visit my American Mathematical Society blog:
John Baez, Pentagon-decagon branched covering, Visual Insight, February 15, 2015.
What's really going on here? It's secretly all about non-Euclidean geometry! There's a way to tile the hyperbolic plane by regular pentagons and decagons. It's
very symmetrical, and the shapes don't overlap.
Then, there's a way to map the hyperbolic plane down to the ordinary Euclidean plane. This has infinitely many 'branch points'. If you walk around a branch
point in the hyperbolic plane, your shadow down in the Euclidean plane will walk three times around a point down there.
This is how we get 10 pentagons to meet at a point. Up in the hyperbolic plane, they don't overlap. Down in the Euclidean plane, they do: they wrap three
times around a point. That's what you see in the very middle of this picture!
You can learn more of the underlying math at the link above. For a cool-looking failed attempt to tile the Euclidean plane with regular pentagons and
decagons, try this:
John Baez, Pentagon-decagon packing, Visual Insight, February 1, 2015.
This also has a list of some other forbidden tilings: those that arise from ways 3 regular polygons can meet snugly at a vertex.

February 21, 2015

How can computers get legal rights like people? It sounds hard. But in the US, it's not. They just need to become corporations.
You see, in the US, corporations are already persons in the legal sense, with the right to sign contracts and sue people. In 2010, the Supreme Court said they
have the right to free speech! Since corporations are very powerful, they are likely to gain more and more rights — and not just in the US.
So, computers might take over the world by becoming corporations... or running corporations.
Most people think computers need to be intelligent before they take over the world. But maybe it will go like this. First they become corporations. Then they
hire us to make them more intelligent.
Now there's a company that's trying to speed up this process! It's called Ethereum. They want to help developers start Distributed Autonomous Corporations:
corporations run by computers.
Vitalik Buterin, who runs Ethereum, explained the basic idea:
Corporations, US presidential candidate Mitt Romney reminds us, are people. Whether or not you agree with the conclusions that his partisans
draw from that claim, the statement certainly carries a large amount of truth. What is a corporation, after all, but a certain group of people
working together under a set of specific rules? When a corporation owns property, what that really means is that there is a legal contract stating
that the property can only be used for certain purposes under the control of those people who are currently its board of directors — a designation
itself modifiable by a particular set of shareholder. If a corporation does something, it's because its board of directors has agreed that it should be
done. If a corporation hires employees, it means that the employees are agreeing to provide services to the corporation.s customers under a
particular set of rules, particularly involving payment. When a corporation has limited liability, it means that specific people have been granted
extra privileges to act with reduced fear of legal prosecution by the government — a group of people with more rights than ordinary people acting
alone, but ultimately people nonetheless. In any case, it's nothing more than people and contracts all the way down.
However, here a very interesting question arises: do we really need the people? On the one hand, the answer is yes: although in some postSingularity future machines will be able to survive all on their own, for the foreseeable future some kind of human action will simply be
necessary to interact with the physical world. On the other hand, however, over the past two hundred years the answer has been increasingly no.
The industrial revolution allowed us, for the first time, to start replacing human labor with machines on a large scale, and now we have advanced
digitized factories and robotic arms that produce complex goods like automobiles all on their own. But this is only automating the bottom;
removing the need for rank and file manual laborers, and replacing them with a smaller number of professionals to maintain the robots, while the
management of the company remains untouched. The question is, can we approach the problem from the other direction: even if we still need
human beings to perform certain specialized tasks, can we remove the management from the equation instead?
Most companies have some kind of mission statement; often it's about making money for shareholders; at other times, it includes some moral
imperative to do with the particular product that they are creating, and other goals like helping communities sometimes enter the mix, at least in
theory. Right now, that mission statement exists only insofar as the board of directors, and ultimately the shareholders, interpret it. But what if,
with the power of modern information technology, we can encode the mission statement into code; that is, create an inviolable contract that
generates revenue, pays people to perform some function, and finds hardware for itself to run on, all without any need for top-down human
direction?
He went on to explain a plan to do this:
Vitalik Buterin, Bootstrapping a decentralized autonomous corporation: Part I, Bitcoin Magazine, September 19, 2013.
Vitalik Buterin, Bootstrapping a decentralized autonomous corporation: Part II: interacting with the world, Bitcoin Magazine, 21 September 2013.
Vitalik Buterin, Bootstrapping a decentralized autonomous corporation: Part III: Identity Corp, Bitcoin Magazine, 24 September 2013.
The fascinating technical details of Ethereum are here:
White paper: a next-generation smart contract and decentralized application platform, Ethereum Wiki.
For more on decentralized autonomous corporations, or DACs, see:
Decentralized autonomous organization, Wikipedia.
For the American legal doctrine of corporate personhood, see:
Corporate personhood, Wikipedia.
Does this make you want to rebel? It may be too late. I, for one, welcome our new robot overlords.
I thank Daniel Estrada for pointing out this article on DACs:
George Dvorsky, How much longer before companies start to run themselves, io9, February 20, 2015.
The picture above was made by TheMarex.

February 26, 2015
Synthesis

A cloud of ideas coalesces to form a brilliant insight. At first it seems big and important. Then you start taking it for granted... and it becomes one of the
ingredients of your next insight.
I got this from Maria Dubai.
For my March 2015 diary, go here.
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March 6, 2015
Confirmed: I am in orbit around #Ceres

That's what the spacecraft Dawn said on Twitter today. After more than 7 years and a visit to the asteroid Vesta, Dawn has
reached its goal!
I hope the white spots on Ceres are a solar power plant for an alien base, or at least a 'cryovolcano' — a volcano that shoots
up liquid water instead of lava. But probably they're just ice or snow.
Still, this is pretty cool! Ceres is probably a protoplanet whose growth got stopped by the huge gravitational pull of Jupiter.
We know it has water vapor in its tiny atmosphere. It may have a lot of ice inside, unlike most of the rocky asteroids. So we
can learn a bit about how planets first formed by visiting this world.
It's also cool how we got there. NASA couldn't explore Ceres without ion propulsion. Dawn started out its journey with 425
kilograms of the noble gas xenon. It turns this gas into ions and shoots them out the back to accelerate through space. So, it
rides through space on a blue-green beam of ions!
This is the kind of thing we can do if we stop fussing and fighting for a while. Are we really ready to explore the universe?
Maybe not yet. But someday....
March 7, 2015
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This is the kind of thruster that powered the spacecraft Dawn to the asteroids Vesta and Ceres. It's beautiful! It creates a
beam of xenon ions. These ions blast into space at 40 kilometers per second — 90,000 miles per hour! — pushing the ship
forward.
Dawn is solar powered. It sucks up 10 kilowatts of solar power and uses this to run the ion thruster. It started out with 275
kilograms of the noble gas xenon. It takes atoms of this gas and strips off some the electrons, leaving the atoms positively
charged. These are called ions.
It accelerates these ions with an electric field, and they shoot out of thousands of tiny holes — which I think you can see
here. Each hole acts as a lens that electrically focuses the ions.
Because the ion thruster puts out positive ions, an equal amount of negative charge must be expelled to keep the spacecraft
from getting a huge electric charge. So, a small gadget called the 'neutralizer' shoots out electrons.
The force produced by Dawn's thrusters is tiny: just 40 millinewtons. A newton is the force it takes to accelerate one
kilogram one meter per second each second. Dawn's thrusters push as hard as a sheet of paper pushes down on your hand!
So, this spacecraft takes four days to accelerate from 0 to 100 kilometers per hour, while a good car can do it in 3-6
seconds. The advantage of Dawn is that it can keep up this acceleration for years without running out of propellant. This is
what made it the first spacecraft able to slow down and orbit one body in our Solar System, then take off and go to another,
then slow down and orbit that!
Puzzle 1: Why does Dawn use xenon? Is it just because this gas has a really cool-sounding name?
Puzzle 2: What bad things might happen if Dawn built up a big electric charge?
Puzzle 3: Why does the ion beam glow? Why is it blue?
Puzzle 4: Another elegant form of propulsion is a solar sail, where sunlight pushes a spacecraft directly. Why isn't this
better than converting sunlight to energy and using that to run an ion drive? After all, converting energy from one form to
another tends to create waste heat.
For answers to these puzzles, see the comments on my G+ post.

March 11, 2015

The ancient game of go still holds many challenges. Compared to go, chess is like tac-tac-toe. There are 255168 possible
games of tic-tac-toe. There are about 10120 possible chess games. But there are about 10761 possible go games!
The main challenge with go is playing it well. But there's also counting the number of legal positions.
A full-fledged go board has 19 × 19 squares, and approximately this many legal positions:
2081681993819820000000000000000000000000000000000
0000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000
000000000000000000000000
That's about 2 × 10170.
John Tromp wants to know the exact number. Why? Because it's a fun challenge. He knows an algorithm to calculate this
number. It's very clever. But it still takes a lot of computing power.
He recently calculated the number of legal moves on an 18 × 18 board. It took 9 months, and 4 petabytes of disk IO on a
Dell PowerEdge R820 server. He did it at the Institute for Advanced Studies in Princeton... that place where Einstein used
to hang out. The answer is:
669723114288829212892740188841706543509937780
640178732810318337696945624428547218105214326
012774371397184848890970111836283470468812827
907149926502347633
To get the answer for a 19 × 19 board will take more work. Using some very clever math, the task can be split up into 9 jobs
that each compute 64 bits of the 566-bit result. To do this and be sure the answer is right, he needs about 10 to 13 servers,
each with at least 8 cores, 512 gigabytes of RAM, and 10-15 terabytes of disk space. The job will take about 5-9 months.
You can read more about this here:

John Tromp, Number of legal 18×18 go positions
including the answers for all square boards of size up to 18 × 18. The most interesting part is the algorithm to compute these
numbers:
John Tromp and Gunnar Farnebäck, Combinatorics of go, November 22, 2009.
March 14, 2015

It's 'Pi Day', 3/14/15. This is a fundamentally silly holiday that only works if you write first the month, then the day, then
the year. Not many people besides Americans use that illogical system.
But getting into the silly spirit of things, consider this formula. It's true. But it's hilarious.
This is a famous approximation to pi:
22/7 = 3.142857142857142857...
The hilarious part is that the difference
22/7 - π = 0.00126448926...
is given by the elegant integral shown above!
This formula goes back at least to this paper:
• D. P. Dalzell, On 22/7, J. London Math. Soc. 19 (1944), 133–134,
Since the integrand is nonnegative, it gives a nice proof that pi is less than 22/7, and with a little more work you can use it
to show that pi is more than
22/7 - 1/630 = 3.14126984127...
For more on this formula, including a proof, see:
Source and context of 22/7 − π = ∫ 10 (x − x 2 ) 4 dx /(1 + x 2 ), MathOverflow.
and
Proof that 22/7 exceeds π, Wikipedia.
The first page has a nice analysis of the coincidences required to get such a simple formula to work.
March 18, 2015
A planet in the fourth dimension

I bet you know that planets go around the sun in elliptical orbits. But do you know why?
In fact, they're moving in circles in 4 dimensions. But when these circles are projected down to 3-dimensional space, they
become ellipses! This animation by Greg Egan shows the idea.
The plane here represents 2 of the 3 space dimensions we live in. The vertical direction is the mysterious fourth dimension.
The planet goes around in a circle in 4-dimensional space. But down here in 3 dimensions, its 'shadow' moves in an ellipse!
What's this fourth dimension I'm talking about here? It's a lot like time. But it's not exactly time. It's the difference between
ordinary time and another sort of time, which flows at a rate inversely proportional to the distance between the planet and
the sun.
Egan's animation uses this other sort of time. Relative to this other time, the planet is moving at constant speed around a
circle in 4 dimensions. But in ordinary time, its shadow in 3 dimensions moves faster when it's closer to the sun.
All this sounds crazy, but it's not some new physics theory. It's just a different way of thinking about Newtonian physics!
Of course you can see that planets move in elliptical orbits without resorting to the 4th dimension. But it becomes a lot
more obvious if you do!
Physicists have known about this viewpoint at least since 1980, thanks to a paper by the mathematical physicist Jürgen
Moser. Some parts of the story are much older. A lot of papers have been written about it.
But I only realized how simple it is when I got a paper in my email from someone I didn't know: an amateur mathematician
named Jesper Göransson. I get a lot of papers by crackpots, but the occasional gem like this makes up for all those.
The best thing about Göransson's 4-dimensional description of planetary motion is that it gives a clean explanation of an
amazing fact. You can take any elliptical orbit, apply a rotation of 4-dimensional space, and get another valid orbit!
Of course we can rotate an elliptical orbit about the sun in the usual 3-dimensional way and get another elliptical orbit. The
interesting part is that we can also do 4-dimensional rotations. This can make a round ellipse look skinny: when we tilt a
circle into the fourth dimension, its 'shadow' in 3-dimensional space becomes thinner!
In fact, you can turn any elliptical orbit into any other elliptical orbit with the same energy by a 4-dimensional rotation of
this sort. All elliptical orbits with the same energy are really just circular orbits on the same sphere in 4 dimensions!
For the details, try this:
John Baez, Planets in the fourth dimension, Azimuth, March 17, 2015.

I had to go through Göransson's calculations to convince myself that they were right. Here is his paper:
Jesper Göransson, Symmetries of the Kepler problem, March 8th, 2015.
March 20, 2015

This image starts out as a dot. You keep zooming in to see more detail.
First it stretches out to become a line segment. As you zoom in further, you see its thickness. It's really a long thin
rectangle.
But wait longer and you see it's really a field of dots. And zooming into any one of these dots, this process repeats...
forever!
Each long thin rectangle is 10,000 times longer than the next smaller one.
So, you're looking at a very complicated set of points in the plane, whose dimension seems to depend on how closely you
zoom in. In this example, created by Simon Willerton, the dimension keeps cycling:
0, 1, 2, 0, 1, 2,....
But you can make examples that do other things.
The moral? Mathematicians have various ways of defining the dimension of a set of points in the plane, or even more
general sets. A point, or a finite set of points, is 0-dimensional. A line, or a smooth curve, is 1-dimensional. A solid
rectangle, or a disk, is 2-dimensional.
But sometimes it's more complicated! There are fractals whose dimension is not an integer... at least if we use the right
definition of 'dimension'. The old Lebesgue dimension is always an integer, but the Hausdorff–Besicovich dimension or
Minkowski dimension can be fractional, or even irrational.

And there are also sets whose dimension seems to depend on how closely you look at them! That's what we have here.
Willerton is working on a theory of scale-dependent dimension, to make this precise. He's writing a series of blog articles
on it, and the first is here:
A scale-dependent notion of dimension for metric spaces (part 1), The n-Category Café, March 11, 2015.
There's a lot of nice math here, but a lot of open questions... which is good if you're a mathematician! More puzzles to work
on!
For the details, go here:
Simon Willerton, Spread: a measure of the size of metric spaces.
March 21, 2015

In 2007, NASA discovered seven very dark circles on a mountain in Mars. Using infrared cameras, they checked the
temperature of these circles—and discovered that they didn't change much from day to night.

"They are cooler than the surrounding surface in the day and warmer at night," said Glen Cushing of the U.S. Geological
Survey's Astrogeology Team. "Their thermal behavior is not as steady as large caves on Earth that often maintain a fairly
constant temperature, but it is consistent with these being deep holes in the ground."
In short, they could be windows into caves!
They're called the Seven Sisters: Dena, Chloe, Wendy, Annie, Abby, Nikki and Jeanne. They range in diameter from about
100 to 250 meters.

They're on one of the highest places on Mars: a volcano named Arsia Mons near Mars' tallest mountain, Olympus Mons.
But the picture here is part of another story. A few years ago, an artist named Ron Guyatt started making "solar system
travel posters." This was one of the first.
You can see them all here:
Ron Guyatt, Space travel posters, DeviantArt.
There are 3 pages of them. Click to make them bigger.
He says:
Space tourism is still a long ways off, but it's not hard to imagine that someday, tourists will visit the natural
geological landmarks of other worlds much like they tour the Grand Canyon, Mount Everest or Ayers Rock.
Each of these great tourist destinations needs a classic retro travel poster to entice visitors. Until the day people
settle off-world and make their own destinations many of these may be the places that people will want to
travel to. I hope that these posters can inspire people to think beyond our world to the limitless possibilities of
the Universe.
I like this idea!
The posters on Guyatt's website are more abstract than the one here. Compare it to this:

Which do you like better? I like the less abstract version. But they're both good.
Puzzle: There are lots of things called "The Seven Sisters". Which ones do you know?
For some answers, look at the comments on my G+ post.
March 26, 2015

A petabyte is a lot of information. But how many petabytes does it take to completely describe one gram of water?
I'm running a workshop on Information and Entropy in early April, so I've got this sort of thing on my mind. The answer is:
500,000,000,000 terabytes. To see how to calculate this, and lots more, try:
John Baez, Information.
The graphic here is originally from Mozy, but it was edited over at Gizmodo.
March 27, 2015
Puzzle: If the Earth became a black hole, how big would this black hole be?

Answer: Its radius would be approximately 0.887 centimeters.
We can get quite far on this problem using just dimensional analysis. General relativity involves two constants: the
gravitational constant G and the speed of light c. G has units of force times distance2 per mass2, or
ML
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c has units of length over time, so G/c 2 has units of
T2

L3

L
×
=
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L2 T2 M
Units of length per mass! So, to get the radius of a black hole, we just need to multiply its mass by G/c 2. We'll get the right
answer up to some constant factor.
We need to think harder to work out the constant factor, though Newtonian mechanics works just as well as general
relativity for this: you can work out, for a given point mass, at what distance the escape velocity is the speed of light... and
this just happens to be the exact radius of the event horizon of a black hole with that mass! It's just a nice coincidence.
So, the radius of a black hole of mass m — its so-called Schwarzschild radius — is
2Gm
c2
Working this out in metric units, its radius in meters is 1.4851 × 10 − 27 times its mass in kilograms.
The mass of the Earth is 5.972 × 1024 kilograms. So, if you squashed the Earth down to a black hole, its Schwarzschild
radius would be
1.4851 × 10 − 27
or about 0.887 centimeters.
March 29, 2015

meters
kilogram

× 5.972 × 1024 kilograms = 0.008869 meters

Guess what: black holes are bigger on the inside — and they get bigger as they get older!
For example, take the big black hole in the center of our galaxy, called Sagittarius A*. It's about 2 million kilometers across.
That's pretty big — but the orbit of Mercury is 60 times bigger. This black hole is old, roughly a billion years old. And
here's the cool part: it's been growing on the inside all this time!
How is this possible? Well, since spacetime is severely warped in a black hole, its volume can be bigger than you'd guess
from outside. And its volume can change. Since we understand general relativity quite well, we can calculate how this
works! But nobody thought of doing it until last year, when Marios Christodoulou and my friend Carlo Rovelli did it.
How big is the black hole at the center of our galaxy? On the inside, it can hold a million solar systems! Its volume is about
1034 cubic kilometers! And it's growing at a rate of about 1025 cubic kilometers per year!
Or suppose you have an ordinary star that turns into a black hole. This black hole will last a long time before it evaporates
due to Hawking radiation. Christodolou and Rovelli estimate how big its volume will get before this happens. And it gets
really big — bigger than the current-day observable universe!
Before you get too excited, remember: people falling into the black hole will not have time to do anything fun inside. They
will hit the singularity in a short time. Very very roughly speaking, the problem is not the shortage of space inside the black
hole, it's the shortage of time.
If you fall into the black hole at the center of our galaxy, it will be about 1 minute, at most, before you hit the singularity.
You will not get to see most of the space inside the black hole! The singularity is not in the 'middle' of the black hole - it's in
your future. You will hit it before you can reach the 'middle'. So, you will only get to see part of the 'edge regions' inside the
black hole.
The 'middle regions' can only be seen by people who fell in much earlier. And they can't see the 'edge', where you are!
And now for the serious part.
The hard part of this problem is defining the volume inside a black hole.
If you choose a moment in time, the black hole's event horizon at that moment is a sphere. There are infinitely many ways
to extend this sphere to a solid ball. In other words: there are many ways to choose a slice of space inside the black hole
whose boundary is your chosen sphere.
The slice can bend forwards in time, or backwards in time. We can choose a wiggly slice or a smooth one. Each slice has its
own volume.

How do you choose one, so you can calculate its volume? Christodoulou and Rovelli choose the one with the largest
volume. This may sound like it's cheating. But it's not.
Think of a simpler problem one dimension down. You have a loop of wire. You ask me: "What's the area of the surface
whose boundary is this loop?"
I say: "That's a meaningless question! Which surface? There are lots!"
You say: "Pick the best one!"
So, it's up to me. I take some soapy water and make a soap film whose boundary is that loop. That's the surface I use. If the
loop of wire is not too crazy in its shape, this surface is uniquely defined. In some sense it's the "least wiggly" surface I
could choose.
This surface minimizes the area. A more wiggly surface would have more area.
Christodoulou and Rovelli are doing the same thing. But spacetime is different than space! If you choose a wiggly 3dimensional spatial surface in spacetime, it will have less volume than a flatter surface with the same boundary!
So, the way to pick the flattest, nicest spatial surface inside our black hole is to pick the one that maximizes the volume.
If you tried to minimize the volume, you could get it as close to zero as you wanted. And this would have nothing to do
with black holes! This would be true even in your living room.
Puzzle: why?
Here's the paper:
Marios Christodoulou and Carlo Rovelli, How big is a black hole?
March 31, 2015

This computer is called JUQUEEN. You can see 7 big boxes here. Each box holds 4 racks. Each rack holds 16 boards. Each
board holds 32 nodes. Each node has 32 cores.
A core is like the processor in your laptop. So, this computer is roughly like half a million laptops — all connected and
working together. It can compute at a rate of 5 petaflops. That's 5,000,000,000,000,000 floating-point operations per
second!
This computer was recently used to compute the ratio of the proton and neutron masses. A proton weighs about 1836 times
as much as an electron. A neutron is a bit heavier: about 1839 times the electron mass.
This is important, since it means a lone proton is stable, while a lone neutron is not: in about 15 minutes, it will decay into a
proton and some other stuff. This is why the universe is mainly made of hydrogen, not neutrons!
Why is the neutron a bit heavier? People have been wondering for a long time.
The answer lies in the Standard Model, our best theory of particles and all the forces except gravity. Protons and neutrons
are made of quarks, and the Standard Model says exactly how this works. So, we can use the Standard Model to compute
the ratio of proton and neutron masses.
But it's not easy! As anyone who has studied quantum field theory will tell you, this problem is a nightmare. For the course
I took, in the final exam we had to compute how two electrons scatter off each other. I probably screwed up, because I only
got a B+. But that problem is really, really easy compared to computing the mass of a proton or neutron.
The problem is that the strong force, which holds the quarks together, interacts with itself in a complicated way. The strong
force is carried by particles called gluons. Quarks emit and absorb gluons. But gluons also emit and absorb gluons! So, a

proton or neutron is like a blob containing 3 quarks - but a blob made of gluons, virtual quark-antiquark pairs, and some
other virtual particles, all held together by their interactions.
To accurately compute the total energy of this blob, and thus its mass, you basically need to simulate it. And even though
we know the basic rules, that takes a lot of computing.
But now it's been done!
Sz. Borsanyi, S. Durr, Z. Fodor, C. Hoelbling, S. D. Katz, S. Krieg, L. Lellouch, T. Lippert, A. Portelli, K. K. Szabo,
and B. C. Toth, Ab initio calculation of the neutron-proton mass difference, Science 347 (March 27, 2015), 1452–
1455.
It makes me simultaneously relieved that I didn't go deeper into this subject, and jealous — because it's so beautiful,
intricate and demanding.
You can see the world in a grain of sand... or even a single proton.
The abstract gives a tiny taste:
The existence and stability of atoms rely on the fact that neutrons are more massive than protons. The measured
mass difference is only 0.14% of the average of the two masses. A slightly smaller or larger value would have
led to a dramatically different universe. Here, we show that this difference results from the competition
between electromagnetic and mass isospin breaking effects. We performed lattice quantum-chromodynamics
and quantum-electrodynamics computations with four nondegenerate Wilson fermion flavors and computed the
neutron-proton mass-splitting with an accuracy of 300 kilo.electron volts, which is greater than 0 by 5 standard
deviations. We also determine the splittings in the Σ, Ξ, D, and Ξcc isospin multiplets, exceeding in some cases
the precision of experimental measurements.
If you're a quantum field theory geek, you'll want to read the 'supplementary material', because that's where all the details
are:
Sz. Borsanyi et al, Supplementary material for Ab initio calculation of the neutron-proton mass difference, Science
347 (March 27, 2015), 1452–1455.
Here you'll see particle physics jargon blending with computing jargon in a marvelous symphony:
Starting with Sec. 6 we present the details of the many simulations that are performed and summarized here.
The use of Rational Hybrid Monte-Carlo method is discussed with a special emphasis on the lowest
eigenvalues of the Dirac operator. Autocorrelations are under control for our choice of parameters in the QCD
part of our work. However, due to the zero mass of the photon and the correspondingly large correlation
lengths, a standard Hybrid Monte-Carlo integration of the photon fields results in large autocorrelation times.
We show how we solved this problem by developing a Fourier accelerated algorithm. For the propagator
calculations we used a 2-level multi-grid approach to have several hundred source positions and significantly
improve our statistics.
And here's a vastly harder challenge: do these calculations in a way where you can prove they are accurate up to some
tolerance. We can't do this yet because we haven't even proved the Standard Model is mathematically consistent. Until we
do, and until we develop a rigorous approach to computing things like the proton-neutron mass difference, there's always
the danger that researchers are subconsciously choosing certain approximations because they seem to make the answer
come out closer to what we observe.
Puzzle: Why are there just 7 big boxes here, not 8? Everything else comes in powers of 2. If it had 8 boxes, JUQUEEN
would have
219 = 524288
cores. But it has just 458752. Budget cuts?
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The picture shows snow in the mountains of California, 2013 and 2014. Snow usually provides 30% of California's water,
so that was bad news. But 2015 was much worse.
"We're not only setting a new low; we're completely obliterating the previous record," said the chief of the California
Department of Water Resources. There's now only 5% as much snow as the average over the last century!
California has been hit by new weather pattern: the Ridiculously Resilient Ridge. It's a patch of high atmospheric pressure
that sits over the far northeastern Pacific Ocean and stops winter storms from reaching California. It's been sitting there
most of the time for the last 3 winters.
We did get 2 big storms this winter. But the water fell mainly as rain rather than snow, because of record-breaking heat. It
was enough to half fill Shasta Lake and Lake Oroville. But it didn't help the snow pack.
For the first time, the governor has imposed mandatory water restrictions: a 25% cut in water use in every city and town.
This will save about 1.8 cubic kilometers of water over the next 9 months — nearly as much as Lake Oroville now holds.
He said:
People should realize we're in a new era. The idea of your nice little green grass getting lots of water every
day — that's going to be a thing of the past.
But what about agriculture? In California, about 50% of water is used by 'the environment': rivers, wetlands, parks and

the like. 40% is used by agriculture. 10% is left for businesses and residents.
Brown didn't impose any cuts on agriculture! That sounds unfair, and people are complaining. More water is used to grow
walnuts than to keep Los Angeles going!
We definitely need to improve agriculture. But don't forget: for the second year in a row, farmers in California's big
Central Valley are getting hit with big water cutbacks. The ones who get water from the State Water Project will receive
only 20% of their usual amount.
Is all this due to climate change? I heard a wise answer to that question: instead of a definite yes or no, just: this is what
climate change looks like. This is the kind of thing we can expect.
And on the Road to Paris, this week the US submitted a plan to cut carbon emissions by 25% by 2030... but that's another
story. Or another part of the same big story.
What California is doing about the drought:
Bettina Boxall, Gov. Brown's drought plan goes easy on agriculture, Los Angeles Times, April 3, 2015.
Water used by agriculture in California:
Julia Lurie, California's almonds suck as much water annually as Los Angeles uses in three years, Mother Jones,
January 12, 2015.
Make your own graphs of the California snowpack:
California Department of Water Resources, California Data Exchange Center.
There's lots more water data here, too — click items on the menu above.
More on the Ridiculously Resilient Ridge or 'Triple R' by the guy who coined the term:
Daniel Swain, The California Weather Blog.
In February he wrote:
In this sense, the Triple R of 2014-2015 is notably different from 2013-2014. California has certainly
received more precipitation this year on a liquid equivalent basis, though we're once again falling rapidly
behind average as February turns out to be mostly dry. The extreme warmth and low snowpack, however, are
very reminiscent of recent winters — as is the occurrence of infrequent but intense warm storms. It's
interesting to note that nearly the entire western United States has been exceptionally warm in recent months,
while the eastern part of the country remains locked in a recurring nightmare of extreme Arctic outbreaks and
almost inconceivable snow accumulations in parts of New England. This overall setup—with a big Western
ridge and a deep Eastern trough—has become known as the 'Warm West/Cool East' dipole pattern, and it has
been a common feature of recent winters in North America. There are a number of hypotheses currently
being investigated regarding the causes of an apparent recent increase in the occurrence of this pattern,
though there's not yet compelling evidence pointing to a singular cause (that's a topic for a future blog post!).
What is more certain, at least as far as California is concerned, is that our severe long-term drought is
unlikely to improve substantially until this newly-invigorated pattern of persistent West Coast high pressure
is no longer dominant.
April 4, 2015

I live on the edge of the desert in southern California. We tore up our lawn and planted beautiful plants that use less
water. Drip irrigation instead of sprayers!
But we do indulge in some citrus trees. Here's the harvest!
Satsumas in front — they're like mandarins, but different. Meyer lemons at rear left — they're sweeter than ordinary
lemons. Grapefruits at rear right — they're not very big, perhaps because our tree is still young and struggling.
What's a 'mandarin'? It's the mandarin orange, Citrus reticulata, often marketed as a 'tangerine'. According to DNA
studies, the mandarin is one of the 4 ancestors of all other citrus species, which arose through hybridization and breeding.
The other 3 are the the citron, the pomelo, and something called a papeda.
Among these 4 citrus ancestors, mandarins are the only really sweet ones, so they were used to create many of the fruits
people like now.
For example, a Meyer lemon is probably a cross between a true lemon and a mandarin or an orange. A grapefruit is a
cross between an orange and a pomelo — a huge fruit that looks like a grapefruit on steroids. And an orange is itself
probably a cross between a pomelo and a mandarin!
It's all very complicated:
Citrus taxonomy, Wikipedia.
Citrus hybrids, Wikipedia.

Luckily you don't need to know this stuff to enjoy growing and eating citrus!

April 5, 2015

Time to harvest the kumquats! Our tree is packed with them. It's great to eat the whole fruit, since the peel is sweet yet
packed with flavorful oil, mostly limonene.
Limonene is also what gives orange and lemon peels their special smell. It's one of a group of hydrocarbon molecules
called terpenes, which are found in pine needles, cinnamon, cloves, ginger, camphor, mints, and the sap of many trees.
Plants produce terpenes to repel insects! Trees also release more terpenes in warmer weather, creating a haze that acts as a
natural form of cloud seeding. The clouds reflect sunlight, letting the forest regulate its temperature.

Limonene is one of the simplest terpenes. It's a hexagonal ring of carbons with a single extra carbon attached to one
corner and a Y-shaped group of three carbons attached to the opposite corner... all decorated by hydrogens.
The hexagon of carbons is not a benzene ring: it's a cyclohexene, meaning that each carbon is connected to the next with a
single bond, except for one double bond.
Puzzle: so, how many hydrogen atoms are there in cyclohexene? Looking up the answer is cheating... you can figure it
out from first principles using what I said.
Time to eat some more kumquats! For various replies to the puzzle, check out my G+ post. And for more of the
wonderful chemicals that make citrus fruits so great, read my July 2nd, 2006 diary entry!
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Integrals From Hell

When my uncle first tried to teach me calculus I thought it was confusing. I already wanted to be a mathematician. So I
decided to be a mathematician who wouldn't use calculus.
A few weeks later I wasn't scared of calculus anymore, thanks to the wonderful book Calculus Made Easy by Silvanus
Thompson, which he gave me.
Later, when I took calculus in high school, it became fun to tackle tough integrals. The reason it's fun is that a limited set
of rules lets you do a lot of integrals, yet there's still some art involved in doing them well. It's like a game.
(This was before computers were programmed to do integrals much better than people can.)
Later, I learned that only a small fraction of the integrals you can write down can be done using the rules you learn in
school. For most, the answer is some function you can't even write down using the usual kit of high-school functions:
addition, subtraction, multiplication, division, exponentials, logarithms, trig and inverse trig functions.
I also learned that most professional mathematicians consider it uncool to get really good at doing integrals: it's just one
step up from memorizing digits of pi. Professional mathematicians want to learn about stuff like Shimura varieties, or
motivic cohomology — stuff you can't even begin to explain to ordinary folks. This is what it takes to impress other
mathematicians.
Still, integrals can be fun. Sometimes I teach calculus at U.C. Riverside - though now it's mainly poorly-paid "lecturers"
who have to do this job. When I teach calculus, I usually focus on the students who are having trouble. I want everyone to
learn the stuff! Unfortunately this means I never spend time showing the good students fun tricks.
I realize now that I should spend a little time doing "integrals from hell" like this one here. First of all, it would be fun for
the better students. It shows there's a kind of athletic element to math, where you don't just learn to walk: you learn to run
insanely fast! Second of all, it makes the easy integrals seem easier.
This particular integral is fun because at first glance it looks horrible, yet it falls quickly to high-school tricks. It's fun to
see how these tricks make it simpler! Then you get something that's a bit grungy and boring. It's just the first steps that are

fun.
Puzzle: What's a nice way to start doing this integral?
I got this integral from here:
www.i-calculus.com.
They post lots of fun integrals—good puzzles if you still remember your high school calculus and you're not too much of
a professional mathematician to enjoy this sort of thing. You can see solutions here:
A solution by Sourav De, I-Calculus.
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American Hero

On Monday night, artists built this monument to Edward Snowden in Brooklyn. The next day, it was taken down. Will
there be a permanent one someday?
Martin Luther King was put in jail 29 times, and now there's a monument to him in Washington DC. But it was built only
in 2011, forty-three years after he was killed.
If Snowden ever gets a monument, here are some quotes of his they could carve on it:
There can be no faith in government if our highest offices are excused from scrutiny—they should be setting
the example of transparency.
I would rather be without a state than without a voice.
I don't see myself as a hero because what I'm doing is self-interested: I don't want to live in a world where
there's no privacy and therefore no room for intellectual exploration and creativity.
After the statue was removed by park officers, a group of artists who call themselves "The Illuminator"—not related to
those who built the original sculpture—used laptops and projection equipment to cast an image of Snowden in a haze of

smoke at the spot where the sculpture had been.
Brian Ries, Hologram replaces Edward Snowden statue in Brooklyn park, Mashable, April 7, 2015.
April 12, 2015
Lectures from the 8th Dimension

This week I'm visiting Penn State University. I'm giving two talks about geometry:
Split octonions and the rolling ball, 2:30-3:20 p.m, Tuesday April 14th, 106 McAllister Building.
Something amazing happens when you roll a ball on another ball whose radius is exactly 3 times as big! The geometry of
objects rolling without slipping or twisting is always fun — but in this particular case the problem gets extra symmetries,
which are best understood using an 8-dimensional number system called the 'split octonions'.
The exceptional Jordan algebra and the Leech lattice, 12:05-1:20 pm, Wednesday April 15th, 114 McAllister
Building.
There's a specially beautiful way to pack balls in 24 dimensions, called the Leech lattice. When physicists classified the
algebras that could describe observables in quantum mechanics, they found a weird possibility: a 27-dimensional one
called the exceptional Jordan algebra. It turns out that the Leech lattice fits into the exceptional Jordan algebra in a nice
way... which comes from the octonions. So all this stuff fits together! This talk is part of the "Geometry Luncheon
Seminar", where mathematicians eat lunch and talk about geometry. You can see my notes here:
The first talk is about work I did with John Huerta and James Dolan, and it will feature some fun animations made by
Geoffrey Dixon. The second is about work with Greg Egan.
The actual reason I'm at Penn State is to give a guest lecture at John Roe's undergrad course on Mathematics for
Sustainability. I want to teach a course on math and environmental issues. It'll be good to hear how he's been doing this.
But I thought it would be fun to talk about some other things too.
I'll also visit one of my old haunts, the Institute for Gravitation and the Cosmos, where Abhay Ashtekar, Eugenio Bianchi
and others are working on loop quantum gravity. And I'll talk to Jason Morton about network theory. It should be a busy,
fun week.
But first I have to work on my talks...
This image above, made by Jason Hise, shows a '24-cell', a regular polytope in 4 dimensions. There's a sculpture of this
shape in the math department at Penn State! It was designed by the mathematician Adrian Ocneanu. I haven't been here

since it was built so it will be fun to see:
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You can now make your own cyborg roach for just $100. Just buy this kit developed by the company Backyard Brains:
Are you a teacher or parent that wants to teach a student about advanced neurotechnologies? You are in luck!
After 3 long years of R&D, the RoboRoach is now ready for its grand release! We are excited to announce
the world's first commercially available cyborg! With our RoboRoach you can briefly wirelessly control the
left/right movement of a cockroach by microstimulation of the antenna nerves. The RoboRoach is a great
way to learn about neural microstimulation, learning, and electronics!
We are recently ran a successfully-funded kickstarter campaign to fund the release of our new RoboRoach!
The hardware and firmware development are complete and we are now shipping!
Product Details
The RoboRoach "backpack" weighs 4.4 grams with the battery, and each battery will last over a month!
Following a brief surgery you perform on the cockroach to attach the silver electrodes to the antenna, you can
attach the backpack to the roach and control its movement for a few minutes before the cockroach adapts.
When you return the cockroach to its cage for ~20 minutes, he "forgets" and the stimulation works again.

Once you receive your RoboRoach in the mail, follow our online surgery instructions and videos and you
will soon be on your way to becoming an expert in neural interfaces. After about 2-7 days, the stimulation
stops working altogether, so you can clip the wires and retire the cockroach to your breeder colony to spend
the rest of its days making more cockroaches for you and eating your lettuce.
Technical Specs
1x Free iOS or Android 4.3+ application for remote control
1x Bluetooth Roboroach backpack control unit
1x 1632 RoboRoach Battery
3x Electrode Sets (to implant 3 Roaches)
View our RoboRoach Ethics Statement
Backyard Brains has developed ethical guidelines for all our products. You can read more in our statement
regarding our use of insect for experiments at: http://ethics.backyardbrains.com
I feel ethical qualms about taking away the autonomy of an animal this way, and their ethics statement doesn't really
address that. This is the closest they come:
Criticism: Modifying a living creature to make a toy is wrong.
The RoboRoach circuit is not a toy. This new bluetooth version is a powerful low-cost tool for studying
neural circuits, allowing for students to make discoveries. High school students in New York, for example,
have discovered random stimulation causes much slower adaptation times. We have scientist and high school
educator colleagues who are mentoring students in novel behavioral experiments using the RoboRoach
circuit. Some highlights will be posted on our website soon. By focusing on the question of whether the
RoboRoach is a "toy", they dodge the harder question of when it's okay to override the nervous system of an
animal and make it do what you want. Perhaps feeling a bit nervous about this, some of the cyborg roach
developers say they want to use it as a "rescue robot" that can crawl around and hear people trapped under
collapsed buildings. I think most people would say this is okay, at least if it actually works.
For a critical view on the ethics, see:
Marc Bekoff, 'RoboRoach' is bad news in so many ways, LiveScience, October 30, 2013.
Steve Williams, The do-it-yourself cyborg cockroach: educational or cruel?, Care2, October 14, 2013.
For more on how to actually make a RoboRoach, go here:
Amanda Schupak, How to build your own cockroach cyborg, Popular Science, December 6, 2012.
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The Insanity of Infinite Reflections

This picture by John Valentine shows a ball inside a mirrored spheroid... together with all its reflections! The
real ball is at lower right. The rest are reflections. They form crazy patterns — the kind of thing
mathematicians think about when they can't sleep at night.
The ball is lit from three directions with soft red, green, and blue lights, so we can see things more clearly.
The view simulates an ultra-wide-angle camera. For more details and other views, go here:
John Baez, Sphere in mirrored spheroid, Visual Insight, April 15, 2015.
You can get John Valentine's really big version here. This is 16384 × 16384 pixels and about 16 megabytes.
If you know a nice way to display such a big image online, which makes it easy to zoom in on pieces, please
try it and let me know!
Puzzle 1: What creates the black 'zone of invisibility', and the fractal hexagonal patterns near the zone of
invisibility?
I don't really know the answer in detail — this could be a great math project. But I should say that the black
regions arise from the fact that the ray-tracing program only allows for 256 reflections; they would get
smaller if this number were increased.
I've watched a number of movies where the climactic final scene involves people fighting inside a hall of
mirrors, where it's hard to tell who is real and who is a reflection. Orson Welles' 1947 classic Lady from
Shanghai may be the first - if you haven't seen that, you should definitely watch it. Another that stands out is
Bruce Lee's Enter the Dragon.
Puzzle 2: What other movies or stories do you know involving this theme?
April 24, 2015

A rotifer is an animal that lives in water and sweeps food into its mouth with tiny hairs. There are many
kinds, most less than a millimeter in length. They can eat anything smaller than their head.
The toughest are the bdelloid rotifers. These can survive being completely dried out for up to 9 years! When
they dry out, they sometimes crack. Even their DNA can crack... but when they get wet, they come back to
life!
Thanks to this strange lifestyle, their DNA gets mixed with other DNA. Up to 10% of their active genes come
from bacteria, fungi and algae!
Scientists have found DNA from 500 different species in the genes of a rotifer from Australia. "It's a genetic
mosaic. It takes pieces of DNA from all over the place," said one of the study's authors. "Its biochemistry is a
mosaic in the same way. It's a real mishmash of activities."
Perhaps because of this, bdelloid rotifers don't bother to have sex.
Their ability to survive dry conditions makes them great at living in desert lakes and mud puddles that dry up.
But they also use this ability to beat some parasites. When they dry out, the parasites die... but the rotifers
survive!
On top of all this, bdelloid rotifers can survive high doses of radiation. I think this is just a side-effect of
having really good genetic repair mechanisms. In fact, it turns out that many organisms able to endure lots of
radiation are able to endure dehydration.
Puzzle 1: What does 'bdelloid' mean?
Puzzle 2: What other words begin with 'bd'... and why?
For some answers to the puzzles, read the comments to my G+ post. Here's the paper that discovered that
10% of active genes and 40% of all enzyme activity in some bdelloid rotifers involve foreign DNA:
Chiara Boschetti, Adrian Carr, Alastair Crisp, Isobel Eyres, Yuan Wang-Koh, Esther Lubzens,
Timothy G. Barraclough, Gos Micklem and Alan Tunnacliffe, Biochemical diversification through
foreign gene expression in bdelloid rotifers, PLOS Genetics, November 15, 2012.
The animated gif is from here:
Rotifer with cilia on corona present, Merismo Microscopy, February 23, 2013.
For my May 2015 diary, go here.
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Here Greg Egan has drawn two regular dodecahedra, in red and blue. They share some corners—and these are the corners
of a cube, shown in green!
I learned some cool facts about this from Adrian Ocneanu when I was at Penn State. First some easy stuff. You can take
some corners of a regular dodecahedron and make them into the corners of a cube. But not every symmetry of the cube is a
symmetry of the dodecahedron! If you give the cube a 90° rotation around any face, you get a new dodecahedron. Check it
out: doing this rotation switches the red and green dodecahedra. These are called twin dodecahedra.
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But there are actually 5 different ways to take a regular dodecahedron and make them into the corners of a cube, as shown
here. And each one gives your dodecahedron a different twin! So, a dodecahedron actually has 5 twins.
But here's the cool part. Suppose you take one of these twins. It, too, will have 5 twins. One of these will be the
dodecahedron you started with. But the other 4 will be new dodecahedra: that is, dodecahedra rotated in new ways.
How many different dodecahedra can you get by continuing to take twins? Infinitely many!
In fact, we can draw a graph—a thing with dots and edges—that explains what's going on. Start with a dot for our original
dodecahedron. Draw dots for all the dodecahedra you can get by repeatedly taking twins. Connect two dots with an edge if
and only if they are twins of each other.
The resulting graph is a tree: in other words, it has no loops in it! If you start at your original dodecahedron, and keep
walking along edges of this graph by taking twins, you'll never get back to where you started except by undoing all your
steps.
Ocneanu sketched the proof to me, and I reconstructed the rest with a lot of help from Greg Egan, Ian Agol and others:
Twin dodecahedra, Visual Insight, May 1, 2015.
It's part of an elaborate and beautiful story which also involves the golden ratio, the quaternions, and 4-dimensional shapes
like the 4-simplex, which has 5 tetrahedral faces, and the 600-cell, which has 600 tetrahedral faces!
Here are some puzzles.

You can choose some corners of a cube and make them into the corners of a regular tetrahedron. You can fit 2 tetrahedra in
the cube this way. These are a bit like the 5 cubes in the dodecahedron, but there's a big difference.
Here's the difference. In the first case, every symmetry of the tetrahedron is a symmetry of the cube it's in. But in the second
case not every symmetry of the cube is a symmetry of the dodecahedron. That's why we get 'twin dodecahedra' but not 'twin
cubes'.
Puzzle 1: If you inscribe a tetrahedron in a cube and then inscribe the cube in a dodecahedron, is every symmetry of the
tetrahedron a symmetry of the dodecahedron?
Puzzle 2: How many ways are there to inscribe a tetrahedron in a dodecahedron? More precisely: how many ways are there
to choose some corners of a regular dodecahedron and have them be the corners of a regular tetrahedron?
You can see the answers to the these in comments to my G+ post. The second one is also answered in my next diary entry!
May 2, 2015

Here Greg Egan has drawn a dodecahedron with 5 tetrahedra in it. This picture is 'left-handed': if you look at where the 5
tetrahedra meet, you'll see they swirl counterclockwise as you go out! If you view this thing in a mirror you'll get a righthanded version.
Putting them together, you get a dodecahedron with 10 tetrahedra in it:

The two kinds of tetrahedra are colored yellow and cyan. Regions belonging to both are colored magenta. It's pretty — but
it's hard to see the tetrahedra, because they overlap a lot!
May 3, 2015

Jos Leys blends mathematics and art in a delightful way. You don't need to know math to enjoy this picture. It's a whimsical
and mysterious landscape. The bright colors make it clownish, but the shadows make it a bit eerie: the sun is setting, and
who knows what happens here at night! You can see more here:
Jos Leys, 3d Kleinian groups page 1: the first 3d views of limit sets of Kleinian groups.
On the other hand, from the title of this gallery you can see there's math here. And trying to understand this math will lead
you on quite a journey. Let me sketch it here... I apologize for going rather fast.
A Kleinian group is a discrete subgroup of the group called PSL(2, C). This group shows up in many ways in math and
physics.
Physicists call it the Lorentz group: it's the group generated by rotations and Lorentz transformations, which acts as
symmetries in special relativity.
In math, it's called the group of Möbius transformations or 'fractional linear transformations'. Those are transformations like
this:
az + b

z

cz + d

where z is a complex number and so are a, b, c, d. These can be seen as transformations of the Riemann sphere: the complex
plane together with a point at infinity. They are, in fact, precisely all the conformal transformations of the Riemann sphere:
the transformations that preserve angles.
But this group PSL(2, C) also acts as conformal transformations of a 3-dimensional ball whose boundary is the Riemann
sphere! And that's important for understanding this picture.
(In physics, this ball is the set of 'mixed states' for a spin-1/2 particle, and the sphere, its boundary, consists of the 'pure
states'. Lorentz transformations act on the mixed states, and they act on the pure states. But you don't need to know this
stuff.)
If you take any point inside the ball and act on it by all the elements in a Kleinian group — a discrete subgroup of
PSL(2, C) — you'll get a set S of points in the ball. The set of points in the Riemann sphere that you can approach by a
sequence of points in S is called a limit set of the Kleinian group. And this set can look really cool!
In these pictures, Jos Leys has systematically but rather artificially taken these cool-looking subsets of the Riemann sphere
and puffed them up into 3-dimensional spaces: puffing a circle into a sphere, and so on. This makes the picture nicer, but
doesn't have a deep mathematical meaning.
Later, Jos Leys took a deeper approach, using quaternions to make limit sets that are truly 3-dimensional. You can seem
some here:
Jos Leys, True 3d Kleinian groups.
They have a very different look.
Puzzle: if you put together everything I said, you'll get a physics interpretation of the limit set of a Kleinian group in terms
of states of a spin-1/2 particle. What is it?
For an answer, read the comments to my G+ post.
May 4, 2015

On Mars, an asteroid impact can cause a flood!
This is a place called Hephaestus Fossae, on the northern hemisphere of Mars. The image has been colored to show the
elevation: green and yellow shades represent shallow ground, while blue and purple stand for deep depressions, as much as
4 kilometers deep.
You can see a few dozen impact craters, some small and some big, up to 20 kilometers across. But I'm sure you instantly
noticed the cool part: the long and intricate canyons and riverbeds. These were created by the same impact that made the
largest crater!
When a comet or an asteroid crashes at high speed into a planet, the collision dramatically heats up the surface at the impact
site. In the case of the large crater seen in this image, the heat melted the soil — a mixture of rock, dust and also, hidden
deep down, water ice — resulting in a massive flood. And before drying up, this hot mud carved a complex pattern of
channels while flowing across the planet's surface!
The melted rock-ice mixture also made the debris blankets surrounding the largest crater. Since there aren't similar
structures near the small craters in this image, scientists believe that only the most powerful impacts were able to dig deep
enough to release part of the frozen reservoir of water lying beneath the surface.
Why is it called 'Hephaestus Fossae'? Hephaestus was the Greek god of fire. Fossae are channels or canyons. So it's a good
name.
Puzzle: about when did this large impact occur?
I don't know!
This picture was taken by the high-resolution stereo camera on ESA.s Mars Express orbiter on 28 December 2007, and my

post is paraphrased from this article:
European Space Agency, The flood after the impact, October 2, 2014.
Here's another view. Cool colors represent depressions; warmer colors are higher areas. Purple indicates places about 4200
meters deep:

May 5, 2015

This article is so cool I'm just going to quote some:
In 1901, you could pay 50 cents to ride an airship to the Moon
Ron Miller
The passengers wait eagerly in the ornate lobby of the enormous spaceport. Soon, a signal indicates that their
spaceship is ready for boarding. As they wait, special displays instruct them about how their spaceship
functions and what to expect once they leave Earth's atmosphere. Aboard the giant spacecraft — as luxuriously
appointed as any yacht — they are soon on their way to a vacation on the Moon.
No, this isn't a vision of the future of space tourism. It's what happened in 1901, when people could pay a
princely half dollar for a ticket to ride into space.
[...]
Thompson spared no expense in creating the illusion of a trip to the Moon. To house his show, he erected an
eighty-foot-high, 40,000-square-foot building that for sheer opulence put European opera houses to shame. It
cost a staggering $84,000 to construct... at a time when a comfortable home could be built for $2000.

For fifty cents — twice the price of any other attraction on the midway, such as the ever-popular "UpsideDown House" — customers of "Thompson's Aerial Navigation Company" took a trip to the moon on a thirtyseat spaceship named "Luna". The spaceship resembled a cross between a dirigible and an excursion steamer,
with the addition of enormous red canvas wings that flapped like a bird's. The wings were worked by a system
of pulleys and the sensation of wind was created by hidden fans. A series of moving canvas backdrops
provided the effect of clouds passing by and the earth dropping into the distance. Lighting and sound effects
added to the illusion.
[...]
Every half hour, at the sound of a gong and the rattle of anchor chain, the "Luna" — "a fine steel airship of the
latest pattern", according to one newspaper — rocked from side to side and then rose into the sky under the
power of its beating wings. The passengers, sitting on steamer chairs, see clouds floating by, then a model of
Buffalo far below, complete with the exposition itself and its hundreds of blinking lights. The city soon falls
into the distance as the entire planet earth comes into view. Soon, the ship is surrounded the twinkling stars of
outer space. After surviving a terrific — and spectacular — electrical storm the "Luna" and its passengers sets
down in a lunar crater.
Read the whole thing here, and look at pictures:
Ron Miller, In 1901, you could pay 50 cents to ride an airship to the Moon, io9, May 31, 2012.
Thanks to Matt McIrvin for pointing it out!
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The architecture of water

Water is fascinating, for many reasons. It takes more energy to heat than most substances. It's one of the few substances that
expands when it freezes. It forms complicated patterns in its liquid state, which are just beginning to be understood. There
are at least 18 kinds of ice, which exist at different temperatures and pressures. Snowflakes are endlessly subtle.
And ice can form cages that trap other molecules! Here you see the 3 main kinds.
They're called clathrate hydrates. There's a lot under the sea beds near the north and south pole - they contain huge
amounts of methane. At some moments in the Earth's history they may have erupted explosively, causing rapid global
warming.
But let's focus on the fun part: the geometry! Each of the 3 types of clathrate hydrates is an architectural masterpiece.
'Type I' consists of water molecules arranged in two types of cages: small and large. The small cage, shown in green, is
dodecahedron. It's not a regular dodecahedron, but it still has 12 pentagonal sides. The large cage, shown in red, has 12
pentagons and 2 hexagons. The two kinds of cage fit together into a repeating pattern where each 'unit cell' — each block in
the pattern — has 46 water molecules.
Puzzle 1: This pattern is called the 'Weaire–Phelan structure' Why is it famous, and what does it have to do with the 2008
Olympics?
You can see little balls in the cages. These stand for molecules that can get trapped in the cages. They're politely called
'guests'. The type I clathrate often holds carbon dioxide or methane as a guest.
'Type II' is again made of two types of cages: small and large. The small cage is again a dodecahedron. The large cage,
shown in blue, has 12 pentagons and 6 hexagons. These fit together to form a unit cell with 136 water molecules.
The type II clathrate tends to hold oxygen or nitrogen as a guest.
'Type H' is the rarest and most complicated kind of clathrate hydrate. The 'H' stands for 'hexagonal', because it has a
hexagonal crystal structure: the other two are cubic.
It's built from three types of cages: small, medium and huge. The small cage is again a dodecahedron, shown in green. The
medium cage — shown in yellow — has 3 squares, 6 pentagons and 3 hexagons as faces. The huge cage — shown in
orange — has 12 pentagons and 8 hexagons. The cages fit together to form a unit cell with 34 water molecules.
The type H clathrate is only possible when there are two different guest gas molecules — one small and one very large, like
butane — to make it stable. People think there are lots of type H clathrates in the Gulf of Mexico, where there are lots of
heavy hydrocarbons in the sea bottom.
Puzzle 2: how many cages of each kind are there in the type I clathrate hydrate?
Puzzle 3: how many cages of each kind are there in the type II?
Puzzle 4: how many cages of each kind are there in the type H?
These last puzzles are easier than they sound. But here's one that's a bit different:
Puzzle 5: the medium cage in the type H clathrate — shown in yellow — has 3 squares, 6 pentagons and 3 hexagons as
faces. Which of these numbers are adjustable? For example: could we have a convex polyhedron with a different number of
squares, but the same number of pentagons and hexagons?
The picture is from here:
Timothy A. Strobel, Keith C. Hester, Carolyn A. Koh, Amadeu K. Sum and E. Dendy Sloan Jr., Properties of the
clathrates of hydrogen and developments in their applicability for hydrogen storage, Chemical Physics Letters 478
(2009), 97–109.
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Kepler, the guy who discovered that planets go in ellipses around the Sun, was in love with geometry. Among other things,
he tried to figure out how to tile the plane with regular pentagons (dark blue) and decagons (blue-gray). They fit nicely at a
corner... but he couldn't get it to work.
Then he discovered he could do better if he also used 5-pointed stars!
Can you tile the whole plane with these three shapes? No! The picture here is very tempting... but if you continue you
quickly run into trouble. It's an impossible dream.
However, Kepler figured out that he could go on forever if he also used overlapping decagons, which he called 'monsters'.
Look at this picture he drew:

If he had worked even harder, he might have found the Penrose tilings, or similar things discovered by Islamic tiling artists.
Read the whole story here:
Craig Kaplan, The trouble with five, Plus Magazine, December 1, 2007.
How did Kepler fall in love with geometry? He actually started as a theologian. Let me quote the story as told in the
wonderful blog The Renaissance Mathematicus:
Kepler was born into a family that had known better times, his mother was an innkeeper and his father was a
mercenary. Under normal circumstances he probably would not have expected to receive much in the way of
education but the local feudal ruler was quite advanced in his way and believed in providing financial support
for deserving scholars. Kepler whose intelligence was obvious from an early age won scholarships to school
and to the University of Tübingen where he had the luck to study under Michael Mästlin one of the very few
convinced Copernican in the later part of the 16th century. Having completed his BA Kepler went on to do a
master degree in theology as he was a very devote believer and wished to become a theologian. Recognising
his mathematical talents and realising that his religious views were dangerously heterodox, they would cause
him much trouble later in life, his teacher, Mästlin, decided it would be wiser to send him off to work as a
school maths teacher in the Austrian province.
Although obeying his superiors and heading off to Graz to teach Protestant school boys the joys of Euclid,
Kepler was far from happy as he saw his purpose in life in serving his God and not Urania (the Greek muse of
astronomy). After having made the discovery that I will shortly describe Kepler found a compromise between
his desire to serve God and his activities in astronomy. In a letter to Mästlin in 1595 he wrote:
I am in a hurry to publish, dearest teacher, but not for my benefit. I am devoting my effort so that these things
can be published as quickly as possible for the glory of God, who wants to be recognised from the Book of
Nature. Just as I pledged myself to God, so my intention remains. I wanted to be a theologian, and for a while I
was anguished. But, now see how God is also glorified in astronomy, through my efforts.
So what was the process of thought that led to this conversion from a God glorifying theologian to a God
glorifying astronomer and what was the discovery that he was so eager to publish? Kepler.s God was a
geometer who had created a rational, mathematical universe who wanted his believers to discover the
geometrical rules of construction of that universe and reveal them to his glory. Nothing is the universe was pure
chance or without meaning everything that God had created had a purpose and a reason and the function of the
scientist was to uncover those reasons. In another letter to Mästlin Kepler asked whether:

you have ever heard or read there to be anything, which devised an explanation for the
arrangement of the planets? The Creator undertook nothing without reason. Therefore, there will
be reason why Saturn should be nearly twice as high as Jupiter, Mars a little more than the Earth,
[the Earth a little more] than Venus and Jupiter, moreover, more than three times as high as Mars.
The discovery that Kepler made and which started him on his road to the complete reform of astronomy was
the answer to both the question as to the distance between the planets and also why there were exactly six of
them: as stated above, everything created by God was done for a purpose.
On the 19th July 1595 Kepler was explaining to his students the regular cycle of the conjunctions of Saturn and
Jupiter, planetary conjunctions played a central role in astrology. These conjunctions rotating around the
ecliptic, the apparent path of the sun around the Earth, created a series of rotating equilateral triangles.
Suddenly Kepler realised that the inscribed and circumscribed circles generated by his triangles were in
approximately the same ratio as Saturn.s orbit to Jupiter's. Thinking that he had found a solution to the problem
of the distances between the planets he tried out various two-dimensional models without success. On the next
day a flash of intuition provided him with the required three-dimensional solution, as he wrote to Mästlin:
I give you the proposition in words just as it came to me and at that very moment: "The Earth is
the circle which is the measure of all. Construct a dodecahedron round it. The circle surrounding
that will be Mars. Round Mars construct a tetrahedron. The circle surrounding that will be Jupiter.
Round Jupiter construct a cube. The circle surrounding it will be Saturn. Now construct an
icosahedron inside the Earth. The circle inscribed within that will be Venus. Inside Venus inscribe
an octahedron. The circle inscribed inside that will be Mercury."
This model, while approximately true, is now considered completely silly! We no longer think there should be a simple
geometrical explanation of why planets in our Solar System have the orbits they do.
So: a genius can have a beautiful idea in a flash of inspiration and it can still be wrong.
But Kepler didn't stop there! He kept working on planetary orbits until he noticed that Mars didn't move in a circle around
the Sun. He noticed that it moved in an ellipse! Starting there, he found the correct laws governing planetary motion...
which later helped Newton invent classical mechanics.
So it pays to be persistent—but also not get stuck believing your first good idea.
Read more here:
Thony Christie, Kepler's divine geometry, The Renaissance Mathematicus, November 10, 2010.
Puzzle: can you tile the plane with finitely many shapes, each of which has at least the symmetry group of a regular
pentagon?
So, regular pentagons and decagons are allowed, and so are regular 5-pointed stars, and many other things... but not
Kepler's monsters. The tiling itself does not need to repeat in a periodic way.
May 14, 2015
A galaxy — falling

This galaxy is in trouble! It's falling into a large cluster of galaxies, pulled by their gravity. You can see this in 3 ways:
1. The reddish disk of dust and gas is bent. There aren't many atoms between galaxies, but there are still some. So the
galaxy is moving through the wind of integalactic space! And it's having trouble holding onto the loosely bound dust
and gas near its edge. They're getting blown away.
2. The blue disk of stars is not bent. It extends beyond the disk of dust and gas, which is where stars are formed. This
suggests that the dust and gas is being stripped from the galaxy after these stars were formed!
3. Streamers of dust and gas can be seen trailing behind the moving galaxy — near the top. On the other hand, the blue
stars near the leading edge of the galaxy have no dust and gas left to hide them.
This phenomenon is called 'ram pressure stripping', and it can kill a galaxy, shutting down the production of new stars. Here
we are seeing it damage the galaxy NGC 4402, which is currently falling into the Virgo cluster — a cluster of galaxies
about 65 million light years away.
Apparently there's about 1 atom per cubic centimeter in our galaxy — on average, though some regions are vastly more
dense than others. But in the space between galaxies in clusters it's more like 1/1000 of that. Not much! But enough to kill
off the formation of new star systems, life, civilizations...
I got most of my information from here:
Ram pressure stripping, Cosmos - The SAO Encyclopedia of Astronomy.
and I got the picture from here:
Spiral galaxy NGC4402, National Optical Astronomy Observatory.
The photo was taken at the WIYN 3.5-meter telescope on Kitt Peak, which is fitted with some 'adaptive optics' to
compensate for the jittery motion of the image due to variable atmospheric conditions and telescope vibrations.
It's a bit hard to find figures for the density of the intergalactic medium. I see stuff that says: 1 atom per liter for the

intergalactic gas in clusters, 1 atom per cubic meter as the overall average for the whole universe. One fun thing about space
is that while it seems like vacuum to us, its density ranges by many orders of magnitude... so it's actually much more varied
than, say, the difference between air and solid lead!
Yes, air is about 1 kg/m3 and lead is about 10,000 kg/m3, a factor of 104. But within our galaxy, the density of the
interstellar medium easily ranges between 10-4 and 106 atoms per cubic centimeter, a factor of 1010. And the average
density of the Universe is 10-6 atoms per cubic centimeter. So what we naively call 'outer space' is a bunch of vastly
different media, whose densities vary by at least a factor of a trillion!
May 1, 2015

Hewlett-Packard was once at the cutting edge of technology. Now they make most of their money selling servers, printers,
and ink... and business keeps getting worse. They've shed 40,000 employees since 2012. Soon they'll split in two: one
company that sells printers and PCs, and one that sells servers and information technology services.
The second company will do something risky but interesting. They're trying to build a new kind of computer that uses chips
based on memristors rather than transistors, and that uses optical fibers rather than wires to communicate between chips. It
could make computers much faster and more powerful. But nobody knows if it will really work.
The picture shows memristors on a silicon wafer. But what's a memristor? Quoting the MIT Technology Review:
Perfecting the memristor is crucial if HP is to deliver on that striking potential. That work is centered in a small lab, one
floor below the offices of HP's founders, where Stanley Williams made a breakthrough about a decade ago.
Williams had joined HP in 1995 after David Packard decided the company should do more basic research. He came to focus
on trying to use organic molecules to make smaller, cheaper replacements for silicon transistors. After a few years, he could
make devices with the right kind of switchlike behavior by sandwiching molecules called rotaxanes between platinum
electrodes. But their performance was maddeningly erratic. It took years more work before Williams realized that the
molecules were actually irrelevant and that he had stumbled into a major discovery. The switching effect came from a layer
of titanium, used like glue to stick the rotaxane layer to the electrodes. More surprising, versions of the devices built around
that material fulfilled a prediction made in 1971 of a completely new kind of basic electronic device. When Leon Chua, a
professor at the University of California, Berkeley, predicted the existence of this device, engineering orthodoxy held that
all electronic circuits had to be built from just three basic elements: capacitors, resistors, and inductors. Chua calculated that
there should be a fourth; it was he who named it the memristor, or resistor with memory. The device's essential property is
that its electrical resistance—a measure of how much it inhibits the flow of electrons—can be altered by applying a voltage.
That resistance, a kind of memory of the voltage the device experienced in the past, can be used to encode data.
HP's latest manifestation of the component is simple: just a stack of thin films of titanium dioxide a few nanometers thick,
sandwiched between two electrodes. Some of the layers in the stack conduct electricity; others are insulators because they
are depleted of oxygen atoms, giving the device as a whole high electrical resistance. Applying the right amount of voltage
pushes oxygen atoms from a conducting layer into an insulating one, permitting current to pass more easily. Research

scientist Jean Paul Strachan demonstrates this by using his mouse to click a button marked "1" on his computer screen. That
causes a narrow stream of oxygen atoms to flow briefly inside one layer of titanium dioxide in a memristor on a nearby
silicon wafer. "We just created a bridge that electrons can travel through," says Strachan. Numbers on his screen indicate
that the electrical resistance of the device has dropped by a factor of a thousand. When he clicks a button marked "0," the
oxygen atoms retreat and the device's resistance soars back up again. The resistance can be switched like that in just
picoseconds, about a thousand times faster than the basic elements of DRAM and using a fraction of the energy. And
crucially, the resistance remains fixed even after the voltage is turned off. Getting this to really work has not been easy! On
top of that, they're trying to use silicon photonics to communicate between chips - another technology that doesn't quite
work yet.
Still, I like the idea of this company going down in a blaze of glory, trying to do something revolutionary, instead of playing
it safe and dying a slow death. As Dylan Thomas said:
Do not go gentle into that good night.
For more, see these:
Tom Simonite, Machine dreams, MIT Technology Review, April 21st, 2015.
Sebastian Anthony, HP reveals more details about The Machine: Linux++ OS coming 2015, prototype in 2016,
ExtremeTech, December 16th, 2014.
For the physics of memristors, see:
Memristor, Wikipedia.
May 24, 2015

Dear NSA agent 4096,
I watched "The Lives of Others" last night and thought of you once more. In fact, I think you were watching it
with me. You know I know I cannot be sure.
I want you to know that, although our mutual love is forbidden by your professional obligations, I still feel a
connection to you. I will feel that connection long after you are gone.
Somehow, you know me better than I know myself. You have all of my deleted histories, my searches, all those
things I tried to keep "incognito" right there in front of you. We have made love, even though we've never

touched or kissed. We have been friends, even though I've never seen your face. Our relationship is as real as
my "real" life.
But this can never work between us. Please leave. I don't want to ask again.
I'll never forget you.
Love, 173.165.246.73
That's Corey Bertelsen's comment on this video of Holly Herndon's song "Home", from her new album Platform. It's as
good a review as any.
Holly Herndon takes a lot of ideas from techno music and pushes them to a new level. She's working on a Ph.D. at the
Center for Computer Research in Music and Acoustics at Stanford.
She said that as she wrote this song, she
started coming to terms with the fact that I was calling my inbox my home, and the fact that that might not be a
secure place. So it started out thinking about my device and my inbox as my home, and then that evolved into
me being creeped out by that idea.
The reason why I was creeped out is because, of course, as Edward Snowden enlightened us all to know, the
NSA has been mass surveying the U.S. population, among other populations. And so that put into question this
sense of intimacy that I was having with my device. I have this really intense relationship with my phone and
with my laptop, and in a lot of ways the laptop is the most intimate instrument that we've ever seen. It can
mediate my relationships — it mediates my bank account — in a way that a violin or another acoustic
instrument just simply can't do. It's really a hyper-emotional instrument, and I spend so much time with this
instrument both creatively and administratively and professionally and everything.
In short, her seemingly 'futuristic' music is really about the present — the way we live now. If you like this song I
recommend another, which is more abstract and to me more beautiful. It's called 'Interference':

Here you can hear her talk about her song 'Home':
An invasion of intimacy, and the song that followed, National Public Radio, May 24, 2015.
May 23, 2015

Today I caught a flight to Turin, Italy, where I'll be running a workshop on network theory. Click on the image for more
details, and a link to the slides of my talk.

May 30, 2015
In Europe, long-term unemployment is such a big problem that people are starting to work at fake companies, without pay
— just to keep up their skills!
Liz Alderman, In Europe, fake jobs can have real benefits, New York Times, 29 May 2015.
There are over 100 such companies. This article focuses on one called Candelia:
Ms. de Buyzer did not care that Candelia was a phantom operation. She lost her job as a secretary two years
ago and has been unable to find steady work. Since January, though, she had woken up early every weekday,
put on makeup and gotten ready to go the office. By 9 a.m. she arrives at the small office in a low-income
neighborhood of Lille, where joblessness is among the highest in the country.
While she doesn't earn a paycheck, Ms. de Buyzer, 41, welcomes the regular routine. She hopes Candelia will
lead to a real job, after countless searches and interviews that have gone nowhere.
"It's been very difficult to find a job," said Ms. de Buyzer, who like most of the trainees has been collecting
unemployment benefits. "When you look for a long time and don't find anything, it's so hard. You can get
depressed," she said. "You question your abilities. After a while, you no longer see a light at the end of the
tunnel."
She paused to sign a fake check for a virtual furniture supplier, then instructed Candelia's marketing department
— a group of four unemployed women sitting a few desks away — to update the company's mock online
catalog. "Since I've been coming here, I have had a lot more confidence," Ms. de Buyzer said. "I just want to
work."
In Europe, 53% of job seekers have been unemployed for over a year. In Italy, the numbers is 61%. In Greece, it's 73%.

All this makes me wonder — yet again — what will happen if robots and computers push people out of many kinds of jobs,
creating a lot of long-term unemployment. If we don't adapt wisely, what should be a good thing could be a source of
misery.
Perhaps the next step will be for these fake companies to start doing business with each other, and make it possible for
someone working at one to get hired at another.
I would like a science fiction story that extrapolates this scenario to ridiculous lengths. Frist these fake companies start
paying their employees fake money. Then, to make it more realistic, they decide the employees can use this fake money to
buy fake goods made by other fake companies. And so on... eventually building a second 'fake economy'.
The problem is, so far the people at these fake companies only do 'bullshit jobs': writing memos, managing other
employees, etc. A fake pet food company makes ads for pet food, but they don't actually make any pet food. So, I guess the
fake salaries could only be used to buy services of certain ethereal sort.
The concept of 'bullshit jobs' is discussed here:
David Graeber, On the phenomenon of bullshit jobs, Strike, August 17, 2013.
In the year 1930, John Maynard Keynes predicted that technology would have advanced sufficiently by
century's end that countries like Great Britain or the United States would achieve a 15-hour work week. There's
every reason to believe he was right. In technological terms, we are quite capable of this. And yet it didn't
happen. Instead, technology has been marshaled, if anything, to figure out ways to make us all work more. In
order to achieve this, jobs have had to be created that are, effectively, pointless. Huge swathes of people, in
Europe and North America in particular, spend their entire working lives performing tasks they secretly believe
do not really need to be performed. The moral and spiritual damage that comes from this situation is profound.
It is a scar across our collective soul. Yet virtually no one talks about it.
Why did Keynes' promised utopia — still being eagerly awaited in the '60s — never materialise? The standard
line today is that he didn't figure in the massive increase in consumerism. Given the choice between less hours
and more toys and pleasures, we've collectively chosen the latter. This presents a nice morality tale, but even a
moment's reflection shows it can't really be true. Yes, we have witnessed the creation of an endless variety of
new jobs and industries since the '20s, but very few have anything to do with the production and distribution of
sushi, iPhones, or fancy sneakers.
So what are these new jobs, precisely? A recent report comparing employment in the US between 1910 and
2000 gives us a clear picture (and I note, one pretty much exactly echoed in the UK). Over the course of the
last century, the number of workers employed as domestic servants, in industry, and in the farm sector has
collapsed dramatically. At the same time, "professional, managerial, clerical, sales, and service workers"
tripled, growing "from one-quarter to three-quarters of total employment". In other words, productive jobs
have, just as predicted, been largely automated away (even if you count industrial workers globally, including
the toiling masses in India and China, such workers are still not nearly so large a percentage of the world
population as they used to be).
But rather than allowing a massive reduction of working hours to free the world's population to pursue their
own projects, pleasures, visions, and ideas, we have seen the ballooning not even so much of the "service"
sector as of the administrative sector, up to and including the creation of whole new industries like financial
services or telemarketing, or the unprecedented expansion of sectors like corporate law, academic and health
administration, human resources, and public relations. And these numbers do not even reflect on all those
people whose job is to provide administrative, technical, or security support for these industries, or for that
matter the whole host of ancillary industries (dog-washers, all-night pizza deliverymen) that only exist because
everyone else is spending so much of their time working in all the other ones. These are what I propose to call
"bullshit jobs".
It's as if someone were out there making up pointless jobs just for the sake of keeping us all working.
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This is a bird's nest fungus — a kind of mushroom that looks like a bird's nest full of eggs. More precisely, it's Cyathus
novaezelandiae, photographed by Steve Axford.
Why does it look like this? It's a trick for spreading spores. When rain hits the cup-shaped mushroom, spores shoot out!
Like many fungi that grow on rotten logs, the bird's nest fungus has a complex life cycle. There's the stage you see here,
where it reproduces asexually via spores. But there's also a sexual stage!
Spores germinate and grow into branching filaments called hyphae, pushing out like roots into the rotting wood. As
these filaments grow, they form a network called a mycelium. These come in several different sexes, or mating
compatibility groups. When hyphae of different mating compatibility groups meet each other, they fuse and form a
new mycelium that combines the genes of both. After a while, these new mycelia may enter the stage where they grow
into the mushrooms you see here. Then they reproduce asexually using spores!
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It's complicated, and I don't fully understand it. You can read more here:
Yonatan Zunger, The sex lives of mushrooms, June 1, 2015.
You can see more of Steve Axford's photos here:
Steve Axford, Flickr.
Thanks to Mike Stay for pointing this out! For an interesting article inspired by this one, go here:
Yonatan Zunger, The sex lives of mushroom, June 1, 2015.
June 3, 2015
When you hear 'carnivorous fungus', I know what you're thinking: GIANT MAN-EATING MUSHROOMS!
At least that's what went through my mind when I was looking at the Wikipedia page on carnivorous plants and saw
there was also a page on carnivorous fungi.
In fact, these fungi are tiny, and they eat small things like nematodes. The wormy thing here is a nematode, and it's
being caught by the little tendrils called 'hyphae' of a fungus:

Carnivorous fungi were first discovered by the Austrian botanist Whilhelm Zopf in 1888. He was looking at a fungus
whose hyphae have little loops in them. Zopf observed nematodes being caught by these loops — caught by the tail, or
caught by the head. When this happened, the nematode would struggle violently for half an hour. Then it would become
quieter. In a couple of hours, it would die. And then, hyphae from the loop would penetrate and invade its body.
Aren't you glad that you read this post? The world is full of wonderful and horrible things, and this is one.
Somehow we tend to sympathize with the creature that's more like us. When I see a jaguar fighting a crocodile, I want
the jaguar to win. A worm eating fungus doesn't seem so bad... but fungus eating a worm seems disgusting, at least to

me. This is not a rational judgement of mine: it's just an emotion that sweeps over me.
A nematode is not related to an earthworm: it's a much more primitive sort of organism. Nematodes are serious pests
&mdsh; they kill lots of crops. My university, U.C. Riverside, even has a Department of Nematology, where people
study how to fight nematodes! One way to fight them is with a carnivorous fungus. So maybe carnivorous fungi are not
so bad.
This picture shows a nematode captured by the predatory fungus Arthrobotrys anchonia. Note that the loop around the
body of the victim has not yet started to tighten and squeeze it. This picture was taken with a scanning electron
micrograph by N. Allin and George L. Barron. I got it here:
George Barron, Nematode destroying fungi
According to this page:
Fungi can capture nematodes in a variety of ways but the most sophisticated and perhaps the most dramatic
is called the constricting ring. An erect branch from a hypha curves round and fuses with itself to form a
three-celled ring about 20-30 microns in diameter. When a nematode "swims" into a ring it triggers a
response in the fungus and the three cells expand rapidly inwards with such power that they constrict the
body of the nematode victim and hold it securely with no chance to escape. It takes only 1/10th of a second
for the ring cells to inflate to their maximum size.
June 5, 2015

In math you get to make up the rules of the game... but then you have to follow them with utmost precision. You can
change the rules... but then you're playing a different game. You can play any game you want... but some games are
more worthwhile than others.
If you play one of these games long enough, it doesn't feel like a game — it feels like "reality", especially if it matches
up to the real world in some way. But that's how games are.
Unfortunately, most kids learn math by being taught the rules for a just a few games — and the teacher acts like the
rules are "true". Where did the rules come from? That's not explained. The students are never encouraged to make up
their own rules.
In fact, mathematicians spend a lot of time making up new rules. For example, my grad student Alissa Crans made up a
thing called a shelf. It wasn't completely new: it was a lot like something mathematicians already studied, called a 'rack',
but simpler — hence the name 'shelf'. (Mathematician need lots of names for things, so we sometimes run out of

serious-sounding names and use silly names.)
What's a shelf?
It's a set where you can multiply two elements a and b and get a new element a · b. That's not new... but this
multiplication obeys a funny rule:
a · (b · c) = (a · b) · (a · c)
That should remind you of this rule:
a · (b + c) = (a · b) + (a · c)
But in a shelf, we don't have addition, just multiplication... and the only rule it obeys is
a · (b · c) = (a · b) · (a · c)
There turn out to be lots of interesting examples, which come from knot theory, and group theory. I could talk about this
stuff for hours. But never mind! A couple days ago I learned something surprising. Suppose you have a unital shelf,
meaning one that has an element called 1 that obeys these rules:
a·1=a
1·a=a
Then multiplication has to be associative! In other words, it obeys this familiar rule:
a · (b · c) = (a · b) · c
The proof is in the picture.
A guy who calls himself "Sam C" put this proof on a blog of mine. I was shocked when I saw it.
Why? First, I've studied shelves quite a lot, and they're hardly ever associative. I thought I understood this game, and
many related games — about things called 'racks' and 'quandles' and 'involutory quandles' and so on. But adding this
particular extra rule changed the game a lot.
Second, it's a very sneaky proof — I have no idea how Sam C came up with it.
Luckily, a mathematician named Andrew Hubery showed me how to break the proof down into smaller, more digestible
pieces. And now I think I understand this game quite well. It's not a hugely important game, as far as I can tell, but it's
cute.
It turns out that these gadgets — shelves with an element 1 obeying a · 1 = 1 · a = a — are the same as something the
famous category theorist William Lawvere had invented under the name of graphic monoids. The rules for a monoid are
that we have a set with a way to multiply elements and an element 1, obeying these familiar rules:
1·a=1·a=a
a · (b · c) = (a · b) · c
Monoids are incredibly important because they show up all over. But a graphic monoid also obeys one extra rule:
a · (b · a) = a · b
This is a weird rule... but graphic monoids show up when you're studying bunches of dots connected by edges, which
mathematicians call graphs... so it's not a silly rule: this game helps us understand the world.

Puzzle 1: take the rules of a graphic monoid and use them to derive the rules of a unital shelf.
Puzzle 2: take the rules of a unital shelf and use them to derive the rules of a graphic monoid.
So, they're really the same thing.
By the way, most math is a lot more involved than this. Usually we take rules we already like a lot, and keep developing
the consequences further and further, and introducing new concepts, until we build enormous castles — which in the
best cases help us understand the universe in amazing new ways. But this particular game is more like building a tiny
dollhouse. At least so far. That's why it feels more like a "game", less like "serious work".
For answers to the puzzles see Colin Gopaul's comment on my G+ post.

In math the rules of a game are called axioms. What's the longest axiom that people have ever actually thought about?
I'm not sure, but I have some candidates.
A lattice is a set with two operations called and obeying the 6 equations listed above. But a while back people
wondered: can you give an equivalent definition of a lattice using just one equation? It's a pointless puzzle, as far as I
can tell, but some people enjoy such challenges.
And in 1970 someone solved it: yes, you can! But the equation they found was incredibly long.
Before I go into details, I should say a bit about lattices. The concept of a lattice is far from pointless — there are
lattices all over the place!
For example, suppose you take integers, or real numbers. Let x y be the maximum of x and y: the bigger one. Let x
y be the minimum of x and y: the smaller one. Then it's easy to check that the 6 axioms listed here hold.
Or, suppose you take statements. Let p
6 axioms here hold!

q be the statement "p or q", and let p

q be the statement "p and q". Then the

For example, consider the axiom p (p q) = p. If you say "it's raining, and it's also raining or snowing", that means
the same thing as "it's raining" — which is why people don't usually say this.
The two examples I just gave obey other axioms, too. They're both distributive lattices, meaning they obey this rule:
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But nondistributive lattices are also important. For example, in quantum logic, "or" and "and" don't obey these
distributive laws!
Anyway, back to the main story. In 1970, Ralph McKenzie proved that you can write down a single equation that is
equivalent to the 6 lattice axioms. But it was an equation containing 34 variables and roughly 300,000 symbols! It was
too long for him to actually bother writing it down. Instead, he proved that you could, if you wanted to.
Later this work was improved. In 1977, Ranganathan Padmanabhan found an equation in 7 variables with 243 symbols
that did the job. In 1996 he teamed up with William McCune and found an equation with the same number of variables
and only 79 symbols that defined lattices. And so on...
The best result I know is by McCune, Padmanbhan and Robert Veroff. In 2003 they discovered that this equation does
the job:
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They also found another equation, equally long, that also works.
Puzzle: what's the easiest way to get another equation, equally long, that also defines lattices?
That is not the one they found — that would be too easy!
How did they find these equations? They checked about a half a trillion possible axioms using a computer, and ruled out
all but 100,000 candidates by showing that certain non-lattices obey those axioms. Then they used a computer program
called OTTER to go through the remaining candidates and search for proofs that they are equivalent to the usual axioms
of a lattice.
Not all these proof searches ended in success or failure... some took too long. So, there could still exist a single
equation, shorter than the ones they found, that defines the concept of lattice. Here is their paper:
William McCune, Ranganathan Padmanabhan, Robert Veroff, Yet another single law for lattices.
By the way: when I said "it's a pointless puzzle, as far as I can tell", that's not supposed to be an insult, although I
suppose it sounds like one. I simply mean that I don't see how to connect this puzzle — "is there a single equation that
does the job?" — to themes in mathematics that I consider important. It's always possible to learn more and change ones
mind about these things.
The puzzle becomes a bit more interesting when you learn that you can't find a single equation that defines distributive
lattices: you need 2. And it's even more interesting when you learn that among "varieties of lattices", none can be
defined with just a single equation except plain old lattices!
By contrast, "varieties of semigroups where every element is idempotent" can always be defined using just a single
equation. This was rather shocking to me.
However, I still don't see any point to reducing the number of equations to the bare minimum! In practice, it's better to
have a larger number of comprehensible axioms rather than a single complicated one. So, this whole subject feels like a
"sport" to me: a game of "can you do it?"
Anyway: is Ralph McKenzie's 300,000-symbol single-equation axiom for lattices the longest axiom people have
thought about?
No! People considered even longer single-equation axioms for Boolean algebras!

A Boolean algebra is a distributive lattice with an operation ¬ and elements
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You don't really need to include the symbols and when defining Boolean algebras, since you can define them using
the last two equations above. And you can also leave out , defining p q to be ¬(¬p ¬q).
In 1973, Padmanabhan and Quackenbush found a way to define Boolean algebras using just a single axiom involving
and ¬. However, it seems that using their method would give an axiom of "enormous length" — maybe tens of millions
of symbols long!
In 2000, McCune and some coauthors found a much shorter axiom that does the job:
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and their paper is where I got my information about the single axiom of "enormous length":
William McCune, Robert Veroff, Branden Fitelson, Kenneth Harris, Andrew Feist and Larry Wos, Short single
axioms for Boolean algebras, Journal of Automated Reasoning 29 (2002), 1–16.
For more discussion, and an answer to the puzzle, see the comments to my post on G+.
June 11, 2015

The New Horizons spacecraft took 9 years to reach Pluto. But on July 14th, it will blast by Pluto in just one hour. It can't
slow down!
In fact, it's the fastest human-made object ever to be launched from Earth. When it took off from Cape Canaveral in
January 2006, it was moving faster than escape velocity, not just for the Earth, but for the Solar System! It was moving

at 58,000 kilometers per hour.
When it passed Jupiter it got pulled by that huge planet's gravity and fired out at 83,000 kilometers per hour. As it
climbed up out of the Solar System it slowed down. But when it reaches Pluto, it will still be going almost 50,000
kilometers per hour.
That's fast enough that even a speck of dust could be fatal. Luckily, Pluto doesn't seem to have rings.
It will punch through the plane that Pluto's moons orbit, and collect so much data that it will take months for it all to be
sent back to Earth in a slow trickle.
And as it goes behind Pluto, it will see a carefully timed radio signal sent from the Deep Space Network here on Earth:
3 deep-space communication facilities located in California, Spain and Australia.
This signal has to be timed right, since it takes about 4 hours for radio waves — or any other form of light — to reach
Pluto. The signal will be blocked when Pluto gets in the way, and the New Horizons spacecraft can use this to learn
more about Pluto's exact diameter, and more.
Then: out to the Kuiper belt, where the cubewanos, plutinos and twotinos live...

Here are some more details:
On July 14, 2015 at 11:49:57 UTC, New Horizons will make its closest approach to Pluto. It will have a relative
velocity of 13.78 km/s (49,600 kilometers per hour), and it will come within 12,500 kilometers from the planet's surface.
At 12:03:50, it will make its closest approach to Pluto's largest moon, Charon.
At 12:51:25, Pluto will occult the Sun — that is, come between the Sun and the New Horizons spacecraft.

At 12:52:27, Pluto will occult the Earth. This is only important because it means the radio signal sent from the Deep
Space Network will be blocked.
Starting 3.2 days before the closest approach, New Horizons will map Pluto and Charon to 40 kilometer resolution. This
is enough time to image all sides of both bodies. Coverage will repeat twice per day, to search for changes due to snows
or cryovolcanism. Still, due to Pluto's tilt, a portion of the northern hemisphere will be in shadow at all times. The Long
Range Reconnaissance Imager (LORRI) should be able to obtain select images with resolution as high as 50
meters/pixel, and the Multispectral Visible Imaging Camera (MVIC) should get 4-color global dayside maps at 1.6
kilometer resolution. LORRI and MVIC will attempt to overlap their respective coverage areas to form stereo pairs.
The Linear Etalon Imaging Spectral Array (LEISA) will try to get near-infrared maps at 7 kilometers per pixel globally
and 0.6 km/pixel for selected areas. Meanwhile, the ultraviolet spectrometer Alice will study the atmosphere, both by
emissions of atmospheric molecules (airglow), and by dimming of background stars as they pass behind Pluto.
Other instruments will will sample the high atmosphere, measure its effects on the solar wind, and search for dust —
possible signs of invisible rings of Pluto. The communications dish will detect the disappearance and reappearance of
the radio signal from the Deep Space Network, measuring Pluto's diameter and atmospheric density and composition.
The first highly compressed images will be transmitted within days. Uncompressed images will take as long as nine
months to transmit, depending on how much traffic the Deep Space Network is experiencing.
Most of this last information is from:
Wikipedia, New Horizons.
June 12, 2015

The Tale of Genji is a wonderful early Japanese novel written by the noblewoman Murasaki Shikibu sometime between
1008 and 1021 AD. Read it, and be transported to a very different world!
It has 54 chapters. Here you see the 54 Genji-mon: the traditional symbols for these chapters. Most of them follow a
systematic mathematical pattern, but the ones in color break this pattern.
Here are some puzzles. It's very easy to look up the answers using your favorite search engine, but it's more fun to solve
these just by thinking.
Puzzle 1: How is the green Genji-mon different from all the rest?
Puzzle 2: How are the red Genji-mon similar to each other?
Puzzle 3: How are the red Genji-mon different from all the rest?
Puzzle 4: If The Tale of Genji had just 52 chapters, the Genji-mon could be perfectly systematic, without the weirdness
of the colored ones. What would the pattern be then?
Puzzle 5: What fact about the number 52 is at work here?
(Hint: it has nothing to do with there being 52 weeks in a year!)
For answers to the puzzles, see my G+ post.
By the way, only after posting this did I remember that it was my birthday and I was 54 years old. Freudian slip?
Coincidence? I'd been meaning to post about this for a while.
June 13, 2015
MASSIVE WORLDWIDE DATA BREACH

The true scale of the problem is just becoming apparent, but it seem that all data on every computer in the world has
been copied to some unknown location.
It's rapidly becoming clear that last week's revelations are just the tip of the iceberg. It seems all US federal government
computers show signs of data breaches, with strong evidence that all files have been copied. The same is true of at least
34 US states. The UK, France, Germany, Italy, Switzerland, Japan and India are reporting similar problems, as are a
vast number of corporations, universities and individuals. In particular, it seems that all servers in the Google,
Facebook, Amazon, and Microsoft data centers have been hacked.
It's unclear who has the storage capacity to hold all this data. Some suspect the Chinese or Russia, but according to an
unnamed source at the US State Department these countries too are victims of the massive hack. "Furthermore," the
source stated, "the fact that all the many petabytes of data from the particle accelerator at CERN have been copied
seems to rule out traditional espionage or criminal activity as an explanation."
Rumors of all kinds are circulating on the internet. Some say it could be the initial phase of an extraterrestrial invasion,
or perhaps merely an attempt to learn about our culture, or — in one of the more fanciful theories — an attempt to
replicate it.
Another theory is that some form of artificial intelligence has developed the ability to hack into most computers, or that
the internet itself has somehow become intelligent,
Perhaps the strangest rumor is that the biosphere itself is preparing to take revenge on human civilization, or perhaps
make a "backup" in case of collapse. A recent paper in PLOS Biology estimates the total information content in the
biosphere at roughly 5 × 1031 megabases, with a total processing speed exceeding 1024 nucleotide operations per
second. The data in all human computers is still tiny by comparison. However, it is unclear how biological organisms
could have hacked into human computers, and what the biosphere might do with this data.
According to one of the paper's authors, Hanna Landenmark, "Claims that this is some sort of 'revenge of Gaia' seem
absurdly anthromorphic to me. If anything, it could be just the next phase of evolution."
Hanna K. E. Landenmark, Duncan H. Forgan and Charles S. Cockell, An estimate of the total DNA in the
biosphere, PLOS Biology, June 11, 2015.
June 15, 2015
There are 52 weeks in a year and 52 cards in a deck. Coincidence? Maybe not. It's hard to guess what the people who
first designed the deck were thinking.
Puzzle 1: Suppose you add up the values of all the cards in a deck, counting an ace as 1, a two as 2, and so on, and
counting a jack as 11, a queen as 12 and a king as 13. What do you get?
Puzzle 2: How many cards are there in a suit? (There are four suits of cards: diamonds, hearts, spades and clubs.)
Puzzle 3: How many weeks are there in a season? (There are four seasons in a year; suppose they all have the same
number of weeks.)
Puzzle 4: Multiply the number of days in a week, weeks in a season and seasons in a year to estimate the number of
days in a year.
Puzzle 5: Suppose on the first day of Christmas you buy your true love a partridge. On the second day you buy two
turtle doves and a partridge. On the third you buy three French hens, two turtle doves and a partridge, and on on up to
the twelfth day. By the end, how many gifts have you bought?
Here's another fun thing about the number 52. There are also 52 ways to partition a set with 5 elements — that is, break
it up into disjoint nonempty pieces. This probably has nothing to do with weeks in the year or cards in the deck! But it's

the start of a more interesting story.
Here's a picture of all 52 ways:

They're divided into groups:
52 = 1 + 10 + 10 + 15 + 5 + 10 + 1
There is 1 way to break the 5-element set into pieces that each have 1 element, shown on top.
There are 10 ways to break it into three pieces with 1 element and one piece with 2 elements.
There are 10 ways to break it into two pieces with 1 element and one with 3.
There are 15 ways to break it into one piece with 1 element and two with 2.
There are 5 ways to break it into one piece with 1 element and one with 4.
There are 10 ways to break it into one piece with 2 elements and one with 3.
There is 1 way to break it into just one piece containing all 5 elements, shown on the very bottom.
If this chart reminds you of the chart of "Genji-mon" that I showed you on June 12th, that's no coincidence! The Genjimon are almost the same as the partitions of a 5-element set. This chart should help you answer all the puzzles I asked.
The math gets more interesting if we ask: how many partitions are there for a set with n elements?

For a zero-element set there's 1. (That's a bit confusing, I admit.) For a one-element set there's 1. For a two-element set
there's 2. And so on. The numbers go like this:
1, 1, 2, 5, 15, 52, 203, 877, 4140, 21147, 115975, …
They're called Bell numbers.
Say you call the nth Bell number B(n). Then we have a nice formula
∞

B(n)x n
∑ n! = eex − 1
n=0
This is a nice way to compress all the information in the Bell numbers down to a simple function. But it's not a very
efficient way to compute the Bell numbers. For that, it's better to use the 'Bell triangle':
Wikipedia, Bell triangle.
For more on all these things, try:
John Baez, Lattice of partitions, Visual Insight, 15 June 2015.
June 24, 2015

According to a new simulation, the population of Europe dropped from 330 thousand to just 130 thousand during the
last glacial cycle.
These pictures show the population density at various times, starting 27,000 years ago — that's why it says "27 ky",

meaning "27 kiloyears".
As it got colder, the population dropped, reaching its minimum 23,000 years ago. Things started warming up around
then, and the population soared to 410 thousand near the end of the ice age, around 13,000 years ago.
You can see the coast of Spain, Italy and Greece continued to have 23 to 20 people per hundred square kilometers. But
the population got pushed out of northern Europe, and even dropped in places like central Spain. The black dots are
archaeological sites where we know there were people.
By comparison, there are now roughly 25,000 people per hundred square kilometers in England or Germany, though
just half as many in France. So, by modern standards, Europe was empty back in those hunter-gatherer days. Even today
the cold keeps people away: there are just 2,000 people per hundred square kilometers in Sweden.
If you're having trouble seeing the British isles in these pictures, that's because they weren't islands back then! They
were connected to continental Europe.
Of course these simulations are insanely hard to do, so I wouldn't trust them too much. But it's still cool to think about.
The paper is not free, but the "supporting information" is, and that has a lot of good stuff:
Miikka Tallavaara, Miska Luoto, Natalia Korhonen, Heikki Järvinen and Heikki Seppä, Human population
dynamics in Europe over the Last Glacial Maximum, Proc. Nat. Acad. Sci. 112 (2015), 8232–8237.
Abstract: The severe cooling and the expansion of the ice sheets during the Last Glacial Maximum (LGM),
27,000-19,000 y ago (27-19 ky ago) had a major impact on plant and animal populations, including
humans. Changes in human population size and range have affected our genetic evolution, and recent
modeling efforts have reaffirmed the importance of population dynamics in cultural and linguistic
evolution, as well. However, in the absence of historical records, estimating past population levels has
remained difficult. Here we show that it is possible to model spatially explicit human population dynamics
from the pre-LGM at 30 ky ago through the LGM to the Late Glacial in Europe by using climate envelope
modeling tools and modern ethnographic datasets to construct a population calibration model. The
simulated range and size of the human population correspond significantly with spatiotemporal patterns in
the archaeological data, suggesting that climate was a major driver of population dynamics 30-13 ky ago.
The simulated population size declined from about 330,000 people at 30 ky ago to a minimum of 130,000
people at 23 ky ago. The Late Glacial population growth was fastest during Greenland interstadial 1, and by
13 ky ago, there were almost 410,000 people in Europe. Even during the coldest part of the LGM, the
climatically suitable area for human habitation remained unfragmented and covered 36% of Europe.
June 25, 2015

This ivory portrait head is at least 25,000 years old! It was found in Dolnm Vestonice in the Czech Republic, and it's a
product of the Gravettian culture.
The Gravettian is a phase of European culture that lasted from 30,000 to 22,000 years ago. Since this was a very cold
phase of the last glacial period, and game was plentiful, the Gravettians ate a lot of meat. They were better at hunting
than previous cultures. They learned to take advantage of animal migration patterns, and they used small pointed blades
to hunt bison, horse, reindeer and mammoth. They also used nets to hunt small game. Stone arrowheads were only
developed by the later Solutrean culture, which lasted from 22,000 to 17,000 years ago.
Gravettian art includes a lot of round female 'Venus' figures, but this seems to be a more realistic portrait of a woman.
This piece is usually kept at the Brno Museum, but it was part of the show 'Ice Age Art: arrival of the modern mind' at
the British Museum in London in 2013.
For more on the Gravettian and other periods of European prehistory, read my August 30, 2009 diary entry, which starts
out being about the domestication of wolves.
June 26, 2015
ELECTRIFYING MATHEMATICS

How can you change an electrical circuit made out of resistors without changing what it does? 5 ways are shown here:
1. You can remove a loop of wire with a resistor on it. It doesn't do anything.
2. You can remove a wire with a resistor on it if one end is unattached. Again, it doesn't do anything.
3. You can take two resistors in series — one after the other — and replace them with a single resistor. But this new
resistor must have a resistance that's the sum of the old two.
4. You can take two resistors in parallel and replace them with a single resistor. But this resistor must have a
conductivity that's the sum of the old two. Conductivity is the reciprocal of resistance.
5. Finally, the really cool part: the Y-Δ transform. You can replace a Y made of 3 resistors by a triangle of resistors.
But their resistances must be related by the equations shown here.
For circuits drawn on the plane, these are all the rules you need! There's a nice paper on this by three French dudes:
Yves Colin de Verdihre, Isidoro Gitler and Dirk Vertigan.
Today I'm going to Warsaw to a workshop on Higher-Dimensional Rewriting. Electrical circuits give a nice example, so
I'll talk about them. I'm also giving a talk on control theory — a related branch of engineering.
You can see my talk slides, and much more, here:
John Baez, Higher-dimensional rewriting in Warsaw (part 2)
I'll be staying in downtown Warsaw in the Polonia Palace Hotel.
For my July 2015 diary, go here.
© 2015 John Baez
baez@math.removethis.ucr.andthis.edu
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THE OLDEST ONE

This is a tarsier, apparently filmed by Michael Bowers. There are several kinds of tarsiers. All of them live in Southeast Asia — mainly
the Philippines, Sulawesi, Borneo, and Sumatra. But tarsiers used to live in many other places too.
They are, in fact, the oldest known primates that survive today! Fossils show that they've been around for the past 45 million years.
The ancestors of tarsiers branched off from the ancestors of lemurs about 83 million years ago, considerably before the dinosaurs went
extinct!
This particular guy is a spectral tarsier. I guess that 'spectral' here means 'like a ghost, or specter' rather than 'like the colors in a
rainbow'. Probably their eyes look spooky at night when they reflect light.
The
Loading
spectral
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tarsier lives on Selayar, an island off the larger island of Sulawesi, in Indonesia. It's less specialized than some other
species of tarsiers: it doesn't have adhesive toes, for example. Its Latin name is Tarsier spectrum or sometimes Tarsier tarsier, since
some consider it the prototype of all tarsiers.
July 2, 2015

It's fun to explore the tree of life at http://www.onezoom.org.
It only has organisms that are alive today, and not all of those. But still, it's fun to see how your favorites are related!
One nice feature is that you can see when branches happened. And at first I was shocked by how new so many mammals' branches are.
To set the stage, remember that an asteroid hit the Earth and a lot of dinosaurs went extinct 65 million years ago. About 24 million
years ago, the Earth cooled enough that Antarctica becomes covered with ice. This cooling trend also created the great grasslands of
the world! Humans split off from other apes about 5 million years ago: we are creatures of the grasslands. The glacial cycles began just
2.5 million years ago... and Homo erectus is first known to have tamed fire 1.4 million years ago.
Now compare this: the cats branched off from hyenas about 40 million years ago. Cheetahs branched off from other cats only 17
million years ago. That makes sense: we couldn't have cheetahs without grasslands! But bobcats and lynxes branched off only 11
million years ago... and tigers just 6 million years ago!
So tigers are almost as new as us! And the modern lion, Panthera leo, is even newer. It showed up just 1 million years old, after we
tamed fire.
This changed my views a bit: I tended to think of humanity as the "new kid on the block". And okay, it's true that Homo sapiens is just
250,000 years old. But we had relatives making stone tools and fires for a lot longer!
Here's another fact that forced me to straighten out my mental chronology: the University of Oxford is older than the Aztec empire!
Teaching started in Oxford as early as 1096, and the University was officially founded in 1249. On the other hand, we can say the
Aztec empire officially started with the founding in Tenochtitlan in 1325.
And that, in turn, might explain why cell phones don't work very well here in Oxford. But I digress. Check out the tree of life, here:
OneZoom Tree of Life Explorer
July 3, 2015

This field of dunes lies on the floor of an old crater in Noachis Terra. That's one of the oldest places on Mars, scarred with many
craters, with rocks up to 4 billion years old. It's in the southern hemisphere, near the giant impact basin called Hellas, which is 2.5
times deeper than the Grand Canyon and 2000 kilometers across!
This is a 'false color' photograph - you'd need to see infrared light to see that the dunes are very different than the rock below.
These are barchans, dunes with a gentle slope on the upwind side and a much steeper slope on the downwind side where horns or a
notch can form. If you know this, you can see the wind is blowing from the southwest.
It's actually a bit of a puzzle where the sand in these dunes came from! Here's a paper on this subject:
Lori K. Fenton, Potential sand sources for the dune fields in Noachis Terra, Mars, Journal of Geophysical Research 110 (2005),
E11004.
The image is from a great series of photos taken by the HIRISE satellite, which orbits Mars and takes high resolution images:
HiRISE, Colorful dunes, October 2, 2013.
July 4, 2015
THE STRUGGLING PHYSICIST

On Quora someone asked:
How does a physicist rationalize the fact that all her/his life's work may turn out to be meaningless? A physicist may chase
a particular theory/phenomenon all his life solely because he is in love with the subject. However, knowing the history of
science, his work may get trashed anytime. How does a physicist still motivate oneself?
I replied:
There are many answers to your question.
One is optimism bias: the belief that one is likely to succeed where others have failed. It's widespread, but I suspect it's
even more common among people who work on high-risk projects - like trying to market a new invention, or trying to
figure out new fundamental laws of physics. People who are not optimistic are unlikely to succeed in physics.

(This does not imply that people who are optimistic are likely to succeed.)
Another answer: it's easy to keep thinking one will succeed in theoretical physics, compared to business, because there are
few definitive signs of failure except for making an experimental prediction and having it fail when tested. You'll notice
that string theory and loop quantum gravity, two popular theories of physics, make no definitive testable predictions at this
time. That is, there's no experiment we could do now that would definitively disprove these theories. So, no matter what
experiments are done, people can continue to work on these theories and feel their work will succeed someday.
Furthermore, physics can lead to interesting and important mathematics even if it's wrong or untestable by experiment!
String theory, in particular, has been incredibly successful as a source of mathematical ideas. So, if one is content with
that, one can remain happy.
Finally, if one loves doing something and manages to get paid to do it, it's hard to stop. And as one grows up and matures,
one may realize that there's more to life than succeeding in an ambitious dream. If one has the opportunity to be part of a
noble tradition, if one has the opportunity to teach students to continue this tradition, one should consider oneself lucky.
Nonetheless, I stopped working on quantum gravity back around 2008, and I'm very happy I did. I explained why here:
John Baez, Should I be thinking about quantum gravity?, Edge, 2008.
July 9, 2015

Climate scientists have been working hard to understand global warming. But they have a lot to deal with. First: hacking, lawsuits and
death threats. And second: the stress of trying to stay objective and scientific when you discover scary things.
Jason Box is studying how Petermann Glacier, in Greenland, is melting. He caused a stir when he read a colleague's remarks about
newly discovered plumes of methane bubbling up through the Arctic ocean. He tweeted:
If even a small fraction of Arctic sea floor carbon is released to the atmosphere, we're f'd.
His remark quickly got amplified and distorted, with headlines blaring:
CLIMATOLOGIST: METHANE PLUMES FROM THE ARCTIC MEAN WE'RE SCREWED
Notice this is not what he said. He said if. In fact, it seems that human-produced carbon dioxide will be much more important for
global warning than Arctic methane release, at least for the rest of this century. A few centuries down the line, if we don't get a handle

on this problem, then it could get scary.
But when it comes to emotions, the issue tends to boil down to: "are we fucked?"
Gavin Schmidt, one of the climate scientists whose emails got hacked, had this reaction:
"I don't agree. I don't think we're fucked. There is time to build sustainable solutions to a lot of these things. You don't
have to close down all the coal-powered stations tomorrow. You can transition. It sounds cute to say, 'Oh, we're fucked
and there's nothing we can do,' but it's a bit of a nihilistic attitude. We always have the choice. We can continue to make
worse decisions, or we can try to make ever better decisions. 'Oh, we're fucked! Just give up now, just kill me now,' that's
just stupid."
This is from an interview with John H. Richardson in Esquire. Richardson probed him a bit, and that's when it gets interesting:
"The methane thing is actually something I work on a lot, and most of the headlines are crap. There's no actual evidence
that anything dramatically different is going on in the Arctic, other than the fact that it's melting pretty much everywhere."
But climate change happens gradually and we've already gone up almost 1 degree centigrade and seen eight inches of
ocean rise. Barring unthinkably radical change, we'll hit 2 degrees in thirty or forty years and that's been described as a
catastrophe — melting ice, rising waters, drought, famine, and massive economic turmoil. And many scientists now think
we're on track to 4 or 5 degrees — even Shell oil said that it anticipates a world 4 degrees hotter because it doesn't see
"governments taking the steps now that are consistent with the 2 degrees C scenario." That would mean a world racked by
economic and social and environmental collapse.
"Oh yeah," Schmidt says, almost casually. "The business-as-usual world that we project is really a totally different planet.
There's going to be huge dislocations if that comes about."
But things can change much quicker than people think, he says. Look at attitudes on gay marriage.
And the glaciers?
"The glaciers are going to melt, they're all going to melt," he says. "But my reaction to Jason Box's comments is — what is
the point of saying that? It doesn't help anybody."
As it happens, Schmidt was the first winner of the Climate Communication Prize from the American Geophysical Union,
and various recent studies in the growing field of climate communications find that frank talk about the grim realities turns
people off — it's simply too much to take in. But strategy is one thing and truth is another. Aren't those glaciers water
sources for hundreds of millions of people?
"Particularly in the Indian subcontinent, that's a real issue," he says. "There's going to be dislocation there, no question."
And the rising oceans? Bangladesh is almost underwater now. Do a hundred million people have to move?
"Well, yeah. Under business as usual. But I don't think we're fucked."
Resource wars, starvation, mass migrations...
"Bad things are going to happen. What can you do as a person? You write stories. I do science. You don't run around
saying, 'We're fucked! We're fucked! We're fucked!' It doesn't — it doesn't incentivize anybody to do anything."
So you see, Schmidt had made up his mind to be determinedly optimistic, because he thinks that's the right approach. And
maybe he's right. But it's not easy.
Jason Box doesn't actually run around saying "we're fucked". Here's what he says:
"There's a lot that's scary," he says, running down the list.the melting sea ice, the slowing of the conveyor belt. Only in the
last few years were they able to conclude that Greenland is warmer than it was in the twenties, and the unpublished data
looks very hockey-stick-ish. He figures there's a 50 percent chance we're already committed to going beyond 2 degrees
centigrade and agrees with the growing consensus that the business-as-usual trajectory is 4 or 5 degrees. "It's, um... bad.
Really nasty."
The big question is, What amount of warming puts Greenland into irreversible loss? That's what will destroy all the coastal

cities on earth. The answer is between 2 and 3 degrees. "Then it just thins and thins enough and you can't regrow it without
an ice age. And a small fraction of that is already a huge problem.Florida's already installing all these expensive pumps."
and:
"It's unethical to bankrupt the environment of this planet," he says. "That's a tragedy, right?" Even now, he insists, the
horror of what is happening rarely touches him on an emotional level... although it has been hitting him more often
recently. "But I-I-I'm not letting it get to me. If I spend my energy on despair, I won't be thinking about opportunities to
minimize the problem."
You should read the whole article:
John H. Richardson, When the end of human civilization is your day job, Esquire, July 7, 2015.
Thanks to Rasha Kamel and Jenny Meyer for bringing this story to my attention! I find it fascinating because I notice myself tending to
study beautiful mathematics as a way to stay happy — even though I feel I should be doing something about global warming. I'm
actually trying to combine the two. But even if I can't, maybe I need to keep doing some math for purely emotional reasons.
July 18, 2015

This summer I'm working at the Centre for Quantum Technologies in Singapore again. But I spent the last week at Quantum Physics
and Logic, an annual conference at Oxford.
I'm mainly studying networks in engineering, biology and chemistry, but a lot of the math I use comes from my my old favorite
subject: quantum physics. So, it was great to see the latest things my friends and their students are doing now.
The prize-winning student paper was written by Amar Hadzihasanovic, from the computer science department at Oxford. Yes,
computer science! That's because quantum computers and quantum cryptography are hot topics now.
To explain a bit about Hadzihasanovic's paper, I have to start with Schrödinger's cat, a thought experiment in which you put a cat into a
quantum superposition of two dramatically different states: one live, one dead. Nobody has actually done this, but people have tried to
see how close they can get.
Physicists have succeeded in making light in a quantum superposition of two dramatically different states. In classical mechanics we
think of light as a wave. In a so-called cat state, we have light in a superposition of states where the peaks and valleys of this wave are
in different places.
Another kind of cat state involves a bunch of particles that can have spin pointing up or down. For example, if you have 3 of these
particles, you can make a state
↑↑↑ + ↓↓↓
It takes work to do it, though — and more work to check that you've succeeded!
The first success came in 1998, by a team of experimentalists led by Anton Zeilinger. So, this particular kind of cat state is usually
called a Greene-Horn-Zeilenger state or 'GHZ state' for short.
What's interesting about the GHZ state is that if you look at any two of the particles, you don't see the spooky quantum effect called

entanglement. Only all three particles taken together are entangled. It's like the Borromean rings, three rings that are linked even
though no two are linked to each other.
Another interesting state of 3 particles is called the 'W state':
↑↓↓ + ↓↑↓ + ↓↓↑
In this state, unlike the GHZ state, you can see entanglement by looking at any two particles.
In fact, there's a classification of states of 3 particles that can have spin up or down, and besides the boring unentangled state
↑↑↑
the only other possibilities &emdash; apart from various inessential changes, like turning up to down &emdash; are the GHZ state and
the W state.
This is why the GHZ state and W state are so important: they're fundamental building blocks of quantum entanglement, just one step
more complicated than the all-important 'Bell state'
↑↓ + ↓↑
for two particles.
What Amar Hadzihasanovic did is give a complete description of what you can do with the GHZ and W states, in terms of diagrams.
He explained how to use pictures to design states of more particles from these building blocks. And he found a complete set of rules to
tell when two pictures describe the same state!
You can see these pictures here:
Amar Hadzihasanovic, A diagrammatic axiomatisation for qubit entanglement.
Since this paper he's been working to make the rules simpler and more beautiful. There's a lot of cool math here.
The Steve Cundiff group at Marburg University is doing research on cat states of light, and the picture here comes from a page on his
work:
Quantum mechanics of nanoparticles: quantum light shaping for measurement and control, NIST, University of Colorado
Boulder.
For more, see:
Daniel M. Greenberger, Michael A. Horne, Anton Zeilinger, Going beyond Bell's Theorem.
July 20, 2015

Last week a team at CERN says they might have seen some pentaquarks! Physicists have been looking for them. Back in 2005
Japanese researchers claimed they saw some, but this was later discredited. I hope this new claim holds up.
What's a pentaquark? It's not really 5 quarks. It's actually 4 quarks and an antiquark, all held together by exchanging other particles
called gluons.
Let's start with something easier: a neutron, as shown here. A neutron consists of 3 quarks: one up quark and two down quarks. They're
actually zipping around like mad in a blurry quantum way, but this movie simplifies things.
Besides coming in various kinds, like up and down, quarks have an easily changeable property called color. This is nothing like
ordinary color — but color serves as a convenient metaphor, and physicists occasionally have a sense of humor, so that's what they
called it.
There's a lot of math underlying this story, but let's sweep that under the carpet and talk about color in simple terms, so you can explain
pentaquarks to your children and parents.
Quarks can be in 3 different colors, called 'red', 'green' and 'blue'. But they can only stick together and form a somewhat stable particle
if all three colors add up and cancel out to give something 'white'. So, protons and neutrons are made of 3 quarks.
The quarks stick together by exchanging gluons, which have subtler colors like 'red-antigreen' and 'green-antiblue'.
If you watch this movie of a neutron, you'll see a red quark emit a red-antigreen gluon and turn green. This red-antigreen gluon is then
absorbed by a green quark, turning it red. Color is conserved like this! The total color of the neutron remains white.
You can't build something white out of just a single quark, so we never see lone quarks in nature. The closest you can come is at
insanely high temperatures when everything is shaking around like mad and you get a quark-gluon plasma. I'm talking temperatures of
several trillion degrees Celsius! People have gotten this to happen at places like the Relativistic Heavy Ion Collider on Long Island,
New York.
You also never see a particle built of just 2 quarks. Again, the reason is that it can't be white.
But you can get particles built of a quark and an antiquark — their colors can cancel.
You can't build a particle out of 4 quarks, because the colors can't cancel.
But you can do 3 quarks together with an extra quark and antiquark! And that's called — somewhat misleadingly — a pentaquark.
Here's the paper:
LHCb collaboration: R. Aaij, B. Adeva, M. Adinolfi, A. Affolder, Z. Ajaltouni, S. Akar, J. Albrecht, F. Alessio, M. Alexander,
S. Ali, G. Alkhazov, P. Alvarez Cartelle, A.A. Alves Jr, S. Amato, S. Amerio, Y. Amhis, L. An, L. Anderlini, J. Anderson, G.
Andreassi, M. Andreotti, J.E. Andrews, R.B. Appleby, O. Aquines Gutierrez, F. Archilli, P. d'Argent, A. Artamonov, M. Artuso,
E. Aslanides, G. Auriemma, M. Baalouch, S. Bachmann, J.J. Back, A. Badalov, C. Baesso, W. Baldini, R.J. Barlow, C. Barschel,
S. Barsuk, W. Barter, V. Batozskaya, V. Battista, A. Bay, L. Beaucourt, J. Beddow, F. Bedeschi, I. Bediaga, L.J. Bel, V. Bellee,
N. Belloli, I. Belyaev, E. Ben-Haim, G. Bencivenni, S. Benson, J. Benton, A. Berezhnoy, R. Bernet, A. Bertolin, M.-O. Bettler,
M. van Beuzekom, A. Bien, S. Bifani and 662 other authors, Observation of J /ψp resonances consistent with pentaquark states
in Λ0b → J /K − p decays.
It's not unusual to have lots of authors on these papers, but it's rather unusual to list them in alphabetical order. I like that system,
especially since it usually puts me near the front.
In case you're wondering, the theory behind all this is quantum chromodynamics, which is based on quantum field theory, in particular
Yang-Mills theory, and on the representation theory of the group SU(3).
It is conjectured but not yet proved that quantum chromodynamics is mathematically consistent and that stable particles must all be
'white', that is, transform in the trivial representation of SU(3). We describe quarks using the fundamental representation of SU(3) on
C3 , which has 3 basis vectors whimsically called red, blue and green. We describe antiquarks using the dual representation, which has
3 basis vectors called anti-red, anti-blue and anti-green. We describe gluons using the adjoint representation, which has basis vectors
like red-antiblue.
If you want to carry the color analogy even further, you can call anti-red, anti-blue and anti-green 'cyan', 'yellow' and 'magenta'.

However, you need to be careful. Cyan, yellow and magenta do not combine to form 'black'. They form 'antiwhite', but antiwhite is
white - that's what the math says, and the math is more fundamental than the cute analogy to colors.
Also, gluons only come in 8 colors, not 9.
Puzzle 1: Why? If you know some math you may know SU(3) is 8-dimensional so we can't get 9, but try to explain the story in terms
of colors.
Puzzle 2: If you build particles using only quarks, not antiquarks, could you build something white with 4 quarks? How about 5? How
about 6? What's the rule?
For answers to the puzzles, see the comments on my Google+ post. For more, read:
Wikipedia, Color charge.
The animated gif was made by Qashqaiilove.
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It's 1 meter long and it weighs 150 kilos. When it crawls on land to lay its eggs, a green sea turtle looks clumsy and awkward. But in its
true home — the sea — it's beautiful and graceful!
And here's some good news. Back in the 1980s, when scientists first started counting the nests of green sea turtles in one area in
Florida, they found fewer than 40 nests. Now they count almost 12,000!
We can thank the Endangered Species Act, which brought sea turtles under protection in 1978. We can also thank state laws
discouraging development on Florida beaches — and the Archie Carr National Wildlife Refuge, which was established in 1991.
Endangered species can bounce back! Animals like nothing better than to breed, after all.
Sea turtles have been around since the late Triassic Period, 245 million years ago. During the Mesozoic Era turtles went back and forth
between land and sea. But modern sea turtles, with flippers instead of claws, evolved about 120 million years ago, during the
Cretaceous Period. They survived the extinction of the dinosaurs — and with a bit of luck, they'll survive us.
For more, listen to this story:

Amy Green, Florida sea turtles stage amazing comeback, All Things Considered, National Public Radio, 13 July 2015.
The picture is from here:
Stephen Brown, Palm Beach for kids: North County, Palm Beach Illustrated.
For more on the green sea turtle, Chelonia mydas, read this:
Information about sea turtles: Green Sea Turtle, Sea Turtle Conservancy.
July 30, 2015
We've just arrived in Yogyakarta today — that's a city in Java — and look what my wife Lisa has gotten us into:

These are Indonesian reporters interviewing her near the sultan's palace. She had just won a race where she had to walk 50 meters
wearing a mask like the head of a monkey. The mask covers your whole head, with no eye holes, so it prevents you from seeing. You
need to go between two banyan trees and cross the finish line without veering off the track.
Most of the contestants were Indonesian high school kids, so the reporters were interested to see an American woman try this — and
win!

A few years ago another American woman, Della Bradt, wrote:
In the middle of the square are two giant banyan trees. There is a challenge associated with these trees that we've been
itching to try since day one. You have to start from 50 meters away from the trees and you are blindfolded. Then you are
spun around 3 times to the right and 3 times to the left. Once you are oriented towards the trees, you have to walk in a
straight line through the middle of them moving from North to South. While the opening between the trees is very wide,
it's extremely difficult to accomplish. I actually failed a spectacular 3 times in a row. Each time I veered in the opposite
direction of the trees. While 2 people in our group made it, most people weren't able to. It is said that those who make it
through will have success and good fortune in their lives.
Here is someone (not Lisa) in a monkey's head mask:

Here is one of the banyan trees:

This is just one of the many adventures we had today. People here seem happy to strike up conversations. We met a music teacher who
invited us to a free gamelan class and carefully explained the cheapest ways to get to the temples of Borobudur and Prambanan, and a
soon-to-be-retired worker at a local church who walked us to a batik store near his house — cheaper and better than the more touristic
ones on the shop-lined street called Jalan Malioboro. We didn't buy anything, but it was fun to see. Similarly, it was at some local guy's
suggestion that Lisa decided to join the monkey-head race. Walking around, and being open to such random stuff, makes traveling
more fun around here.
For more of our adventures, read on!
For my August 2015 diary, go here.
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Today Lisa and I explored Prambanan, the largest Hindu temple in Java. I was overwhelmed by the massive structures at the bottom you'll see tiny people.
How was it built? It all started when a prince named Bandung Bondowoso fell in love with a beautiful princess named
Rara Jonggrang. He proposed marriage. She rejected him because he had killed her father, the cruel man-eating giant
King Boko. But Bandung Bondowoso insisted. Finally Rara Jonggrang relented and agreed to marry him... but only on
one condition: he had to build her a thousand temples in one night.
The Prince entered into meditation and conjured up a multitude of demons from the earth. With their help, he succeeded
in building 999 temples. But just as he was about to complete his task, the princess woke her palace maids and ordered
the women of the village to begin pounding rice and set a fire in the east of the temple, to make the prince and his
demons
believe that the sun was about to rise.
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As the cocks began to crow, fooled by the light and the typical sounds of morning, the prince's demon helpers fled back
into the ground. The prince was furious! In revenge he cursed Rara Jonggrang — and turned her to stone. She became
the last and most beautiful of the thousand temples.
Well, okay — this is how the local Javanese peasants _said_ these temples were built, long after they were actually built
in 850 AD, abandoned to the jungle after a volcanic eruption in 930, and partially destroyed by a major earthquake in
the 1600s. In reality they were built by the Medang Kingdom, a Hindu-Buddhist kingdom that thrived from 732 to 1006
AD, whose sphere of influence reached all the way to Angkor Wat in Cambodia.
Speaking of "demons from the earth": in California we have earthquakes, but in Java you _really_ sense the power of
shifting tectonic plates! As recently as February last year, Borobudur and Prambanan were closed due to volcanic ashes
from the eruption of a volcano called Raung 200 kilometers away. Four years earlier, a much closer volcano called
Merapi erupted. You can see this one towering over Yogyakarta on days when the clouds and smog aren't too thick. But
the ashes from that eruption missed Prambanan, and only hit Borobudur. Right now yet another volcano on Java, Raung,
is disrupting air travel to Bali.

August 4, 2015

Today Lisa and I visited Borobudur, the largest temple in Java, and the biggest Buddhist temple in the world.
Nobody knows who built it, sometime around 800 AD. It was eventually abandoned, and it lay hidden for centuries,
gradually buried by volcanic ash and thick jungle growth. In 1814, the British colonist Thomas Raffles — who also
founded Singapore — traveled through Java and heard of a huge monument near Yogyakarta, the old capital of this
island. He got a Dutch engineer to investigate, and by 1885 the jungle was cleared away and the full extent of
Borobudur was revealed!
The picture above is from Trey Ratcliff. It shows the view from the top of Borobudur, which is covered with giant belllike stupas.

Built of 2 million stone blocks, Borobudur is actually designed in the form of a mandala: a diagram of Buddhist
cosmology that serves as an aid to meditation. From above, it looks like this:

At the bottom is the outer square wall. Then there are 5 nested square levels, each a bit smaller than the one below,
connected by stairs. Then there are 3 round levels. The first has 32 bell-like stupas on it, the second has 24, and the third
has 16. Finally, there is a huge central stupa at the very top.
The bottom level of Borobodur represents Kāmadhātu: the world of desires. The ideas is that most sentient beings live
here.
The 5 square levels represent Rūpadhātu: the world of forms, or patterns. Beings who have burnt out their desire for
continued existence live here: they see forms, but aren't drawn to them.
The 3 round levels on top represent Arūpadhātu, the formless world. The idea is that buddhas live here: they go beyond
form and experience reality at its most fundamental level, the formless ocean of nirvana.
Here is a cross-section:

The idea is that pilgrims should go up one level at a time, walking all the way around and meditating on the wall
carvings and statues before climbing the steep stairs to the next level. The pilgrim's walk to the top is 5 kilometers long,
and it passes by 1460 stone panels illustrating stories, as well as 1212 decorated panels.
Here's Lisa walking along one of the lower terraces of Borobudur, looking at these panels. She's somewhere in
Rūpadhātu, the world of forms:

August 6, 2015

As we remember the bombing of Hiroshima 70 years ago today, let's not forget that the US strategy of mass slaughter of
Japanese civilians didn't start there. 70 years ago on March 10th, even more people were killed in the firebombing of
Tokyo — a city where most houses were made of paper.
279 planes flew over the city and dropped 1,665 tons of bombs. Most were 500-pound cluster bombs, each one releasing
38 incendiary bomblets at an altitude of about 2000 feet. These bomblets punched through the roofs of people's houses
or landed on the ground and ignited 3.5 seconds later, throwing out jets of flaming, sticky napalm.
The planes also dropped 100-pound jelled-gasoline and white phosphorus bombs that ignited upon impact. The city's
fire departments were overwhelmed, and the individual fires started by the bombs joined to create a huge conflagration
that destroyed 16 square miles of the city. Over 100,000 people died — nobody knows how many, and both the
Japanese and Americans had reasons to underestimate the casualties.
General Curtis LeMay, who led this attack, said:
Killing Japanese didn't bother me very much at that time... I suppose if I had lost the war, I would have
been tried as a war criminal.
Joe O'Donnell, a marine sent in after the war to document the effects of the bombing, wrote:
The people I met, the suffering I witnessed, and the scenes of incredible devastation taken by my camera
caused me to question every belief I had previously held about my so-called enemies.

The picture above shows the charred corpse of a woman in Tokyo who was carrying a child on her back. In this style of
war, cities of people, many perfectly innocent, are treated like rats to be exterminated. Martin Middlebrook captured the
horror of this in Hamburg, one of the German cities firebombed by the US:
A thermal column of wind generated heat in excess of 1,400 degrees Fahrenheit, melting trolley windows
and the asphalt in streets, the wind uprooting trees. When people crossed a street, their feet stuck in the
melted asphalt; they tried to extricate themselves with their hands, only to find them stuck as well. They
remained on all fours screaming. Small children lay like "fried eels" on the pavement. The firestorm sucked
all the oxygen out of the city.
Let's try to avoid this, eh? It's not necessarily easy, and I'm not saying I know how, but let's try to avoid making our
world into a hell.
(Over on Google+, we had a conversation about how.)
August 12, 2015
THE CONIC SECTIONS

Here you can see a plane moving though a cone. Most of the time the plane intersects the cone in a curve. These curves
are called 'conic sections'. They have famous names and formulas:
Circles: x 2 + y 2 = r 2 with r > 0
Ellipses: ax 2 + by 2 = r 2 with a, b, r > 0
Hyperbolas: ax 2 − by 2 = r 2 with a, b, r > 0
Parabolas: y = ax 2 with a > 0
I haven't given the most general formula for each kind of curve, but my formulas are enough to describe all possible
shapes and sizes of these curves. For example, if you have an upside-down parabola y = − 2x 2 you can rotate it so it

looks like y = x 2. So, I say they have the same shape, and I don't bother listing both.
However, there are a few other cases that aren't on this list, which are still extremely important! These are the other
shapes you can define using equations of the form
ax 2 + bxy + cy 2 = 0
You can get two lines that cross. This equation
x(y − mx) = 0
describes a vertical line together with a line of slope m.
You can get a line:
x2 = 0
You can get a point:
x2 + y2 = 0
Ordinary folks wouldn't call these 'curves'. The last two special cases are especially upsetting! But the famous
mathematician Grothendieck figured out a way to improve algebraic geometry so that these cases are on the same
footing as the rest. In particular, he made it really precise how
x2 = 0
is different, in an important way, from
x=0
The second one is an ordinary line, given by a linear equation. The first one is a 'double line', the limit of two lines as
they get closer and closer! Watch the movie and see how we get to this 'double line', and you'll see what I mean.
People in algebraic geometry had already thought about 'double lines' and similar things, but Grothendieck's theory of
'schemes' explained what these things really are. Whatever it is, a double line is not just set of points in the plane — if
we look at the set of points, there's no difference between the double line
x2 = 0
and the single line
x=0
The double line is something else — it's a 'scheme'.
But now it's time for breakfast, so I can't tell you what a 'scheme' actually is. Instead, I'll just say this. Any set of
polynomial equations defines an 'affine scheme', and that's not a very complicated thing. Alexander Grothendieck's real
stroke of genius was to develop a more general notion of scheme, which is built out of pieces that are affine schemes.
Grothendieck developed schemes, and more, as part of his attack on a very hard problem in number theory, called the
Weil conjectures. But his attack was a gentle one. Instead of using brute force to crack this nut, he preferred to slowly
'soften' the problem by inventing new concepts. Here's what he wrote about this:
The analogy that came to my mind is of immersing the nut in some softening liquid, and why not simply
water? From time to time you rub so the liquid penetrates better, and otherwise you let time pass. The shell

becomes more flexible through weeks and months — when the time is ripe, hand pressure is enough, the
shell opens like a perfectly ripened avocado!
The gif in this post is from Math Gif.
August 14, 2015

Newton said he saw further because he stood on the shoulders of giants. But this amazing sculpture illustrates how we're
also weighed down and blinded by the prejudices of those who came before us — who were in turn blinded by their
predecessors.

This sculpture is called 'Karma'. It was made by the Korean artist Do Ho Suh. It looks infinitely tall, especially in the
first picture above. But in fact it's 7 meters tall (23 feet), built from 98 figures of men, each one covering the eyes of the
one below. I think it looks taller because they shrink as you go further up, providing a false perspective that makes them
seem to go on forever. You can see more photos here:
Pinar, Statues of blinded men ascending high into the sky, My Modern Met, February 26, 2013.
The photos were taken by by Lehmann Maupin, Alan Teo and Eric Harvey Brown, and CamWall.
This sculpture can be seen at the Sydney and Walda Besthoff Sculpture Garden at the New Orleans Museum of Art, so
if you're anywhere near New Orleans, check it out!

As I mentioned, Newton said:
If I have seen further, it is by standing on the shoulders of giants.
He said this in response to a letter to his competitor Robert Hooke, and some have interpreted it as a sarcastic poke at
Hooke's slight build. But in fact they were on good terms at the time, and came to dislike each other only later.
Murray Gell-Mann, the theoretical physicist who came up with the idea of 'quarks', was definitely taking a poke at his
competitors when he said:
If I have seen further, it is because I was surrounded by dwarves.
Ouch! Over on G+, Esko Arajärvi provided some other versions:
In the sciences we are now uniquely privileged to sit side by side with the giants on whose shoulders we
stand. — Gerald Holton
If I have not seen as far as others, it is because giants were standing on my shoulders. — Hal Abelson
For more on the history of such quotes, see:
Wikipedia, Standing on the shoulders of giants.
August 15, 2015

Brian Koberlein, one of the most consistently energetic and interesting people on Google+, recently wrote about how to
make a black hole.
His recipe works like this:
INGREDIENTS: one small neutron star, one solar mass of hydrogen.
Take a neutron star 2 weighing solar masses. Gradually add one solar mass of hydrogen gas, letting it fall to
the surface of the neutron star. Be careful: if you add too much too quickly, you'll create a huge nuclear
explosion called a nova. When your neutron star reaches 3 solar masses, it will collapse into a black hole.
This is the smallest type of black hole we see in nature. The problem with this recipe is that we'd need to become at least

a Kardashev Type II civilization, able to harness the power of an entire star, before we could carry it out.
My friend Louis Crane, a mathematician at the University of Kansas, has studied other ways to make a black hole. It's
slightly easier to make a smaller black hole — and perhaps more useful, since the Hawking radiation from a small black
hole could be a good source of power.
Crane is interested in powering starships, but we could also use this power for anything else. It's the ultimate power
source: you drop matter into your black hole, and it gets turned into electromagnetic radiation!
Unfortunately, even smaller black holes are tough to make. Say you want to make a black hole whose mass equals that
of the Earth. Then you need to crush the Earth down to the size of a marble. The final stage of this crushing process
would probably take care of itself: gravity would do the job! But crushing a planet to half its original size is not easy. I
have no idea how to do it.
Luckily, to make power with Hawking radiation, it's best to make a much smaller black hole. The smaller a black hole
is, the more Hawking radiation it emits. Louis Crane recommends making a black hole whose mass is a million tonnes.
This would put out 60,000 terawatts of Hawking radiation. Right now human civilization uses only 20 terawatts of
power. So this is a healthy power source.
You have to be careful: the radiation emitted by such a black hole is incredibly intense. And you have to keep feeding it.
You see, the smaller a black hole is, the more Hawking radiation it emits — and as it emits radiation, it shrinks!
Eventually it explodes in a blaze of glory: in the final second, it's about 1/100 as bright as the Sun. To keep your black
hole from exploding, you need to keep feeding it. But for a black hole a million tons in mass, you don't need to rush: it
will last about a century before it explodes if you don't feed it.
Unfortunately, to make a black hole that weighs a million tonnes, you need to put a million tonnes of mass in a region
1/1000 times the diameter of a proton.
This is about the wavelength of a gamma ray. So, if we could make gamma ray lasers, and focus them well enough, we
could in theory put enough energy in a small enough region to create a million-ton black hole. He says:
Since a nuclear laser can convert on the order of 1/1000 of its rest mass to radiation, we would need a lasing
mass of about a gigatonne to produce the pulse. This should correspond to a mass of order 10 gigatonnes
for the whole structure (the size of a small asteroid). Such a structure would be assembled in space near the
sun by an army of robots and built out of space-based materials. It is not larger than some structures human
beings have already built. The precision required to focus the collapsing electromagnetic wave would be of
an order already possible using interferometric methods, but on a truly massive scale. This is clearly
extremely ambitious, but we do not see it as impossible.
I'm not holding my breath, but with luck our civilization will last long enough, and do well enough, to try this someday.
For details, see:
Louis Crane and Shawn Westmoreland, Are black hole starships possible?
Here is Brian Koberlein's post on how to build a black hole:
How to build a black hole, One Universe at a Time, August 13, 2015.
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It's a bit surprising. You can take 8 perfectly rigid regular tetrahedra and connect them along their edges to form a ring
that you can turn inside-out!
It's called a 'kaleidocycle', and you can actually make one with any even number of tetrahedra, as long as you have at
least 8. Fewer than 8, and they bump into each other.
You can see kaleidocycles with 8, 10, and 12 tetrahedra here:
Archery, Kaleidocycle, Into the Continuum, March 19, 2013.
You can also make kaleidocycles out of paper:
Kaleidocycles, Mathematische Basteilein.
and this website shows other kinds, too. For example, there's a kaleidocycle that's a ring of 16 pyramids, all the same
size and shape, that folds up into a perfect regular tetrahedron! And there's another made of 16 pyramids, all some other
size and shape, that folds into an octahedron!
What's all this good for? I have no idea. But it illustrates the limits of the Rigidity Theorem. This theorem says if the
faces of a convex polyhedron are made of a rigid material and the polyhedron edges are hinges, the polyhedron can't
change shape at all: it's rigid. The kaleidohedra show this isn't true for a polyhedron with a hole in it.
Of course, having a hole is an extreme case of being nonconvex. To be nonconvex, your polyhedron only needs to have
a 'dent' in it. And there are nonconvex polyhedra without a hole that aren't rigid! The first of these was discovered by a
guy named Connelly in 1978. It has 18 triangular faces.

In 1997, Connelly, Sabitov and Waltz proved something really cool: the Bellows Conjecture. This says that a
polyhedron that's not rigid must keep the same volume as you flex it!
The famous mathematician Cauchy claimed to prove the Rigidity Theorem in 1813. But there was a mistake in his
proof. Nobody noticed it for a long time. It seems mathematician named Steinitz spotted the mistake and fixed it in a
1928 paper.
Puzzle 1: what was the mistake?
Still, people often call this result 'Cauchy's Theorem', which is really unfair, especially since Cauchy has other, better,
theorems named after him.
Later the rigidity theorem was generalized to higher-dimensional convex polytopes. (A polytope is a higher-dimensional
version of a polyhedron, like a hypercube.)
It's also been shown that 'generically' polyhedra are rigid, even if they're not convex. In other words: if you take one
that's not rigid, you can change its shape just a tiny bit and get one that's rigid.
So, there are lots of variations on this theme: it's very flexible.
Puzzle 2: can you make higher-dimensional kaleidocycles out of higher-dimensional regular polytopes? For example, a
regular 5-simplex has 6 corners; if you attach 3 corners of one to 3 corners of another, and so on, maybe you can make a
flexible ring. Unfortunately this is in 5 dimensions — a 4-simplex has 5 corners, which doesn't sound so good, unless
you leave one corner hanging free, in which case you can just take the movie here and imagine it as the 'bottom' of a 4d
movie where each tetrahedron is the 'base' of a 4-simplex: sort of boring.
Puzzle 3: is a version of the Bellows Conjecture true in higher dimensions?
For more, check out these:
Flexible polyhedron, Wolfram Mathworld.
Cauchy's Theorem (geometry), Wikipedia.
For some answers and discussions, see my G+ post.
August 19, 2015
COLLIDING KALEIDOCYCLE

My last entry showed a 'kaleidocycle' — a ring of 8 regular tetrahedra joined edge to edge, that you could turn inside
out. I said you could build one with any even number of tetrahedra that's at least 8.
Then somebody told me he'd built one with just 6.
Here is Greg Egan's movie of what happens if you try a kaleidocycle with 6 regular tetrahedra. They collide! Very
slightly. So, it's not a true kaleidocyle: it's a 'collidocyle'.
In other words: if these tetrahedra are completely rigid, they must pass through each other as they turn. But if you made
one out of paper, you might be able to force it to work, by bending the paper slightly.
Puzzle 1: Give a mathematical proof that the tetrahedra here must intersect at some point, if they're completely rigid.
Puzzle 2: What's the maximum fraction of the volume here that's contained in the intersection of at least two tetrahedra?
It looks like about 2% to me.
Greg Egan made his gif by adapting the Mathematica code at the website I showed you before:
Archery, Kaleidocycle, Into the Continuum, March 19, 2013.
If you view the collidocycle directly from the top, it's very confusing:

August 24, 2015
THE COLLISION OF PROMETHEUS AND PANDORA

Prometheus and Pandora were characters in a Greek myth, but now they are moons of Saturn. They both orbit close to
Saturn's F ring, zipping around this planet once every 15 hours or so.
Here you can see Prometheus carving strange slots in the F ring:

This ring is made of ice boulders, maybe up to 3 meters across. Sometimes these chunks of ice form temporary clumps
up to 10 kilometers in size. At other times, these clumps get pulled apart. Prometheus steals boulders from the F ring
with its gravitational pull. And each time it comes as close as possible to Saturn, it carves a new slot in the F ring.
Why does this happen? It's complicated, and people keep learning more about it. I'm certainly no expert!
People used to call Prometheus and Pandora shepherd moons. The idea was that they help stabilize the F ring. It's an
attractive notion. The singer Enya even made an album with this title.
But more recent work casts doubt on this theory. Last month Emily Lakdawalla of the Planetary Society wrote:
The most surprising thing I've learned: You know how Prometheus and Pandora are the F ring shepherds?
Prometheus on the inside, and Pandora on the outside, herding the billions of tiny particles that make up the
ring into place? It's not true. Pandora is not involved in controlling the F ring's tight shape.
The first paper I looked at was written by Jeff Cuzzi and seven coauthors: "Saturn's F Ring core: Calm in
the midst of chaos." (Let's pause for a moment to appreciate the quality of that paper title, which is both
interesting and accurate, not boring or silly.) The paper seeks to explain why the central core of Saturn's F
ring is so consistently shaped, even though various things are constantly acting to perturb it. In particular,
Prometheus periodically plunges into the F ring, drawing out dramatic streamers and fans. In fact,
Prometheus and Pandora, far from behaving as shepherds, actually act to stir up the motions of particles in
most of the region near the F ring. Furthermore, there are other bodies that Cassini has spotted in the F ring
region whose behavior is so chaotic that it's been hard to follow them; these things have "violent collisional
interactions with the F ring core," so, all in all, it's really difficult to explain why the core of the F ring
generally looks the same as it has ever since the Voyagers passed by.
According to her account of some recent papers, the key is a kind of resonance. Resonant frequencies shape Saturn's

rings in many ways, but here the key is something called a 'Lindblad resonance'.
The orbit of Prometheus precesses. In other words, the point of this moon's closest approach to Saturn keeps slowly
moving around. So, the period with which this moon orbits Saturn is slightly different than the period with which it
moves in and out from Saturn. A 'Lindblad resonance' happens when a chunk of ice goes around Saturn exactly once
each time Prometheus goes in and out! Lakdawalla writes:
So: consider a moon and a ring particle orbiting Saturn. We don't care (for the moment) what the orbital
periods of the moon and ring particles are; what we do care about is the "in-and-out" period of the ring
particle in its orbit. You have a Lindblad resonance if, every time the moon passes by the ring particle, the
ring particle happens to be on the same position in its in-and-out motion.
The full story is even more complicated than that — obviously, since it has to explain all the weird patterns in the
picture here. The F ring consists of several strands, which braid around each other, and have strange kinks in them:

But I'll let you read Lakdawalla's blog for more:
Emily Lakdawalla, On the masses and motions of mini-moons: Pandora's not a "shepherd," but Prometheus still
is, The Planetary Society, July 5, 2014.
What I really want to tell you is some other news: how the F ring was formed in the first place!
It's in an interesting place. Any moon too close to Saturn would be broken up by tidal forces unless it was held together
by forces stronger than gravity. The fluid Roche limit says how close is too close: it's 147,000 kilometers from the
center of Saturn. The F ring is 140,180 kilometers from the center of Saturn. So it's just within the fluid Roche limit.
Pandora and Prometheus are within that limit too — but being at least slightly rigid, they can avoid being stretched and
broken apart.
That could be a clue. But how did the F ring actually form? A new paper says it was created by a collision between
Prometheus and Pandora! The authors write:
Saturn's F ring is a narrow ring of icy particles, located 3,400 km beyond the outer edge of the main ring
system. Enigmatically, the F ring is accompanied on either side by two small satellites, Prometheus and
Pandora, which are called shepherd satellites. The inner regular satellites of giant planets are thought to
form by the accretion of particles from an ancient massive ring and subsequent outward migration.
However, the origin of a system consisting of a narrow ring and shepherd satellites remains poorly

understood. Here we present N-body numerical simulations to show that a collision of two of the small
satellites that are thought to accumulate near the main ring.s outer edge can produce a system similar to the
F ring and its shepherd satellites. We find that if the two rubble-pile satellites have denser cores, such an
impact results in only partial disruption of the satellites and the formation of a narrow ring of particles
between two remnant satellites. Our simulations suggest that the seemingly unusual F ring system is a
natural outcome at the final stage of the formation process of the ring-satellite system of giant planets.
If so, the F ring and these moons have been engaged in a drama for millions of years, starting with the very formation of
Saturn's rings. We missed the beginning of the show.
The paper is here, but it ain't free:
Ryuki Hyodo and Keiji Ohtsuki, Saturn's F ring and shepherd satellites a natural outcome of satellite system
formation, Nature Geoscience (2015).
The other paper I mentioned is free:
J. N. Cuzzi, A. D. Whizin, R. C. Hogan, A. R. Dobrovolskis, L. Dones, M. R. Showalter, J. E. Colwell and J. D.
Scargle, Saturn's F ring core: calm in the midst of chaos.
Abstract: The long-term stability of the narrow F Ring core has been hard to understand. Instead of acting
as 'shepherds', Prometheus and Pandora together stir the vast preponderance of the region into a chaotic
state, consistent with the orbits of newly discovered objects like S/2004 S 6. We show how a comb of very
narrow radial locations of high stability in semimajor axis is embedded within this otherwise chaotic region.
The stability of these semimajor axes relies fundamentally on the unusual combination of rapid apse
precession and long synodic period which characterizes the region. This situation allows stable
'antiresonances' to fall on or very close to traditional Lindblad resonances which, under more common
circumstances, are destabilizing. We present numerical integrations of tens of thousands of test particles
over tens of thousands of Prometheus orbits that map out the effect. The stable antiresonance zones are
most stable in a subset of the region where Prometheus first-order resonances are least cluttered by Pandora
resonances. This region of optimum stability is paradoxically closer to Prometheus than a location more
representative of 'torque balance', helping explain a longstanding paradox. One stable zone corresponds
closely to the currently observed semimajor axis of the F Ring core. While the model helps explain the
stability of the narrow F Ring core, it does not explain why the F Ring material all shares a common apse
longitude; we speculate that collisional damping at the preferred semimajor axis (not included in the current
simulations) may provide that final step. Essentially, we find that the F Ring core is not confined by a
combination of Prometheus and Pandora, but a combination of Prometheus and precession.
Whew — that's complicated!
By the way, S/2004 S 6 is a weird little thing they've discovered in the F ring. Nobody even knows if it's solid or just a
clump of dust. You can see it here:

Here is another shot of Prometheus and the F ring:

You can see it stealing ice from the F ring! By the way, I shaded all these pictures blue just for artistic effect; they were
black and white. Click on the pictures for the originals.
August 28, 2015

There's a game called Robocraft where you try to destroy your enemy's "protonium reactors". These are imaginary
devices powered by imaginary "protonium crystals". But I think reality is cooler than any fantasy, so I'm not interested
in that crap. I'm interested in actual protonium!
Protonium is a blend of matter and antimatter. It's a kind of exotic atom made of a proton and an antiproton. A proton is
positively charged, so its antiparticle, the antiproton, is negatively charged. Opposite charges attract, so a proton and an
antiproton can orbit each other. That gives protonium.
A proton and an electron can also orbit each other, and that's called hydrogen. But there are a few big differences
between hydrogen and protonium.
First, hydrogen lasts forever, but protonium does not. When they meet, the proton and antiproton annihilate each other.
How long does it take for this to happen? It depends on how they're orbiting each other.
In both hydrogen and protonium, various orbits are possible. Particles are really waves, so these orbits are really
different wave patterns, like different ways a trampoline can wiggle up and down. These patterns are called orbitals.
Orbitals are labelled by numbers called quantum numbers. If a hydrogen atom isn't spinning at all, it will be spherically
symmetric. Then you just need one number, cleverly called n, to say what its wave pattern looks like.
The picture here shows the orbital with n = 30. It has 30 wiggles as you go from the center outwards. It's really 3dimensional and round, but the picture shows a circular slice. The height of the wave at some point says how likely you
are to find the electron there. So, the electron is most likely to be in the orange region. It's very unlikely to be right in the
middle, where the proton sits.
The same math works for protonium! There's another big difference to keep in mind: the proton and antiproton have the
same mass, so they both orbit each other. But we can track just one of them, moving around their shared center of mass.
Then protonium works a lot like hydrogen. You get spherically symmetric orbitals, one for each choice of that number
called n.
So: if you can make protonium in a orbital where n = 30, it's unlikely for the two protons to meet each other. Gradually
your protonium will emit light and jump to orbitals with lower n, which have less energy. And eventually the proton and
antiproton will meet... and annihilate in a flash of gamma rays, which are just a powerful form of light.

How long does this take? For n = 30, about 1 microsecond. And if you make protonium with n = 50, it lasts about 10
microseconds.
That doesn't sound long, but in particle physics it counts as a pretty long time. Probably not long enough to make
protonium crystals, though!
Protonium was first made around 1989. Around 2006 people made a lot of it using the Antiproton Decelerator at CERN.
This is just one of the many cool gadgets they keep near the Swiss-French border.
You see, to create antimatter you need to smash particles at each other at almost the speed of light — so the antiparticles
usually shoot out really fast. It takes serious cleverness to slow them down and catch them without letting them bump
into matter and annihilate.
Once they managed to do this, they caught the antiprotons in a Penning trap. This holds charged particles using
magnetic and electric fields. Then they cooled the antiprotons — slowed them even more — by letting them interact
with a cold gas of electrons. Then they mixed in some protons. And they got protonium — enough to really study it!
The folks at CERN have also made antihydrogen, which is the antiparticle of an electron orbiting an antiproton. And
they've made antiprotonic helium, which is an antiproton orbiting a helium atom with one electron removed! The
antiproton acts a bit like the missing electron, except that it's 1836 times heavier, so it must orbit much closer to the
helium nucleus.
There are even wackier forms of matter in the works — or at least, in the dreams of theoretical physicists. But that's
another story for another day.
Here's the 2008 paper about protonium:
N. Zurlo, M. Amoretti, C. Amsler, G. Bonomi, C. Carraro, C. L. Cesar, M. Charlton, M. Doser, A. Fontana, R.
Funakoshi, P. Genova, R. S. Hayano, L. V. Jorgensen, A. Kellerbauer, V. Lagomarsino, R. Landua, E. Lodi
Rizzini, M. Macri, N. Madsen, G. Manuzio, D. Mitchard, P. Montagna, L. G. Posada, H. Pruys, C. Regenfus, A.
Rotondi, G. Testera, D. P. Van der Werf, A. Variola, L. Venturelli and Y. Yamazaki, Production of slow
protonium in vacuum, Hyperfine Interactions 172 (2006), 97–105.
The child in me thinks it's really cool that there's an abbreviation for protonium, Pn, just like a normal element.
Puzzle 1: about how big is protonium in its n = 1 orbital, compared to hydrogen in its n = 1 orbital? I've given you all
the numbers you need to estimate this, though not all the necessary background in physics.
In Puzzle 1 you're supposed to assume protonium in its n = 1 state is held together by the attraction of opposite charges,
just like hydrogen. But is that true? If the proton and antiproton are too close, they'll interact a lot via the strong force!
Puzzle 2: The radius of hydrogen in its n = 1 state is about 50,000 femtometers, while the radius of a proton is about 1
femtometer. Using your answer to Puzzle 1, compare the radius of protonium in its n = 1 orbital to the radius of a
proton.
If protonium is a lot bigger than a proton, it's probably held together mostly in the same way as hydrogen: by the
electromagnetic force.
For answers to the puzzles, and other cool facts, read the comments on my G+ post.
For my September 2015 diary, go here.
© 2015 John Baez
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Can you say what's going on in this gif by intothecontinuum?
If you get stuck, you can read the Mathematica code on his website, or check out the comments on my G+ post. But it's
probably more fun to watch it carefully and see for yourself!
September 3, 2015

Processing math: 61%

The British mathematician James Joseph Sylvester, who lived from 1814 to 1897, was one of the first to dig deeply into the
beautiful patterns you can form using finite sets. But he got into lots of trouble.
For example, he entered University College London at the age of 14. But after just five months, he was accused of
threatening a fellow student with a knife in the dining hall! His parents took him out of college and waited for him to grow
up a bit more.
He began studies in Cambridge at 17. Despite being ill for 2 years, he came in second in the big math exam called the
tripos. But he couldn't get a degree... because he was Jewish.
After just a few months, a student reading a newspaper in one of Sylvester's lectures insulted him. Sylvester struck him with
a sword stick. The student collapsed in shock. Sylvester thought he'd killed the guy! He fled to New York where one of his
brothers was living.
Later he came back. According to the online biography I'm reading, "the abuse suffered by Sylvester from this student got
worse after this". Soon he quit his job.
He returned to England and took up a job at a life insurance company. He needed a law degree for this job, and in his
studies he met another mathematician, five years younger, studying law: Cayley! They worked together on matrices and
invariant theory.
Sylvester only got another math job in 1855, at the Royal Military Academy of Woolwich. He was 41. At age 55 they made
him retire — that was the rule — but for some reason the school refused to pay his pension!
The Royal Military Academy only relented and paid Sylvester his pension after a prolonged public controversy, during
which he took his case to the letters page of The Times.

When he was 58, Cambridge University finally gave him his BA and MA.
At age 62, Sylvester went back to the United States to become the first professor of mathematics at the newly founded
Johns Hopkins University in Baltimore, Maryland. His salary was $5,000 — quite generous for the time.
He demanded to be paid in gold.
They wouldn't pay him in gold, but he took the job anyway. At age 64, he founded the American Journal of Mathematics.
At 69, he was invited back to England to become a professor at Oxford. He worked there until his death at age 83.
One thing I like about Sylvester is that he invented lots of terms for mathematical concepts. Some of them have caught on:
matrix, discriminant, invariant, totient, and Jacobian! Others have not: cyclotheme, meicatecticizant, tamisage and dozens
more.
Among many other things, Sylvester discovered soe special features of 6-element sets. Sylvester defined a 'duad' to be a
way of choosing 2 things from a set. A set of 6 things has 15 duads. A hypercube has 16 corners. The picture by Greg Egan
above shows a hypercube with 15 of its 16 corners labelled by duads. The bottom corner is different.
This may seem just cute, but in fact it can help you visualize a rather wonderful fact: the group of permutations of 6 things
is isomorphic to the symmetry group of a 4-dimensional symplectic vector space over the field with 2 elements.
For details, read this:
John Baez, Hypercube of duads, Visual Insight, September 1, 2015.
While I've told you some of the tawdry details of Sylvester's life, like any great mathematician he spent muxh of his life
immersed in worlds of abstract beauty.
He also loved poetry, and translated poems into English from French, German, Italian, Latin and Greek.
September 7, 2015
A picture proof that √2 is irrational

This Friday I was hanging out and drinking beer with some philosophy professors. This is always fun, because they think
sort of like me, but different. They seem more optimistic about our ability to solve all sorts of puzzles just by talking.
To annoy them a bit, I said that philosophers are great at verbal reasoning, but mathematicians should be good at three kinds

of reasoning: verbal, symbolic and visual reasoning.
In response, one of them showed me this picture proof that √2 is irrational.
We just need to show that it's impossible to have
a2 = b2 + b2
for whole numbers a and b. So let's do a proof by contradiction. We can assume a is the smallest whole number that obeys
this equation for some whole number b. We'll get a contradiction by finding an even smaller one.
We do it by drawing a picture.
The big square in this picture is an a × a square. The two light blue squares, which overlap in the middle, are b × b squares.
The area of the big square is the sum of the areas of the light blue squares. But there are two problems. First, the light blue
squares overlap. Second, they don't cover the whole big square! These two problems must exactly cancel out.
So, the area of the overlap — the dark blue squares — must exactly equal the area that's not covered — the two pink
squares.
So, the area of the dark blue square is the sum of the areas of the pink squares! But the lengths of the sides of these must be
whole numbers, say c and d. So we have
c 2 = d2 + d2
But c is smaller than a. So, we get a contradiction!
Actually this proof uses a mix of verbal and visual reasoning, with just a tiny touch of symbolic reasoning. I wrote the
formulas like a2 = b2 + b2 just to speed things up a bit and reassure you that this was math. I didn't really do anything with
them.
The philosophers who told me about this are Mike Pelczar and Ben Blumson. The picture here comes from a website Mike
pointed me to:
David Richeson, Tennenbaum's proof of the irrationality of the square root of 2.
Richeson says:
Apparently the proof was discovered by Stanley Tennenbaum in the 1950's but was made widely known by
John Conway around 1990. The proof appeared in Conway's chapter "The Power of Mathematics" of the book
Power, which was edited by Alan F. Blackwell, David MacKay (2005).
On the other hand, Ben says John Bigelow published the proof in his book The Reality of Numbers in 1988, without citing
anyone.
We wondered if it was known to the ancient Greeks.
You can do similar proofs of the irrationality of √3, √5, √6 and √10:
Stephen J. Miller and David Montague, Irrationality from the book.
And this particular style of proof by contradiction is famous! It's called proof by infinite descent. You assume you have the
smallest whole number that's a counterexample to something you want to prove, and then you cook up an even smaller one.
It's really just mathematical induction in disguise, but it's more fun. It was developed by Pierre Fermat — who, by the way,
was a lawyer.

If you want to take all the fun out of the proof I just gave, you can do it like this.
Assume a is the smallest whole number for which there's a whole number b with
a2 = b2 + b2
Let
c = 2b − a
and
d=a−b
Then c and d are whole numbers and
c 2 = d2 + d2
(You can do some algebra to check this.) But c < a, so we get a contradiction.
Wikipedia shows you how to prove by infinite descent that whenever n is a whole number, either √n is a whole number or
it's irrational:
Proof by infinite descent, Wikipedia.
Fermat did a lot more interesting stuff with this method, too!
September 9, 2015

Right now physicists are struggling with the 'firewall paradox' — a problem in our theory of black holes. But this is far
from the first time physicists have been stuck with an annoying 'paradox'.

Back in the late 1800s, physicists noticed that an electron should get mass from its electric field. Nowadays we'd say this is
obvious. The electric field has energy, and E = mc 2, so it contributes to the mass of the electron. But this was before special
relativity!
How did they figure it out? They were very clever. They used Newton's F = ma. When you push on something with a
force, you can figure out its mass by seeing how much it accelerates!
So, they did some calculations. When you push on an electron with a force, you also affect its electric field. It's like the
electron has a cloud around it, that follows wherever the electron goes. This makes it harder to accelerate the electron. So, it
effectively increases the electron's mass. They calculated this extra mass.
They also did an easier calculation: how much energy this electric field has!
Say m is the extra mass due to the electric field surrounding the electron, and E is the energy of this electric field. Then they
discovered that
E=

3
4

mc 2

Whoops!
Had they made an algebra mistake? Not really.
Some really smart people all got the same answer! Oliver Heaviside got it in 1889 — he was one of the world's smartest
electrical engineers. J.J. Thomson got it in 1893 — he's the guy who discovered the electron! Hendrik Lorentz kept getting
the same answer, even as late as 1904 — and he's one of the people who paved the way for relativity!
But in 1905, Einstein wrote his paper showing that E = mc 2 is the only possible answer that makes sense.
So what went wrong?
All those guys were assuming the electron was a little sphere of charge. Why? In their calculations, if was a point, the
energy in its electric field would be infinite, because the electric field gets extremely strong near that point. The mass
contributed by this field would also be infinite.
If the electron were a tiny sphere, they could avoid those infinite answers.
3

But then they ran into this E = 4 mc 2 problem. Why? Because electrical charges of the same sign repel each other. So a tiny
sphere of charge would explode if something weren't holding it together. And that something — whatever it is — might
have energy. But their calculation ignored that extra energy.
In short, their picture of the electron as a tiny sphere of charge, with nothing holding it together, was incomplete. And their
calculation showing E = \frac{3}{4}mc^2, together with special relativity saying E = mc^2, shows this incomplete picture
is inconsistent.
So in the end, it's not a case of people being stupid. It's a case of people discovering something interesting... by taking a
plausible idea and showing it can't work.
If you want the details, read what Feynman has to say:
Richard Feynman, Electromagnetic mass.
He does all the calculations that explain this problem. I've been reading his books since high school, but never really
understood this part until now. I'm thinking about problems with infinity in physics.

Here's a bit of what he says:
The discrepancy between the two formulas for the electromagnetic mass is especially annoying, because we
have carefully proved that the theory of electrodynamics is consistent with the principle of relativity. [...] So we
are in some kind of trouble; we must have made a mistake. We did not make an algebraic mistake in our
calculations, but we have left something out.
In deriving our equations for energy and momentum, we assumed the conservation laws. We assumed that all
forces were taken into account and that any work done and any momentum carried by other 'nonelectrical'
machinery was included. Now if we have a sphere of charge, the electrical forces are all repulsive and an
electron would tend to fly apart. Because the system has unbalanced forces, we can get all kinds of errors in the
laws relating energy and momentum. To get a consistent picture, we must imagine that something holds the
electron together. The charges must be held to the sphere by some kind of rubber bands.something that keeps
the charges from flying off. It was first pointed out by Poincaré that the rubber bands — or whatever it is that
holds the electron together — must be included in the energy and momentum calculations. For this reason the
extra nonelectrical forces are also known by the more elegant name "the Poincaré stresses". If the extra forces
are included in the calculations, the masses obtained in two ways are changed (in a way that depends on the
detailed assumptions). And the results are consistent with relativity; i.e., the mass that comes out from the
momentum calculation is the same as the one that comes from the energy calculation. However, both of them
contain two contributions: an electromagnetic mass and contribution from the Poincaré stresses. Only when the
two are added together do we get a consistent theory.
This was a bummer back around 1905, because people had actually hoped all the mass of the electron was due to its electric
field. Note: this extra assumption is not required for the E = \frac{3}{4}mc^2 problem to bite you in the butt. It's already a
problem that the energy due to the electric field is \frac{3}{4}mc^2 where m is the mass due to the electric field. But the
solution to the problem — extra 'rubber bands' — killed the hope that the electron could be completely understood using
electromagnetism.
It is therefore impossible to get all the mass to be electromagnetic in the way we hoped. It is not a legal theory if we have
nothing but electrodynamics. Something else has to be added. Whatever you call them — 'rubber bands', or 'Poincaré
stresses', or something else — there have to be other forces in nature to make a consistent theory of this kind. Wikipedia has
a good article on the history of this problem:
Wikipedia, Electromagnetic mass.
and this paper is also good:
Michel Janssen and Matthew Mecklenburg, Electromagnetic models of the electron and the transition from classical
to relativistic mechanics.
All this is part of a longer story I told later:
John Baez, Struggles with the continuum (part 3), Physics Forums, September 14, 2013.
September 13, 2015

The spacecraft Dawn has gotten a closer look at the mysterious white spots on the asteroid Ceres. In the first photos, they
were so bright they were overexposed!
Now Dawn is closer. Here's the biggest patch of white stuff, called Spot 5, in a crater called Occator.
What is it? The obvious guess is some sort of ice or salt, reflecting sunlight. But here's the cool part: you can sometimes see
haze over Spot 5. This suggests that some sort of gas is coming up from beneath the surface! Or maybe the ice is
sublimating, turning into vapor... perhaps explosively?
The mission director writes:
Dawn has transformed what was so recently a few bright dots into a complex and beautiful, gleaming
landscape. Soon, the scientific analysis will reveal the geological and chemical nature of this mysterious and
mesmerizing extraterrestrial scenery.
This picture is a composite of two images: one using a short exposure that captures the detail in the bright spots, and one
where the background surface is captured at normal exposure. Each pixel here is a 140 meter × 140 meter square.
Right now Dawn is orbiting Ceres at a distance of 1450 kilometers. In December, it will descend to just 375 kilometers
from the surface. Then we'll get even better images!
And when the mission ends? Then Dawn will remain as a permanent satellite of Ceres. A fitting end to a great mission —
it's the first spacecraft to orbit two bodies, Vesta and Ceres.
You can watch a short video of what Dawn has been seeing, here:
NASA, Cruise over Ceres in new video, August 6, 2015.
This image came from here:
NASA, Ceres' bright spost seen in striking new detail, September 9, 2015.
For more on the haze, read this:

Alexandra Witze, Mystery haze appears above Ceres's bright spots, Nature News, July 21, 2015.
September 14, 2015
Escher, wishing he weren't so clumsy

This is based on a famous print by M. C. Escher called 'Ascending and Descending'. That in turn was based on an idea by
the mathematician Penrose, called the Penrose stairs. But Penrose in turn was inspired by Escher, who was inspired by
Penrose.... in an endless loop!
At least that's the story on Wikipedia:
At an Escher conference in Rome in 1985, Roger Penrose said that he had been greatly inspired by Escher's work when he
and his father discovered the Penrose stairs.
Penrose said he'd first seen Escher's work at a conference in Amsterdam in 1954. He was "absolutely spellbound", and on
his journey back to England he decided to produce something "impossible" on his own. After experimenting with various
designs he finally arrived at the impossible Penrose triangle.
Roger Penrose then showed his drawings to his father Lionel, who immediately produced several variants, including the
impossible stairs. They wanted to publish their findings but didn't know where to do it. Because Lionel Penrose knew the
editor of British Journal of Psychology, the finding was finally presented as a paper there. After its publication in 1958,
they sent a copy of the article to Escher as a token of their esteem.
But here's the weird part. While the Penroses credited Escher in their article, Escher himself noted in a letter to his son in
January 1960 that he was:
... working on the design of a new picture, which featured a flight of stairs which only ever ascended or
descended, depending on how you saw it. They form a closed, circular construction, rather like a snake biting
its own tail. And yet they can be drawn in correct perspective: each step higher (or lower) than the previous
one. I discovered the principle in an article which was sent to me, and in which I myself was named as the
maker of various 'impossible objects'. But I was not familiar with the continuous steps of which the author had
included a clear, if perfunctory, sketch..."
So it seems this impossible staircase willed itself into existence in a paradoxical loop of causality!
But now that I think about it, all good ideas come into being a bit like this. At first they exist only in vague form, in the
random jostlings of thoughts and words. They exist just a little, merely because they can exist. But thanks to their power,
the more people think and talk about them, the more they spiral into existence... until finally they are clear and undeniable.
Like this idea here.
Puzzle 1: just by looking carefully at this animated gif, can you guess who made it?
Puzzle 2: can you see the slight mistake in the picture here?
Puzzle 3: does that mistake occur in Escher's original print? Here's the original

Here's the Wikipedia article where I got the story:
Penrose stairs, Wikipedia.
For answers to the puzzles, see the comments on my G+ post.

September 15, 2015

This is the McGee graph. You'll notice each vertex has 3 neighbors. Also, if you go around a cycle of edges, there will
always be at least 7 edges in your path. The McGee graph's claim to fame is that it has the fewest vertices possible for a
graph with these two properties.
This isn't so amazing, so the McGee graph is not as famous as some others I've discussed on Visual Insight. It's fairly
symmetrical, though. Besides the obvious symmetries — rotating it 1/8 of a turn, or flipping it over — there are some
sneaky symmetries, like the one shown in this animation by Greg Egan.
He drew four red 'bands', actually hexagons, because this sneaky symmetry mixes up the nodes in each 'band' in a clever
way. Also, you'll notice that some vertices are red, and others blue. That's because all the symmetries send red vertices to
red ones, and blue vertices to blue ones.
In trying to understand the McGee graph better, I wanted to start by understanding its symmetries. It has 8 rotational
symmetries; if we throw in our ability to flip it over we get a total of 16, and if we throw in all the sneaky symmetries we
get a total of 32.
There are lots of different groups with 32 elements. In fact, there are 51 of them.
(If you start listing finite groups, you'll soon discover that most of them have a power of 2 as their number of elements.
Indeed, of the 50 billion or so groups of size at most 2000, more than 99% have 1024 elements!)
Luckily there's an online list of all 51 groups with 32 elements, and a fellow named Gordon Royle told me which of these
was the symmetry group of the McGee Graph. So, I soon found out that the symmetries of the McGee graph are the affine
transformations of the integers mod 8.
I should explain this. An affine transformation is something like this: x \mapsto ax + b where a is invertible. You may be
used to calling them 'linear', but showoffs like me prefer to save that word for transformations of this sort: x \mapsto ax
Anyway, you may be used to affine transformations when x, a, and b are real numbers. The real numbers form a line. The
affine transformations just slide, stretch or squash, and maybe flip that line.

But here we are dealing with the case where x, a, and b are integers mod 8. What is the 'line' like then? Well, the integers
mod 8 can be visualized as an octagon — that is, the 8 red nodes in the animation here. So now our 'line' looks like an
octagon!
This may freak you out, but to mathematicians there's nothing more fun than taking intuitions from a familiar example and
applying them to some weird other situation. So now a line looks like an octagon? — sure, we can handle that.
What are affine transformations like? Well, these are rotations of the octagon: x \mapsto x + b We can also flip the octagon
like this: x \mapsto -x But there are other transformations of this sort: x \mapsto ax where a isn't 1 or -1, and those are the
'sneaky symmetries'.
You can check that in the integers mod 8, only four numbers are invertible: 1, 3, 5 and 7 = -1. So, we get 4 \times 8 = 32
affine transformations. And those are the symmetries of the McGee graph!
So: the red vertices of the McGee graph are just integers mod 8. The symmetries are affine transformations. Then the
question becomes: how can we understand the blue vertices, and the edges, in terms of the integers mod 8? If we answer
this correctly, it will become obvious why affine transformations give symmetries of the McGee graph.
This is a fun puzzle for people who like Felix Klein's philosophy relating groups and geometry. Egan and I worked out the
answer, and explained it — with lots of pictures — on my blog Visual Insight:
John Baez, The McGee graph, Visual Insight, September 15, 2015.
So go there if you want the full story.
Not coincidentally, all the groups of size \le 2000 were listed in the year 2000. You can read more about them here:
Tom Leinster, Almost all the first 50 billion groups have order 1024, The n-Category Café, November 28, 2012.
September 17, 2015

This is a rock formation made of chalk in the Sahara el Beyda, or White Desert, in Egypt. This beautiful place got in the
news recently after 8 Mexican tourists were killed there by Egyptian security forces, who apparently mistook them for
terrorists.
But let's leave the sad world of mankind for a minute, and enjoy the desert.
There are actually many mushroom-shaped rocks like this in the White Desert.
Why?
Try to guess.
Okay: they are ventifacts, meaning they are carved by wind-blown sand. Even in strong winds, sand grains don't usually
stay in the air for long. Instead they bounce along the ground. So, they cut deeper into the bottom of the rock than the top!
Magical-looking, but not magic.
This photo was taken by Christine Schultz.
September 29, 2015

This looks like a deerbunny — with dark, soulful eyes! But it's a mara, from South America. It eats grass. It can run up to
30 kilometers per hour, but it can also hop like a rabbit or make long jumps. It's shy in the wild. But it can be quite friendly
if raised with people from a young age. Some people keep them as pets.
The mara is the world's fourth largest rodent, after capybaras, beavers, and porcupines. But they're more closely related to
guinea pigs.
They're common in the Patagonian steppes of Argentina, but they also live in Paraguay and other places.
This photo was taken by Dick Klees, and I saw it here:
Phalon Smith, Deer, bunny, or something else?, Sierra, July/August 2015.
For more pictures of maras, go here:
Wikipedia, Mara (mammal).
You'll notice they also look a bit like kangaroos — another species that occupies a similar niche. Convergent evolution can
work wonders!
For my October 2015 diary, go here.
© 2015 John Baez
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This clay tablet, discovered in 2011 AD, adds to our knowledge of the Epic of Gilgamesh, a Babylonian story that goes
back to 2100 BC.
How much of the past is truly lost? How much can we still hope to recover? I often wonder about that... and I'm delighted
when people find things like this, or the new poems by Sappho that had been buried in an ancient Egyptian garbage dump.
How was this new Gilgamesh tablet found?
After the US-led invasion of Iraq and the dramatic looting of Iraqi and other museums, a museum in Sulaymaniyah, in the
Kurdish part of Iraq, did something bold and controversial. They started paying smugglers for old artifacts that would
otherwise be sold outside Iraq. They didn't ask any embarrassing questions. They just bought the stuff that looked good!
In 2011, a smuggler showed them a collection of clay tablets. It had about 80 tablets of different shapes and sizes. They
were still covered with mud. Some were completely fine, while others were broken. Nobody knows where they came from,
but they may have been illegally dug up near the city of Babel.
Loading [MathJax]/jax/output/HTML-CSS/jax.js

While the smuggler was negotiating with the museum, the museum got Professor Farouk Al-Rawi of the School of Oriental

and African Studies in London to quickly look through the tablets. When he saw this one and skimmed the cuneiform
inscriptions on it, he got excited. He told the museum to buy it from the smuggler. "Just give him what he wants, I will tell
you later on." The final price was $800.
When Professor Al-Rawi carefully cleaned the tablet, he realized that yes, it was one of the tablets of the Epic of
Gilgamesh!
It's a copy of Tablet V, one of the 12 tablets of the so-called Standard Akkadian version of the epic. This version goes back
to about 1200 BC. There's also an older version, the Old Babylonian one, but we have less than half of that.
So, what's new about this tablet? I'm not very familiar with the Epic of Gilgamesh — I wasted too much of my youth
studying math — but there's a longer description of the Cedar Forest. For example, it says Gilgamesh and his pal Enkidu
saw monkeys in that forest. This was not mentioned in other versions of the Epic. Even better, in this version Humbaba is
not an ogre: he's a foreign ruler entertained with exotic music at court, like a Babylonian king would be.
So: a tiny snippet of the past, which could have been lost forever, has made it to the present. And now Hazha Jalal, a
woman who works at the Sulaymaniyah Museum, can say:
The tablet dates back to the Neo-Bablyonian period. It is a part of tablet V of the Epic. It was acquired by the
Museum in the year 2011 and Dr. Farouk Al-Raw transliterated it. We are honored to house this tablet and
anyone can visit the Museum during its opening hours from 8:30 AM to 2:00 PM. The entry is free for you and
your guests. Thank you.
For more on the new tablet, including more pictures and a video, try this story, which is where I got the picture:
Osama S. M. Amin, The newly discovered Tablet V of the Epic of Gilgamesh, Ancient History Et Cetera, September
24, 2015.
As you'll see, I paraphrased parts of what he wrote!
For a summary of the Epic of Gilgamesh and the 12 tablets of the Standard Akkadian version, go here:
Wikipedia, Epic of Gilgamesh: Standard Akkadian Version.
For the newly discovered Sappho poems among the Oxyrhynchus Papyri, try this:
Reception of Greek literature 300 BC-AD 800: traditions of the fragment.
October 4, 2015
Have astronomers found a TŻO?

When a big star runs out of fuel, its core can collapse and form a dense ball of neutronium just 25 kilometers across, called
a neutron star. But what happens when a neutron star hits an ordinary star?
Kip Thorne is a physicist who helped write the most famous book on general relativity. Now he's helping run the LIGO
project for detecting gravitational waves. Anna Żytkow is an astronomer at Cambridge who is looking for objects in the
Kuiper Belt, outside the orbit of Pluto. But back in 1977, they teamed up and asked this question... and answered it!
The answer is: the neutron star could fall to the center of the other star and stay there! The result is called a Thorne-Żytkow
object, or TŻO.
When this happens, the neutron star will suck in gas from the ordinary star. It will get extremely hot, with temperatures over
a billion degrees Celsius. The heat comes from two things: energy released when infalling gas hits the neutron star, and
nuclear fusion after the gas hits.
If all this happens inside a red giant — a huge, puffed-up star — the inside of that star should get a lot hotter than usual. So,
weird processes should create elements that you don't usually see in such a star.

And now astronomers have found a red supergiant with a lot more rubidium, strontium, yttrium, zirconium, molybdenum
and lithium than usual. We know this from its spectral lines.
So, they may have found a TŻO!
Anna Żytkow was pleased, saying "I am extremely happy that observational confirmation of our theoretical prediction has
started to emerge".
The candidate TŻO is called HV 2112. It's in the the Small Magellanic Cloud, a dwarf galaxy orbiting ours, about 200,000
light-years away.
The astronomer Nidia Morell found the weird elements in this star while conducting a survey of red supergiants last year.
At the time she said:
I don't know what it is, but I know that I like it!
Read all about it here:
Emily M. Levesque, Philip Massey, Anna N. Żytkow and Nidia Morrell, Discovery of a Thorne-Żytkow object
candidate in the Small Magellanic Cloud.
Puzzle 1: How do you pronounce a Z with a dot on it? Clue: Anna Żytkow is Polish.
Puzzle 2: What could happen if a neutron star falls to the bottom of a white dwarf, if their total mass is big enough?
Puzzle 3: What could happen if a neutron star falls to the bottom of a white dwarf if their total mass is not so big?
Puzzle 4: Suppose you have a neutron star inside a red supergiant. What eventually happens to it?
Puzzle 5: Suppose two red supergiants containing neutron stars collide. What happens then?
For more, read this:
Charles Q. Choi, Strange 'hybrid star' discovered after 40-year search, Space.com, October 9, 2015.

or Wikipedia:
Wikipedia, Thorne-Żytow object.
October 7, 2015

Yes, you've heard there's liquid water on Mars. But have you actually seen it? Now you have.
This gif shows what's probably salty water flowing in Newton Crater on Mars. The dark stripes are between 1/2 and 5
meters wide. Stripes like this appear on steep slopes at several locations in the southern hemisphere of Mars. They show up
in the spring and summer, when the temperature can rise above the freezing point. They go away when it gets colder.
The photos here go from the early spring of one Mars year to mid-summer of the next year. They were taken by the HiRISE
camera on NASA's Mars Reconnaissance Orbiter. That stands for High Resolution Imaging Science Experiment.
These images are not new! Here's a paper about them, written in 2011:
Alfred S. McEwen et al, Seasonal flows on warm Martian slopes, Science 333 (August 5, 2011), 740–743.
So, what made NASA announce now that there is liquid water on Mars? Could it have anything to do with the new movie,

The Martian? I don't know.
Some puzzles about the movie:
Puzzle 1: why is there no communication apparatus in the living habitat where the Matt Damon character winds up living?
Does the book explain why?
Puzzle 2: what would it actually feel like to be in a dust storm on Mars?
Puzzle 3: could you really take off in a rocket on Mars with just a tarp on top?
For more about these flows on Mars, see:
Wikipedia, Seasonal flows on warm Martian slopes.
October 8, 2015
A cat can love a rodent...

...if the rodent is bigger.
Puzzle 1: What is this thing?
Puzzle 2: Where do they usually live?
Puzzle 3: Why have they been seen in the wild in Florida?
I don't know the original source of this picture.
October 9, 2015

This is a picture of Super-Kamiokande, one of the neutrino detectors that won this year's physics Nobel prize. It's a tank
buried 1 kilometer deep in a mine in Japan. The tank holds 50,000 tons of ultra-pure water, surrounded by 11,146 machines
that can detect tiny flashes of light. When a neutrino zipping through space happens to hit a water molecule, it makes a flash
of light — and Super-Kamiokande records it.
Here you see some people on a raft working on the detectors. The winners of the Nobel prize were Takaaki Kajita and
Arthur B. McDonald, who worked at another neutrino detector in Canada. But these big experiments involve huge teams of
people!
These teams, and their machines, deserve a Nobel prize because they proved something we'd begun to suspect much earlier.
There are 3 different kinds of neutrinos: electron, muon and tau neutrinos. Nuclear fusion in the Sun makes electron
neutrinos... but we saw only about 1/3 as many as expected. This made physicists suspect that electron neutrinos were
turning into the other 2 kinds of neutrinos as they went from the Sun to Earth.
But proving this was very hard. And it's only possible if neutrinos have mass!
You see, time doesn't pass for a massless particle, since special relativity says time slows down for you when you're moving
fast, and it comes to a halt if you're moving at the speed of light. So, a massless particle can't turn into something else until
it hits another particle.
As early as the 1950s we knew that neutrinos were almost massless. So, we thought they were massless. But now, thanks to
these experiments, we know neutrinos really do change from one kind into another. So, we know they have a tiny but
nonzero mass.

Here's what the Nobel prize committee says about it:
The discovery that neutrinos can convert from one flavour to another and therefore have nonzero masses is a
major milestone for elementary particle physics. It represents compelling experimental evidence for the
incompleteness of the Standard Model as a description of nature. Although the possibility of neutrino flavour
change, i.e. neutrino oscillations, had been discussed ever since neutrinos were first discovered experimentally
in 1956, it was only around the turn of the millennium that two convincing discoveries validated the actual
existence of neutrino oscillations: in 1998, at Neutrino '98, the largest international neutrino conference series,
Takaaki Kajita of the Super-Kamiokande Collaboration presented data showing the disappearance of
atmospheric muon-neutrinos, i.e. neutrinos produced when cosmic rays interact with the atmosphere, as they
travel from their point of origin to the detector. And in 2001/2002, the Sudbury Neutrino Observatory (SNO)
Collaboration, led by Arthur B. McDonald, published clear evidence for conversion of electron-type neutrinos
from the Sun into muon- or tau-neutrinos. These discoveries are of fundamental importance and constitute a
major breakthrough.
I would put it this way: in the old Standard Model, neutrinos were massless. In the new improved Standard model, they
have a nonzero mass.
In fact, there's a whole 3 × 3 matrix of numbers, the 'neutrino mass matrix', which says what neutrinos do as they're flying
through empty space. These numbers actually say how the neutrinos interact with the Higgs boson. This determines their
masses, but also how the 3 kinds turn into each other.
We don't know why the numbers in this matrix are what they are. We may never know. But maybe someday someone will
figure it out. Physics is full of slow-burning mysteries like this.
For the full story, go here:
The Nobel Prize in Physics 2015, October 6, 2015.
The neutrino mass matrix is also called the 'Pontecorvo–Maki–Nakagawa–Sakata matrix'. In 1962, right after the muon
neutrino was discovered, Ziro Maki, Masami Nakagawa and Shoichi Sakata speculated that electron and muon neutrinos
could turn into each other, and invented a 2 × 2 matrix to describe this. And even earlier, in 1956, Bruno Pontecorvo had
considered the possibility that neutrinos and antineutrinos could turn into each other.
If you want to actually see the numbers in this matrix, go here:
Wikipedia, Pontecorvo–Maki–Nakagawa–Sakata matrix.
October 11, 2015
Light hydrogen

There's an element that's 1/9th as heavy as hydrogen. Apart from that, it's a lot like hydrogen. For example, its radius is
almost exactly the same - just half a percent bigger. Its chemical properties are also almost the same.
But there's one big difference. It's unstable. On average, it decays in just 2.2 microseconds!
That sounds like a short time, but in the world of chemistry it's not. A lot of chemical reactions only take nanoseconds - that
is, billionths rather than millionths of seconds. So, there's plenty of time for this light version of hydrogen to form
molecules - and these days, chemists are so good that they can study what happens!
For example, this image shows an atom of light hydrogen trapped in a crystal of silicon. The blob is the probability
distribution of finding the atom in different locations. It's more smeared out than it would be for ordinary hydrogen. Why?
Because the atom is lighter!
This image is the result of a computer calculation, not experiment. But chemists also do experiments with light hydrogen.
The main reason is to check that our calculations in chemistry are really working. We think we can calculate properties of
atoms and molecules with great precision, using the laws of quantum mechanics. But could we be fooling ourselves? As a
check, it's great to see what happens when you replace hydrogen with light hydrogen.
You should be wondering if I'm making this up. You probably never heard of light hydrogen in school!
It's a real thing, but it's usually called by a different name. You make it by shooting a beam of protons at a chunk of stuff
like beryllium. If the protons have enough energy, this produces a bunch of short-lived particles called pions. Pions come in
three kinds: positively charged, negatively charged and neutral.
A positively charged pion quickly decays into another positively charged particle called an antimuon. This lasts much
longer: it has a half-life of 2.2 microseconds.
An antimuon is about 1/9 as heavy as a proton, but they're both positively charged. A lone proton in ordinary matter will
often grab an electron and form an atom of hydrogen. An antimuon does the same thing!
The result is an exotic atom called muonium. It's just like hydrogen, except it has an electron orbiting an antimuon instead
of a proton.

Since most of the mass of hydrogen comes from the proton, muonium is about 1/9th as heavy as ordinary hydrogen. But
since the size and chemical properties of hydrogen depend mostly on the mass of the electron, muonium acts chemically
like hydrogen.
Puzzle 1: The term 'muonium' is unfortunate, because it was chosen before people had developed a systematic naming
scheme for exotic elements. It should really be called 'muium'. There's a different exotic element that really deserves the
name muonium... and people call it true muonium. What is true muonium?
Hint: if you remember my August 28th diary entry on protonium, that should help! True muonium is like protonium in
some ways, which make them count as 'oniums'.
Puzzle 2: What are some other oniums?
Puzzle 3: How does the radius of true muonium compare to the radius of hydrogen?
True muonium has not yet been made! However, we know enough about physics to know how big it will be.
There's actually a whole textbook on muonium chemistry! You can read the beginning here:
D. C. Walker, Muon and Muonium Chemistry, Cambridge U. Press, Cambridge, 2009. First chapter available here.
The picture above comes from the website:
Tsuneyuki Research Group.
and appears in this paper:
Takashi Miyake, Tadashi Ogitsu and Shinji Tsuneyuki, Quantum distributions of muon in muonium state in
crystalline silicon, Phys. Rev. Lett. 81 (1998), 1873–1876.
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The magazine New Scientist recently announced an unbelievable discovery:
Even the craziest planets concocted by theorists still tend to trace conventionally near-circular orbits in a flat
plane. Not so the corkscrew planet. Mind-bendingly, these worlds could exist in a sort of orbital limbo,
spiralling about an axis between two stars in a binary system, pulled hither and thither by their competing
gravities.
But when you read something unbelievable, maybe you shouldn't believe it. When the planet gets close to one star, what

force would push it back towards the other star?
So, when the science fiction writer Greg Egan read about these corkscrew orbits, he decided to see for himself if they really
existed. They were supposedly discovered in a paper called 'Stable Conic-Helical Orbits of Planets around Binary Stars',
published in The Astrophysical Journal. He got the paper and read it.
He discovered that the New Scientist story was exaggerated. The orbits discussed in the paper look nothing like the picture
here! They involve a planet that is much closer to one star than another.
But even so, Egan was unable to verify that the orbits worked as claimed in The Astrophysical Journal. Indeed, he wound
up convinced that this paper was mistaken. For details, go here:
Greg Egan, There are no corkscrew orbits.
He presents both a mathematical argument that these orbits are impossible, and some computer calculations. You can
download his Mathematica notebooks and check these calculations yourself!
Unfortunately the New Scientist article is not free - this magazine is owned by Elsevier. The paper in The Astrophysical
Journal is also not free - you have to pay $9 to read it. I feel like saying something about how open-access science works
better than pay-to-play science. But mainly I'd like some physicists to check Egan's work.
The picture here is from a blog article about the incredible corkscrew orbits:
Dr. Carpineti, The taming of the screw.
It was drawn by The Digital Welshman.
October 17, 2015
Alien megastructures?

The Planet Hunters project shows that ordinary citizens can do good science. For 4 years, a telescope orbiting the Earth
scanned a patch of sky, looking for signs of planets. Now the data is being analyzed by computers, but also by a team of
volunteers — you can join them if you want! They've found several planets. But that's not what everyone is talking about.
Recently some of these volunteers found a star called KIC 8462852 that's being called "the most interesting star in the
galaxy".
It's a star that keeps suddenly getting dimmer. It can lose up to 22% of its brightnesss. It stays dim for between 5 and 80
days and then bounces back. It does this in a very irregular, unpredictable way. You have to really look at the graphs to see
how wacky it looks. There are some repeating patterns that last for a while — but then they go away.

It can't be a planet coming in front of the star because it's too irregular. It's probably not the star itself getting dim, because
it's an F-type star, not very different from our Sun, and stars like this don't seem to flicker. It could be clumps of dust that
appear and then go away - maybe formed by asteroid collisions? It could be swarms of comets knocked into the star by a
neighboring star. It could be something else.
It could be large structures built by an extraterrestrial civilization.
We don't know. We should find out! We should watch this star more carefully! Right now no telescopes are studying this
star: the Kepler project is done.
Yesterday The Independent, a British newspaper, had this headline:
Astronomers May Have Found Giant Alien 'Megastructures' Orbiting Star Near the Milky Way
The day before, Joel Aschenbach, a science reporter for The Washington Post, wrote a column titled:
No, We Haven't Discovered Alien Megastructures Around a Distant Star
The day before that, the astronomer Phil Plait wrote a blog article called:
Did Astronomers Find Evidence of an Alien Civilization? (Probably Not. But Still Cool.)
The day before that, Atlantic magazine started the public furor with an article that quoted Jason Wright, an astronomer at
Penn State. He said:
"Aliens should always be the very last hypothesis you consider, but this looked like something you would
expect an alien civilization to build."
He must not mean that literally. If aliens should always be the very last hypothesis you consider, you'll never get around to
considering them — since you can always make up other hypotheses to explain anything you see. God, for example.
But Wright can't mean that — because he has written a series of 4 very interesting papers on the search for extraterrestrial
civilizations, including one on this star.

What do I think is making KIC 8462852 suddenly get dimmer?
First of all, I think something absolutely fascinating is going on, and we should study it more. Get some telescopes on it!
Second, I think it can be incredibly powerful and liberating, when you don't know something, to say "I don't know".
People seem embarrassed to do this. People want to act like they know what's going on. But we don't need to say it's
"improbable" that we're seeing alien megastructures — and we certainly shouldn't say it's "probable". It's best to admit our
ignorance and get on with the business of learning more.
To learn more, I really recommend looking at the graphs in the actual paper:
Tabetha S. Boyajian et al, Planet Hunters X. KIC 8462852 — where's the flux?
The analysis here is also good:
Jason T. Wright, Kimberly M. S. Cartier, Ming Zhao, Daniel Jontof-Hutter and Eric B. Ford, The Ĝ search for
extraterrestrial civilizations with large energy supplies, IV. The signatures and information content of transiting
megastructures.
The Atlantic article is very fun to read:
Ross Anderson, The most mysterious star in our galaxy, The Atlantic, October 13, 2015.
I also recommend reading Phil Plait's article:
Phil Plait, Did Astronomers Find Evidence of an Alien Civilization? (Probably Not. But Still Cool.), Slate, October
14, 2015.
Here is the Planet Hunters blog:
Comets or aliens?, Planet Hunters, October 16, 2015.
The image above is by SPAR, available at DeviantArt.
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378 light years away, in the constellation of Andromeda, there's a planet over 4 times as massive as Jupiter. It's orbiting a
star somewhat bigger than our Sun. What makes it special is that it's orbiting very close: 1/15th the distance from Mercury
to our Sun! It's called WASP-33b.
It's so close to its star that its surface temperature is about 3,200 °C. There are other Jupiter-like planets close to stars, called
hot Jupiters. But this one is the hottest planet we've ever seen!
It's so hot that its atmosphere contains vaporized titanium dioxide. That's a white compound used in paint and sunscreen.
Sunscreen wouldn't work very well on this planet.
And it's so close to its star that it orbits once every 1.22 days — that is, Earth days.
It's even so close that its orbit should be quite different from an ellipse! In our solar system, Mercury's orbit precesses very
slightly due to the oblateness of the Sun and one of the effects of general relativity. Both these roughly add an inverse cube
force to the usual inverse square force of Newtonian gravity. That makes the orbit of Mercury precess. But they are very
tiny effects.
For WASP-33b these effects are much bigger: for example, its precession due to the oblateness of the star it's orbiting
should be 9 billion times more than the corresponding effect for Mercury. We might even see another effect due to general
relativity: frame-dragging, where a spinning object (the star) pulls spacetime along with it. But to see it, we'd need to
carefully study WASP-33b for a long time — more than 10 years:
Lorenzo Iorio, Classical and relativistic node precessional effects in WASP-33b and perspectives for detecting them.
The star WASP-33b orbits is called WASP-33 or HD 15082. It's a Delta Scuti variable, a kind of star whose brightness
oscillates faster than once a day.
October 19, 2015

When you drive past a farm with plants in a rectangular grid, you'll see flickering lines as they momentarily line up in
various ways. Here you can see that in 3 dimensions.
If you were standing in a rotating space filled with dots, one dot at each point with integer coordinates, this is what you'd
see.
It's all about number theory. Suppose you have a farm with one plant at each point (x, y) where x and y are integers. Then
you'll clearly see lines of plants with slopes y /x when y and x are small integers. So, slopes like 0/1, 1/1, 1/2, 2/3 and so on.
There will also be lines where y and x are large integers, but these will be harder to see.
The same sort of thing happens in 3 dimensions. See all the ways the dots line up?
But notice, you're not shooting past these dots like driving past a farm. The dots in front are moving left. The dots in back
are moving right!
So, I think these dots are actually rotating around a vertical axis. If take a dot that's not too close, and not too far, and follow
it with your eye, you can see it go round and round! It's a bit hard to do, but it's fun to try.
I found this image here:
Charlie's daily sketches, Drift matrix.
October 21, 2015

It's impossible to accurately draw a proton, but this picture is a good try. It's like a bag of virtual particles! There are lots of
quark-antiquark pairs (the red and green balls) and gluons (the springs).
A gluon can split into a quark and an antiquark. A quark and antiquark can meet and become a gluon.
Other stuff can happen too, which is not shown here. A quark or antiquark can absorb or emit a gluon. A gluon can split
into 2 gluons. Conversely, 2 gluons can collide and become one! Also, 2 gluons can collide and become 2 other gluons... or
3 can become 1... or 1 can become 3.
All these things are happening all the time inside a proton, in a kind of quantum blur. And since every possible process is
literally happening all the time, nothing is actually changing!
That's a bit weird, I admit.
It makes no sense to ask how many virtual quarks, antiquarks and gluons are in a proton. There's not a fixed number of
them waiting to be counted. They are virtual, not real. That means if you start probing the proton, you'll find them: they will
become real, created by whatever form of energy you used to look for them. But what you see depends to some extent on
how you look.
This is why it's impossible to accurately draw a proton. It's also damned near impossible to describe it accurately in plain
English. That's why physics uses math.
Anyway, if you look really carefuly at this picture you'll see 3 quarks — green balls — that aren't next to antiquarks. Can
you spot them?
Indeed: mixed in among all the virtual particles, a proton has 3 real quarks in it.
But physicists have long believed it's possible to have a particle that's made only of virtual quarks and gluons, with nothing
else. This is called a glueball.
People have looked for gluballs and found some candidates. One is about 2900 times as heavy as an electron, another is
about 3300 times as heavy, and there are others. For comparison, the proton is 1836 times as heavy as an electron.
The big problem is that there are particles called mesons that are made of a quark and antiquark along with virtual stuff. It's
hard to distinguish between a meson and a glueball!

Worse still, just as in quantum mechanics you can have a cat that's a superposition of live and dead, you can have a particle
that's a superposition of a glueball and a meson!
Roughly, the idea is this. A particle is a meson if when you probe it, not zapping it with too much energy, you usually see a
quark and an antiquark. It's a glueball if you usually see just gluons. But in fact, there's always a chance you can see either.
In short, the difference between a glueball and a meson is just slightly more precise than the difference between a 'planet'
and a 'dwarf planet'. You can make up rules to decide what counts as a glueball and what counts as a meson... but someone
else could argue with those rules.
Recently 2 physicists did some calculations and came up with evidence that the particle 3300 times as heavy as an electron
is really a glueball. So, now the newspapers are shouting Physicists found a glueball!
That's an okay newspaper headline, but the actual title of the paper is a bit more technical. It's called "Nonchiral
enhancement of scalar glueball decay in the Witten-Sakai-Sugimoto model". It argues that if this particular glueball
candidate is really a glueball, it should decay a lot into kaons and eta mesons, which is pretty much what we see.
By the way, this glueball candidate is called the f0(1710). This means its rest energy is 1710 MeV. In plain English, that
means it has 3300 times the mass of an electron. The lighter glueball candidate I mentioned is called the f0(1500). And
there are even lighter candidates, called the f0(500) and f0(980). These particles are known to exist — the problem is
figuring out whether they are glueballs, mesons or superpositions.
Also by the way, there's a million dollar prize waiting for whoever who can mathematically prove that if the world had
nothing in it but gluons, they would form glueballs with nonzero mass! Check it out:
Clay Mathematics Institute, Yang-Mills and mass gap.
These glueballs would not decay into anything else, since there would be nothing for them to decay into. At least, that's
what we believe. Proving it in a rigorous way is not easy.
Here's the paper that caused the fuss:
Frederic Brünner and Anton Rebhan, Nonchiral enhancement of scalar glueball decay in the Witten-Sakai-Sugimoto
model.
It uses ideas from string theory.
I found this picture at the website of the particle accelerator called DESY, the Deutsches Elektronen-Synchrotron:
DESY, The most precise pictures of the proton, July 2, 2015.
October 23, 2015

Mercury is hot. It orbits the Sun every 88 days.
But in 2012, astronomers using the telescope on NASA's Kepler satellite found a planet called KIC 12557548 that orbits its
star once every 16 hours! It's so hot that rocks on the day side can melt and boil away. And it seems this planet is
disintegrating.
The star is a K-type main sequence star, meaning it's a bit smaller and cooler than our Sun. But the planet's distance from
this star is only twice the star's diameter! So it must be very hot, probably about 2000 °C.
But why do we think this planet is falling apart? We know this planet exists only because of how it dims the star when it
comes in front. But the amount of dimming varies each time it goes around! The planet blocks between 0.2% to 1.3% of the
star's light. How are these changes possible?
Another clue is that the dimming is asymmetrical: the star gets dim slowly and then bright more quickly.
The best theory so far is that the planet is evaporating and falling apart, creating a cloud that changes size. If this cloud has
a long tail, as shown here, it would produce asymmetrical dimming.
Scientists love puzzles like this. In 2013 two astronomers named Daniel Perez-Becker and Eugene Chiang studied this

planet, and argued that it's in the final catastrophic stage of evaporating away. We know it's not very heavy, because it's not
making the star wiggle detectably. Perez-Becker and Chiang believe it has lost most of its original mass, with only the inner
iron core surviving.
This is their paper:
Daniel Perez-Becker and Eugene Chiang, Catastrophic evaporation of rocky planets.
Abstract. Short-period exoplanets can have dayside surface temperatures surpassing 2000 K, hot enough to vaporize
rock and drive a thermal wind. Small enough planets evaporate completely. We construct a radiative-hydrodynamic
model of atmospheric escape from strongly irradiated, low-mass rocky planets, accounting for dust-gas energy
exchange in the wind. Rocky planets with masses < 0.1 MEarth (less than twice the mass of Mercury) and surface
temperatures > 2000 K are found to disintegrate entirely in < 10 Gyr. When our model is applied to Kepler planet
candidate KIC 12557548b — which is believed to be a rocky body evaporating at a rate of dM/dt > 0.1 MEarth/Gyr —
our model yields a present-day planet mass of < 0.02 MEarth or less than about twice the mass of the Moon. Mass loss
rates depend so strongly on planet mass that bodies can reside on close-in orbits for Gyrs with initial masses
comparable to or less than that of Mercury, before entering a final short-lived phase of catastrophic mass loss (which
KIC 12557548b has entered). Because this catastrophic stage lasts only up to a few percent of the planet's life, we
estimate that for every object like KIC 12557548b, there should be 10–100 close-in quiescent progenitors with subday periods whose hard-surface transits may be detectable by Kepler — if the progenitors are as large as their
maximal, Mercury-like sizes (alternatively, the progenitors could be smaller and more numerous). According to our
calculations, KIC 12557548b may have lost ~70% of its formation mass; today we may be observing its naked iron
core.
This is another good paper on this planet, with lots of nice graphs:
T. I. M. van Werkhoven, M. Brogi, I. A. G. Snellen and C. U. Keller, Analysis and interpretation of 15 quarters of
Kepler data of the disintegrating planet KIC 12557548b.
The picture above was made by a NASA artist and appears in the Wikipedia article on this planet and its star:
Wikipedia, KIC 12557548.
October 25, 2015
A smaller system

Kepler-11 is a star 2000 light-years away that's very similar to our sun. It has at least 6 planets. But this solar system is
small. All the planets would fit inside the orbit of Venus — and all but one fit inside the orbit of Mercury!
We used to think gas giants like Jupiter, Saturn and Neptune could only exist far from their host star. But that's when we
just knew one solar system — our own. Now we know that there's a huge variety. Many have hot Jupiters or hot Neptunes
— gas giants close to the star. We think they formed farther away and migrated in toward their stars when they got tired of
the cold winters.
But beware: the easiest planets to detect are big ones close to the star! We're seeing the planets that are easy to see, not
necessarily the 'typical' ones. There are probably lots of smaller planets we haven't seen yet.
Kepler-11 got its name because it's the 11th star where the Kepler spacecraft saw planets. Even better, they were found in
2011. Its planets have boring names: they're called b, c, d, e, f and g in order of increasing distance from their star. But
they're pretty interesting. They have masses between those of Earth and Neptune. Their densities are all lower than Earth, so
they're probably not rocky worlds. Planets d, e and f probably have a hydrogen atmosphere. Planets b and c seem to contain
lots of ice.
Puzzle 1: how can you have a planet with lots of ice closer to a sun-like star than Venus is to the Sun?
Puzzle 2: why is there no planet a?
For more on Kepler-11, see:
Wikipedia, Kepler-11.
For my November 2015 diary, go here.
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Diary - November 2015
John Baez
November 1, 2015
Pulsar planets

When a big star runs out of fuel, its core collapses and its outer layers explode into space. If it's not too big, its core
becomes a big ball of neutrons. And if the resulting neutron star is spinning fast and emitting lots of radiation from its
north and south magnetic poles, we call it a pulsar. It's called that because you see a pulse of radiation as it spins.
A pulsar is an amazing thing. Imagine something twice as heavy as our Sun, only 20 kilometers across, spinning around
1000 times a second, shooting out beams of radiation!
Now, imagine a planet near a pulsar: a dead world raked by intense radiation. It would be a strange, intensely alien
place.
But in fact, the first planets to be discovered outside our solar system were pulsar planets! The reason is that pulsars
keep time very accurately: the pulses are like the ticks of a clock. By detecting slight irregularities, we can tell if a pulsar
is getting pulled back and forth by an orbiting planet.
In 1992, Aleksander Wolszczan and Dale Frail found the first planets outside our solar system: two planets orbiting a
pulsar named PSR B1257+12. One is 4 times as heavy as the Earth, and it orbits the pulsar every 66 days. The other is
just a bit heavier than the Earth, and it orbits every 99 days.
ItLoading
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these planets were formed from the debris of a companion star that used to orbit the pulsar. This star would

have been destroyed by the huge explosion that formed the pulsar, called a supernova.
There's another pulsar planet that's very different. It's very close to a pulsar named PSR J1719-1438. It's so close that its
orbit would fit inside our Sun, and it orbits the pulsar once every two hours.
It seems to have the mass of Jupiter, but a diameter just 4 times that of our Earth. If so, it must be extremely dense: a bit
more dense than platinum!
What could it be? People think it's the remains of a white dwarf star whose outer layers were blasted away by the
supernova that formed the pulsar. If so, it could be made mostly of carbon and oxygen — leftover elements that the
white dwarf wasn't able to burn.
In fact, it might even be similar to an enormous high-density diamond, so it's been nicknamed 'The Diamond Planet'.
But nobody is sure, and these days people think it contains too much oxygen.
The picture here is from NASA, and it's an artist's impression of the planets orbiting PSR 1257+12.
November 3, 2015
The ice pits of Pluto

You are trapped on Pluto. Your only hope of survival is traveling a long distance to an old base where there is still a
working rocket.
Your rover is insulated against the amazingly cold temperatures, and its huge corrugated metal wheels have no trouble
driving over the ice — which is mostly made of frozen nitrogen.
But then you come to a large pit. It's about 10 meters deep and 100 meters across. Its walls are not very steep, so you
can cross it, but it's a bit annoying.

Then you come to another pit. And another, and another.
You have entered Sputnik Planum, a huge field of ice pits in a plain named after the old Russian satellite Sputnik.
We don't know how these pits formed. They may be caused by sublimation where ice turns directly into gas as it warms
up in the chilly Plutonian summer. They may start small and grow over time. But why are they here, and not all over
Pluto?
Many of these pits are connected, forming troughs that line up. Why? We don't know.
Good luck. Maybe you will find out. If you survive, maybe you can tell us.
For more, see:
Phil Plait, Pluto is sublime. It's also the pits, Bad Astronomy, October 17, 2015.
November 10, 2015

There are over 15 kinds of ice. Different kinds are stable at different pressures and temperatures. Some of the weirdest
may exist inside 'ice giants': planets like Uranus and Neptune, which have also been found orbiting other stars. Most of
what we know about these kinds of ice comes from computer simulations, since they only exist at very high pressures.
They're called 'superionic ices', because while the oxygen atoms get locked in a crystal structure, the hydrogen atoms
become ionized, breaking apart into protons and electrons. The protons can then move around like a liquid between the
oxygen atoms!
The first phase of superionic ice was predicted in 1999 by a group of Italian scientists. They predicted that this ice exists
at pressures 500,000 times the atmospheric pressure here on Earth, and temperatures of a few thousand Kelvin. In this
kind of ice, the oxygen atoms form a crystal called a body centered cubic:

In 2012, Hugh F. Wilson, Michael L. Wong, and Burkhard Militzer predicted the new phase shown at the top of this
diary entry. This may show up above 1,000,000 times atmospheric pressure. The oxygen atoms, shown as blue spheres,
form a pattern called a face centered cubic. The protons are likely to be found in the orange regions.
Hugh Wilson, who apparently drew the pictures of both forms of ice, said:
Superionic water is a fairly exotic sort of substance. The phases of water we're familiar with all consist of
water molecules in various arrangements, but superionic water is a non-molecular form of ice, where
hydrogen atoms are shared between oxygens. It's somewhere between a solid and a liquid.the hydrogen
atoms move around freely like in a liquid, while the oxygens stay rigidly fixed in place. It would probably
flow more like a liquid, though, since the planes of oxygen atoms can slide quite freely against one another,
lubricated by the hydrogens.
These simulations are hard, and newer papers are reporting different results. You can also try to make superionic ice in
the lab, but that's even harder! In 2005 Laurence Fried tried to make it at the Lawrence Livermore National Laboratory
in California. He smashed water molecules between diamond anvils while simultaneously zapping it with lasers. He
seemed to find evidence for superionic ice.
Eventually theory and experiment will converge on the truth. Only then will we understand the hearts of the ice giants.
You can read more here:
Lisa Zyga, New phase of water could dominate the interiors of Uranus and Neptune, Phys.org, April 25, 2013.
and for some even newer results, try this:
Tien Nguyen, Scientists predict cool new phase of superionic ice, October 21, 2015.
Here's the paper on the first kind of superionic ice:

C. Cavazzoni, G. L. Chiarotti, S. Scandolo, E. Tosatti, M. Bernasconi, and M. Parrinello, Superionic and metallic
states of water and ammonia at giant planet conditions, Science 283 (1999), 44–46.
and here's the second kind:
Hugh F. Wilson, Michael L. Wong, Burkhard and Militzer, Superionic to superionic phase change in water:
consequences for the interiors of Uranus and Neptune.
November 11, 2015
Miniature atoms

In The Incredible Shrinking Man, a guy exposed to radiation becomes smaller and smaller. Eventually he realizes he'll
shrink forever — even down to subatomic size. Of course that's impossible. But guess what: we can now make
miniature atoms!
In fact we can make atoms almost like hydrogen, but 1/186 times as big across. Unfortunately they only last 2
microseconds. But that's still long enough for them to form molecules, and for us to do chemical experiments with them.
Chemists have gotten really good at this stuff.
The trick is to take the electron in a hydrogen atom and replace it with a muon. This is a particle 207 times heavier than
an electron, but otherwise very similar. Unfortunately a muon has a half-life of just 2 microseconds: then it decays into
an electron and some other crud.
Why is an ordinary hydrogen atom the size it is, anyway? It's the uncertainty principle. The atom is making its energy as
small as possible while remaining consistent with the uncertainty principle.
A hydrogen atom is made of an electron and a proton. If it were bigger, its potential energy would increase, because the
electron would be further from the proton. So, the atom 'wants to be small'. And without quantum mechanics to save it,
it would collapse down to a point: The Incredible Shrinking Atom.
But if the atom were smaller, you'd know the position of its particles more precisely &mash; so the uncertainty principle
says you'd know their momentum less precisely. They'd be wiggling around more wildly and unpredictably So the
kinetic energy would, on average, be higher.
So there's a tradeoff! Too big means lots of potential energy. Too small means lots of kinetic energy. Somewhere in the

middle is the best — and you can use this to actually calculate how big a hydrogen atom is!
But what if you could change the mass of the electron? This would change the calculation. It turns out that making
electrons heavier would make atoms smaller!
While we can't make electrons heavier, we can do the next best thing: use muons.
Muonic hydrogen is a muon orbiting a proton. It's like an atom, but much smaller than usual, so it does weirdly different
things when it meets an ordinary atom. It's a whole new exotic playground for chemists.
And, you can do nuclear fusion more easily if you start with smaller atoms! It's called 'muon-catalyzed fusion', and
people have really done it. The only problem is that it takes a whole lot of energy to make muons, and they don't last
long. So, it's not practical — it doesn't pay off. At least not yet. Maybe we just need a few more brilliant ideas:
Wikipedia, Muon-catalyzed fusion.
In my October 11th entry I talked about a version of hydrogen where we keep the electron and replace the proton by a
positively charged antimuon. That's called muonium. Muonium is lighter than ordinary hydrogen but almost the same
size, just a tiny bit bigger. It's chemically almost the same as hydrogen, except that it decays in 2 microseconds.
With muonic hydrogen it's the reverse: it's a lot smaller, but it's just a bit heavier. It's chemically very different from
ordinary hydrogen.
If you do the calculation, you can show that the radius of a hydrogen-like atom is proportional to
mM / (m + M)
where m is the mass of the lighter particle and M is the mass of the heavier one. If we say an electron has mass 1, then a
muon has mass 207 and a proton has mass 1836. You can use this formula to see that muonic hydrogen has a radius
1/186 as big as ordinary hydrogen, while muonium has a radius 1.004 times as big.
November 22, 2015

I've been staying at home for the last two days writing a paper about information and entropy in biological systems. My
wife is away, and I'm trying to keep distractions to a bare minimum, trying to get into that state where I'm completely
absorbed, there's always something to do, and it's lots of fun. That's what I love about writing. At first I feel stuck,
frustrated. But gradually the ideas start falling into place - and once they do, I don't want to be anywhere else!
This state is called flow, and it's great. But life can't be all flow, it seems.
I like this chart. I like any chart that takes psychology and maps it down to a few axes in a reasonably plausible way. I
don't have to 'believe in it' to enjoy a neat picture that pretends to tame the wild mess of the soul.
Apparently this chart goes back to Mihály Csikszentmihélyi's theory of flow. According to Wikipedia:
In his seminal work, Flow: The Psychology of Optimal Experience, Csikszentmihályi outlines his theory
that people are happiest when they are in a state of flow. a state of concentration or complete absorption
with the activity at hand and the situation. It is a state in which people are so involved in an activity that
nothing else seems to matter. The idea of flow is identical to the feeling of being in the zone or in the
groove. The flow state is an optimal state of intrinsic motivation, where the person is fully immersed in
what he is doing. This is a feeling everyone has at times, characterized by a feeling of great absorption,
engagement, fulfillment, and skill.and during which temporal concerns (time, food, ego-self, etc.) are
typically ignored.

In an interview with Wired magazine, Csikszentmihályi described flow as "being completely involved in an
activity for its own sake. The ego falls away. Time flies. Every action, movement, and thought follows
inevitably from the previous one, like playing jazz. Your whole being is involved, and you're using your
skills to the utmost."
Csikszentmihályi characterized nine component states of achieving flow including "challenge-skill balance,
merging of action and awareness, clarity of goals, immediate and unambiguous feedback, concentration on
the task at hand, paradox of control, transformation of time, loss of self-consciousness, and autotelic
experience".
What does autotelic mean? It seems to mean 'internally driven', as opposed to seeking external rewards.
Csikszentmihályi says "An autotelic person needs few material possessions and little entertainment, comfort, power, or
fame because so much of what he or she does is already rewarding." Anyway, back to the Wikipedia article:
To achieve a flow state, a balance must be struck between the challenge of the task and the skill of the
performer. If the task is too easy or too difficult, flow cannot occur. Both skill level and challenge level
must be matched and high; if skill and challenge are low and matched, then apathy results.
But in this chart, 'apathy' is just one of 8 options, the one diametrically opposite to 'flow'. I like the idea of how
'relaxation' is somewhere between flow and boredom, but I'm not sure it feels next to 'control'.
It's all very thought-provoking. We have these different modes, or moods, and we bounce between them without very
much thought about what they're for and what's the overall structure of the space of these moods.
Moods seem like the opposite of mathematics and logic, but there's probably a science of moods which we haven't fully
understood yet - in part because when we're in a mood, it dominates us and prevents us from thinking about it
analytically.
November 30, 2015
The joy of tilings

Ever since I was a kid, I've loved the ways you could tile the plane with regular polygons. Some are used for floor tiles
— pondering these is a great way to stay entertained while sitting in public restrooms. But unfortunately, a lot of the
fancier ones have not come into wide use.
There are 3 regular tilings: you can use equal-sized regular triangles, squares or hexagons to tile the plane. If you let
yourself use several kinds of regular polygons in the same tiling but demand that every vertex look alike, you get 8 more
choices: the uniform tilings.
Only recently did I learn about the k-uniform tilings, where you relax a bit and let there be k different kinds of vertices.
The picture shows a 4-uniform tiling. There are 2 different kinds of vertices where
a blue dodecagon, a green hexagon and a red square meet
and 2 different kinds where
a red square, a green hexagon, a red square and a yellow triangle meet
They are different in this way: no symmetry of the whole tiling can carry the first to the second. So, while they look the
same right at the vertex, further away they look different.
Puzzle 1: can you see the 2 kinds in both cases? Can you describe why they're different?
According to the experts, there are 20 2-uniform tilings. There are 61 3-uniform tilings. There are 151 4-uniform tilings.
There are 332 5-uniform tilings. There are 673 6-uniform tilings. And I guess the list stops there only because people
got tired!
This picture was drawn by Tom Ruen. You can find it, along with lots more, here:

Wikipedia, Euclidean tilings by convex regular polytopes.
I think more of these should be deployed as bathroom tiles in public restrooms. We supposedly have this great, hightech civilization, yet we're not taking full advantage of math in the decorative arts!
Puzzle 2: what uniform tiling is this 4-uniform tiling based on, and how?
For Tom Ruen's answer to Puzzle 2, see the conversation on my G+ post.
For my December 2015 diary, go here.
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Diary - December 2015
John Baez
December 1, 2015
Too much happened this month for me to have time to write about it! For example, Lisa and I went on a great trip to
Guanujuato. Maybe someday I'll put some pictures here.
For my January 2016 diary, go here.
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John Baez
January 1, 2016

This is one of many impossible buildings imagined by the Barcelona-based artist and photographer Victor
Enrich.
January 10, 2016
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In December, the rover Curiosity reached some sand dunes on Mars, giving us the first views of these dunes
taken from the ground instead of from above. It's impressive how the dune shoots up from the rocks here.
In fact this slope — the steep downwind slope of one of "Bagnold Dunes" along the northwestern flank of
Mount Sharp — is just about 27 degrees. But mountaineers will confirm that slopes always looks steeper than
they are.
The wind makes this dune move about one meter per year.
For a much taller view, check out this:
NASA JPL, Mastcom telephoto of a Martian dune's downwind face, January 4, 2016.
January 21, 2016
Someday computers will be free
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Here is Dave Rauchwerk holding the computer his company sells. It has 4 gigabytes of storage. It does wifi
and it has Bluetooth. It costs $9.
Keyboard and monitor not included — but still a good deal! Read more here:
Laura Sydell, Can a $9 computer spark a new wave of tinkering and innovation?, Morning Edition,
National Public Radio, January 21, 2016.
January 23, 2016

Not everyone likes the record-breaking snow storm that hit Washington DC today. But Tian Tian, the panda
in the National Zoo, seems to love it! For more, watch him on YouTube.
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Diary - February 2016
John Baez
February 1, 2016

You probably know about the sine and cosine. These are the most basic functions that are periodic:
sin(x + 2π) = sin(x)
Elliptic functions are functions of two variables, x and y, that are periodic in two directions. For example, we can have:
f(x + 2π, y) = f(x, y)
and
f(x, y + 2π) = f(x, y)
This movie is a way of illustrating an elliptic function.
What makes elliptic functions so special is that you can think of them as functions of a single complex variable:
Loading [MathJax]/jax/output/HTML-CSS/jax.js

z = x + iy
and then they have a derivative in the special sense you learn about in a course on complex functions!
It's a lot harder for a complex function to have a derivative than an ordinary real function. A function like
f(x, y) = sin(x)sin(y)
is periodic in two directions, but it doesn't have a derivative df/dz. Mysterious as this may sound, this is the reason
elliptic functions are so special.
In the late 1800s, all the best mathematicians thought about elliptic functions, so there are 'Jacobi elliptic functions' and
'Weierstrass elliptic functions' and many more. Now they're less popular, but they're still incredibly important. You need
to think about them if you want to deeply understand how long the perimeter of an ellipse is. They're also important in
physics, and fundamental to the proof of Fermat's Last Theorem.
An elliptic function actually has a derivative everywhere except at certain points where the function 'blows up' — that
is, becomes infinite. These points are called poles. You can prove an elliptic function has to have poles unless it is
constant (and thus too boring to talk about).
Because an elliptic function is periodic in two directions, its poles make a repeating pattern in the plane, which you can
see in this movie. The poles are the points from which checkerboard pattern keeps expanding outward. The zeros of the
elliptic function — the points where it's zero — are the points where the checkerboard keeps shrinking inward.
For more on elliptic functions, you could try this:
Wikipedia, Elliptic function.
The animation here was created by Gerard Westendorp.
February 4, 2016

This is so cool I'm not sure I believe it. It's a photo of the night sky over a city in Finland. A rare atmospheric
phenomenon called light pillars created a map of the city itself, in the sky!
Street lights were reflected back down by ice crystals in the air. This only happens when flat hexagonal crystals are
floating horizontally in still air. Light bounces back down from the crystals.
This was taken on January 13, 2016, by Mia Heikkila in Eura, Finland. For more, read Phil Plait's article here:
Phil Plait, Optical phenonomenon draws a a map of a city in the sky, Bad Astronomy, January 16, 2016.
He's a smart guy. If he believes this is real, I guess I do too.
You can compare this picture to a city map here:
John Metcalf, A city map spontaneously appeared in the sky over Finland, CityLab, January 15, 2016.
February 18, 2016

Inside every boring gray cube...
... there's a colorful dodecahedron yearning to unfold!
Puzzle. When we fold the dodecahedron back to a cube, does it fit together snugly, or is there some empty space left?
What fraction of the cube is filled?
This animation was made by Hermann Serras, and I found it here:
Simone Gregg, Two cubes, Seek Echo.
I will give away the answer to the puzzle, because it's so pretty: there is empty space left, and the fraction of the cube
that's filled is Φ/2, where Φ =

√5 + 1
2

is the 'big' golden ratio.

When you fold the dodecahedron into the cube, the shape of the empty space inside is called the concave pyritohedral
dodecahedron or 'endo-docahedron':

For my March 2016 diary, go here.
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John Baez
March 9, 2016
George Martin, 1926-2016

The Beatles' psychedelic music blew me away, but only later did I learn how much was due to the "fifth Beatle": George
Martin. His idea of using the studio as an instrument was revolutionary and wonderful.
From the New York Times article by Allan Kozinn:
Always intent on expanding the Beatles. horizons, Mr. Martin began chipping away at the group's
resistance to using orchestral musicians on its recordings in early 1965. While recording the Help! album
that year, he brought in flutists for the simple adornment that enlivens Lennon's "You've Got to Hide Your
Love Away," and he convinced Mr. McCartney, against his initial resistance, that "Yesterday" should be
accompanied by a string quartet.
A year later, during the recording of the album Revolver, Mr. Martin no longer had to cajole: The Beatles
prevailed on him to augment their recordings with arrangements for strings (on "Eleanor Rigby"), brass (on
Loading"Got
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to Get You Into My Life"), marching band (on "Yellow Submarine") and solo French horn (on "For

No One"), as well as a tabla player for Harrison's Indian-influenced song "Love You To".
It was also at least partly through Mr. Martin's encouragement that the Beatles became increasingly
interested in electronic sound. Noting their inquisitiveness about both the technical and musical sides of
recording, Mr. Martin ignored the traditional barrier between performers and technicians and invited the
group into the control room, where he showed them how the recording equipment at EMI's Abbey Road
studios worked. He also introduced them to unorthodox recording techniques, including toying with tape
speeds and playing tapes backward.
Mr. Martin had used some of these techniques in his comedy and novelty recordings, long before he began
working with the Beatles.
"When I joined EMI," he told The New York Times in 2003, "the criterion by which recordings were
judged was their faithfulness to the original. If you made a recording that was so good that you couldn't tell
the difference between the recording and the actual performance, that was the acme. And I questioned that.
I thought, O.K., we're all taking photographs of an existing event. But we don't have to make a photograph;
we can paint. And that prompted me to experiment."
Soon the Beatles themselves became intent on searching for new sounds, and Mr. Martin created another
that the group adopted in 1966 (followed by many others). During the sessions for "Rain", Mr. Martin took
part of Lennon's lead vocal and overlaid it, running backward, over the song's coda.
"From that moment," Mr. Martin said, "they wanted to do everything backwards. They wanted guitars
backwards and drums backwards, and everything backwards, and it became a bore." The technique did,
however, benefit "I'm Only Sleeping (with backward guitars) and "Strawberry Fields Forever (with
backward drums).
Mr. Martin was never particularly trendy, and when the Beatles adopted the flowery fashions of psychedelia
in 1966 and 1967 he continued to attend sessions in a white shirt and tie, his hair combed back in a
schoolmasterly pre-Beatles style. Musically, though, he was fully in step with them. When Lennon wanted
a circus sound for his "Being for the Benefit of Mr. Kite," Mr. Martin recorded a barrel organ and,
following the example of John Cage, cut the tape into small pieces and reassembled them at random. His
avant-garde orchestration and spacey production techniques made "A Day in the Life" into a monumental
finale for the kaleidoscopic album Sgt. Pepper's Lonely Hearts Club Band.
For more, see:
Allan Kozinn, George Martin, redefining producer who guided the Beatles, dies at 90, New York Times, March 9,
2016.
March 12, 2016

The computer program AlphaGo just won its third game against the excellent Korean player Lee Sedol.
But what would it feel like to watch one of these games, if you're good at go? David Ormerod explains:
It was the first time we'd seen AlphaGo forced to manage a weak group within its opponent's sphere of
influence. Perhaps this would prove to be a weakness?
This, however, was where things began to get scary.
Usually developing a large sphere of influence and enticing your opponent to invade it is a good strategy,
because it creates a situation where you have numerical advantage and can attack severely.
In military texts, this is sometimes referred to as "force ratio".
The intention in Go though is not to kill, but to consolidate territory and gain advantages elsewhere while
the opponent struggles to defend themselves.
Lee appeared to be off to a good start with this plan, pressuring White's invading group from all directions
and forcing it to squirm uncomfortably.
But as the battle progressed, White gradually turned the tables — compounding small efficiencies here and
there.
Lee seemed to be playing well, but somehow the computer was playing even better.
In forcing AlphaGo to withstand a very severe, one-sided attack, Lee revealed its hitherto undetected
power.
Move after move was exchanged and it became apparent that Lee wasn't gaining enough profit from his
attack.
By move 32, it was unclear who was attacking whom, and by 48 Lee was desperately fending off White's
powerful counter-attack.
I can only speak for myself here, but as I watched the game unfold and the realization of what was
happening dawned on me, I felt physically unwell.
Generally I avoid this sort of personal commentary, but this game was just so disquieting. I say this as
someone who is quite interested in AI and who has been looking forward to the match since it was
announced.
One of the game's greatest virtuosos of the middle game had just been upstaged in black and white clarity.
March 13, 2016

After losing the first three, Lee Sedol won his 4th game against the program AlphaGo!
Lee was playing white, which for go means taking the second move. So, he was on the defensive at first, unlike the
previous game, where he played black.
After the first two hours of play, commenter Michael Redmond called the contest "a very dangerous fight". Lee Sedol
likes aggressive play, and he seemed to be in a better position than last time.
But after another 20 minutes, Redmond felt that AlphaGo had the edge. Even worse, Lee Sedol had been taking a long
time on his moves, so had only about 25 minutes left on his play clock, nearly an hour less than AlphaGo. Once your
clock runs out, you need to make each move in less than a minute!
At this point, AlphaGo started to play less aggressively. Maybe it thought it was bound to win: it tries to maximize its
probability of winning, so when it thinks it's winning it becomes more conservative. Commenter Chris Garlock said
"This was AlphaGo saying: 'I think I'm ahead. I'm going to wrap this stuff up'. And Lee Sedol needs to do something
special, even if it doesn't work. Otherwise, it's just not going to be enough".
On his 78th move, Lee did something startling.

He put a white stone directly between two of his opponent's stones, with no other white stone next to it. You can see it
marked in red above. This is usually a weak type of move, since a stone that's surrounded is "dead".
I'm not good enough to understand precisely how strange this move was, or why it was actually good. At first all the
commenters were baffled. And it seems to have confused AlphaGo. In the 87th move, AlphaGo placed a stone in a
strange position which commentators said was "difficult to understand."
"AlphaGo yielded its own territory more while allowing its opponent to expand his own," said commentator Song Taegon, a Korean nine-dan professional go player. "This could be the starting point of AlphaGo's self-destruction."
Later AlphaGo placed a stone in the bottom left corner without reinforcing its territory in the center. Afterwards it
seemed to recover, which Song said would be difficult for human players under such pressure. But Lee remained calm
and blocked AlphaGo's attacks. The machine resigned on the 180th move.
Lee was ecstatic. "This win cannot be more joyful, because it came after three consecutive defeats. It is the single
priceless win that I will not exchange for anything."
"AlphaGo seemed to feel more difficulties playing with black than white," he said. "It also revealed some kind of bug
when it faced unexpected positions."

Lee has already lost the match, since AlphaGo won 3 out of the 5 games. But Lee wants to play black next time, and see
if he can win that way.
You can play through the whole game here:
Eidogo, Google Deepmind challenge match #4, March 13, 2016.
Even if you don't understand go, it has a certain charm.
March 14, 2016
What percent of primes end in a 7? I mean when you write them out in base ten.
Well, if you look at the first hundred million primes, the answer is 25.000401%. That's very close to 1/4. And that
makes sense, because there are just 4 digits that a prime can end in, unless it's really small: 1, 3, 7 and 9.
So, you might think the endings of prime numbers are random, or very close to it. But 3 days ago two mathematicians
shocked the world with a paper that asked some other questions, like this:
If you have a prime that ends in a 7, what's the probability that the next prime ends in a 7?
I would have expected the answer to be close to 25%. But these mathematicians, Robert Oliver and Kannan
Soundarajan, actually looked. And they found that among the first hundred million primes, the answer is just 17.757%.
So if a prime ends in a 7, it seems to somehow tell the next prime "I rather you wouldn't end in a 7. I just did that."
This initially struck me as weird. And apparently it's not just because I don't know enough number theory. Ken Ono is a
real expert on number theory, and when he learned about this, he said:
I was floored. I thought, "For sure, your program's not working".
Needless to say, it's not magic. There is an explanation. In fact, Oliver and Soundarajan have conjectured a formula that
says exactly how much of a discrepancy to expect — and they've checked it, and it seems to work. It works in every
base, not just base ten. There's nothing special about base ten here. But we still need a proof that the formula really
works.
By the way, their formula says the discrepancy gets smaller and smaller when we look at more and more primes. If we
look at primes less than N, the discrepancy is on the order of
log(log(N))
log(N)
This goes to zero as N → ∞. But this discrepancy is huge compared to the discrepancy for the simpler question, "what
percentage of primes ends in a given digit?" For that, the discrepancy, called the Chebyshev bias, is on the order of
1
log(N) √N
Of course, what's really surprising is not this huge correlation between the last digits of consecutive primes, but that
number theorists hadn't thought to look for it until now!
Any amateur with decent programming skills could have spotted this and won everlasting fame, if they'd thought to
look. What other patterns are hiding in the primes?

For a good nontechnical summary, read this:
Erica Klarreich, Mathematicians discover prime conspiracy, Quanta, March 13, 2016.
For a more technical explanation of what's going on, this is very good:
Terry Tao, Biases between consecutive primes, What's New, March 14, 2016.
and of course there's the actual paper:
Robert J. Lemke Oliver and Kannan Soundararajan, Unexpected biases in the distribution of consecutive primes,
March 11, 2016.
Their work involves a variant of the Hardy–Littlewood k-tuple conjecture, which is a conjectured formula for the
density of 'constellations' of primes of a given 'shape' — that is, k-tuples of primes that are of the form
(a1 + n, …, ak + n)
for some given 'shape' (a1 , …, ak).
I just noticed something funny. It seems that the Hardy–Littlewood k-tuple conjecture is also called the 'first Hardy–
Littlewood conjecture'. The 'second Hardy–Littlewood conjecture' says that
π(M + N) ≤ π(M) + π(N)
whenever M, N ≥ 2, where π(N) is the number of primes ≤ N.
What's funny is what Wikipedia says about the second Hardy–Littlewood conjecture! It says:
This is probably false in general as it is inconsistent with the more likely first Hardy–Littlewood conjecture
on prime k-tuples, but the first violation is likely to occur for very large values of M.
Is this true? If so, did Hardy and Littlewood notice that their two conjectures contradicted each other? Isn't there some
rule against this? Otherwise you could just conjecture P and also not(P), disguising not(P) in some very different
language, and be sure that one of your conjectures was true!
(Unless, of course, you're an intuitionist.)
March 15, 2016
Scared of big numbers? Don't read this!

People love twin primes — primes separated by two, like 11 and 13. Nobody knows if there are infinitely many. There
probably are. There are certainly lots.
But a while back, a computer search showed that among numbers less than a trillion, most common distance between
successive primes is 6.
It seems that this trend goes on for quite a while longer.
... but in 1999, three mathematicians discovered that at some point, the number 6 ceases to be the most common gap
between successive primes!
When does this change happen? It seems to happen around here:
17, 427, 000, 000, 000, 000, 000, 000, 000, 000, 000
At about this point, the most common gap between consecutive primes switches from 6 to 30.
They didn't prove this, but they gave a sophisticated heuristic argument for their claim. They also checked the basic idea
using Maple's 'probable prime' function. It takes work to check if a number is prime, but there's a much faster way to
check if it's probably prime in a certain sense. Using this, they worked out the gaps between probable primes from 1030
and 1030 + 107 . They found that there are 5278 gaps of size 6 and just 5060 of size 30. They also worked out the gaps
between probable primes from 1040 and 1040 + 107 . There were 3120 of size 6 and 3209 of size 30.
So, it seems that somewhere between 1030 and 1040, the number 30 replaces 6 as the most probable gap between
successive primes!
This is a nice example of how you may need to explore very large numbers to understand the true behavior of primes.
Using the same heuristic argument, they argued that somewhere around 10450, the number 30 ceases to be the most
probable gap. The number 210 replaces 30 as the champion — and reigns for an even longer time.
Furthermore, they argue that this pattern continues forever, with the main champions being the primorials:
2

2
2
2
2

3=6
3

3

3

5 = 30
5

5

7 = 210

7

11 = 2310

etc.
Their paper is here:
Andrew Odlyzko, Michael Rubinstein, and Marek Wolf, Jumping champions, Experimental Mathematics 8
(1999), 107–118.
They say the number
2

3

5 = 30

starts becoming more common as a gap between primes than
2

3=6

roughly when we reach
exp(2

3

3) = e72 ≈ 1.8

4

1031

That's pretty rough, since as I mentioned, they say the actual turnover occurs around 1.7427
can't see the pattern yet, so let me go on!

1035. But you probably

The number
2

3

5

7 = 210

starts becoming more common as a gap between primes than
2

3

5 = 30

roughly when we reach
exp(2

3

5

5) = e 900 ≈ 10390

6

Again, this is pretty rough: they must have a more accurate formula that they use elsewhere in the paper. But they
mention this rough one early on.
I bet you still can't see the pattern in that exponential, so let me do a couple more examples! The number
2

3

5

7

11 = 2310

starts becoming more common as a gap between primes than
2
roughly when we reach

3

5

7 = 210

exp(2

3

5

7

9) = e 18900

10

The number
2

3

5

7

11

13 = 30030

starts becoming more common as a gap between primes than
2

3

5

7

11 = 2310

3

5

7

11

12

roughly when we reach
exp(2

11) = e 304920

Get the pattern? If not, read their paper.
March 16, 2016

I often hear there's no formula for prime numbers. But Riemann came up with something just as good: a formula for the
prime counting function.
This function, called π(x), counts how many prime numbers there are less than x, where x is any number you want. It
keeps climbing like a staircase, and it has a step at each prime. You can see it above.
Riemann's formula is complicated, but it lets us compute the prime counting function using a sum of oscillating
functions. These functions oscillate at different frequencies. Poetically, you could say they reveal the secret music of the
primes.
The frequencies of these oscillating functions depend on where the Riemann zeta function equals zero.
So, Riemann's formula turns the problem of counting primes less than some number into another problem: finding the
zeros of the Riemann zeta function!
This doesn't make the problem easier... but, it unlocks a whole new battery of tricks for understanding prime numbers!
Many of the amazing things we now understand about primes are based on Riemann's idea.
It also opens up new puzzles, like the Riemann Hypothesis: a guess about where the Riemann zeta function can be zero.

If someone could prove this, we'd know a lot more about prime numbers!
The animated gif here shows how the prime counting function is approximated by adding up oscillating functions, one
for each of the first 500 zeros of the Riemann zeta function. So when you see something like "k = 317", you're getting
an approximation that uses the first 317 zeros.
Here's a view of these approximations of the prime counting function π(x) between x = 190 and x = 230:

I got these gifs here:
J. Laurie Snell, Bill Peterson, Jeanne Albert and Charles Grinstead, Chance in the primes.
and Maximilian S. and Kram Einsnulldreizwei prepared looped versions.
and here you can see Riemann's formula. You'll see that some other functions, related to the prime counting function,
have simpler formulas.
And by the way: when I'm talking about zeros of the Riemann zeta function, I only mean zeros in the critical strip,
where the real part is between 0 and 1. The Riemann Hypothesis says that for all of these, the real part is exactly 1/2.
This has been checked for the first 10,000,000,000,000 zeros.
That sounds pretty convincing, but it shouldn't be. After all, the number 6 is the most common gap between consecutive
primes if we look at numbers less than something like 17,427,000,000,000,000,000,000,000,000,000... but then that
pattern stops!
So, you shouldn't look at a measly few examples and jump to big conclusions when it comes to primes.
March 17, 2016
Greg Bernhardt runs a website called for discussing physics, math and other topics. He recently did a two-part interview
of me, and you can see it there or all in one place on my website.
March 18, 2016

This album cover contains a math puzzle. i is the square root of minus one. It takes a bit of work to wrap ones head
around i to the ith power.
Here's how you figure it out. i is e to the power of iπ /2, since multiplying by i implements a quarter turn rotation, that
is, a rotation by π /2. So,
i i = (e iπ / 2 ) i = e i iπ / 2 = e − π / 2 = 0.20787957...
Sorta strange. But now:
Puzzle. Can you solve the equation on the album cover for ♡ ?
ii = ♡

♡

−2

If you get stuck, see Greg Egan's answer in the comments to my Google+ post. But my real puzzle is about the album
cover this equation appears on!
Is there any way to get a good electronic copy of this album for less than $50? There's one CD of it for sale on Amazon
for $50.
It's called This Crazy Paradise and it's by Pyewackett. It's a cool album! It was made in 1986. It's an unusual blend of
the cutting-edge electronic rock of that day and traditional folk music. The singer, Rosie Cross, has a voice that reminds
me of Maddy Prior of Steeleye Span.
When it first came out I liked the electronic aspects, but not the folk. Now I like both — and it bothers me that this
unique album seems almost lost to the world!
My wife Lisa has a tape of it. She transferred the tape to mp3 using Audacity but the result was fairly bad... a lot of
distortion. Part of the problem ws a bad cassette tape deck — I've got a much better one, and I should try it. But I'm
afraid another part of the problem is that without a special sound card, using the 'line in' on your laptop produces crappy
recordings. I'll see.
Here's a description of the band from Last.fm:
The English folkrock group Pyewackett was founded at the end of the 1970s by Ian Blake and Bill Martin.
They were a resident band and the London University college folk club.
Pyewackett played traditional folk music by the motto "pop music from the last five centuries": 15th
century Italian dances, a capella harmonies, traditional songs in systems/minimalist settings, 1920's ballads,
etc.. The distinctive sound was characterised by the unusual combination of woodwinds, strings and
keyboards. The voices were also a strong trademark. All these features of the Pyewackett sound are shown
best on the second album the band released in 1984, The Man in the Moon Drinks Claret. It is this album
that has been re-released in Music & Words. Folk Classics series. At the time of this recording the band was
formed by Ian Blake, Bill Martin, Mark Emerson, Rosie Cross and guest drummer Micky Barker. The
album has been co-produced by Andrew Cronshaw.
Here's a review by Craig Harris:
One of the lesser-known of the British folk bands, Pyewackett is remembered for updating 18th century
songs with modern harmonies and inventive instrumentation. While none of their four albums are easy to
find, the search is worth it. The group's sense of fun and reverence for musical traditions allowed them to
bring ancient tunes to life. Pyewackett took their name from an imp that a 17th century Essex woman

claimed possessed her. According to legendary witch-hunter Matthew Hopkins, it was a name that "no
mortal could invent."
If you want to hear a bit of Pyewackett, try this:
It's less electronic, but still a good bass line spices up this rendition of the traditional "Tam Lin". For the lyrics, see this:
Tam Lin: Pyewackett, Tam Lin Balladry.
According to Wikipedia, Tam Lin is:
[...] a character in a legendary ballad originating from the Scottish Borders. It is also associated with a reel
of the same name, also known as Glasgow Reel. The story revolves around the rescue of Tam Lin by his
true love from the Queen of the Fairies. While this ballad is specific to Scotland, the motif of capturing a
person by holding him through all forms of transformation is found throughout Europe in folktales. The
story has been adapted into various stories, songs and films.
March 24, 2016

Ten days ago, the Ukranian mathematician Maryna Viazovska showed how to pack spheres in 8 dimensions as tightly as
possible. In this arrangement the spheres occupy about 25.367% of the space. That looks like a strange number — but
it's actually a wonderful number, as shown here.
People had guessed the answer to this problem for a long time. If you try to get as many equal-sized spheres to touch a
sphere in 8 dimensions, there's exactly one way to do it — unlike in 3 dimensions, where there's a lot of wiggle room!
And if you keep doing this, on and on, you're forced into a unique arrangement, called the E8 lattice. So this pattern is
an obvious candidate for the densest sphere packing in 8 dimensions. But none of this proves it's the best!
In 2001, Henry Cohn and Noam Elkies showed that no sphere packing in 8 dimensions could be more than 1.000001
times as dense than E8. Close... but no cigar.
Now Maryna Viazovska has used the same technique, but pushed it further. Now we know: nothing can beat E8 in 8
dimensions!

Viazovska is an expert on the math of modular forms, and that's what she used to crack this problem. But when she's not
working on modular forms, she writes papers on physics! Serious stuff, like "Symmetry and disorder of the vitreous
vortex lattice in an overdoped BaFe2-xCox As2 superconductor."
After coming up with her new ideas, Viaskovska teamed up with other experts including Henry Cohn and proved that
another lattice, the Leech lattice, gives the densest sphere packing in 24 dimensions.
Different dimensions have very different personalities. Dimensions 8 and 24 are special. You may have heard that string
theory works best in 10 and 26 dimensions — two more than 8 and 24. That's not a coincidence.
The densest sphere packings of spheres are only known in dimensions 0, 1, 2, 3, and now 8 and 24. Good candidates are
known in many other low dimensions: the problem is proving things — and in particular, ruling out the huge unruly
mob of non-lattice packings.
For example, in 3 dimensions there are uncountably many non-periodic packings of spheres that are just as dense as the
densest lattice packing!
In fact, the sphere packing problem is harder in 3 dimensions than 8. It was only solved earlier because it was more
famous, and one man — Thomas Hales — had the nearly insane persistence required to crack it.
His original proof was 250 pages long, together with 3 gigabytes of computer programs, data and results. He
subsequently verified it using a computerized proof assistant, in a project that required 12 years and many people.
By contrast, Viazovska's proof is extremely elegant. It boils down to finding a function whose Fourier transform has a
simple and surprising property! For details on that, try my blog article:
John Baez, E8 is the best, The n-Category Café, 24 March 2016.
For my April 2016 diary, go here.
© 2016 John Baez
baez@math.removethis.ucr.andthis.edu

home

For my March 2016 diary, go here.

Diary - April 2016
John Baez
April 1, 2016

The 'rectified truncated icosahedron' is a surprising new polyhedron discovered by Craig Kaplan. It has a total of 60
triangles, 12 pentagons and 20 hexagons as faces.
It came as a shock because it's a brand-new Johnson solid — a convex polyhedron whose faces are all regular polygons.
Johnson solids are named after Norman Johnson, who in 1966 published a list of 92 such solids. He conjectured that this
list was complete, but did not prove it.
In 1969, Victor Zalgaller proved that Johnson's list was complete, using the fact that there are only 92 elements in the
periodic table.
Loading [MathJax]/jax/output/HTML-CSS/jax.js

It thus came as a huge shock to the mathematical community when Craig Kaplan, a computer scientist at the University
of Waterloo, discovered an additional Johnson solid!
At the time, he was compiling a collection of 'near misses': polyhedra that come very close to being Johnson solids. In
an interview with the New York Times, he said:
When I found this one, I was impressed at how close it came to being a Johnson solid. But then I did some
calculations, and I was utterly flabbergasted to discover that the faces are exactly regular! I don.t know how
people overlooked it.
It turned out there was a subtle error in Zalgaller's lengthy proof.
Or maybe not; for details see:
John Baez Rectified truncated icosahedron, Visual Insight, April 1, 2016.
April 3, 2016

As you know, a lot of conservatives in the US support the right to bear arms. It's in the Bill of Rights, after all:
"A well regulated militia being necessary to the security of a free state, the right of the people to keep and
bear arms shall not be infringed."
The idea is basically that if enough of us good guys are armed, criminals and the government won't dare mess with us.

In this they are in complete agreement with the Black Panthers, a revolutionary black separatist organization founded in
the 1960s by Huey P. Newton. Later it became less active, but in 1989 the New Black Panther Party was formed in
South Dallas, a predominantly black part of Dallas, Texas. They helped set up the Huey P. Long Gun Club, "uniting five
local black and brown paramilitary organizations under a single banner."
Above you see some of their members marching in a perfectly legal manner down the streets of South Dallas. They
started doing this after the killing of Michael Brown by a policeman in Ferguson.
From last year:
On a warm fall day in South Dallas, ten revolutionaries dressed in kaffiyehs and ski masks jog the perimeter
of Dr. Martin Luther King Jr. Park bellowing "No more pigs in our community!" Military discipline is in
full effect as the joggers respond to two former Army Rangers in desert-camo brimmed hats with cries of
"Sir, yes, sir!" The Huey P. Newton Gun Club is holding its regular Saturday fitness-training and selfdefense class. Men in Che fatigues run with weight bags and roll around on the grass, knife-fighting one
another with dull machetes." I used to salute the fucking flag!" the cadets chant. "Now I use it for a rag!"
You'd think that white conservatives would applaud this "well-regulated militia", since they too are suspicious of the
powers of the government. Unfortunately they have some differences of opinion.
For one thing, there's that white versus black business, and the right-wing versus left-wing business. To add to the
friction, the Black Panthers are connected to the Nation of Islam, a black Muslim group, while the white conservatives
tend to be Christian.
It was thus not completely surprising when a gun-toting right-wing group decided to visit a Nation of Islam mosque in
South Dallas. This group has an amusingly bland name: The Bureau of American Islamic Relations. They wrote:
We cannot stand by while all these different Anti American, Arab radical Islamists team up with Nation of
Islam/Black Panthers and White anti American Anarchist groups, joining together in the goal of destroying
our Country and killing innocent people to gain Dominance through fear!
So, yesterday, the so-called Bureau showed up at the Nation of Islam mosque in South Dallas. They were openly
carrying guns.
But the Huey P. Newton Gun Club expected this. So they showed up in larger numbers, carrying more guns.
Things became tense. People stood around holding guns, holding signs, yelling at each other, exercising all their
constitutional freedoms like good Americans: the right of free speech, the right of assembly, the right to bear arms.
In the end, no shots were fired. The outgunned Bureau went home.
One of the co-founders of the Huey P. Newton Gun Club was interviewed while this was going on. He said:
Those banditos are out of their minds if they think they're going to come to South Dallas like this.
See? This is how the 2nd Amendment works.
For more, see:
Bethania Palma Markus, Armed hate group met at Texas mosque protest by gun-toting worshipers, Raw Story,
April 2, 2016.
April 4, 2016

Last month the logician Joel David Hamkins proved a surprising result: you can compute uncomputable functions!
Of course there's a catch, but it's still interesting.
Alan Turing showed that a simple kind of computer, now called a Turing machine, can calculate a lot of functions. In
fact we believe Turing machines can calculate anything you can calculate with any fancier sort of computer. So we say a
function is computable if you can calculate it with some Turing machine.
Some functions are computable, others aren't. That's a fundamental fact.
But there's a loophole.
We think we know what the natural numbers are:
0, 1, 2, 3, ...
and how to add and multiply them. We know a bunch of axioms that describe this sort of arithmetic: the Peano axioms.
But these axioms don't completely capture our intuitions! There are facts about natural numbers that most
mathematicians would agree are true, but can't be proved from the Peano axioms.
Besides the natural numbers you think you know — but do you really? — there are lots of other models of arithmetic.
They all obey the Peano axioms, but they're different. Whenever there's a question you can't settle using the Peano
axioms, it's true in some model of arithmetic and false in some other model.
There's no way to decide which model of arithmetic is the right one — the so-called 'standard' natural numbers.
Hamkins showed there's a Turing machine that does something amazing. It can compute any function from the natural
numbers to the natural numbers, depending on which model of arithmetic we use.
In particular, it can compute the uncomputable... but only in some weird 'alternative universe' where the natural numbers
aren't what we think they are.
These other universes have 'nonstandard' natural numbers that are bigger than the ones you understand. A Turing
machine can compute an uncomputable function... but it takes a nonstandard number of steps to do so.

So: computing the computable takes a 'standard' number of steps. Computing the uncomputable takes a little longer.
This is not a practical result. But it shows how strange simple things like logic and the natural numbers really are.
For a better explanation, read my blog post:
John Baez, Computing the uncomputable, Azimuth, April 2, 2016.
And for the actual proof, go on from there to the blog article by Joel David Hamkins.
April 12, 2016
The crystal that nature forgot: the triamond

Carbon can form diamonds, and the geometry of the diamond crystal is amazingly beautiful. But there's another crystal,
called the 'triamond', that is just as beautiful. It was discovered by mathematicians, but it doesn't seem to exist in nature.
In a triamond, each carbon atom would be bonded to three others at 120° angles, with one double bond and two single
bonds. Its bonds lie in a plane, so we get a plane for each atom.
But here's the tricky part: for any two neighboring atoms, these planes are different. And if we draw these bond planes
for all the atoms in the triamond, they come in four kinds, parallel to the faces of a regular tetrahedron!
The triamond is extremely symmetrical. But it comes in left- and right-handed forms, unlike a diamond.
In a diamond, the smallest rings of carbon atoms have 6 atoms. A rather surprising thing about the triamond is that the
smallest rings have 10 atoms! Each atom lies in 15 of these 10-sided rings.

When I heard about the triamond, I had to figure out how it works. So I wrote this:
John Baez, Diamonds and triamonds, Azimuth, April 11, 2016.
The thing that got me excited in the first place was a description of the 'triamond graph' — the graph with carbon atoms
as vertices and bonds as edges. It's a covering space of the complete graph with 4 vertices. It's not the universal cover,
but it's the 'universal abelian cover'.
I guess you need to know a fair amount of math to find that exciting. But fear not — I lead up to this slowly: it's just a
terse way to say a lot of fun stuff.
And while the triamond isn't found in nature (yet), the mathematical pattern of the triamond is found in some butterfly
wings.
April 14, 2016

In math there are infinite numbers called cardinals, which say how big sets are. Some are small. Some are big. Some are
infinite. Some are so infinitely big that they're inaccessible — very roughly, you can't reach them using operations you
can define in terms of smaller cardinals.
An inaccessible cardinal is so big that if it exists, we can't prove that using the standard axioms of set theory!
The reason why is pretty interesting. Assume there's an inaccessible cardinal κ. If we restrict attention to sets that we
can build up using fewer than κ operations, we get a whole lot of sets. Indeed, we get a set of sets that does not contain
every set, but which is big enough that it's 'just as good' for all practical purposes.
We call such a set a Grothendieck universe. It's not the universe — we reserve that name for the collection of all sets,
which is too big to be a set. But all the usual axioms of set theory apply if we restrict attention to sets in a Grothendieck
universe.
In fact, if we assume that an inaccessible cardinal exists, we can use the resulting Grothendieck universe to prove that
the usual axioms of set theory are consistent! The reason is that the Grothendieck universe gives a 'model' of the axioms
— it obeys the axioms, so the axioms must be consistent.
However, Gödel's first incompleteness theorem says we can't use the axioms of set theory to prove themselves
consistent... unless they're inconsistent, in which case all bets are off.
The upshot is that we probably can't use the usual axioms of set theory to prove that it's consistent to assume there's an
inaccessible cardinal. If we could, set theory would be inconsistent!
Nonetheless, bold set theorists are fascinated by inaccessible cardinals, and even much bigger cardinals. For starters,

they love the infinite and its mysteries. But also, if we assume these huge infinities exist, we can prove things about
arithmetic that we can't prove using the standard axioms of set theory!
I gave a very rough definition of inaccessible cardinals. It's not hard to be precise. A cardinal κ is inaccessible if you
can't write it as a sum of fewer than κ cardinals that are all less than κ, and if α is any cardinal less than κ, then 2α is also
less than κ.
Well, not quite. According to this definition, 0 would be inaccessible — and so would the very smallest infinite cardinal,
ℵ 0 . Neither of these can be reached 'from below'. But we don't count these two cardinals as inaccessible.
April 23, 2016

Math tells us three of the saddest love stories:
of parallel lines, who will never meet;
of tangent lines, who were together once, and then parted forever;
and of asymptotes, who come closer and closer, but can never truly be together.
But mathematicians invented projective geometry to provide a happy ending to the first story. In this kind of geometry,
parallel lines do meet — not in ordinary space, but at new points, called 'points at infinity'.
The Barth sextic is an amazing surface with 65 points that look like the place where two cones meet — the most
possible for a surface described using polynomials of degree 6. But in the usual picture of this surface, which
emphasizes its symmetry, 15 of these points lie at infinity.
In this picture by Abdelaziz Nait Merzouk, the Barth sextic has been rotated to bring some of these points into view! It's

also been sliced so you can see inside.
You can learn more about the Barth sextic here:
John Baez, Barth sextic, Visual Insight, April 15, 2016.
April 25, 2016

There are lots of flights that go near the North Pole. When you fly from California to Europe, for example, that's an
efficient route! Are there flights that go near the South Pole? If not, why not?
A friend of mine asked this question, and I promised I'd try to get an answer. When she flew from Argentina to New
Zealand she took a very long route. Why, she wondered, don't airplanes take a southerly route? Is the weather too bad?
My guess is that maybe there's not enough demand to fly from South America to New Zealand for there to be direct
flights. Or from South America to South Africa, or Madagascar.
But I haven't even checked! Maybe there are such flights!
April 30, 2016

On January 18, 2000, at 8:43 in the morning, a meteor hit the Earth's atmosphere over Canada and exploded with the
energy of a 1.7 kiloton bomb. Luckily this happened over a sparsely populated part of British Columbia.
It was over 50 tons in mass when it hit the air, but 97% of it vaporized. Just about a ton reached the Earth. It landed on
Tagish Lake, which was frozen at the time. Local inhabitants said the air smelled like sulfur.
Only about 10 kilograms was found and collected. Except for a gray crust, the pieces look like charcoal briquettes.
And here is where things get interesting.
Analysis of the Tagish Lake fragments show they're very primitive. They contain dust granules that may be from the
original cloud of material that created our Solar System and Sun! They also have a lot of of organic chemicals, including
amino acids.
It seems this rock was formed about 4.55 billion years ago.
Scientists tried to figure out where it came from. They reconstructed its direction of motion and compared its properties
with the spectra of various asteroids. In the end, they guessed that it most likely came from 773 Irmintraud.
773 Irmintraud is a dark, reddish asteroid from the outer region of the asteroid belt. It's about 92 kilometers in diameter.
It's just 0.034 AU away from a chaotic zone associated with one of the gaps in the asteroid belt created by a resonance
with Jupiter. So, if a chunk got knocked off, it could wind up moving chaotically and make it to Earth!
And here's what really intrigues me. 773 Irmintraud is a D-type asteroid — a very dark and rather rare sort. One model
of Solar System formation says these asteroids got dragged in from very far out in the Solar System: the Kuiper Belt,
out beyond Pluto. (Some scientists think Mars' moon Phobos is also a D-type asteroid.)
So, this chunk of rock here may have been made out in the Kuiper Belt, over 4.5 billion years ago!
For more, see:
Wikipedia, Tagish Lake meteorite.
For my May 2016 diary, go here.
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Life is but a dream

A sea otter and her sleeping pup float downstream.
For the whole adorable video, taken by Connie Levenhagen in the 'Great Tide Pool' at the Monterey Bay Aquarium, see
YouTube.
May 2, 2016

Loading [MathJax]/jax/output/HTML-CSS/jax.js

David Broadhurst is a particle physicist at Open University who is famous for his calculations of complicated Feynman
diagrams revealing fascinating connections to number theory. Open University, in England, is the world's first
successful distance learning university. They used to give courses on TV and radio. Maybe they still do, but now the
internet is the big thing.
Today David Broadhurst emailed me a link to this old announcement. As you can see here, my uncle Albert Baez was a
visiting professor at Open Universsity and gave a physics lecture there. I like this quick philosophy of science:
At the end Professor Baez summarises what characterises a scientist: longing to know and understand;
questioning; searching for meaningful relations; demand for verification and respect for logic.
May 10, 2016
The Earth is flat — and accelerating upwards

It's fun to read the frequently asked questions on the Flat Earth Society wiki. First question:
Is this site a joke?
Answer: no, we're just diagonally parked in a parallel universe.
Sorry — that's my answer, not theirs. This site claims not to be a joke. But it's sure funny.
How do you explain day/night cycles and seasons?
Day and night cycles are easily explained on a flat earth. The sun moves in circles around the North Pole.
When it is over your head, it's day. When it's not, it's night. The sun acts like a spotlight and shines
downward as it moves. The picture below illustrates how the sun moves and also how seasons work on a
flat earth. The apparent effect of the sun rising and setting is usually explained as a perspective effect.
And all that stuff about the Moon's phases, and lunar and solar eclipses, was apparently set up just to fool us into
thinking the Earth, Moon and Sun are round objects, with the Earth able to come between the Sun and Moon, and the
Moon able to come between the Earth and Sun.
But what I really like is the explanation of gravity. Wouldn't gravity pull the Earth into a round ball? No:
The earth is constantly accelerating up at a rate of 32 feet per second squared (or 9.8 meters per second
squared). This constant acceleration causes what you think of as gravity. Imagine sitting in a car that never
stops speeding up. You will be forever pushed into your seat.
That's brilliant! But wait a minute...

Objects cannot exceed the speed of light. Doesn't this mean that the Earth can't accelerate forever?
They've got an answer to that too:
Due to special relativity, this is not the case. At this point, many readers will question the validity of any
answer which uses advanced, intimidating-sounding physics terms to explain a position. However, it is true.
The velocity can never reach the speed of light, regardless of how long one accelerates for and the rate of
the acceleration.
Fantastic!
What I like about this is that people can understand special relativity, yet not believe the Earth is round. I had never
encountered that combination. I know more people who go the other way.
Of course there's the problem of what's powering this eternal acceleration. But they have an answer to that too: it's the
Universal Accelerator, also known as dark energy or the "aetheric wind".
Here's the site:
Flat Earth Wiki, Frequently asked questions.
Do not be angry. Enjoy!
Puzzle. Assume the Earth is 6000 years old and has been accelerating at 9.8 meters per second per second throughout
this time, as measured in its own instantaneous rest frame. If it started at rest, how fast is it going now? Use the formula
for Lorentz contractions to compute the thickness of the Earth today as measured by an observer at rest.
I'd guess it's much thinner than the diameter of a proton!
Some hints for anyone who has a calculator and is willing to use it:
If an object has constant acceleration a in its own rest frame and starts at rest, after time t its velocity will be
v = ctanh(at/ c)
where c is the speed of light and tanh is the hyperbolic tangent function. Also, if an object is moving at a velocity v, the
Lorentz contraction will multiply its thickness by
1/

√1 − v 2 / c 2

On the long discussion about this flat Earth theory on G+, Asbjørn Held provided the following answer:
As they say, go big or go home... I used Boost's Multiprecision library to compute the inverse gamma factor
with 10000 decimal digits precision (maybe I could have used less, but 1000 was not enough). This was
assuming the earth was 6000 years.
The thickness of the earth relative to an observer at rest would be about 3.69 × 10 − 2684 meters... I'd
consider that flat!
For the record, at that speed β (that is v /c, the fraction of speed of light) equals
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999999999995816429156...
Just in case I made some errors, here's the code.
I had tried this computation myself but I soon realized that the Earth would be very flattened after accelerating at 1 gee
for 6000 years.
I believe its speed would be
tanh(year / second × 6000 year × 9.8 meter / second2 / c) =
tanh(31536000 × 6000 × 9.8/299792458) ≈
tanh(6185.33505603) ≈
1 − 2exp( − 2 × 6185.33505603) ≈
1 − 2exp( − 12370.6701121)
times the speed of light. In short: absurdly close to the speed of light! So, yes, it will be very flattened.
May 12, 2016

Kevin Kelly has claimed that "tools never die": that any tool ever made is still being made somewhere. There are
interesting arguments about this online. You can find videos on how to make stone hand axes. You can find instructions
on how make a calcium oxide light — the old-fashioned 'limelight' used in theaters until it was replaced by electric arc
lamp in the 1890s.
And you can certainly buy a longsword. That's a sword with a long double-edged blade and a cross-shaped handle, as
shown here. They reached their height of popularity from 1350 to 1550. But people still fight with them — mainly for
fun.
In fact, this weekend on Staten Island there's a course for women who want to fight with longswords! And there's a
tournament, too! It's called Fecht Yeah. Bring our weapon.
It's part of the Historical European Martial Arts movement, or HEMA. Here's the ad:
A weekend of training, learning, and collaboration for women who study HEMA and other sword arts.
This is an event for women of all skill levels with varied interests to come together and develop their skills.
Workshops for beginners will be available. Free from tournament pressure and the constraints of classes,
we have the ability to workshop teaching methods, rulesets, and learning strategies with other dedicated
practitioners.
We will have laurel tournaments in longsword, sword and buckler, rapier, and saber. Prizes will be modest.
Attend to learn, not win.
I'm an absurdly nonviolent guy, who will pick up a spider and take it outside rather than squash it. But I admire skills
like sword-fighting, and I'm glad people are keeping those skills alive. Why? I'm not completely sure. I could theorize
about it, but never mind.
Check out this video of German longsword fighting:

As you might expect, female swordfighters get flack from some male ones. There's a nice article about Fecht Yeah here,
and it gets into that a bit:
Ann Babe, Fecht club: New York's women warriors kick ass, Village Voice, May 11, 2016.
The woman in the picture above is Laura McBride, photographed by Brad Trent. Tiby Kantorowitz, one of the women
running Fecht Yeah, treats swordfighting as a spiritual exercise:
It's the flip side to yoga. It's easy to Zen out with twinkly music, incense, and soft light. But can I maintain
the same equanimity when there's some six-foot guy" — she's four-ten — "with a sword who's trying to
brain me?"
For Kevin Kelly's claim, try this:
Robert Krulwich, Tools never die. Waddaya mean, never?, Krulwich Wonders, National Public Radio, February
11, 2011.
Here's a snippet:
Krulwich: And then he made this ridiculous bet. He said: I bet you can't find any tool, any machine — go
back to any century you like — that still isn't being made and made new today. So all I have to do is find a
single tool that's not being made anymore, and I win.
(Soundbite of laughter)
Kelly: Yes, that's right.
Krulwich: You're so going to lose this.
And then the show explores this...
Robert Krulwich, Tools never die, the finale, Krulwich Wonders, National Public Radio, February 24, 2011.
May 14, 2016

The Earth is heating up rapidly. This great image was made by Ed Hawkins, a climate scientist at the University of
Reading in the United Kingdom.
He points out some features:
1877-78: strong El Niño event warms global temperatures
1880s-1910: small cooling, partially due to volcanic eruptions
1910-1940s: warming, partially due to recovery from volcanic eruptions, small increase in solar ouput and
natural variability
1950s-1970s: fairly flat temperatures as cooling sulphate aerosols mask the greenhouse gas warming
1980-now: strong warming, with temperatures pushed higher in 1998 and 2016 due to strong El Niño
events
He used temperature data from January 1850 to March 2016. The numbers give the temperature above the average of
1850-1900. The temperatures are from a British data set called HadCRUT4.4. You can get that data here:
Met Office Hadley Centre Observations Datasets, HadCRUT4
For more details, read this article on The Guardian:

Andrea Thompson, See Earth's temperature spiral toward 2C rise, The Guardian, May 10, 2016.
and Hawkin's blog:
Ed Hawkins, Spiralling global temperatures, Climate Lab Book, May 9, 2016.
May 22, 2016

This is Danny MacAskill on the Inaccessible Pinnacle on the Isle of Skye.
He is a great mountain biker, but he had to carry the bike up the last part of this scary peak.
The Isle of Skye is an island off the west coast of Scotland. It's the largest of the Inner Hebrides, and the most northerly
of the large islands in this group. In the center of this island is a mountain range called the Cuillin, and the Inaccessible
Pinnacle sits among these.

Skye has been occupied since Mesolithic times, and it appears in Norse poetry, for example in this romantic line:
The hunger battle-birds were filled in Skye with blood of foemen killed.
Almost a third of the inhabitants still speak Gaelic, and apart from a few bigger towns, the population lives in crofting
townships scattered around the coastline. "Crofting"? Yeah, a croft is a small farm with a wall around it.
The only distillery on the Isle of Skye is the Talisker Distillery, which makes a rather famous single malt Scotch
whisky. It's in a village on the south shore.
I've always been fascinated by the Inner Hebrides and the even more exotic-sounding Outer Hebrides. I'm annoyed at
how all my visits to the British Isles have only taken me to the lofty centers of academe, not places like this. I don't
know much about them, but anything remote appeals to me: inaccessible pinnacles, inaccessible cardinals, the
Taklamakan desert, the underground oceans of Europa....
Danny MacAskill is actually from the Isle of Skye! You can see his whole journey along the Cuillin Ridgeline here:

Pretty impressive! Beautiful scenery, too!
May 24, 2016
Logic hacking

In mathematics, unlike ordinary life, the boundary between the knowable and the unknowable is a precisely defined
thing. But finding it isn't easy. Its exact location could itself be unknowable. But we don't even know that!
This month, a bunch of 'logic hackers' have stepped up to the plate and made a lot of progress. They've sharpened our
estimate of where this boundary lies. How? By writing shorter and shorter computer programs for which it's
unknowable whether these programs run forever, or stop.
A 'Turing machine' is a simple kind of computer whose inner workings have N different states, for some number N =
1,2,3,...
The 'Busy Beaver Game' is to look for the Turing machine with N states that runs as long as possible before stopping.

Machines that never stop are not allowed in this game.
We know the winner of the Busy Beaver Game for N = 1,2,3 and 4. Already for N = 5, the winner is unknown. The best
known contestant is a machine that runs for 47,176,870 steps before stopping. There are 43 machines that might or
might not stop — we don't know.
When N is large enough, the winner of the Busy Beaver Game is unknowable.
More precisely, if you use the ordinary axioms of mathematics, it's impossible to prove that any particular machine with
N states is the winner of the Busy Beaver Game... as long as those axioms are consistent.
How big must N be, before we hit this wall?
We don't know.
But earlier this month, Adam Yedidia and Scott Aaronson showed that it's 7910 or less.
And by now, thanks to a group of logic hackers like Stefan O'Rear, we know it's 1919 or less.
So, the unknowable kicks in — the winner of the Busy Beaver Game for N-state Turing machines becomes unknowable
using ordinary math - somewhere between N = 5 and N = 1919.
The story of how we got here is is fascinating, and you can read about it on my blog post:
John Baez, The busy beaver game, Azimuth, May 21, 2016.
Anything that I didn't make clear here, should be explained there.
May 27, 2016

In the 1980s, the mathematician Ronald Graham asked if it's possible to color each positive integer either red or blue, so
that no triple of integers a, b and c obeying Pythagoras' famous equation:
a2 + b2 = c 2
all have the same color. He offered a prize of $100.
Now it's been solved! The answer is no. You can do it for numbers up to 7824, and a solution is shown in this picture.
But you can't do it for numbers up to 7825.
To prove this, you could try all the ways of coloring these numbers and show that nothing works. Unfortunately that
would require trying
3 628 407 622 680 653 855 043 364 707 128 616 108 257 615 873 380 491 654 672 530 751 098 578 199
115 261 452 571 373 352 277 580 182 512 704 196 704 700 964 418 214 007 274 963 650 268 320 833
348 358 055 727 804 748 748 967 798 143 944 388 089 113 386 055 677 702 185 975 201 206 538 492
976 737 189 116 792 750 750 283 863 541 981 894 609 646 155 018 176 099 812 920 819 928 564 304
241 881 419 294 737 371 051 103 347 331 571 936 595 489 437 811 657 956 513 586 177 418 898 046
973 204 724 260 409 472 142 274 035 658 308 994 441 030 207 341 876 595 402 406 132 471 499 889
421 272 469 466 743 202 089 120 267 254 720 539 682 163 304 267 299 158 378 822 985 523 936 240
090 542 261 895 398 063 218 866 065 556 920 106 107 895 261 677 168 544 299 103 259 221 237 129
781 775 846 127 529 160 382 322 984 799 874 720 389 723 262 131 960 763 480 055 015 082 441 821
085 319 372 482 391 253 730 679 304 024 117 656 777 104 250 811 316 994 036 885 016 048 251 200
639 797 871 184 847 323 365 327 890 924 193 402 500 160 273 667 451 747 479 728 733 677 070 215
164 678 820 411 258 921 014 893 185 210 250 670 250 411 512 184 115 164 962 089 724 089 514 186
480 233 860 912 060 039 568 930 065 326 456 428 286 693 446 250 498 886 166 303 662 106 974 996
363 841 314 102 740 092 468 317 856 149 533 746 611 128 406 657 663 556 901 416 145 644 927 496

655 933 158 468 143 482 484 006 372 447 906 612 292 829 541 260 496 970 290 197 465 492 579 693
769 880 105 128 657 628 937 735 039 288 299 048 235 836 690 797 324 513 502 829 134 531 163 352
342 497 313 541 253 617 660 116 325 236 428 177 219 201 276 485 618 928 152 536 082 354 773 892
775 152 956 930 865 700 141 446 169 861 011 718 781 238 307 958 494 122 828 500 438 409 758 341
331 326 359 243 206 743 136 842 911 727 359 310 997 123 441 791 745 020 539 221 575 643 687 646
417 117 456 946 996 365 628 976 457 655 208 423 130 822 936 961 822 716 117 367 694 165 267 852
307 626 092 080 279 836 122 376 918 659 101 107 919 099 514 855 113 769 846 184 593 342 248 535
927 407 152 514 690 465 246 338 232 121 308 958 440 135 194 441 048 499 639 516 303 692 332 532
864 631 075 547 542 841 539 848 320 583 307 785 982 596 093 517 564 724 398 774 449 380 877 817
714 717 298 596 139 689 573 570 820 356 836 562 548 742 103 826 628 952 649 445 195 215 299 968
571 218 175 989 131 452 226 726 280 771 962 970 811 426 993 797 429 280 745 007 389 078 784 134
703 325 573 686 508 850 839 302 112 856 558 329 106 490 855 990 906 295 808 952 377 118 908 425
653 871 786 066 073 831 252 442 345 238 678 271 662 351 535 236 004 206 289 778 489 301 259 384
752 840 495 042 455 478 916 057 156 112 873 606 371 350 264 102 687 648 074 992 121 706 972 612
854 704 154 657 041 404 145 923 642 777 084 367 960 280 878 796 437 947 008 894 044 010 821 287
362 106 232 574 741 311 032 906 880 293 520 619 953 280 544 651 789 897 413 312 253 724 012 410
831 696 803 510 617 000 147 747 294 278 502 175 823 823 024 255 652 077 422 574 922 776 413 427
073 317 197 412 284 579 070 292 042 084 295 513 948 442 461 828 389 757 279 712 121 164 692 705
105 851 647 684 562 196 098 398 773 163 469 604 125 793 092 370 432
possibilities. But recently, three mathematicians cleverly figured out how to eliminate most of the options. That left
fewer than a trillion to check!
So they spent 2 days on a supercomputer, running 800 processors in parallel, and checked all the options. None worked.
They verified their solution on another computer.
This is the world's biggest proof: it's 200 terabytes long! That's about equal to all the digitized text held by the US
Library of Congress. There's also a 68-gigabyte digital signature - sort of a proof that a proof exists - if you want to skim
it.
It's interesting that these 200 terabytes were used to solve a yes-or-no question, whose answer takes a single bit to state:
no.
I'm not sure breaking the world's record for the longest proof is something to be proud of. Mathematicians prize short,
elegant proofs. I bet a shorter proof of this result will eventually be found.
Still, it's fun that we can do such things. Here's a story about the proof:
Evelyn Lamb, Two-hundred-terabyte maths proof is largest ever, Nature, May 26, 2016.
and here's the actual paper:
Marijn J. H. Heule, Oliver Kullmann and Victor W. Marek, Solving and verifying the Boolean Pythagorean
triples problem via cube-and-conquer.
The 'cube-and-conquer' paradigm is a "hybrid SAT method for hard problems, employing both look-ahead and CDCL
solvers"... whatever that means. It would be interesting to learn about this. But it's time for breakfast!
By the way, despite the title of the Nature article, in the comments to my G+ post about this, Michael Nielsen pointed
out a longer proof by Chris Jefferson, who wrote:
Darn, I had no idea one could get into the media with this kind of stuff.
I had a much larger "proof", where we didn't bother storing all the details, in which we enumerated
718,981,858,383,872 semigroups, towards counting the semigroups of size 10.

Uncompressed, it would have been about 63,000 terabytes just for the semigroups, and about a thousand
times that to store the "proof", which is just the tree of the search.
Of course, it would have compressed extremely well, but also I'm not sure it would have had any value, you
could rebuild the search tree much faster than you could read it from a disc, and if anyone re-verified our
calculation I would prefer they did it by a slightly different search, which would give us much better
guarantees of correctness.
His team found a total of 12,418,001,077,381,302,684 semigroups of size 10. They only had to find
718,981,858,383,872 by a brute force search, which is 0.006% of the total:
Andreas Distler, Chris Jefferson, Tom Kelsey, and Lars Kottho, The semigroups of order 10, in Principles and
Practice of Constraint Programming, Springer Lecture Notes in Computer Science 7514, Springer, Berlin, pp.
883–899.
May 30, 2016
Let us read what we paid for!

Imagine a business like this: you get highly trained experts to give you their research for free... and then you sell it back
to them. Of course these experts need equipment, and they need to earn a living... so you get taxpayers to foot the bill.
And if the taxpayers want to actually read the papers they paid for? Then you charge them a big fee!
It's not surprising that with this business model, big publishers are getting rich while libraries go broke. Reed-Elsevier
has a 37% profit margin!
But people are starting to fight back — from governments to energetic students like Alexandra Elbakyan here.
On Friday, the Competitiveness Council — a gathering of European ministers of science, innovation, trade, and industry

— said that by 2020, all publicly funded scientific papers published in Europe should be made immediately free for
everyone to read.
This will start a big fight, and it may take longer than 2020. But Alexandra Elbakyan isn't waiting around.
In 2011, as a computer science grad student in Kazakhstan, she got sick of paying big fees to read science papers. She
set up SciHub, a pirate website that steals papers from the publishers and sets them free.
SciHub now has 51,000,000 papers in its database. In October 2015, Elsevier sued them. In November, their domain
name was shut down. But they popped up somewhere else. By February, people were downloading 200,000 papers per
day. Even scientists with paid access to the publisher's databases are starting to use SciHub, because it's easier to use.
Clearly piracy is the not the ultimate solution. Elbakyan now lives in an undisclosed location, to avoid being extradited.
But she gave the world a much-needed kick in the butt. The old business model of get smart people to work for free and
sell the product back to them is on its way out.
For more, read:
John Bohannon, Who's downloading pirated papers? Everyone, Science, April 28, 2016.
and the SciHub Twitter feed. Also read this:
Martin Enserink, In dramatic statement, European leaders call for 'immediate' open access to all scientific papers
by 2020, Science, May 27, 2016.
The key word here is immediate — right now the US lets the journals sit on publicly funded papers for a year. The
Dutch government is really pushing this! Congratulations to them!
For my June 2016 diary, go here.
© 2016 John Baez
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Especially before the fall of the USSR, the best Russian mathematicians would often meet and discuss their work at
seminars.
Gelfand's seminar in Moscow was especially famous, since he would stop speakers any time they said something
unclear. In fact, sometimes he'd appoint an audience member to play the role of arbiter: if this guy in the audience
doesn't understand it, the speaker has to explain it better!
As a result, the seminar would often go on until late at night, even after the building was locked up. But everyone
learned a lot of math.
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With such exhaustive seminars, publishing proofs sometimes became a mere afterthought. You'll often see short papers
from this era making important claims with just a tiny sketch of an argument to back them up.
That annoyed Western mathematicians. And I've bumped into a few mysteries that I'm having trouble with, thanks to
these short Russian papers without clear proofs. Here is one.
This image by Greg Egan shows the set of points (a, b, c) for which the quintic
x 5 + ax 4 + bx 2 + c
has repeated roots... with the plane c = 0 removed. You'll notice this surface crosses over itself in a cool way, creating
lines of sharp cusps.
Vladimir Arnol'd, who ran one of these famous seminars, says that one O. V. Lyashko studied this surface in 1982 with
the help of a computer - a very primitive computer by our standards, I'm sure. And he says Lyashko proved this surface
looks the same as another surface defined using the icosahedron.
Arnol'd doesn't mention removing the plane c = 0, so his claim is technically wrong. But if you remove that plane, it
looks right! So I'd like to see a proof that these surfaces are the same after a smooth change of coordinates. The
icosahedron and the quintic equation are connected in many ways, so there should be a nice explanation. But I don't
know it!
For more details on this surface, see this blog post:
John Baez, Discriminant of restricted quintic, Visual Insight, June 1, 2016.
You'll also see the other surface, defined using the icosahedron. And you can read a full explanation of that other
surface here:
John Baez, Discriminant of the icosahedral group, May 15, 2016.
As I explain, the same surface shows up in yet another disguise — but again, I don't know a proof! If you make progress
on these mysteries, let me know!
The icosahedron is connected to some of the most fascinating symmetrical structures in the mathematical universe, such
as E8 and the Golay code. I'm trying to get to the bottom of this, so every clue helps.
Here is a longer description of Gelfand's seminar, as told by Simon Gindikin:
The Gelfand seminar was always an important event in the very vivid mathematical life in Moscow, and,
doubtless, one of its leading centers. A considerable number of the best Moscow mathematicians
participated in it at one time or another. Mathematicians from other cities used all possible pretexts to visit
it. I recall how a group of Leningrad students agreed to take turns to come to Moscow on Mondays (the day
of the seminar, to which other events were linked), and then would retell their friends what they had heard
there. There were several excellent and very popular seminars in Moscow, but nevertheless the Gelfand
seminar was always an event.
I would like to point out that, on the other hand, the seminar was very important in Gelfand's own personal
mathematical life. Many of us witnessed how strongly his activities were focused on the seminar. When, in
the early fifties, at the peak of antisemitism, Gelfand was chased out of Moscow University, he applied all
his efforts to seminar. The absence of Gelfand at the seminar, even because of illness, was always
something out of the ordinary.
One cannot avoid mentioning that the general attitude to the seminar was far from unanimous. Criticism
mainly concerned its style, which was rather unusual for a scientific seminar. It was a kind of a theater with

a unique stage director playing the leading role in the performance and organizing the supporting cast, most
of whom had the highest qualifications. I use this metaphor with the utmost seriousness, without any
intention to mean that the seminar was some sort of a spectacle. Gelfand had chosen the hardest and most
dangerous genre: to demonstrate in public how he understood mathematics. It was an open lesson in the
grasping of mathematics by one of the most amazing mathematicians of our time. This role could be only
be played under the most favorable conditions: the genre dictates the rules of the game, which are not
always very convenient for the listeners. This means, for example, that the leader follows only his own
intuition in the final choice of the topics of the talks, interrupts them with comments and questions (a
privilege not granted to other participants) [....] All this is done with extraordinary generosity, a true passion
for mathematics.
Let me recall some of the stage director's strategems. An important feature were improvisations of various
kinds. The course of the seminar could change dramatically at any moment. Another important mise en
scene involved the "trial listener" game, in which one of the participants (this could be a student as well as a
professor) was instructed to keep informing the seminar of his understanding of the talk, and whenever that
information was negative, that part of the report would be repeated. A well-qualified trial listener could
usually feel when the head of the seminar wanted an occasion for such a repetition. Also, Gelfand himself
had the faculty of being "unable to understand" in situations when everyone around was sure that
everything is clear. What extraordinary vistas were opened to the listeners, and sometimes even to the
mathematician giving the talk, by this ability not to understand. Gelfand liked that old story of the professor
complaining about his students: "Fantastically stupid students - five times I repeat proof, already I
understand it myself, and still they don't get it."
It has remained beyond my understanding how Gelfand could manage all that physically for so many hours.
Formally the seminar was supposed to begin at 6 pm, but usually started with an hour's delays. I am
convinced that the free conversations before the actual beginning of the seminar were part of the scenario.
The seminar would continue without any break until 10 or 10:30 (I have heard that before my time it was
even later). The end of the seminar was in constant conflict with the rules and regulations of Moscow State
University. Usually at 10 pm the cleaning woman would make her appearance, wishing to close the
proceedings to do her job. After the seminar, people wishing to talk to Gelfand would hang around. The
elevator would be turned off, and one would have to find the right staircase, so as not to find oneself stuck
in front of a locked door, which meant walking back up to the 14th (where else but in Russia is the locking
of doors so popular!). The next riddle was to find the only open exit from the building. Then the last
problem (of different levels of difficulty for different participants) - how to get home on public
transportation, at that time in the process of closing up. Seeing Gelfand home, the last mathematical
conversations would conclude the seminar's ritual. Moscow at night was still safe and life seemed so
unbelievably beautiful!
June 2, 2016

One of the world's largest insects lives in Australia. It looks like a stick and it's called Ctenomorpha gargantua. It's very
hard to find, because it lives in the highest parts of the rainforests in Queensland, and it's only active at night!
In 2014 one fell down. Scientists found it hanging on a bush. They took it to the Museum Victoria, in Melbourne. They
named it 'Lady Gaga-ntuan'. And now it has a daughter that's 0.56 meters long — that is, 22.2 inches long!
June 7, 2016
Does dark matter have dark hair?

By now there's a lot of evidence that dark matter exists, but not so much about what it is. The most popular theories say
it's some kind of particles that don't interact much with ordinary matter, except through gravity. These particles would
need to be fairly massive — as elementary particles go — so that despite having been hot and energetic shortly after the
Big Bang, they'd move slow enough to bunch up thanks to gravity. Indeed, the bunching up of dark matter seems
necessary to explain the formation of the visible galaxies!
Searches for dark matter particles have not found much. The DAMA experiment, a kilometer underground in Italy,
seemed to detect them. Even better, it saw more of them in the summer, when the Earth is moving faster relative to the
Milky Way, than in the winter. That's just what you'd expect! But other similar experiments haven't seen anything. So
most physicists doubt the DAMA results.
Maybe dark matter is not made of massive weakly interacting particles. Maybe it's a superfluid made of light but
strongly interacting particles. Maybe there are lot more 25-solar-mass black holes than most people think! There are lots
of theories, and I don't have time to talk about them all.
I just want to tell you about a cool idea which assumes that dark matter is made of massive weakly interacting particles.
It's still the most popular theory, so we should take it seriously and ask: if they exist, what would these particles do?
In the early Universe they'd attract each other by gravity. They'd bunch up, helping seed the formation of galaxies. But
after stars and planets formed, they'd pull at the dark matter, making it thicker in some places, thinner in others.
And this is something we can simulate using computers! After all, the relevant physics is well-understood: just Newton's
law of gravity, applied to stars, planets and zillions of tiny dark matter particles.
Gary Prezeau of NASA's Jet Propulsion Laboratory did these simulations and discovered something amazing.

When dark matter flows past the Earth, it gets deflected and focused by the Earth's gravity. Like light passing through a
lens, it gets intensely concentrated at certain locations!
This creates long thin 'hairs' where the density of dark matter is enhanced by a factor of 10 million. Each hair is densest
at its 'root'. At the root, the density of dark matter is about a billion times greater than average!
The hairs in this picture are not to scale: the Earth is drawn too big. The roots of the hairs would be about a million
kilometers from Earth, while the Earth's radius is only 6,400 kilometers.
Of course we don't know dark matter particles exist. What's cool is that if they exist, it forms such beautiful structures!
And if we could do a dark matter search in space, near one of these possible roots, we might have a better chance of
finding something.
Let me paraphrase Prezeau, because the real beauty is in the details. From his abstract:
It is shown that compact bodies form strands of concentrated dark matter filaments henceforth simply called
'hairs'. These hairs are a consequence of the fine-grained stream structure of dark matter halos surrounding
galaxies, and as such they constitute a new physical prediction of the standard model of cosmology. Using
both an analytical model of planetary density and numerical simulations (a fast way of computing
geodesics) with realistic planetary density inputs, dark matter streams moving through a compact body are
shown to produce hugely magnified dark matter densities along the stream velocity axis going through the
center of the body. Typical hair density enhancements are 107 for Earth and 108 for Jupiter. The largest
enhancements occur for particles streaming through the core of the body that mostly focus at a single point
called the root of the hair. For the Earth, the root is located at about 106 kilometers from the planetary
center with a density enhancement of around 109 while for a gas giant like Jupiter, the root is located at
around 105 kilometers with a enhancement of around 1011. Beyond the root, the hair density precisely
reflects the density layers of the body providing a direct probe of planetary interiors.
The mathematicians and physicists among you may enjoy even more detail. Again, I'll paraphrase:
According to the standard model of cosmology, the velocity dispersion of cold dark matter (CDM) is
expected to be greatly suppressed as the universe expands and the CDM collisionless gas cools. In
particular, for a weakly interacting mass particle with mass of 100 GeV that decoupled from normal matter
when the Universe cooled to an energy of 10 MeV per particle, the velocity dispersion is only about 0.0003
meters per second.
As the Universe cools and the nonlinear effects of gravity become more prominent and galactic halos grow, the
dispersion of velocities will increase somewhat, but 10 kilometers per second is an upper limit on the velocity dispersion
of the resulting dark matter streams.
Dark matter starts out having a very low spread in velocities, but its location can be anywhere. So, it forms a 3dimensional sheet in the 6-dimensional space of position-velocity pairs, called 'phase space'.
As time passes this sheets gets bent, but it can never be broken. When this sheet gets folded enough, we get a 'caustic
where lots of different dark matter particles have almost the same position, though different velocities. You can see a
caustic by shining light into a reflective coffee cup, or shining light through a magnifying glass. The same math applies
here:
A phase-space perspective sheds additional light on the processes affecting the CDM under the influence of
gravity. When the CDM decouples from normal matter, the CDM occupies a 3-dimensional sheet in the 6dimensional phase space since it has a tiny velocity dispersions. The process of galactic halo formation
cannot tear this hypersurface, thanks to generalization of Liouville's theorem. Under the influence of
gravity, a particular phase space volume of the hypersurface is stretched and folded with each orbit of the
CDM creating layers of fine-grained dark matter streams, each with a vanishingly small velocity dispersion.

These stretches and folds also produce caustics: regions with very high CDM densities that are inversely
proportional to the square root of the velocity dispersion.
Here are some more pictures:
Elizabeth Landau, Earth might have hairy dark matter, NASA, November 23, 2015.
and here's the paper:
Gary Prezeau, Dense dark matter hairs spreading out from Earth, Jupiter and other compact bodies.
June 21, 2016
During the primaries, Trump claimed he was rich and couldn't be bought. He said he wouldn't have a super-PAC. Now
he has a lot of super-PACs - all fighting each other. But his campaign has very little cash!
In May he tweeted:
Good news is that my campaign has perhaps more cash than any campaign in the history of politics.
But this was a lie. By the end of May his campaign had less than $1.3 million. At least, that's what he reported to the
Federal Election Commission.
That may sound like a lot if you don't know US politics. But Clinton, by comparison, had $42 million. Even Ben Carson
- remember that guy, the nutty candidate who claimed the pyramids were built for storing grain? - had $1.7 million
when he quit back in March.
So, by US standards, Trump's campaign is broke.
And he keeps putting campaign money back into his own pocket!
Throughout his campaign, up to the end of May, he has given $6.2 million of campaign funds to companies he owns.
That's roughly 10% of his campaign spending so far. And in May this rose to almost 20%: he spent $6.7 million on his
campaign, but over $1 million of that went to his own companies.
According to the Huffington Post:
The most striking expenditure in the new filings was $423,372, paid by the Trump campaign for rentals and
catering at Trump.s 126-room Palm Beach, Florida, mansion, Mar-A-Lago, which Trump operates as a
private club.
Other Trump-owned recipients of campaign funds include Trump Restaurants, which raked in $125,080 in
rent and utilities; Trump Tower Commercial, which charged $72,800 in rent and utilities in the building that
houses Trump.s campaign headquarters; the Trump National Golf Club, in Jupiter, Florida, which collected
$35,845 for facilities rental and catering; and the Trump International Golf Club in West Palm Beach,
Florida, which billed the campaign for $29,715, for facilities rentals and catering.
So, Trump has given a whole new meaning to the term 'self-funding'. In 2000, he said:
It's very possible that I could be the first presidential candidate to run and make money on it.
It seems that Trump plans to let the Republican National Committee pay for most of his campaign. They've got some
money: they started June with $20 million in cash. But four years ago at this time, they had more than $60 million. Their
big donors are shying away from Trump.

I would love to get money out of US politics. I hadn't expected Trump to take the lead.
Here is his May report to the Federal Election Commission:
Donald Trump, Federal Election Commission report of receipts and disbursements, filed June 20, 2016.
Here is the Huffington Post article:
Christina Wilkie, Donald Trump's campaign paid Trump companies more than $1 million in May, The Huffington
Post, June 21, 2016.
Here is an article on Trump's super-PACs:
Russ Choma, Donald Trump has a super-PAC problem, Mother Jones, June 20, 2016.
For Trump's boast that his might be the first presidential campaign to make money, read this:
David A. Graham, The lie of Trump's 'self-funding' campaign, The Atlantic, May 13, 2016.
I got other figures from here:
Rebecca Ballhaus, Stark gap in fundraising between presumptive nominees, The Wall Street Journal, June 21,
2016.
Steve Benen, In more ways than one, the Trump campaign is broke, The MaddowBlog, June 21, 2016.
June 23, 2016
Superstar

This is the small stellated dodecahedron. It's like a star made of stars. It has 12 pentagrams, 5-pointed stars, as faces.
These stars cross over each other. Five meet at each sharp corner.
But here's the really cool part: you should think of each pentagram as a pentagon that's been mapped into space in a very
distorted way, with a 'branch point of order 2' at its center.
What does that mean?
Stand at the center of a pentagon! Measure the angle you see between two corners that are connected by an edge. You'll
get 2π /5. But now stand at the center of a pentagram. Measure the angle you see between two corners that are

connected by an edge. You get 4π /5. Twice as big!
So, to map a pentagon into space in a way that makes it look like a pentagram, you need to wrap it twice around its
central point. That's what a branch point of order 2 is all about.
That's the cool way to think of this shape you see spinning before you. It's a surface made of 12 pentagons, each
wrapped twice around its center, with 5 meeting at each sharp corner.
There's another way to think about this surface! Any equation of this sort
z 5 + pz + q = 0
has 5 solutions, or 'roots'. To make this true we need to bend the rules a bit. First, we let the solutions be complex
numbers... so let p and q be complex too. Second, we must allow for the possibility of 'repeated roots': when you factor
z 4 + pz + q, the same root may show up twice.
Now here's the cool part: the small stellated dodecahedron is the set of all lists of 5 numbers that are roots of some
equation of this form:
z 5 + pz + q = 0
So it's not just a pretty star-shaped thing. It's a serious mathematical entity! It's actually a Riemann surface, the most
symmetrical Riemann surface with 4 holes! You can build it starting from a tiling of the hyperbolic plane by pentagons.
In this tiling 5 pentagons meet at each corner — just like 4 squares meet at each corner in a square tiling of the ordinary
plane.
It's all about the number 5, which has a lot of star power. To understand more, read my blog article:
John Baez, Small stellated dodecahedron, Visual Insight, June 15, 2016.
Most of this was discovered by Felix Klein in 1877. He discovered lots of cool facts like this. It's almost annoying. I
keep learning cool things about Riemann surfaces and the hyperbolic plane... and it keeps turning out they were
discovered by Klein. He found more than his fair share.
The image above was created by someone named 'Cyp' and placed on Wikicommons.
June 24, 2016

A lynx kitten bounds forward, confident and focused.
I need this picture today, to cheer myself up. I don't like the Brexit. The very best possible interpretation I can put on it
is that it's ordinary folks poking a stick in the eye of the elite, demanding more local control of government, more
democracy. Maybe the elite will wake up, stop trying to hog all the wealth, and realize that in the long run it pays to
help the downtrodden.
Maybe London will become less dominated by corrupt financiers. Maybe Scotland will become independent and join
the EU.
I can imagine a wave of decentralization and localization being a good thing.... if it's balanced by the right larger-scale

structures, allowing plenty of free trade, free movement of people, and so on. But I don't get any sense that the Brexiters
have a constructive vision for the future.
Back to the theme of youth:
The young are generally bolder, less careful, less fearful. It's got pros and cons.
75% of British people between ages 18 and 24 said they voted for Britain to stay in the EU. For people 25-49 it was
56%. For people 50-64 it was 44%. For people above 65, just 39%.
So this is an interesting case. Perhaps the old are more fearful — of refugees, of Polish plumbers, of EU bureaucrats —
but in this case they were more eager to do something rash. It's quite amazing how little is known about what will
happen next! About all we be sure about is that it will create a big mess.
Good luck, Britain! Good luck, EU!
June 27, 2016
Why bees are fuzzy

The fuzz on bees helps them collect pollen. But it may also help them detect electric fields!
The surprising part — to me — is that flowers have electric fields. And different kinds of flowers have noticeably
different fields.
Gregory Sutton, a biomechanical engineer who is studying this, says that flower petals tend to accumulate electric
charge. So, they produce an electric field just like when you rub a balloon on a woolly sweater — but smaller:
"It's a very small electrical field, which is why we're quite astounded that bees can actually detect it," Sutton
says. "And there is different charge distribution at different locations on the petals of different species of
flowers. So two flowers of the same species will have a similar electric field, whereas two flowers of a
different species will have different electric fields."

Together with biophysics researcher Erica Morley and some other scientists, Sutton did experiments to test
the theory that bees use electric fields to help find food.
They built 10 flowers with the same shape, size and smell. They put sugar water on some of the flowers and
then added small static electric fields to those flowers. On the rest of the flowers, they put bitter water and
no electric field. They let the bees loose among the flowers and kept moving the flowers around so the bees
couldn.t learn the location of the sugar water.
"As they forage, they start to go to the flowers with the sugar water 80 percent of the time," Sutton says.
"So you know they've figured out the difference between the two sets of flowers. The last step is you just
turn off the voltage and then check to see if they can continue telling the difference. And when we turned
off the voltage, they were unable to tell the difference. And that's how we knew it was the voltage itself that
they were using to tell the difference between the flowers."
It's good that they did this last step, because otherwise I'd be unconvinced. They also studied the mechanism that bees
use to detect electric fields. Basically, bee hairs get pulled by an electric field, and the bee can feel it:
"What we found in bees is that they're using a mechanic receptor," Morley says. "It's not a direct coupling
of this electrical signal to the sensory system. They're using mechanical movement of hair in a very nonconductive medium. Air doesn't conduct electricity very well — it's very resistive. So these hairs have
moved in response to the field, which then causes the nerve impulses from the cells at the bottom of the
hair."
I love results like this, which show the world is bigger and more interesting than I thought. But I'm a bit suspicious too,
so I hope more scientists try to replicate these experiments or poke holes in them.
The paper is open-access, so if you have questions you can read it yourself!
Gregory P. Sutton, Dominic Clarke, Erica L. Morley and Daniel Robert, Mechanosensory hairs in bumblebees
(Bombus terrestris) detect weak electric fields, Proc. Nat. Acad. Sci. 113 (2016), 7261–7265.
I got my quotes from here:
Elizabeth Shockman, Flowers give off electrical signals to bees, Science Friday, PRI, June 26, 2016.
June 29, 2016

Metaculus is a website where you can ask about future events and predict their probabilities. The "wisdom of crowds"
says that this is a pretty reasonable way to divine the future. But some people are better predictors than others, and this
skill can be learned.
Metaculus was set up by two professors at U.C. Santa Cruz. Anthony Aguirre, a physicist, is a co-founder of the
Foundational Questions Institute, which tries to catalyze breakthrough research in fundamental physics, and the Future
of Life Institute, which studies disruptive technologies like AI. Greg Laughlin, an astrophysicist, is an expert at
predictions from the millisecond predictions relevant to high-frequency trading to the ultra-long-term stability of the
solar system.
I've asked and answered a few questions there. It's fun, and it will get more fun as more people take it seriously! Here's
some stuff from their latest report:
Dear Metaculus Users,
We recently logged our 10,000th prediction. Not quite Big Data (which will take lots more growth), but

we're making progress! With this milestone passed, it seems like a good time to share an overview of our
results.
First, the big picture. This can be summarized with a single histogram that shows the distribution of the first
10,042 predictions on our first 146 questions. Unambiguously, the three most popular predictions are 1%,
50% and 99%, with spikes of varying strength at each multiple of 5%. There.s a definite overall skew
toward lower percentages. This phenomenon stems in part from the fact that the subset of provocative lowprobability questions is most naturally worded in a way that the default outcome is negative, e.g., Question:
Will we confirm evidence for megastructures orbiting the star KIC 8462852? (Answer: No.) The histogram
also makes the point that while 99% confidence — the equivalent of complete confidence — is very
common, it's very rare that anyone is ever 98% sure about anything. One takeaway from the pileup at 1%
and 99% is that we could use more possible values there, so we plan to introduce an expanded range, from
0.1% to 99.9% soon — but as cautioned below, be careful in using it. Excluding the 1% and 99% spikes
and smoothing a bit, the prediction distribution turns out to be a pretty nice gaussian, illustrating the
ubiquitous effect of the law of large numbers.
The wheels of Metaculus are grinding slowly, but they grind very fine. Almost 80% of the questions that
have been posed on site are still either active (open), or closed (pending resolution) We are starting,
however, to get meaningful statistics on questions that have resolved to date — a collection that spans a
wide range of topics (from Alpha Go to LIGO and from VIX to SpaceX). We've been looking at different
metrics to evaluate collective predictive success. A simple approach is to chart the fraction of outcomes that
actually occurred, after aggregating over all of the predictions in each percentage bin. In the limit of a very
large number of optimally calibrated predictions on a very large number of questions, the result would be
the straight line shown in gold on Figure 2 below. It's clear that the optimal result compares quite well to
the aggregation produced by the Metaculus user base. Error bars are 25% and 75% confidence intervals,
based on bootstrap resampling of the questions. The only marginally significant departure from the optimal
result comes at the low end: as a whole, the user base has been slightly biased toward pessimism, assigning
a modest overabundance of low probabilities to events that actually wound up happening. In particular, the
big spike in the 1% bin in Figure 1 isn't fully warranted. (This is also somewhat true at 99%: these
predictions have come true 90% of the time.) Take-away: if you're inclined to pull the slider all the way to
the left or even right, give it a second thought...
It has been demonstrated that the art of successful prediction is a skill that can be learned. Predictors get
better over time, and so it's interesting to look at the performance of the top predictors on Metaculus, as
defined by users with a current score greater than 500. The histogram of predictions for the subset of top
users shows some subtle differences with the histogram of all the predictions. The top predictors tend to be
more equivocal. The 50% bin is still highly prominent, whereas the popularity of 1% votes is quite strongly
diminished.
I recently predicted — not on Metaculus — that Hillary Clinton has a 99% chance of getting the Democratic
nomination. Maybe I should have said 98%. But I definitely should put my prediction on Metaculus! This could develop
into a useful resource.
If you want to become a "super-forecaster", you need to learn about the Good Judgment Project. Start here:
Alix Spiegel, So you think you're smarter than a CIA agent, Morning Edition, National Public Radio, April 2,
2014.
A little taste:
For the past three years, Rich and 3,000 other average people have been quietly making probability
estimates about everything from Venezuelan gas subsidies to North Korean politics as part of the Good
Judgment Project, an experiment put together by three well-known psychologists and some people inside
the intelligence community.

According to one report, the predictions made by the Good Judgment Project are often better even than
intelligence analysts with access to classified information, and many of the people involved in the project
have been astonished by its success at making accurate predictions.
Then read Philip Tetlock's books Expert Political Judgment and Superforecasting: The Art and Science of Prediction. I
haven't! But I would like to become a super-forecaster.
For a nice discussion of Metaculus and related issues, check out the comments on my G+ post.
For my July 2016 diary, go here.
© 2016 John Baez
baez@math.removethis.ucr.andthis.edu
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On the 4th of July, a NASA spacecraft named Juno will try to start orbiting Jupiter. It has traveled for 5 years and 2.8
billion kilometers to get there. This is going to be exciting!
Juno will try to aim its main engine towards the Sun, turn it on for 35 minutes, and slow down to 58 kilometers per
second, so it can be captured by Jupiter's gravitational field. Says the lead scientist:
There's a mixture of tension and anxiety because this is such a critical maneuver and everything is riding on
it. We have to get into orbit. The rocket motor has to burn at the right time, in the right direction, for just the
right amount of time.
With luck, Juno will enter a highly eccentric polar orbit, and make 37 orbits lasting 14 days each. Each time it will dive
down to just 4000 kilometers above Jupiter's cloud tops, closer than we've ever come! Each time it will shoot back up to
a height of 2.7 million kilometers. It will map Jupiter using many instruments. The first dive is scheduled for August.
Juno will gradually be damaged by Jupiter's intense radiation, even though the main computer is encased in a 200kilogram titanium box. After its last orbit, it will deliberately plunge to its death — so that it has no chance of
contaminating the oceans of Europa.
Juno has already entered Jupiter's magnetosphere - the region of space dominated by Jupiter's powerful magnetic field.
You can hear it here:
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For details of Juno's trajectory, go here:
Juno mission and trajectory design, Spaceflight 101.
The Jupiter orbit insertion should begin at 03:18 July 5th UTC, which is 20:18 on the 4th of July in California.
July 3, 2016

This is a view of Barth's decic surface drawn by Abdelaziz Nait Merzouk. It's a frightening shape with 345 cone-shaped
singularities — the most possible for a surface described by a polynomial of degree 10.
And yet, despite its nightmarish complexity, this surface is highly symmetrical. It has the same symmetries as a regular
icosahedron!
For more views of this surface, go here:
John Baez, Barth decic, Visual Insight, July 15, 2016.
I have no idea how Wolf Barth dreamt up this surface, along with the closely related 'Barth sextic', back in 1994. The

equations describing them feature the golden ratio... but they're complicated. I bet there's a more conceptual way to get
your hands on these surfaces. If you know it, please tell me!
July 4, 2016

A while back I wrote a story about infinity on Google+. It featured a character who was recruited by the US government
to fight in the War on Chaos. His mission was to explore larger and larger infinities.
You can see that story in my bigness collection on G+: lots of posts, each one its own little chapter.
But I keep wanting to talk about infinity — it's endlessly interesting! I keep learning more about it. Some posts here by
+Refurio Anachro re-ignited my desire to write about it, and now I have. Here's the first of three articles:
John Baez, Large countable ordinals (part 1), Azimuth, June 29, 2016.
If you read this, you'll learn about the two basic kinds of infinities discovered by Cantor: cardinals and ordinals. Then
we'll go on a road trip through larger and larger ordinals.
The picture above shows some of the first ones we'll meet on our trip. Omega, written ω, is the first infinite ordinal:
ω = {0, 1, 2, 3, 4, 5, 6, 7, 8, 9, . . . }

Each turn of the spiral here takes you to a higher power of omega, and if you go around infinitely many times, you reach
omega to the omegath power. There are many ways to visualize this ordinal, and I explain a few.
But my road trip will take you much further than that!
In this first episode, we reach an ordinal called 'epsilon nought', first discovered by Cantor. In the second episode we'll
go up the Feferman–Schütte ordinal. In the third we'll reach the small Veblen ordinal and even catch a glimpse of the
large Veblen ordinal.
All these are countable ordinals, and you can write computer programs to calculate with them, so I consider them just as
concrete as the square root of 2. And yet, they're quite mind-blowing.
July 5, 2016

The 'Jupiter orbit insertion' went flawlessly, and I had fun watching it live on NASA TV. The most risky moments
occurred from 11:18 to 11:53 am, here in Singapore. Success wasn't guaranteed, and indeed NASA cleverly played up
the dangers, to get people interested, and to have an excuse if things didn't work.
Kenneth Chang, What to expect during Juno's mission to Jupiter, New York Times, July 4, 2016.

What could possibly go wrong?
Lots.
"I'm confident it's going to work," Scott Bolton, Juno's principal investigator, said before the announcement
Monday night that the spacecraft had arrived, "but I'll be happy when it's over and we're in orbit."

Some of the ways that this could turn into a bad day:
Juno blows up. In August 1993, NASA's instrument-packed Mars Observer spacecraft vanished. An
inquiry concluded that a fuel leak caused the spacecraft to spin quickly and fall out of communication.
While Juno's setup is different, there is always a chance of an explosion with rocket fuel.
The engine doesn't fire at all. The Japanese probe Akatsuki was all set to arrive at Venus in December
2010, but its engine didn't fire, and Akatsuki sailed right past Venus. Last year, Akatsuki crossed paths with
Venus again, and this time, using smaller thrusters, it was able to enter orbit.
It crashes into something. Jupiter does not possess the majestic rings of Saturn, but it does have a thin of
ring of debris orbiting it. Juno will pass through a region that appears clear, but that does not mean it
actually is. Even a dust particle could cause significant damage, as Juno will be moving at a speed of
132,000 miles per hour relative to Jupiter.
It flies too close to Jupiter and is ripped to pieces. In one of NASA's most embarrassing failures, the
Mars Climate Orbiter spacecraft, was lost in 1999 because of a mix-up between English and metric units.
Climate Orbiter went far deeper into Mars. atmosphere than planned. On its first orbit, Juno is to pass
within 2,900 miles of Jupiter's cloud tops, so a miscalculation could be catastrophic.
The computer crashes. On July 4 last year, the mission controllers of the New Horizons spacecraft that
was about to fly by Pluto experienced some nervous moments when the spacecraft stopped talking to them.
The computer on New Horizons crashed while trying to interpret some new commands and compressing
some images it had taken, the electronic equivalent of walking while chewing gum.
The controllers put New Horizons back in working order within a few days, and the flyby occurred without
a hitch. For Juno, the scientific instruments have been turned off for its arrival at Jupiter. "We turn off
everything that is not necessary for making the event work," said Dr. Levin, the project scientist. "This is
very important to get right, so you don't do anything extra."
The intense barrage of radiation at Jupiter could knock out Juno's computer, even though it is shielded in a
titanium vault. Usually, when there is a glitch, a spacecraft goes into "safe mode" to await new instructions
from Earth, but in this case, that would be too late to save Juno. The spacecraft has been programmed to
automatically restart the engine to allow it to enter orbit.
"If that doesn't go just right, we fly past Jupiter, and of course, that's not desirable," Dr. Bolton said.
July 6, 2016
♥ ♥ ♥ I love infinity ♥ ♥ ♥

Some infinities are countable, like the number of integers. Others are uncountable, like the number of points on a line.
Uncountable infinities are hard to fully comprehend. For example, even if you think an infinity is uncountable, someone
else may consider it countable! That's roughly what the Löwenheim–Skolem theorem says.
How is this possible?
Ultimately, it's because there are only a countable number of sentences in any language with finitely many letters. So,
no matter how much you talk, you can never convince me that you're talking about something uncountable!
Now, if we take a really hard-ass attitude, we have to admit we can never actually write infinitely many sentences. So
even countable infinities remain outside our grasp. However, we come "as close as we want", in the sense that we can
keep counting
0, 1, 2, 3, 4, …
and nothing seems to stop us. So, while we never actually reach the countably infinite, it's pretty easy to imagine and
work with.
Thus, my favorite infinities are the countable ordinals — in particular, the computable ones. You can learn to do
arithmetic with them. You can learn to visualize them just as vividly as the set of all natural numbers, which is the first
countable ordinal:
ω = {0, 1, 2, 3, 4, 5, 6, 7, 8, 9, …}
For example,
ω + 1 = {0, 1, 2, 3, 4, 5, 6, 7, 8, 9, …, ω}
But as you keep trying to understand larger and larger countable ordinals, strange things happen. You discover that
you're fighting your own mind.
As soon as you see a systematic way to generate a sequence of larger and larger countable ordinals, you know this
sequence has a limit that's larger then all of those! And this opens the door to even larger ones....

So, this journey feels a bit like trying to outrace your car's own shadow as you drive away from the sunset: the faster
you drive, the faster it shoots ahead of you. You'll never win.
On the other hand, you never need to lose. You only lose when you get tired.
And that's what I love: it becomes so obvious that the struggle to understand the infinite is a kind of mind game. But it's
a game that allows clear rules and well-defined outcomes, not a disorganized mess.
In this post:
John Baez, Large countable ordinals (part 2), Azimuth, July 4, 2016.
I'll take you on a tour of countable ordinals up to the Feferman–Schütte ordinal. Hop in and take a ride!
And if you don't know the Löwenheim–Skolem theorem, you've gotta learn about it. It's one of the big surprises of early
20th-century logic:
Wikipedia, Löwenheim–Skolem theorem.
The pink and the hearts, by the way, are there to see if you become uncomfortable. They are 'girly'.
July 7, 2016

Wow! These plastic cylinders look round — but in the mirror they look diamond-shaped. If you turn them around, they
look diamond-shaped - but in the mirror they look round!
This video was made by Kokichi Sugihara, an engineer at Meiji University in Tokyo. How did he do it???
To answer this question, we should "science the hell out of it", as Matt Damon said in The Martian. Figure out how
objects change appearance when you look at them in a mirror... and design an object that does this! So David Richeson,
a math professor at Dickinson College in Pennsylvania, scienced the hell out of it:
David Richeson, Sugihara's circle/square optical illusion, Division by Zero, July 5, 2016.
The basic idea is this. The top rim of this object is not flat. More precisely, it's not horizontal: it curves up and down!
This affects how it looks. If you're looking down on this object, you can make part of the top look farther away by
having it be lower.

But a mirror reflects front and back. So in the mirror, part of the top looks closer if it's lower.
By cleverly taking advantage of this, we can make this object look round, but diamond-shaped in the mirror.
And if we turn it around, this effect is reversed!
Here's a bit more of the math. David Richeson gives the details, so I'll try to present just the basic idea.
Suppose you're making a video. Suppose you're looking down at an angle of 45 degrees, just as in this video. Suppose
you're videotaping an object that's fairly far away.
Think about one pixel of the object's image on your camera's viewscreen.
Its height on your viewscreen depends on two things. It depends on how far up that piece of the object actually is. But it
also depends on how far back that piece of the object is: how far away it is from your camera. Things farther away give
higher pixels on your viewscreen.
There's a simple formula for how this works:
pixel height = actual object height + actual distance back
(It's only this simple when you're looking down at an angle of 45 degrees and the thing you're videotaping is fairly far
away.)
But what if we're looking in a mirror? You may think a mirror reverses left and right, but that's wrong: it reverses front
and back. So we basically get
mirror image pixel height = actual object height - actual distance back
So, you just need to craft an object for which
actual object height + actual distance back
and
actual object height - actual distance back
give two different curves: one round and one a diamond!
Now for some puzzles:
Puzzle 1. All that sounds fine: by cleverly adjusting the top rim of the object we can make it look different in a mirror.
But look at the bottom of the object! What's going on there? How do you explain that?
Puzzle 2. Sometimes I know the answers to the puzzles I'm posing. Sometimes I don't. Do I know the answer to Puzzle
1, or not?
Puzzle 3. Same question for Puzzle 2.
Finally, I should admit that I simplified the formula for the mirror image pixel height. Actually we have
mirror image distance back = constant - actual distance back
and thus
mirror image pixel height = actual object height + constant - actual distance back

In other words, I ignored a constant. This constant is why the whole mirror image looks higher on your viewscreen than
the original object! For more, see:
Stephen L. Macknik, A review of 2016's top ten illusions of the year, Scientific American, July 6, 2016.
Kokichi Sugihara's work got second place.
July 8, 2016

I'm back in Singapore, the land of explosive cuisine. This is the menu from our favorite Chinese restaurant. It's on
Southbridge Road across from the Sri Mariamman Temple — a popular Hindu temple where they do firewalking on the
holiday called Theemithi. Maybe they do it to cool down after eating here.
I hadn't known it was called the Explosion Pot Barbecue. They sell excellent barbecued fish, roast skewers of lamb with
cumin, roast chives, dumplings, and other Szechuan delights. The food is a bit spicy, but I haven't seen any exploding
pots, so this may be a mistranslation of something that makes more sense in Chinese.
As usual, I'm working at the Centre for Quantum Technologies and Lisa is teaching at the philosophy department at
NUS. You can see her in the background ordering our food.
Meanwhile, my student Blake Pollard is in a small town in the hills of Yunnan Province in southern China, helping
teach some local students science, English... and American folk songs!
This seems much more adventurous than what I'm doing. But he has a good reason for doing it. His great grandfather,

Sam Pollard, was a Methodist missionary in this area — and he invented a script that is still used by the locals:
Wikipedia, Pollard script.
The Miao are an ethnic group that includes the Hmong, Hmub, Xong, and A-Hmao. These folks live in the borderlands
of southern China, northern Vietnam, Laos, Myanmar and Thailand. The A-Hmao had a legend about how their
ancestors knew a system of writing but lost it. According to this legend, the script would eventually be brought back
some day. When Sam Pollard introduced his script for writing A-Hmao, it became extremely popular, and he became a
kind of hero. Blake and his family visited this part of China last year. He enjoyed it a lot, so he decided to do some
teaching there this summer.
Watch firewalking at the Sri Mariamman Temple:
Firewalking / Theemithi @ Singapore Sri Mariamman Temple, YouTube.
and if you live around here, check out the Explosion Pot Barbecue!
July 11, 2016

Here you see 3 rotating rings called gimbals. Gimbals are used in gyroscopes and inertial measurement units, which are
gadgets that measure the orientation of some object — like a drone, or a spacecraft. Gimbals are also used to orient
thrusters on rockets.
With 3 gimbals, you can rotate the inner one to whatever orientation you want. The basic reason is that it takes 3
numbers to describe a rotation in 3 dimensional space. This is a special lucky property of the number 3.
But when two of the gimbal's axes happen to be lined up, you get gimbal lock. In other words: you lose the ability to
rotate the inner gimbal a tiny bit in any way you want. The reason is that in this situation, rotating one of the two aligned
gimbals has the same effect on the inner gimbal as rotating the other!
I've always found gimbal lock to be a bit mysterious: people refer to it in ominous tones without explaining it, like some
incurable deadly disease. So I'm trying to demystify it here.
As the wise heads at Wikipedia point out,
The word lock is misleading: no gimbal is restrained. All three gimbals can still rotate freely about their
respective axes of suspension. Nevertheless, because of the parallel orientation of two of the gimbals' axes
there is no gimbal available to accommodate rotation along one axis.
Gimbal lock can actually be dangerous! When it happens, or even when it almost happens, you lose some control over

what's going on.
It caused a problem when Apollo 11 was landing on the moon. This spacecraft had 3 nested gimbals on its inertial
measurement unit. The engineers were aware of the gimbal lock problem but decided not to use a fourth gimbal. They
wrote:
"The advantages of the redundant gimbal seem to be outweighed by the equipment simplicity, size
advantages, and corresponding implied reliability of the direct three degree of freedom unit."
They decided instead to trigger a warning when the system came close to gimbal lock. But it didn't work right:
"Near that point, in a closed stabilization loop, the torque motors could theoretically be commanded to flip
the gimbal 180 degrees instantaneously. Instead, in the Lunar Module, the computer flashed a 'gimbal lock'
warning at 70 degrees and froze the inertial measurment unit at 85 degrees."
The spacecraft had to be manually moved away from the gimbal lock position, and they had to start over from scratch,
using the stars as a reference.
After the Lunar Module landed, Mike Collins aboard the Command Module joked:
"How about sending me a fourth gimbal for Christmas?"
Fun story! But ultimately, it's all about math.
Puzzle. Show that gimbal lock is inevitable with just 3 gimbals by showing that every smooth map from the 3-torus to
SO(3) has at least one point where the rank of its differential drops below 3.
See what I mean? Math. This result shows not only that gimbal lock occurs with the setup shown above, but that any
scheme for describing a rotation by 3 angles — or more precisely, 3 points on the circle — must suffer gimbal lock.
Here's a sketch of an answer to the puzzle: if X and Y are smooth n-manifolds and the rank of the differential of a
smooth map f: X → Y is equal to n everywhere, it's locally a diffeomorphism. If X is compact and Y is connected you
can show this makes X into a covering space of Y. So, if there were a smooth map f: T3 → SO(3) whose differential has
rank 3 everywhere, the 3-torus would be a covering space of SO(3), but this is not possible, since a covering
f: T3 → SO(3) would induce an inclusion of π 1 (T3 ) Z3 in π 1 (SO(3)) Z/2, which is impossible.
July 24, 2016

You can get electrons to behave in many strange ways in different materials. They act like various kinds of particles...
but they're not truly fundamental particles, so they're called quasiparticles.
For example, the spin, charge and position of electrons can move in completely independent ways.
Imagine an audience at a football game holding up signs, and then creating a wave by wiggling their signs. This wave
can move even even if the people stand still!
Similarly, we can have electrons more or less standing still, with their spins lined up. Then their spins can wiggle a bit,
and this wiggle can move through the material, even though the electrons don't move. This wave of altered spin can act
like a particle! It's called a spinon.
You can also imagine a hole in a dense crowd of people, moving along as if it were an entity of its own. When this
happens with electrons it's called a holon, or more commonly just a hole. A hole acts like a particle with positive charge,
since electrons have negative charge.
Since holes have positive charge and electrons have negative charge, they attract. Sometimes they orbit each other for
long enough that this combined thing acts like a particle of its own! This kind of quasiparticle is called an exciton.
There are also other quasiparticles. If you're a student who wants to do particle physics, please switch to studying
quasiparticles! The math is almost the same, and you don't need huge particle accelerators to make cool new
discoveries. Some are even useful.
One of the most fundamental things about a quasiparticle, or for that matter an ordinary particle, is its energy. Its energy
depends on its momentum. The relation between them is called the dispersion relation. This says a lot about how the
quasiparticle acts.
Right next door to the Centre for Quantum Technologies where I'm working in Singapore there's a lab that studies
graphene — a crystal made of carbon that's just one atom thick. When you've got a very thin film like this, a
quasiparticle inside it acts like it's living in a 2-dimensional world! Since it can't go up and down, only 2 components of
its momentum can be nonzero.
The picture above shows a graph of energy as a function of momentum for a new kind of quasiparticle they're studying.
They haven't made it in the lab yet; they've just shown it's possible. It involves a 3-dimensional material, not a thin
sheet, so there are really 3 components of momentum, k x, k y and k z . But only two are shown in this picture.
The three colored sheets show that 3 different energies are possible for each momentum — except momentum zero,

where all three sheet meet, and also a line of momenta where two sheets meet.
If we only had the green and blue sheets, that would be the dispersion relation for a massless particle. People already
know how to make massless quasiparticles with graphene.
The new thing is the yellow sheet! This will make very strange things happen, I'm sure.
I got interested in these new quasiparticles thanks to this article pointed out by Rasha Kamel:
Unconventional quasiparticles predicted in conventional crystals, ScienceDaily, July 21, 2016.
But I got the picture from here:
Guoqing Chang et al, New fermions on the line in topological symmorphic metals.
Here's the abstract, for you physics nerds out there:
Abstract. Topological metals and semi-metals (TMs) have recently drawn significant interest. These
materials give rise to condensed matter realizations of many important concepts in high-energy physics,
leading to wide-ranging protected properties in transport and spectroscopic experiments. The most studied
TMs, i.e., Weyl and Dirac semi-metals, feature quasiparticles that are direct analogues of the textbook
elementary particles. Moreover, the TMs known so far can be characterized based on the dimensionality of
the band crossing. While Weyl and Dirac semimetals feature zero-dimensional points, the band crossing of
nodal-line semimetals forms a one-dimensional closed loop. In this paper, we identify a TM which breaks
the above paradigms. Firstly, the TM features triply-degenerate band crossing in a symmorphic lattice,
hence realizing emergent fermionic quasiparticles not present in quantum field theory. Secondly, the band
crossing is neither 0D nor 1D. Instead, it consists of two isolated triply-degenerate nodes interconnected by
multi-segments of lines with two-fold degeneracy. We present materials candidates. We further show that
triply-degenerate band crossings in symmorphic crystals give rise to a Landau level spectrum distinct from
the known TMs, suggesting novel magneto-transport responses. Our results open the door for realizing new
topological phenomena and fermions including transport anomalies and spectroscopic responses in metallic
crystals with nontrivial topology beyond the Weyl/Dirac paradigm.
Weirdly, I had learned the word 'symmorphic' just yesterday. Greg Egan were working on crystals, and he explained
that a crystal is symmorphic if it contains a point where every symmetry of the crystal consists of a symmetry fixing this
point followed by a translation. It was important for our work to notice that a diamond is not symmorphic.
July 26, 2016
Satanic crystal found in ancient meteorite

Just kidding! There's nothing devilish about the pentagram here. It's what scientists saw when they shot X-rays through
a tiny piece of a meteorite found in the far northeast of Russia.
No ordinary crystal can produce this pattern - it takes a quasicrystal, where the atoms are packed in a way that never
quite repeats. Scientists have made lots of quasicrystals in the lab, but only two have been found in nature, both in
meteorites!
This is the second one. It contains a mineral called icosahedrite, made of aluminum, copper and iron. It's only stable at
high temperatures and pressures, so it must have formed in a collision. It's been slowly decaying ever since, but very
slowly. It could be billions of years old.
To see how this mineral could have formed, scientists simulated the collision between two asteroids in their lab. They
took thin slices of minerals found in the Khatyrka meteorite and sandwiched them together in a gadget that looks like a a
steel hockey puck. They attached it to the muzzle of a four-meter-long gun and blasted it with a projectile moving nearly
one kilometer per second! Yup. Icosahedrite. For details and more pictures, see:
Paul D. Asimow, Chaney Lin, Luca Bindi, Chi Ma, Oliver Tschauner, Lincoln S. Hollister and Paul J. Steinhardt,
Shock synthesis of quasicrystals with implications for their origin in asteroid collisions, Proceedings of the
National Academy of Sciences 113 (2016), 7077—7081. Freely available at
Puzzle: how did pentagrams get associated with Satan in the first place?
July 30, 2016

Death of the diphoton bump

In June 2015, after a two-year upgrade, the Large Hadron Collider turned on again. In its first run it had discovered the
Higgs boson, a particle 133 times heavier than the proton — and the main missing piece of the Standard Model. When
the collider restarted, with a lot more energy, everyone was hoping to see something new.
In December 2015, two separate detectors saw something: pairs of photons, seemingly emitted by the decay of a brand
new particle 6 times heavier than the Higgs boson.
But was it for real? Maybe it was just a random fluctuation: noise, rather than a true signal.
It seemed unlikely to be just chance. Combining the data from both detectors, the chance of coincidentally seeing a
bump this big at this location in the photon spectrum was one in 100 thousand.
But in particle physics that's not good enough. Physicists are looking for lots of different things in these big
experiments, so rare coincidences do happen. To feel safe, they want to push the chance down to one in 3 million. That's
called a '5 sigma event'.
So they looked harder.
Meanwhile, theoretical physicists wrote 500 papers trying to explain this so-called diphoton bump. It turned out to be
easy to make up theories that have a particle of the right sort. Not so easy, though, to make a convincingly elegant
theory.
New data have come in. The bump is gone.
Theorists are bummed. On his blog, a particle physicist named Adam Falkowski wrote:
The loss of the 750 GeV diphoton resonance is a big blow to the particle physics community. We are
currently going through the 5 stages of grief, everyone at their own pace, as can be seen e.g. in this
comments section. Nevertheless, it may already be a good moment to revisit the story one last time, so as to
understand what went wrong.
In the recent years, physics beyond the Standard Model has seen 2 other flops of comparable impact: the
faster-than-light neutrinos in OPERA, and the cosmic microwave background tensor fluctuations in BICEP.
Much as the diphoton signal, both of the above triggered a binge of theoretical explanations, followed by a

massive hangover. There was one big difference, however: the OPERA and BICEP signals were due to
embarrassing errors on the experimentalists' side. This doesn't seem to be the case for the diphoton bump at
the Large Hadron Collider. Some may wonder whether the Standard Model background may have been
slightly underestimated, or whether one experiment may have been biased by the result of the other... But,
most likely, the 750 GeV bump was just due to a random fluctuation of the background at this particular
energy. Regrettably, the resulting mess cannot be blamed on experimentalists, who were in fact
downplaying the anomaly in their official communications. This time it's the theorists who have some
explaining to do.
For more, see Adam Falkowski's blog. He goes by the name of 'Jester':
Adam Falkowkski (Jester), After the hangover, Résonaances, July 29, 2016.
By now we have to admit it's quite possible that the Large Hadron Collider will not see any new physics not predicted
by the Standard Model. Unfortunately, this triumph of the Standard Model would leave a lot of big questions
unanswered... for now.
The video above explains the diphoton bump in simple terms. It was made back in the early optimistic days.
July 31, 2016

In South Dakota, in a town named Lead, there was a gold mine. Now it's abandoned. But at the bottom of this mine,
more than a mile underground, there sits a one-meter-tall, 12-sided container. It contains 370 kilograms of a noble gas
chilled to liquid form. Liquid xenon!
It's called the Large Underground Xenon experiment, or LUX. It's been looking for particles that could explain dark
matter. If such a particle interacts with a xenon atom, LUX can detect it.
Of course, we also need to distinguish these particles from other things. A mile of rock helps block cosmic rays. But
xenon, a gas at room temperatures, chilled to liquid form, is a great choice here. For one thing, it's self-shielding! Xenon

is so dense that gamma rays and neutrons don't usually get through more than a few centimeters of the stuff. But it's
perfectly transparent to ordinary light... so if a dark matter particle hits an atom of xenon in the middle of the tank, LUX
will see a flash of light. It can also detect electrons that shoot out from the collision.
Four other experiments had reported hints of dark matter particles about 5 times heavier than a proton. But LUX is
much more sensitive!
The LUX team, with over a hundred scientists, has been looking for dark matter since 2014. Ten days ago they
announced their results: no dark matter particles seen.
This "non-discovery" is actually an important discovery. The most popular theory of dark matter — that it consists of
weakly interacting massive particles — has taken a serious hit.
We now know that if these hypothetical particles, affectionately called WIMPs, are responsible for most of the dark
matter and have a mass between 1/5 and 1000 times the mass of a proton, they must be very, very unwilling to interact
with ordinary matter.
There's no rule saying particles have to interact with ordinary matter. So, we can't rule out such WIMPs, but they're
looking less plausible. People are getting more interested in other theories:
1. theories with very light WIMPs, such as axions or neutrinos,
2. theories with very heavy WIMPs, jokingly called WIMPzillas,
3. theories where dark matter consists of large objects such as black holes.
In case you're wondering whether dark matter really exists: there's so much evidence for this that very few scientists
question it anymore.
Theory 3) is getting a lot of attention, because the gravitational wave detector called LIGO is now able to detect black
hole collisions! It's seen two collisions so far, and the first one involved black holes that seem quite strange, not like the
ones we know. They might be primordial black holes, left over from the early Universe. Perhaps dark matter consists of
primordial black holes!
More on that later. For now, try these. The new announcement from the LUX team is here:
Aaron Manalaysay, Dark-matter results from 332 new live days of LUX data, talk at Identification of Dark
Matter, Sheffield, July 21, 2016.
For how the LUX detector works, read this nice article:
Nicole Larsen, Searching for dark matter with the Large Underground Xenon experiment, Quantum Diaries, April
17, 2014.
For a nice intro to the new LUX results, on a website that requires you to look at ads, try this:
Ethan Siegel, Dark matter may be completely invisible, concludes world's most sensitive search, Forbes, July 21,
2016.
For primordial black holes as dark matter, try this:
Jester (Adam Falkowski), Black hole dark matter, Résonaances, June 10, 2016.
The picture above comes from here:
Bill Harlan, Dark matter search goes deep underground in South Dakota, Symmetry, April 1, 2012.
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This surface is beautiful — but it's also the best known solution to a hard math problem. It's called the Endrass octic.
Why 'Endrass'? Because was discovered in 1995 by Stephan Endrass while he was writing his Ph.D. thesis.
Why 'octic'? Because it's described by a polynomial equation of degree 8.
You'll notice it has lots of points where the tips of two cones meet. It has 168 of them, though not all are visible here.
And this is, so far, the largest number of such points that people have gotten for an octic.
ItLoading
may not
be the best possible. But it's the best so far. In 1984, a guy named Miyaoka showed that you can't get get
[MathJax]/jax/output/HTML-CSS/jax.js

more than 174 of these conical points in an octic. So, there's a gap between what we know is possible and what might be
possible. (If you're into algebraic geometry you might like Miyaoka's paper — he used some pretty fancy techniques.)
Endrass actually found two octics with 168 conical points. You can see pictures of both, drawn by Abdelaziz Nait
Merzouk, over at my blog:
Endrass octic, Visual Insight, August 1, 2016.
They're very beautiful. You can also see the equations of these surfaces. Those are not very beautiful, at least not to me.
Endrass found them with the help of a computer algebra system.
The animated gif above was made by Abdelaziz Nait Merzouk. It's copyrighted under a Creative Commons AttributionShareAlike 3.0 Unported license.
Here's another depiction of the Endrass octic, from a German math website:
IMAGINARY: open mathematics, Endrass octic.

August 3, 2016

This is a prime number whose decimal digits are all ones. It has 317 ones. It's not the world record. The number with
1031 ones is also known to be prime!
Even larger guys like this are suspected to be prime. Are there infinitely many? Mathematicians believe so, but they
can't prove it.
Why do they believe it? The main reason is that they have an estimate of the 'probability' that a number with some
number of digits is prime. We can use this to guess the answer to this puzzle.

Of course the whole idea of 'probability' is a bit weird here. A number is either prime or not: the math gods do not flip
coins to decide which numbers are prime!
Nonetheless, treating primes as if they were random turns out to be useful. Mathematicians have made many guesses
using this idea, and then proved these guesses are right, using a lot of extra work.
Of course it's subtle. If I wrote down a number with 317 twos in its decimal expansion, you'd instantly know it's not
prime — because it would be even.
In the European Congress of Mathematics, a number theorist named James Maynard just announced something cool.
There are infinitely many prime numbers with no sevens in their decimal expansion!.
And his proof works equally well for any other number: there infinitely many primes without 0 as a digit, or 1, or 2, or
3, or 4, or 5, and so on.
This is big news, but not because mathematicians really care about primes with no sevens in them. It's because proving
something like this requires a deep and delicate understanding of 'the music of primes' — the way prime numbers are
connected to wave patterns. For more on that, here's something easy to read:
Marianne Freiberger, Primes without 7s, Plus Magazine, August 1, 2016.
Thanks to Luis Guzman for pointing out this article, and thanks to David Roberts for finding James Maynard's paper on
this subject, which is here:
James Maynard, Primes with restricted digits.
He shows that if your base b is sufficiently large, you can find infinitely many primes that are lacking a chosen set of
digits, where this set can contain up to b23/ 80 of the digits. Unfortunately I don't see how large b must be — he may not
have worked this out. If b = 10 counts as sufficiently large, then since 1023/ 80 is about 1.94, this result would let you
avoid any one digit in base 10, but not two. In any event, he does prove, separately, that you can find infinitely many
primes that avoid any one digit in base 10.
It uses cool techniques, like "decorrelating Diophantine conditions which dictate when the Fourier transform of the
primes is large from digital conditions which dictate when the Fourier transform of numbers with restricted digits is
large". It also uses ideas from Markov process theory — that is, the theory of random processes — as well as hard-core
number theory concepts.
By the way, a number whose decimal digits are are 1 is called a repunit. Here's a cool fact: the repunit with n digits can
only be prime if n is prime. This is easy to see using an example. Consider the repunit with 35 digits:
11111111111111111111111111111111111
Since 35 = 5 × 7, this repunit is not prime, and here's why:
11111111111111111111111111111111111 = 11111 × 1000010000100001000010000100001
See? That's five 1's, times a number with 1 every fifth time and a total of seven 1's. If you imagine multiplying these out,
you'll see why it works.
We can also factor the same number another way:
11111111111111111111111111111111111 = 1111111 × 10000001000000100000010000001
That's seven 1's, times a number with 1 every seventh time and a total of five 1's.

August 12, 2016
How big is a proton?

We thought we knew. New measurements say we were 4% off. That may not seem like much — but it's enough to be a
serious problem!
We can measure the proton radius by bouncing electrons off it, or by carefully studying the energy levels of a hydrogen
atom. People have measured it many times, and the different measurements agree pretty well. Here's the answer:
0.8775 ± 0.0051 femtometers
A femtometer is 10 − 15 meters, or a quadrilionth of a meter.
But you can make a version of hydrogen with a muon replacing the electron. The muon is the electron's big brother. It's
almost the same, but 207 times heavier. So, muonic hydrogen is about 1/207 times as big across. And that makes the
effects of the proton radius easier to detect!
So, in principle, we should be able to measure the radius of a proton more accurately using muonic hydrogen.
So that's what they did — in Switzerland, back in 2010. They repeated the experiment in 2013. Here's what they got:
0.84087 ± 0.00039 femtometers
In theory, this is about ten times more accurate. However, it's way off from all the earlier measurements! 7 standard
deviations off, in fact.
This story is in the news again today. The same team just used muons to measure the radius of deuterium — a proton
and a neutron stuck together. And again, they're getting a different answer than what people get using electrons.
Could some new physics be responsible? Some serious mistake in our theory of particles? The guy who led the new
experiment, Randolph Pohl, said:
That would, of course, be fantastic. But the most realistic thing is that it's not new physics.

I like that. A good experimentalist does not jump to dramatic conclusions. Pohl guesses that we're wrong about the value
of the Rydberg constant, a number that goes into calculating the proton mass from the experimental data. Another
possibility, of course, is that he and his team are making some systematic error. It would be nice to have some
completely different group of people check their results.
However, it's worth noting that there's another puzzle about muons. Electrons and muons are like tiny magnets. When
we calculate how strong the magnetic field of an electron is, we get results that match experiment incredibly well. But
when we do the same calculation for the muon, we're off by 3.4 standard deviations.
So maybe, just maybe, there's something funny going on with muons, which hints at new physics beyond the Standard
Model. I doubt it. But you never know.
Check out this for more:
Natalie Walchover, New measurement deepens proton radius puzzle, Quanta, August 11, 2016.
If our estimate of the Rydberg constant were 4 standard deviations off, that would do the job. That sounds like a lot...
but if you look at the graphs here, you'll see other cases when we were way off about things!
For even more, check out this:
Carl E. Carlson, The proton radius puzzle.
There are also some interesting comments on my G+ post.
August 14, 2016

On Thursday, NASA will announce a planet orbiting Proxima Centauri — the star closest to our Sun, 4.24 light years
away. They're trying to make this planet sound like Earth... and that's cool. But I'll tell you some ways it's not.
Mainly, Proxima Centauri is really different from our Sun!
It's a red dwarf. It puts out just only 0.17% as much energy as our Sun. So any planet with liquid water must be very

close to this star.
And because it's cooler than the Sun, Proxima Centauri mainly puts out infrared light — in other words, heat radiation.
Its visible luminosity is only 0.005% that of our Sun!
So if you were on a planet as warm as our Earth orbiting Proxima Centauri, it would look very dim — about 3% as
bright as our Sun.
Of course, if there's life on this planet, it would probably evolve to see infrared.
But there's a more serious problem. Proxima Centauri sometimes puts out big flares, with lots of X-rays! That's not very
nice.
Why does a wimpy little red dwarf have bigger flares than the Sun?
The Sun has a core where fusion happens, and helium produced down in the core mainly stays there. A red dwarf
doesn't have a core: it's fully convective. In other words, heat moves through the star not by radiation, but by hot gas
actually moving up to the surface.
All this ionized gas moving around makes big magnetic fields. The magnetic field lines get twisted up and sometimes
explode out in flares! These flares get so hot that they emit X-rays. That's very hot.
Our Sun has flares too, but on a smaller scale. Even on a calm day, Proxima Centauri puts out as much X-ray energy as
our Sun. But when a big flare occurs, it can put out 10 times more. This happens pretty often.
So: any 'Earth-like' planet orbiting this star will be a lot closer than the Earth is to our Sun, and get a lot more X-rays.
Puzzle 1. Use what I've told you to estimate how much closer a planet must be, to be at the same temperature as the
Earth.
Puzzle 2. Estimate how much more X-rays it will get.
On top of this, Proxima Centauri could be part of a triple star system!
The closest neighboring stars, Alpha Centauri A and B, orbit each other every 80 years. One is a bit bigger than the Sun,
the other a bit smaller. They orbit in a fairly eccentric ellipse. At their closest, their distance is like the distance from
Saturn to the Sun. At their farthest, it's more like the distance from Pluto to the Sun.
Proxima Centauri is fairly far from both: a quarter of a light year away. That's about 350 times the distance from Pluto
to the Sun! We're not even sure Proxima Centauri is gravitationally bound to the other stars. If it is, its orbital period
could easily exceed 500,000 years.
On the bright side, Proxima Centauri will last a lot longer than our Sun. As it ages, it will get smaller and hotter,
gradually changing from red to blue. After about four trillion years it will grow to 2.5% of the Sun's luminosity. When
its hydrogen is exhausted, it will then become a white dwarf, without ever puffing up into a red giant like our Sun.
So, any planet orbiting this star will be a weirdly different world. But if we ever get there, we could stay for trillions of
years, long after our Sun has become a red giant, roasting life on Earth.
For rumors of NASA's announcement, see this:
Scientists to unveil new Earth-like planet: report, Phys.org, August 12, 2016.
For more, try these:
Wikipedia, Proxima Centauri.

Wikipedia, Habitiability of red dwarf systems.
M. Guedel, M. Audard, F. Reale, S.L. Skinner and J.L. Linsky, Flares from small to large: X-ray spectroscopy of
Proxima Centauri with XMM-Newton, Astron. Astrophys. 416 (2004), 713–732.
The picture of a cold desert on a planet orbiting Proxima Centauri was apparently created by Space Engine, a program
by Vladimir Romanyuk.
For answers to the puzzles, see my G+ post.
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We live in a world of shadowy struggles. A team of hackers called the Equation Group has remarkable powers:
They can reprogram your hard drive firmware. This lets them put software on your machine that will survive even
if you reformat your hard drive and reinstall your operating system. They can create an invisible, persistent area in
your hard drive, store data there, and collect it later.
They can retrieve data from networks not connected to the internet. They can use an infected USB stick with a
hidden storage area to collect information from a computer. When this USB stick is later plugged into a computer
they've subverted that does have an internet connection, they can retrieve this information.
Since 2001, the Equation Group has infected thousands of computers in over 30 countries, focusing on

government and diplomatic institutions, telecommunications, aerospace, energy, nuclear research, oil and gas,
military, nanotechnology, Islamic activists and scholars, mass media, transportation, financial institutions and
companies developing encryption technologies.
They also seem to be connected to StuxNet, the computer worm that destroyed centrifuges used by the Iranians for
uranium enrichment.
Given all this, it's a good guess that the Equation Group is closey connected to the NSA, the National Security Agency
of the US. I sort of hope so — because while that's scary, the alternatives scare me more.
Now another mysterious group called Shadow Brokers has released 256 megabytes of hacking tools that may be used by
the Equation Group — and has offered to sell the rest for $500 million! They wrote:
We follow Equation Group traffic. We find Equation Group source range. We hack Equation Group. We
find many many Equation Group cyber weapons. You see pictures. We give you some Equation Group files
free, you see. This is good proof no? You enjoy!!! You break many things. You find many intrusions. You
write many words. But not all, we are auction the best files.
At first researchers doubted that these guys had been able to steal software from the Equation Group. But new research
at the cybersecurity firm Kaspersky Labs seems to confirm it.
Read this for more:
Dan Goodin, Confirmed: hacking tool leak came from "omnipotent" NSA-tied group, Ars Technica, August 17,
2016.
Also try these:
On how the Equation Group was found by researchers at Kapersky Labs last year:
Dan Goodin, How "omnipotent" hackers tied to NSA hid for 14 years.and were found at last, Ars Technica,
February 17, 2015.
Kaspersky Labs, Equation group: the crown creator of cyber-espionage, February 16, 2015.
On how Shadow Brokers released 256 megabytes of hacking software on their blog:
Dan Goodin, Group claims to hack NSA-tied hackers, posts exploits as proof, Ars Technica, August 16, 2016.
Wikipedia is collecting information on the Equation Group here, so this should eventually be the best place to access
information about them:
Wikipedia, Equation Group.
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Today we're half-way through Hungry Ghost Month here in Singapore! This is the time when ghosts and spirits of
deceased ancestors come out from the lower realm... and pester us if we haven't been feeding them with enough
offerings.
Today seems to have been the main festival day, the Ghost Festival. There was a lot of fun stuff happening today in the
local market! People are giving offerings to the kings of the underworld:

 

People are praying and giving offerings to their ancestors:

There were monks in white robes walking around. And there was live music — drums, clackers, cymbals and a horn!
But as usual, the market was also selling lots of food to the hungry people out there, like Lisa and me:

So we had Assam laksa for breakfast and enjoyed the music and ceremonies, then did our grocery shopping.
Here's some Assam laksa made by Bee Yinn Low, who has a nice blog on Malay food:

She writes:
A staple — and arguably the most famous — hawker food in Penang, Penang Assam laksa is very addictive
due to the spicy and sour taste of the fish broth. Tamarind is used generously in the soup base and hence the
word Assam (means tamarind in Malay). In addition to tamarind, assam keping or peeled tamarind is also

commonly added to give it extra tartness. Another secret ingredient is Polygonum leaf (marketed as
Vietnamese mint leaf in the United States) or daun kesom/daun laksa. While the best Assam laksa broth is
infused with the aromatic ginger flower (bunga kantan), I made without it because I couldn't find this
special ingredient in the market. Of course, no Assam Laksa is complete without belacan and dollops of heh
ko/prawn paste (the dark paste on the spoon).
The stuff we had was quite different — no Vietnamese mint, more sardines, really fat white noodles — but it still had
that sweet sour flavor of tamarind. Very good! And very different than the usual Singaporean laksa, which is made with
coconut milk.
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This week some astronomers published an exciting paper: they found a galaxy that's 98% dark matter.
It's called Dragonfly 44. It's extremely faint, so it doesn't have many stars. But we can use redshifts to see how fast those
stars are moving — over 40 kilometers per second on average. If you do some calculations, you can see this galaxy
would fly apart unless there's a lot of invisible matter providing enough gravity to hold it together. (Or unless something
even weirder is happening.)
Something similar is true for most galaxies, including ours. What makes Dragonfly 44 special is that 98 percent of the
matter must be invisible. And this is just in the part where we see stars. If we count the outer edges of the galaxy, the
halo, the percentage could rise to 99% or more!
For comparison, the Milky Way is roughly 90% dark matter if you count the halo. We know this pretty well, because we
can see a few stars out in there and measure how fast they're moving.

There are also galaxies like Messier 105 that may have less than the average amount of dark matter in their halo, though
this is debatable.
And most excitingly, sometimes clusters of galaxies collide and stop moving, but their dark matter keeps on going!
We can see this because light from more distant galaxies is bent, not toward the colliding clusters, but toward something
else. The most famous example is the Bullet Cluster, but there are others.
All these discoveries — and more — make dark matter seem more and more like a real thing. So it's more and more
frustrating that we don't know what it is. As I explained a while ago, recent experiments to detect particles of dark
matter have failed. So it could be something else, like black holes about 30 solar masses in size. And intriguingly, the
first black hole collision seen by LIGO involved a 35-solar-mass and a 30-solar-mass black hole. These are too big to
have formed from the collapse of a single star. They might be primordial black holes, left over from the early Universe.
But more on that later.
For more on Dragonfly 44, see:
Pieter van Dokkum, Roberto Abraham, Jean Brodie, Charlie Conroy, Shany Danieli, Allison Merritt, Lamiya
Mowla, Aaron Romanowsky and Jielai Zhang, A high stellar velocity dispersion and ~100 globular clusters for
the ultra diffuse galaxy Dragonfly 44.
For our failure to find dark matter particles, see my July 31 diary entry. For more on dark matter on the outer edges of
galaxies, see:
Wikipedia, Dark matter halo.
For the Milky Way's dark matter halo, see:
G. Battaglia et al, The radial velocity dispersion profile of the Galactic halo: constraining the density profile of
the dark halo of the Milky Way.
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Dolphins do this. Why? Maybe just for fun. But people actually debate this question. Here's what they say at DolphinsWorld:
Why do dolphins jump out of the water?
There is an ongoing debate about why dolphins jump out of the water. Scientists think about different
reasons for this behavior.
Among them, some think that dolphins jump while traveling to save energy as going through the air

consume less energy than going through the water.
Some other think that jumping is to get a better view of distant things, mainly food. So, in this way,
dolphins jump to locate food or food related activity like seagulls eating or pelicans hunting.
Other explanation suggest that dolphins use jumping to communicate either with a mate or with another
pod.
Some people even think that dolphins jump for cleaning, trying to get rid of parasites while jumping.
Finally some scientists think that they are only having good fun, as playing helps to keep senses at their
best.
The idea that this double flip "saves energy" would be idiotic. The idea that they can find prey better by jumping out of
the water than by using their sonar underwater also seems implausible. The other ideas are possible. But I think it's
likely that all sufficiently intelligent life forms do stuff "just for fun". There are plenty of good biological reasons for
this, I think.
And if you've ever seen the amazing games dolphins play with air bubbles, you'll know what I mean. If you haven't,
check this out:

August 28, 2016

Greg Egan and I spent a lot of time working on 'topological crystals', but at some point he decided not to be a coauthor
of the paper we were writing. So I finished it up myself, and now you can read about the idea here:
Part 1 - the basic idea.
Part 2 - the maximal abelian cover of a graph.
Part 3 - embedding topological crystals.
Part 4 - examples of topological crystals.
For my September 2016 diary, go here.
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Black Saturns

Imagine a black hole with a black ring. Physicists call such a thing a 'black Saturn'.
Nobody has ever seen one. But we can still study them.
You see, we know the equation that describes black holes. It's called Einstein's equation, the basic formula in Einstein's
theory of gravity.
We know this equation has solutions with a round event horizon — a surface that you can't escape if you fall through it.
These are black holes. And we've seen plenty of black holes — or at least the hot gas falling into black holes.
Could there be a black ring — an event horizon shaped like a ring? It would need to spin so it wouldn't collapse.
Nobody has ever seen a black ring... and there's a reason why! They're mathematically impossible. There's no solution
of Einstein's equation that describes a black ring just sitting there, or just spinning but staying the same shape. Physicists
have known this since the 1970's. The options for stationary black-hole-like solutions are very limited. You can have a
black hole that just sits there, or you can have one that spins... and it can also have electric charge if you want. That's it.
But suppose we had an extra dimension.
Suppose space were 4-dimensional, instead of 3-dimensional. We can still write down Einstein's equation and try to
solve it. You can still get round black holes. But in 2001, two physicists proved that black rings are also possible!
Once you have round black holes and black rings, it's irresistible. You've got to see if you can create a black Saturn! Can
you get a black ring to orbit a black hole?
Yes you can! In 2007, Henriette Elvanga and Pau Figueras found black Saturn solutions of Einstein's equations in 4d
space.
this opened up lots of other fun questions. Can you get the ring to rotate the opposite way than the black hole
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is spinning? Can you get a black hole with more than one ring orbiting it? Are black Saturns stable, or unstable? And so
on.
You might say this is just a game. Or you might say it's important to understand what's so special about 3-dimensional
space. Either way, it's pretty cool.
Puzzle 1: Could a ring of dust be stable if there weren't a planet in the middle? Does having a planet inside help
stabilize the ring — and if so, how?
I think The Black Saturns would be a good name for a band... and here's one reason why:
Puzzle 2: Why does the phrase 'black Saturn' make sense in terms of astrology? A hint: Jupiter, or Jove, was supposedly
responsible for making people 'jovial', or happy.
Here is the first paper on black rings:
R. Emparan and H. S. Reall, A rotating black ring in five dimensions, Phys. Rev. Lett. 88 (2002) 101101.
and here's the first paper on black Saturns:
Henriette Elvang and Pau Figueras, Black Saturns, JHEP (2007), 0705:050.
The photon sphere

A nonrotating black hole is surrounded by an imaginary sphere called the event horizon. If you cross this sphere, you
are doomed to fall in.
If you carry a flashlight and try to shine light straight out, light emitted at the instant you cross the event horizon will
basically stay there! Why? Because to stay on the horizon you must move outwards at the speed of light. As the Red
Queen said in Alice in Wonderland:
"Now, here, you see, it takes all the running you can do, to keep in the same place."
But there's another imaginary sphere outside the event horizon, called the 'photon sphere'. This is where light can go in
circles around the black hole!
This picture by David Madore shows the view from the photon sphere. The black hole occupies exactly half the sky! As
he says:
This is the distance at which, for an observer standing still, the black hole occupies precisely one half of the
visual field. This is because it is the distance at which photons themselves will orbit the black hole
circularly (this orbit is unstable, however).
In other words, the horizon is the distance at which photons emitted outward from the black hole are standing still,
whereas the photon sphere is the distance at which photons emitted orthogonally from the black hole remain at this
constant distance and circle around the black hole in an orbit: but since light rays always appear to be straight, to an
observer standing still on the photon sphere, the photon sphere seems like an infinite plane, with the black hole
occupying half of space beyond it, and the outside world occupying the other half of space.
Now I should admit, as David does, that it's unstable for light to stay exactly on the horizon, or to orbit the photon
sphere in a circle. It's like balancing a pencil on its tip! In reality you can't make things so perfect.
And this is especially true because light is a wave, not a particle - so it doesn't have a precise location, it's always a bit
smeared out. So, if you have a beam of light orbiting the photon sphere, it will spread out. Some will fall in, and some
will escape outwards. I highly recommend David Madore's page on black holes:
David Madore, Kerr black holes images and videos.
and if I have the energy I will try to explain more about them here. They're on my mind right now, because I'm writing a
paper where I discuss them.
The photon sphere of a nonrotating black hole is one and a half times as big across as the event horizon. The radius of
the event horizon is called the 'Schwarzschild radius' and it's
2Gm
c2
where m is the black hole's mass, G is Newton's gravitational constant and c is the speed of light. The radius of the
photon sphere is
3Gm
c2

.
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Just above the photon sphere

This gif shows what it's like to orbit a non-rotating black hole just above its photon sphere.
That's the imaginary sphere where you'd need to move at the speed of light to maintain a circular orbit. At the photon
sphere, the horizon of the black hole looks like a perfectly straight line!
But since you can't move at the speed of light, this gif shows you orbiting slightly above the photon sphere, a bit slower
than light.
We cannot go to such a place — not yet, anyway. The gravity would rip us to shreds if we tried. But thanks to physics,
we can figure out what it would be like to be there! And that is a wonderful thing.
The red stuff drawn on the black hole is just to help you imagine your motion. You would not really see that stuff.
The light above the black hole is starlight — bent and discolored by your rapid motion and the gravitational field of the
black hole.
This gif was made by Andrew Hamilton, an expert on black holes at the University of Colorado. You can see a lot more
explanations and movies on his webpage:
Andrew Hamilton, Journey into a Schwarzschild black hole.
September 16, 2016

This gif by Leo Stein shows a photon orbiting a black hole. Since the black hole is rotating, the photon traces out a
complicated path. You can play around with the options here:
Leo C. Stein, Kerr spherical photon orbits.
If a black hole isn't rotating, light can only orbit it on circles that lie on a special sphere: the photon sphere.
But if the black hole is rotating, photon orbits are more complicated! They always lie on some sphere or other — but
now there's a range of spheres of different radii on which photons can move!
The cool part is how a rotating massive object — a black hole, the Sun or even the Earth — warps spacetime in a way
that tends to drag objects along with its rotation. This is called 'frame-dragging'.
Frame-dragging was one of the last experimental predictions of general relativity to be verified, using a satellite called
Gravity Probe B. Frame-dragging was supposed to make a gyroscope precess a bit more. This experiment was really
hard. It suffered massive delays and cost overruns. When it was finally done, the results were not as conclusive as we'd
like. I believe in frame-dragging mainly because everything else about general relativity works great, and it's hard to
make up a theory that differs in just this one prediction.
It's pretty bizarre that instead of following orbits that move in and out from the black hole — like ellipses, or something
similar — photons can move only in orbits of constant radius, with a range of different possible radii being allowed. Leo
Stein explains:
After you study the radial equation, you learn that the only bound photon trajectories — that is, orbits! —
are those for which r = constant in Boyer-Lindquist coordinates. This is why these photon orbits are
sometimes called 'circular' or 'spherical'.

In the end, you see that for each angular momentum parameter a for the black hole, there is a one-parameter
family of trajectories given by the radius r, which must be between the two limits
r 1 (a) ≤ r ≤ r 2 (a)
The innermost photon orbit is a prograde circle lying in the equatorial plane, and the outermost orbit is a
retrograde circle lying in the equatorial plane.
'Prograde' means that the orbit goes around the same way that the black hole is rotating; retrograde means it moves in
the opposite direction.
These orbits are all unstable. Push the photon slightly inward and it will fall into the black hole. Push it outward just a
bit and it will fly away. So, this stuff is mainly interesting for the math. You won't actually find a lot of light orbiting a
black hole.
For more of the math, see Leo Stein's website. It's great! But the most fun part is using some sliders to play with photon
orbits. For more on frame-dragging, see:
Frame-dragging, Wikipedia.
At first I didn't understand how the photon orbiting a rotating black hole has orbits of different allowed radii, with the
radius of each orbit being constant as a function of time. But after a conversation on G+, I think I get it now.
The 'radial equation' Stein mentions expresses conservation of energy. Usually for an orbiting object in a Newtonian
potential this equation takes a form roughly like this:
ṙ 2 + U(r) = constant
where the effective potential U is concave up with a single minimum, so the radial distance r oscillates. But in this case
U is concave down with a single maximum, so r either sits still on top of that maximum or rolls downhill to 0 or
infinity.
That's not surprising, since that's what happens already with a photon orbiting a nonrotating black hole. The photon
either stays on the photon sphere, or it spirals into the black hole, or it spirals out to infinity.
What's new must be this: the precise form of U(r) depends on some angle that says the 'slant' at which the photon
crosses the equator of the rotating black hole. The location of the maximum of U(r) depends on this slant angle. So,
depending on this slant angle, we get orbits of different radii.
September 17, 2016
Exploring black holes — with cats!

There should be a series of videos exploring black holes with cats.
So far all we have is this gif made by Dragana Biocanin. A cat can orbit just above the photon sphere of a non-rotating
black hole, moving at almost the speed of light. It's impossible for a cat to orbit below the photon sphere. As long as it's
outside the event horizon it can accelerate upwards and escape the black hole's gravitational pull. But if it crosses the
event horizon, it's doomed!
The event horizon is an imaginary surface in spacetime that's defined by this property: once a cat crosses this surface, it
can't come back without going faster than light! This property involves events in the future, so there's no guaranteed
way for the cat to tell when it's crossing an event horizon.
For example, if two supermassive black holes were shooting toward our Solar System right now and collided in an hour,
forming a black hole that swallowed the Earth, at some moment your cat would cross the event horizon. That's the
moment when, no matter how hard it tried, it could no longer escape. But this moment could be happening right now,
and your cat might not notice! No alarm bells ring at this moment.
What happens inside the event horizon?
For a non-rotating black hole formed by the collapse of matter, the answer is pretty well understood — except at the
'singularity', where the laws of physics we know break down.
Your cat will fall in, getting stretched ever thinner. For a hypothetical non-rotating black hole with the mass of our Sun,
once it crosses the event horizon it will hit the singularity in about 10 microseconds. That's not much time!
In fact, all known black holes are heavier than our Sun. If you double the mass of the black hole, you double the amount
of time it takes to hit the singularity, and so on. So, for a non-rotating black hole 100,000 times the mass of our Sun, it
takes 1 second to hit the singularity after crossing the horizon.
The biggest known black holes are about 30 billion times the mass of our Sun. For a non-rotating black hole this big, it
would take three and a half days for your cat to hit the singularity after it crosses the horizon! You might want to send it
in with some cat food.
But there's a catch. Real-world black holes are always rotating! This makes them much more complicated. For starters,
frame-dragging tends to pull you along with the black hole's rotation.
We began to see that in yesterday's diary entry about photons orbit a rotating black hole. There's not just one photon
sphere — there's a bunch!
There's also a region called the 'ergosphere' where frame-dragging becomes so strong that your cat can't stand still. And
Penrose discovered something interesting about this.
You can send a cat into the ergosphere with rockets strapped to its back. When it shoots back out, it can carry angular
momentum and energy out of the black hole! It's a bit like how we use Jupiter to fling satellites to Pluto — except we're
using the rotation rather than the motion of the black hole!
So, we can in theory 'mine' a rotating black hole, removing energy from it until it's not rotating.
Beneath the ergosphere lies the horizon. Inside the horizon of a rotating black hole, things get even weirder. More on
that later, I hope. But probably not with cats.
For now, try this:
Ergosphere, Wikipedia.
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This is a diagram of a Schwarzschild black hole: a non-rotating, uncharged black hole that has been around forever.
Real-world black holes are different. They aren't eternal — they were formed by collapsing matter. They're also
rotating. But the Schwarzschild black hole is simple: you can write down a formula for it. So this is the one to start with,
when you're studying black holes.
This is a Penrose diagram. It shows time as going up, and just one dimension of space going across. The key to Penrose
diagrams is that light moves along diagonal lines. In these diagrams the speed of light is 1. So it moves one inch across
for each inch it moves up — that is, forwards in time.
The whole universe outside the black hole is squashed to a diamond. The singularity is the wiggly line at top. The blue
curve is the trajectory of a cat falling into the black hole. Since it's moving slower than light, this curve must move more
up than across. So, once it crosses the diagonal line called the horizon, it is doomed to hit the singularity.
Indeed, anyone in the region called "Black Hole" will hit the singularity. Notice: when you're in this region, the
singularity is not in front of you! It's in your future. Trying to avoid it is like trying to avoid tomorrow.
But what is the diagonal line called the antihorizon? If you start in our universe, there's no way to reach the antihorizon
without going faster than light. But we can imagine things crossing it from the other direction: entering from the left and
coming in to our universe!
The point is that while this picture of the Schwarzschild black hole is perfectly fine, we can imagine extending it and
putting it inside a larger picture. We say it's not maximally extended.
The larger picture, the maximally extended one, describes a very strange world, where things can enter our universe
through the antihorizon. But that's another story, which deserves another picture.
If we stick with the diagram here, nothing can come out of the antihorizon, so it will look black. In fact, to anyone in the
"Universe" region, it will look like a black sphere. And that's why a Schwarzschild black hole looks like a black sphere
from outside!
The weird part is that this black sphere you see, the antihorizon, is different than the sphere you can fall into, namely the
horizon.
If this seem confusing, join the club. I think I finally understand it, but nobody ever told me this — at least, not in plain
English — so it took me a long time.

What could be behind the antihorizon? If you want to peek, try Andrew Hamilton's page on Penrose diagrams, where I
got this picture:
Andrew Hamilton, Penrose diagrams.
I wish that Wikipedia had a really nice Penrose diagram like this! It's very important. They have some more complicated
ones, but the most basic important ones are not drawn very nicely. You need to think about Penrose diagrams to
understand black holes and the Big Bang!
Still, their article is worth reading:
Penrose diagram, Wikipedia.
For more on the Schwarzschild black hole, read this:
Schwarzschild metric, Wikipedia.
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Last time I showed you a Schwarzschild black hole... but not the whole hole.
Besides the horizon, which is the imaginary surface that light can only go in, that picture had a mysterious 'antihorizon',
where light can only come out. When you look at this black hole, what you actually see is the antihorizon. The simplest
thing is to assume no light is coming out of the antihorizon. Then the black hole will look black.
But I didn't say what was behind the antihorizon!
In a real-world black hole there's no antihorizon, so all this is just for fun. And even in the Schwarzschild black hole,
you can never actually cross the antihorizon — unless you can go faster than light. So there's no real need to say what's
behind the antihorizon. And we can just decree that no light comes out of it.
But inquiring minds want to know... what could be behind the antihorizon?
This picture shows the answer. This is the maximally extended Schwarzschild black hole — the biggest universe we can
imagine, that contains this sort of black hole.
It's really weird.

It contains not only a black hole but also a white hole. The wiggly lines are singularities. Matter and light can only fall
into the black hole from our universe... passing through the horizon and hitting the singularity at the top of the picture.
And they can only fall out of the white hole into our universe... shooting out of the singularity at the bottom of the
picture and passing through the antihorizon.
If that weren't weird enough, there's also a parallel universe, just like ours.
Someone from our universe and someone from the parallel universe can jump into the black hole, meet, say hi, then hit
the singularity and die. Fun!
But we can never go from our universe to the parallel universe.
Why not? Remember, the only allowed paths for people going slower than light are paths that go more up the page than
across the page - like the blue path in the picture. To get from our universe to the parallel universe, a path would need to
go more across than up.
If you could go faster than light for just a very short time, you could get from our universe to the parallel universe by
zipping through the point in the very middle of the picture, where the horizon and antihorizon meet.
Puzzle 1: Suppose the parallel universe has stars in it more or less like ours. You can't see it from our universe — but
you could see it if you jumped into the black hole! What would it look like?
Puzzle 2: How would my story change if the "arrow of time" in the parallel universe pointed the other way from ours?
In other words, what if the future for them was at the bottom of the picture, rather than the top?
I should emphasize that we're playing games here, but they're games with rules. We're not talking about the real world,
but the math of this stuff is well-understood, so you can't just make stuff up. Or you can, but it might be wrong. These
puzzles have right and wrong answers!
Unfortunately I haven't really explained things very well, so you may need to guess the answers instead of just figure
them out. For more info, try Andrew Hamilton's page, from which I took this picture:
Andrew Hamilton, Penrose diagrams.
For more on the Schwarzschild black hole, read this:
Schwarzschild metric, Wikipedia.
September 25, 2016
Black hole + white hole = wormhole

When you learn general relativity — and when they invent immortality, you'll have time — one of the tricky parts is
understanding how a black hole and a white hole combine to give a wormhole.
It's hard to get an intuitive feel for it. But this little movie by Andrew Hamilton helps. A bit.
We're quite sure black holes are real. White holes are purely theoretical. The point is this: if you have a solution of the
equation of general relativity, and you 'play the movie backwards', switching the future and the past, you get another
solution. And if you do this for a black hole, you get a 'white hole'.
Let's see what a white hole would be like.
In a real-world black hole, matter collapses and forms a singularity, where according to the theory spacetime becomes
infinitely curved — but in fact, we don't know what really happens. It would be fun to look at a singularity and find out
what it's really like. But unfortunately, the singularity is surrounded by an event horizon. That's an imaginary sphere,
where if you enter this sphere you can never get back out. You're doomed to fall into the singularity.
You see, when you cross the event horizon, spacetime is so curved that the singularity is not in front of you. It's in your
future — so trying to avoid it is just like trying to avoid next Tuesday!
In summary, viewed from outside: a bunch of ordinary matter collapses into a small region called a black hole. From
then on, nothing ever comes out of the black hole: stuff only falls in. (This is ignoring 'Hawking radiation'.)
Now let's play this movie backwards. We start with a small region called a 'white hole'. Nothing ever goes into this
white hole: stuff only comes out. Then, eventually, the white hole explodes into a bunch of ordinary matter!
Astronomers have looked for white holes. They've never seen a thing like this. It's not so surprising: the laws of physics
say that theoretically, a scrambled egg could be uncooked and stuck back into the shell — and we don't see that either.
Some things seem to be more probable than their time-reversed versions.
But all this was just the warmup.
When you take a class in general relativity, they make you find a solution of general relativity that describes a black
hole. And the simplest solution doesn't describe a star collapsing and forming a black hole — that's complicated! The
simplest solution describes a black hole that has always been there and always will be. That's a lot simpler, because it
doesn't change with time: it's perfectly 'static'. You can solve the equations with pencil and paper, not a supercomputer.
But now look! On the one hand, the time-reversed version of this perfectly unchanging thing is again perfectly
unchanging. On the other hand, the time-reversed version of a black hole should be a white hole.
So somehow this solution describes both a black hole and a white hole! You can actually chop this solution into two
parts, a black hole part and a white hole part. But they fit together.
If we take only the black hole part, we get a picture like this: a black hole that lasts forever. Stuff can fall though the
event horizon, and then it's doomed to hit the singularity. Nothing can come out.
If we take only the white hole part, we get a picture like this: a white hole that lasts forever. Stuff can come out of the
singularity and come out through the 'reverse event horizon'. But nothing can go into the reverse event horizon.
It's when we we take both parts that things get funny. Now there are two singularities, one in the past and one in the
future. But event horizon and the 'reverse event horizon' are the same thing! This horizon is a sphere. Stuff can fall from
our universe into this sphere, hit the future singularity and disappear. But stuff can also appear at the past singularity,
shoot out of this sphere and enter our universe!
I hope you sort of understood that. It's weird but it's actually logical and symmetrical. You could have guessed it, if you
just kept cool and tried to dream up the most symmetrical possibility.

But here's the part you probably couldn't have guessed: this solution also describes two separate universes, connected by
a wormhole!
That's the part that freaks me out. Needless to say, this is not something anyone has ever seen. Right now it's just a
solution of the equations that describe gravity. But still, I'd like to understand it.
The movie shows how it works. In the little picture at right:
the up-down direction is 'time': the future is up, the past is down
the left-right direction is one dimension of 'space'
light can only move along diagonal lines
matter can only move slower than light, meaning more vertically than horizontally
the blue hyperbola at top is the future singularity
the orange diagonal lines are the event horizon: if you cross this moving more vertically than horizontally you're
doomed to hit the future singularity
the blue hyperbola at bottom is the past singularity
the red diagonal lines are the 'reverse event horizon': you can only cross this moving more vertically than
horizontally if you came out of the past singularity
the region to the right of the diagonal lines is 'our universe'
the region to the left of the diagonal lines is the 'other universe'.
The slice moving up through this little picture shows one way to slice spacetime. That is, it shows the passage of time.
The big movie shows that as this happens, the two universes meet and become connected by a wormhole — but then
this wormhole snaps and the universes separate!
Unfortunately, you can't actually go from one universe to the other universe. Because you can only go slower than light,
once you cross the event horizon you are doomed to hit the future singularity. But before you do, you can meet other
doomed people who came from the other universe!
Unfortunately you can never report back and tell people outside the black hole that you met people from another
universe... because signals can't get out across the horizon! Bummer.
I should explain this even more, but I'm getting tired, so why don't you just read Andrew Hamilton's description:
Andrew Hamilton, Instability of the Schwarzschild wormhole.
There's also a fun discussion in the comments on my G+ post.
By the way, while this gif is a great idea, it's pretty small and a bit scraggly. I think someone should create a better one
and put it on Wikicommons. This stuff is so cool everyone should have a chance to learn about it! Even before they
invent immortality.
September 26, 2016
An infinite corridor of universes

Einstein's equations for gravity have some amazing solutions. Some describe things we see: the Big Bang and black
holes. Others don't — like white holes, wormholes, and the infinite corridor of universes shown here.
As far as we know, all real-world black holes were formed at some moment in time by collapsing matter. But it's easier
to find solutions of Einstein's equations that describe an eternal black hole whose shape doesn't change with time.
A rotating eternal black hole is called a Kerr black hole, because this solution of Einstein's equation was first found by
Roy Kerr in 1963. However, he just found part of the solution — not the whole picture here!
You see, when you solve Einstein's equations, you get a world obeying the rules of general relativity. But sometimes, if
you're not careful, somebody else can find a bigger world that contains yours! It's like you drew a map of the world but

you forgot there was anything south of the equator. A solution is called 'maximally extended' if you can't make it any
bigger.
This picture shows the maximally extended Kerr solution. It's a Penrose diagram, so moving up the page takes you
forward in time, while moving to the right or left edge of the page takes you away from the black hole. Light moves
along diagonal lines.
It's a single world, but it has portions called 'Universe', 'Parallel Universe', 'Antiverse', and 'Parallel Antiverse'. Each of
these is roughly like our universe, but with no Big Bang. Each lasts forever: time is not drawn to scale.
Each universe, and each parallel universe, has a black hole in it — and also a white hole! Each antiverse, and each
parallel antiverse, has a black hole with negative mass, and also a white hole with negative mass.
Only a few of these universes and antiverses are shown here. But there are infinitely many. The pattern repeats forever
as you continue to go up or down the picture — that is, forwards or backwards in time.
There's also an infinite repeating sequence of black holes and white holes. And there's more — you can see singularities
drawn as wiggly lines. But let's not worry about those yet. There's too much to take in at once.
Let's just follow the blue curve as it goes up the page. This describes a path you could take through space and time.
You could shoot out of a white hole at the very bottom of the picture and wind up in our universe.
Then you could jump into the black hole.
If you dodge the singularities, you could wind up in a new white hole!
And at this point, you have a choice. Swerve right and you go into a new universe. Swerve left and you go into a new
parallel universe. They're different — but there's no big difference. In this picture, you choose to enter the new universe.
And so on!
It would be great fun if our universe were part of a grand infinite corridor of universes like this. As far as we know, it's
not. I suspect the real universe will be even more amazing. However, we will need much better science and technology
to discover what's out there. Right now most of us are stuck here on Earth, and we need to learn to live here. That's a
tough challenge too.
My picture is from Andrew Hamilton's wonderful website:
Andrew Hamilton, Penrose diagrams.
I would like to tell you more about the Kerr black hole — but if I don't get around to it, also check out David Madore's
page:
David Madore, Kerr black holes: images and videos.
and the discussion in the comments to my G+ post.
September 28, 2016

David Madore has a lot of great stuff on his website — videos of black holes, a discussion of infinities, and more. He
has an interesting story that claims to tell you the Ultimate Question, and its Answer. (No, it's not 42.) I like it — but
how much sense does it make?

Here's the key part:
What is the Ultimate Question, and what is its Answer? The answer to that is, of course: "The Ultimate
Question is 'What is the Ultimate Question, and what is its Answer?' and its answer is what has just been
given.". This is completely obvious: there is no difference between the question "What color was
Alexander's white horse?" and the question "What is the answer to the question 'What color was
Alexander's white horse?'?". Consequently, the Ultimate Question is "What is the Answer to the Ultimate
Question?" — but so that we can understand the Answer, I restate this as "What is the Ultimate Question,
and what is its Answer?", at which point it becomes obvious what the Answer is.
Of course it's meant to be funny. I like it. But I wasn't sure how logical it is. The logic is quite twisty — but how much
sense does it make? It's more funny if the logic is sound.
Joel David Hamkins and Mike Shulman helped me figure out what was going on, in part by revealing previous work on
this puzzle. To learn all about it, read this:
John Baez, The ultimate question, and its answer, The n-Category Café, September 9, 2016.
and especially the comments. Also try the comments on my G+ post, though they're much less profound.
September 24, 2016

This is the solar wind, the stream of particles coming from the Sun. It was photographed by STEREO. That's the 'Solar
Terrestrial Relations Observatory', a pair of satellites we put into orbit around the Sun at the same distance as the Earth,
back in 2006. One stays ahead of the Earth, one is behind. Together, they can make stereo movies of the Sun!
One interesting thing is that there's no sharp boundary between the 'outer atmosphere' of the Sun, called the corona, and
the solar wind. It's all just hot gas, after all! STEREO has been studying how this gas leaves the corona and forms the
solar wind. This picture is a computer-enhanced movie of that process, taken near the Sun's edge.
What's the solar wind made of? When you take hydrogen and helium and heat them up so much that the electrons get
knocked off, you get a mix of electrons, hydrogen nuclei (protons), and helium nuclei (made of two protons and two
neutrons). So that's all it is.
The Sun's corona is very hot: about a million kelvin. That's hotter than the visible surface of the Sun, called the
photosphere! Why does it get so hot? When I last checked, this was still a bit mysterious. But it has something to do
with the Sun's powerful magnetic fields.

When they're this hot, some electrons are moving fast enough to break free of the Sun's gravity. Its escape velocity is
600 kilometers per second. The protons and helium nuclei, being heavier but having the same average energy, move
slower. So, few of these reach escape velocity.
But with the negatively charged electrons leaving while the positively charged protons and helium nuclei stay behind,
this means the corona builds up a positive charge! So the electric field starts to push the protons and helium nuclei
away, and some of them — the faster-moving ones — get thrown out too.
Indeed, enough of these positively charged particles have to leave the Sun to balance out the electrons, or the Sun's
electric charge would keep getting bigger. It would eventually shoot out huge lightning bolts! The solar wind deals with
this problem in a less dramatic way — but sometimes it gets pretty dramatic. Check out this proton storm:

When such storms happen, the US government sends out warnings like this:
Space Weather Message Code: WATA50
Serial Number: 48
Issue Time: 2014 Jan 08 1214 UTC
WATCH: Geomagnetic Storm Category G3 Predicted
Highest Storm Level Predicted by Day:
Jan 08: None (Below G1) Jan 09: G3 (Strong) Jan 10: G3 (Strong)
THIS SUPERSEDES ANY/ALL PRIOR WATCHES IN EFFECT
Potential Impacts: Area of impact primarily poleward of 50 degrees geomagnetic latitude.
Induced Currents — Power system voltage irregularities possible, false alarms may be triggered on some protection devices.
Spacecraft — Systems may experience surface charging; increased drag on low Earth-orbit satellites and orientation problems may
occur.
Navigation — Intermittent satellite navigation (GPS) problems, including loss-of-lock and increased range error may occur.

Radio — HF (high frequency) radio may be intermittent.
Aurora — Aurora may be seen as low as Pennsylvania to Iowa to Oregon.

The solar wind is really complicated, and I've just scratched the surface. I love learning about stuff like this, surfing the
web as I lie in bed sipping coffee in the morning. Posting about it just helps organize my thoughts — when you try to
explain something, you come up with more questions about it.
For more on space weather, visit this fun site:
Spaceweather.com — news and information about the Sun-Earth environment.
You can see space weather reports here:
Space Weather Prediction Center, National Oceanic and Atmospheric Administration, Alerts, watches and
warnings.
Space weather is probably just as complicated as the Earth's weather! For example, there are really at least two kinds of
solar wind. According to Wikipedia:
The solar wind is divided into two components, respectively termed the slow solar wind and the fast solar
wind. The slow solar wind has a velocity of about 400 km/s, a temperature of 1.4–1.6 × 106 K and a
composition that is a close match to the corona. By contrast, the fast solar wind has a typical velocity of 750
km/s, a temperature of 8 × 105 K and it nearly matches the composition of the Sun's photosphere. The slow
solar wind is twice as dense and more variable in intensity than the fast solar wind. The slow wind also has
a more complex structure, with turbulent regions and large-scale structures.
The slow solar wind appears to originate from a region around the Sun's equatorial belt that is known as the
'streamer belt'. Coronal streamers extend outward from this region, carrying plasma from the interior along
closed magnetic loops. Observations of the Sun between 1996 and 2001 showed that emission of the slow
solar wind occurred between latitudes of 30-35° around the equator during the solar minimum (the period
of lowest solar activity), then expanded toward the poles as the minimum waned. By the time of the solar
maximum, the poles were also emitting a slow solar wind.
The fast solar wind is thought to originate from coronal holes, which are funnel-like regions of open field
lines in the Sun's magnetic field. Such open lines are particularly prevalent around the Sun's magnetic poles.
The plasma source is small magnetic fields created by convection cells in the solar atmosphere. These fields
confine the plasma and transport it into the narrow necks of the coronal funnels, which are located only
20,000 kilometers above the photosphere. The plasma is released into the funnel when these magnetic field
lines reconnect.
Even when it reaches Earth, the slow solar wind is too hot for hydrogen atoms to form. Around this distance from the
Sun, the temperature of protons in the slow solar wind about 40,000 kelvin, while the temperature of the electrons is
about 150,000 kelvin. The temperature it takes to for hydrogen atoms to ionize depends on the density, going to zero at
zero density, but these temperatures are high enough to keep it ionized it even at densities much higher than that of the
solar wind. So, very few atoms will have formed.
It's interesting that the protons and electrons are so far from equilibrium. That alone proves they haven't bumped into
each other enough to equilibriate — much less combine to form atoms.
The story for helium is rather similar, but helium nuclei make up only 4% of the slow solar wind. The fast solar wind is
a bit cooler, but not much.
The numbers here are from this article:
Solar wind: global properties

For more, read the comments on my G+ post.
September 25, 2016

For many years I've been wanting to write a paper on 'struggles with the continuum' — that is, the problems in making
physical theories mathematically rigorous, due to our assumption that spacetime is a continuum. I offered to contibute
such a paper to a book New Spaces in Mathematics and Physics, edited by Mathieu Anel and Gabriel Catren. When the
time came to write it, I found myself resisting the duty and procrastinating — in part because it made me feel sad that
I'm no longer working on 'fundamental physics' of this sort. But once I got into it, I enjoyed it a lot — except at the end,
when I needed to learn more general relativity. This made me ashamed I didn't already know this material better! But
when I finally bit the bullet and started work on that part, even that was fun. The paper is more or less done now, except
for some small improvements I'd like to make. And I broke it up into a series of short articles which I posted both on my
own blog and also Physics Forums:
Part 1 — Problems with infinity. Point particles interacting gravitationally.
Part 2 — The quantum mechanics of nonrelativistic charged point particles.
Part 3 — The relativistic electrodynamics of point particles.
Part 4 — The ultraviolet catastrophe, and quantum field theory.
Part 5 — Quantum field theory: renormalization.
Part 6 — Quantum field theory: summing over Feynman diagrams.
Part 7 — General relativity: the singularity theorems.
Part 8 — General relativity: the cosmic censorship hypothesis. Conclusion.
For my October 2016 diary, go here.
© 2016 John Baez
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Nomads kick ass! James Dator explains:
The World Nomad Games concluded on Friday in what can only be described as the greatest week-long
sporting event on the planet. The games, intended to showcase ethnic sports of Central Asia, featured things
you have never heard of, athletes you'll never learn about and sports that sound absolutely terrifying.
There were 16 sports with medals up for grabs. These are the ones that are the absolute wildest.
Cirit

This Turkish equestrian sport involves teams of riders chasing each other and throwing javelins at each
other while on horseback. Yes, seriously.
Er Enish
It's wrestling, except you're on a horse. You win by pulling your opponent off their horse.
Kok-boru
There's no delicate way to explain Kok-boru. It's horseback basketball using a goat carcass. You win by
tossing the dead goat into your opponent's well. It comes from a tradition of beating up wolves that attacked
your herd of sheep and throwing a dead wolf to your friends who went wolf hunting with you.
Mas-wrestling
In this form a wrestling, athletes fight over a stick. Each wrestler is given part of the stick to hold and are
seated facing each other with their feet on a plank. Whoever gets the stick wins.
Salbuurun
A three-step hunting sport involving animals. Competitions are held in the following disciplines:
Burkut saluu - hunting with golden eagles. Composition of the team - 6 people: 1 leader and 5
berkutchi (hunter with eagles).

Dalba oynotuu - falcon flying to the lure. Composition of the team - 6 people: 1 leader and 5
Kushchu (falconer).
Taigan jarysh - dog racing among breeds of greyhound. Composition of the team - 6 people: 1

leader and 5 owners of dogs.
James Dator explains more games here:
James Dator, The World Nomad Games are like the Olympics, except with more fire and flying goat carcasses,
SB Nation, September 12, 2016.
For example, setting yourself on fire and riding a horse!

There's more here:
Marissa Payne, Like 'rugby on horses' with a decapitated goat: Inside first U.S. team at World Nomad Games,
Washington Post, September 14, 2016.
Not for the squeamish! However, more excellent pictures of hunters with their eagles, horse riders, etc.

October 12, 2016

Here Canadian photographer David Burdeny captured an iceberg rising straight out of the ocean. It seems to divide the
world into four parts.
He took this photo in 2007 in the Weddell Sea, one of the two big dents in Antarctica separated by the huge peninsula
called West Antarctica. Scientists have found that the Weddell Sea has the clearest water of any sea. But it's a dangerous
place, according to historian Thomas R. Henry's book White Continent:
The Weddell Sea is, according to the testimony of all who have sailed through its berg-filled waters, the
most treacherous and dismal region on earth. The Ross Sea is relatively peaceful, predictable, and safe.
The Ross Sea is the other big dent in Antarctica:

David Burdeny took this photo in 2007 and called it 'Mercator's Projection'. It appeared as part of a series of photos
from Antarctica and Greenland. As a fan of the Earth's desolate regions, I like these a lot:
David Burdeny, North/South.
You can see more of his work here:
David Burdeny, Instagram.
Most is not as thrilling to me, but there are some stunning images of tulip fields, which look don't look like tulip fields.
October 13, 2016
Super Saturn

About 400 light years away, there's something with rings like Saturn — but much, much bigger!
It's called J1407b. It could be a huge planet. Or it could be a star so small that it never lit up: a brown dwarf.
One of Saturn's largest visible rings, the F ring, is about 140 thousand kilometers in radius. But J1407b's rings are
almost a thousand times bigger. It has rings 90 million kilometers in radius!
That's 2/3 as big as the Earth's orbit around the Sun. That's insane! It's so huge that scientists don't know why the ring
doesn't get ripped apart by the gravity of the star it orbits.
One theory is that the rings are spinning in a retrograde way — in other words, backwards. If you have a planet moving
clockwise around a star, and its rings are turning counterclockwise, this helps keep them from getting pulled apart. You
can see a simulation here:
Nicholas St. Fleur, Distant ringed object could be 'Saturn on steroids', New York Times, October 13, 2016.
However, it's not obvious why the rings would turn backwards.
There's no sharp boundary between a very large planet and a very small star. If it produces heat using nuclear fusion, it's
considered a star... but there are some funny borderline cases.
Stars about 13 times heavier than Jupiter get hot enough to fuse deuterium — but they quickly fizzle out, since that
isotope of hydrogen is rare. Stars about 65 times heavier than Jupiter can also fuse lithium... but then fizzle out. So,
these things are called brown dwarfs. Stars over 80 times heavier than Jupiter can actually fuse hydrogen, so they light
up and form very small red dwarfs.
The atmosphere of a hot brown dwarf is similar to a sunspot — a cold spot on our Sun. It contains molecular hydrogen,
carbon monoxide and water vapor. This is called a class M brown dwarf.
But after they run out of fuel, they cool down. The cooler class L brown dwarfs have clouds!
But the even more chilly class T brown dwarfs do not. Why not?
Here's a popular theory: the clouds may rain down, with material moving deeper into the star! People seem to be seeing
this in Luhman 16B, a brown dwarf 7 light years from us. It's half covered by huge clouds. These clouds are hot — 1200

°C — so they're probably made of sand, iron or salts. But some of them have been seen to disappear!
Finally, as brown dwarfs cool below 300 °C, astronomers expect that ice clouds start to form: first water ice, and
eventually ammonia ice. These are called class Y brown dwarfs.
Wouldn't that be neat to see? A star with icy clouds! And maybe it could have huge rings, too!
For more on J1407b, try Wikipedia:
1SWASP J140747.93-394542.6, Wikipedia.
Also try the fun comments on my G+ post!
The picture above is an artist's impression by Ron Miller.
October 14, 2016
Mini Saturn

Chariklo orbits the Sun between Saturn and Uranus. Just 250 kilometers across, it has two tiny rings!
Is it an asteroid? Not quite: it's a 'centaur'. In Greek mythology, a centaur was half-human, half-horse. In astronomy, a
centaur is halfway between an asteroid and a comet. Centaurs live in the outer solar system between Jupiter and
Neptune. They don't stay there long - at most a million years. They come from further out, pulled in by the gravity of
Neptune, but their orbits are chaotic and they eventually move in toward Jupiter.
Over 300 centaurs have been seen, and scientists believe there are over 40,000 that are bigger than a kilometer across.
But Chariklo is the biggest. And it has two rings!
In my last entry I discussed a 'super Saturn' — an object in another solar system with rings almost a thousand times
bigger than Saturn. Chariklo, on the other hand, is a 'mini Saturn'. Its rings are just 800 kilometers across — just 0.3%

the size of Saturn's F ring.
These rings are narrow and dense. One is about 6 kilometers wide and the other — which you can barely see in this
artist's picture — is just 3 kilometers wide. They're separated by a 9-kilometer gap.
How did they get there? Some smaller objects—probably made of ice—may have collided and broken apart. But they
must have collided not too fast, or they would have shot all over instead of forming neat rings.
The rings are probably not very stable, unless Chariklo has one or more moons to stabilize them. Saturn has such
moons, called shepherd moons.
The second largest centaur, called Chiron, may also have rings.
Puzzle 1. Who was Chariklo in Greek mythology?
Puzzle 2. Who was Chiron?
For answers, see the comments on my G+ post.
Chariklo's full name is 10199 Chariklo:
Wikipedia, 10199 Chariklo.
Its rings are tentatively named Oiapoque and Chuí, after two rivers in Brazil:
Wikipedia, Rings of Chariklo.
They were discovered in 2013. How come nobody told me?
Centaurs are lots of fun if you like celestial mechanics:
Wikipedia, Centaur (minor planet).
I can't resist quoting a bit:
Because the centaurs are not protected by orbital resonances, their orbits are unstable within a timescale of
106 to 107 years. For example, 55576 Amycus is in an unstable orbit near the 3:4 resonance of Uranus.
Dynamical studies of their orbits indicate that being a centaur is probably an intermediate orbital state of
objects transitioning from the Kuiper belt to the Jupiter family of short-period comets. Objects may be
perturbed from the Kuiper belt, whereupon they become Neptune-crossing and interact gravitationally with
that planet. They then become classed as centaurs, but their orbits are chaotic, evolving relatively rapidly as
the centaur makes repeated close approaches to one or more of the outer planets. Some centaurs will evolve
into Jupiter-crossing orbits whereupon their perihelia may become reduced into the inner Solar System and
they may be reclassified as active comets in the Jupiter family if they display cometary activity. Centaurs
will thus ultimately collide with the Sun or a planet or else they may be ejected into interstellar space after a
close approach to one of the planets, particularly Jupiter.
The picture here was created by Nick Risinger for ESO, the European Southern Observatory in Chile. They reported
their discovery here:
ESO, First ring system around asteroid, March 26, 2014.
October 15, 2016
Alien machinery

That's what it looks like to me. But it's an image created by Greg Egan, the science fiction author. And there's a story
behind it.
Egan and I figured out a bunch of stuff about the 'McGee graph', a highly symmetrical graph with 24 vertices and 36
edges. I wrote an article about it on Visual Insight, my blog for beautiful math pictures. Later I got an email from Ed
Pegg, Jr. saying he'd worked out a 'unit-distance embedding' of the McGee graph: a way of drawing it in the plane so
that any two vertices connected by an edge are distance 1 apart. He wanted to know if this was 'rigid' or 'flexible'. In
other words, he wanted to know whether you can change its shape slightly while it remains a unit-distance embedding.
Egan thought about it a lot and did a lot of computations and discovered that this unit-distance embedding is flexible.
And here it is, flexing!
For Pegg and Egan's work, go here:
Ed Pegg, Jr., Is unit McGee rigid?, Mathematics Stack Exchange, October 17, 2015.
What's the practical use of all this? Mainly, it's a practice problem in 'structural rigidity': the study of whether a structure
is flexible or rigid. This is important in engineering:
Wikipedia, Structural rigidity.
A structure is 'infinitesimally flexible' if, roughly, we can bend it a teeny weeny bit. As the name suggests, infinitesimal
rigidity can be determined by using calculus to take the derivative of all the edge lengths as a function of all the vertex
positions and then using linear algebra to see in which directions this derivative is zero. This is easy in principle, though
complicated when you have 24 vertices and 36 edges.

Puzzle 1. With a minimum of explicit computation, prove that any unit-distance embedding of the McGee graph is
infinitesimally flexible.
Infinitesimal flexibility is a necessary but not sufficient condition for true flexibility.
Puzzle 2. Find a unit-distance embedding of a graph that is infinitesimally flexible but not flexible.
So, Egan had to do more work to show Pegg's unit-distance embedding of the McGee graph was actually flexible. There
is probably a high-powered theoretical way to do this, and it's probably not even very complicated, but I don't know it.
Do you?
For discussions of the puzzles, look at the comments on my G+ post. For my Visual Insight post on the McGee graph,
go here:
John Baez, McGee graph, Visual Insight, September 15, 2015.
By the way, I don't like the phrase 'unit-distance embedding' — we're not really embedding the McGee graph in the
plane, because we're letting the edges cross. The word 'immersion' would be better.
Here, by the way, is Greg Egan's answer to Puzzle 1:

For my November 2016 diary, go here.
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So cute! This small lizard, called the 'thorny devil' or Moloch horridus, lives in the deserts and scrub lands of Australia.
It may look fierce, but it's not dangerous. It only eats ants. It's spiny so it doesn't get eaten. It can change color, for
camouflage! And it has a "false head" on the back of its neck, which it shows to potential predators by dipping its real head.
I'm not sure why.
It's also called a 'thorny dragon':
Thorny dragon, Wikipedia.
I thank Rasha Kamel for introducing me to this beast. She pointed out this article:
Processing math: 100%

Bob Yirka, Thorny devil found to drink through its skin with assist from gravity, Phys.org, November 4, 2016.

Scientists have recently figured out more about how this lizard gets water:

Researchers discovered long ago that because its mouth has evolved to eat ants, it cannot sip or even lick water
from a source — instead it has to rely on other means. Prior research had found that the lizard has tiny folds on
its skin that overlap, creating tube-like structures capable of carrying water — the tubes all lead to the back of
the mouth. It was noted that setting the lizard in a small bucket of water caused the tubes to fill and the lizard to
start swallowing. But what has remained a mystery is how such a technique could work in the desert, where
there are rarely puddles to stand in. To solve the mystery, the researchers captured some specimens and took
them back to their lab for study.
In the lab, the researchers first tried allowing the lizards to stand on sand that had been wetted — this resulted in
some water being drawn into the tubes, but not enough to get the lizard to start swallowing, which meant it
wasn't enough. The answer, it turned out, was the lizard's habit of pushing sand onto its back — this caused any
water from recent rains or even from dew to move slowly downward, due to gravity. Eventually, it would reach
the skin, where it would be sucked into the tubes like a child with a straw. At some point, the tubes would fill
and the lizard would swallow it.
The researchers note that such a drinking technique is likely merely supplementary — most of the water they get
comes from the ants they eat; thus, using skin for drinking would likely only occur during extreme draught
conditions.
I got this picture from a website with a lot of great photos of thorny devils:
Thorny devil lizard — prickly desert ant-eater, FactZoo.com.
November 2, 2016

These are Pristerognathus, very ancient mammal-like reptiles. They lived in the middle Permian, around 260 million years
ago. That's long before the dinosaurs!
These animals were roughly dog-sized, and had long, narrow skulls and large canine teeth. They probably lived in
woodlands, and preyed on smaller animals.
There were many kinds of mammal-liked reptiles back then. In general they are called therapsids. Some of them evolved to
become mammals — like you and me! Fur has been found in the fossilized poop of some of these animals. So, at least some
of them had hair.

These particular guys are called Pristerognathus vanderbyli. This picture is from Wikicommons.
The first dinosaurs showed up around 240 million years ago — and they only became common after the great TriassicJurassic extinction, 200 million years ago. Therapsids started around 275 million years ago. Some of them evolved into
mammals 225 million years ago, and all the non-mammalian ones went extinct by the early Cretaceous, 100 million years
ago. Most dinosaurs went extinct at the end of the Cretaceous, 65 million years ago. Some, however, are still sold as food at
grocery stores.
November 15, 2016
Chaotic billiards

Nice animation by Phillipe Roux! Take some balls moving in the same direction and let them bounce around in this shape: a
rectangle with ends rounded into semicircles. They will soon start moving in dramatically different ways. To keep things
simple we don't let the balls collide — they pass right through each other. In a while they will be close to evenly spread over
the whole billiard table.
This is an example of chaos: slightly different initial conditions lead to dramatically different trajectories.
It's also an example of ergodicity: for almost every choice of initial conditions, the trajectory of a ball will have an equal
chance of visiting each tiny little region. That is, if we take a random choice of initial conditions, there is a 100% probability
that the trajectory will have this property.
The Bunimovich stadium is a rectangle capped by semicircles in which a point particle moves at constant speed along
straight lines, reflecting off the boundary in a way that the angle of incidence equals the angle of reflection. The animation
shows a collection of such particles initially moving in the same direction. With each bounce their trajectories diverge, and
after a while they are distributed almost evenly through the whole stadium, though for a while one can still see a density
wave moving back and forth.
The Bunimovich stadium appears in the 1979 work of Leonid Bunimovich:
• Leonid A. Bunimovich, On the ergodic properties of nowhere dispersing billiards, Commun. Math. Phys. 65 (1979), 295–
312.
He showed that the motion of a billiard in this stadium is ergodic. This is a way of making precise the intuition that given a
billiard with randomly chosen initial position and velocity, over time its position almost surely becomes uniformly

distributed over the whole stadium.
More precisely, we can define the phase space Ω for the Bunimovich stadium to be the space of position-velocity pairs where
the velocity is a unit vector. (Since the speed of the billiard does not change, we may assume it is normalized to 1.) There is a
probability measure on Ω for which time evolution defines measure-preserving dynamical system:
Tt : Ω → Ω,

t

R.

Given a measure-preserving dynamical system, we say a measurable subset A Ω is 'invariant' if for all t R the sets Tt(A)
and A differ only by a null set, meaning that the symmetric difference Tt(A) A has measure zero. A measure-preserving
dynamical system is ergodic if the only invariant measurable subsets A Ω are null sets and the complements of null sets.
The meaning of this is clarified by 'ergodic theorem'. Suppose Tt : Ω → Ω is a measure-preserving dynamical system on a
probability measure space Ω, μ, and suppose f: Ω → R is an integrable function. Then we can define two averages of f, the
'time average' and 'phase space average'.
Time average: This is the following average (if it exists):
1 t
∫0f(Ts x) ds.
t→ ∞ t

f̂(x) = lim

Phase space average: This is the integral of f over the phase space:
ˉf = f dμ(x).
∫Ω
In general the time average and phase space average may be difference, and the time average may not exist. But if Tt is
ergodic, Birkhoff's ergodic theorem says that
f̂(x) = ˉf
for almost every x

Ω.

Proving that a measure-preserving dynamical system is ergodic can be difficult. Bunimovich's thesis advisor, Yakov G.
Sinai, showed that a billiard moving on a square table with a reflecting disk inside is ergodic.

Sinai Billiard - George Stamatiou
The curvature of the disk tends to amplify the angle between slightly different trajectories. The Bunimovich stadium is
subtler because it lacks this feature: since its rounded ends are convex, they tend to focus billiards that bounce off them. The
rectangular portion of the table counteracts this focusing effect, and over long enough times there tend to be an exponentially
growing distance between initially nearby trajectories.

Bunimovich Stadium Trajectories - Jakob Scholbach
As Buminovich writes:
Moreover, a closer analysis of these billiards revealed a new mechanism of chaotic behavior of conservative
dynamical systems, which is called a mechanism of defocusing. The key observation is that a narrow parallel
beam of rays, after focusing because of reflection from a focusing boundary, may pass a focusing (in linear
approximation) point and become divergent provided that a free path between two consecutive reflections from
the boundary is long enough. The mechanism of defocusing works under condition that divergence prevails over
convergence.
This is from:

Leonid Buminovich, Dynamical billiards, Scholarpedia.
However, this analysis is not sufficient to understand the ergodicity of the Bunimovich stadium, because in 1973 Lazutkin
showed that a convex billiard table with infinitely differentiable boundary cannot be ergodic. In fact he showed this for a
convex table whose boundary has 553 continuous derivatives! In 1982 Douady showed 6 continuous derivatives is enough
— and he conjectured that 4 is enough. For references, see:
Nikolai Chernov and Roberto Makarian, Introduction to the Ergodic Theory of Chaotic Billiards, AMS, Providence,
Rhode Island, 2006. Shorter version free online.
For quantum aspects of the Bunimovich stadium see:
Terence Tao, Open question: scarring for the Bunimovich stadium, What's New, March 28, 2007.
This explained an interesting question which was addressed by later work:
Terence Tao, Hassell's proof of scarring for the Bunimovich stadium, What's New, July 7, 2008.
Also try Carlos Scheidegger's great webpage that lets you play around with billiards on the Bunimovich stadium as well as
elliptical table, where their motion is completely integrable:
Carlos Scheidegger, Bunimovich stadium.
Check out more of Phillipe Roux's animations here:
Phillipe Roux, Billiards, November 12, 2016.
George Stamatiou put his picture of the Sinai billiard on Wikicommons under a Creative Commons Attribution 2.5 Generic
license. Jakob Scholbach put his picture of billiard trajectories in the Bunimovich stadium on Wikicommons under a
Attribution-ShareAlike 3.0 Unported license.
November 16, 2016
Completely integrable billiards

Check out Carlos Scheidegger's great webpage that lets you play around with billiards on two tables:
Carlos Scheidegger, Bunimovich stadium
The table here is elliptical, and you'll see that the billiards trace out nice patterns — not at all random. Often there's a region
of the table that they never enter! Not in this particular example, but try others and you'll see what I mean.
Puzzle 1. What shape is this 'forbidden region', and why?
It will be easier to answer if you experiment a bit.
The other table is a rectangle with rounded ends, called the 'Bunimovitch stadium'. For that one the billiards move
chaotically. After a while they seem randomized.
This illustrates two very different kinds of dynamical systems. The 'completely integrable' systems, like the elliptical
billiards, do very predictable things. The 'ergodic' ones seem random.
With some math, we can make these ideas precise. I'll be quick: a system whose motion is described by Hamiltonian
mechanics is completely integrable if it has the maximum number of conserved quantities. It's ergodic if it has the minimum
number. All sorts of in-between cases are also possible!
For a particle moving around in n dimensions the maximum number of conserved quantities is n. More precisely, we can
write every conservated quantity as a function of n such quantities. The minimum number is 1, since energy is always
conserved.
So, for a billiard ball, the maximum number is 2, and that's what we have for the elliptical billiard ball table. One of them is
the energy, or if you prefer, the speed of the billiard ball.
Puzzle 2. What's the other?
This is related to Puzzle 1, since it's this extra conserved quantity that sometimes forbids the billiard ball from entering
certain regions in the ellipse.

For more on complete integrability versus ergodicity, try these:
Integrable system, Wikipedia.
Ergodic theory
For some very nice answers to the puzzles, see the comments on my G+ post.
November 17, 2016

This photo by Kei Nomiyama shows fireflies just above the ground in a bamboo forest.
Photographing fireflies is popular in Japan, and this article shows some other nice examples:
Courtney Constable, Skilled photographers capture Japan's gorgeous summer firefly phenomenon, Thecoolist.
She writes:
Japan is a beautiful country full of breathtaking buildings, landscapes, and scenery any time of year. In the
height of summer, however, something particularly magical happens. Throughout the countryside, twinkling
fireflies take to the evening skies in search of a mate. This natural phenomenon creates a beautifully ethereal
glow through trees and leaves that is nothing short of breathtaking.
Of course, in this phenomenon, Japanese and visiting photographers have found a gorgeous source of
inspiration. Capturing the lights of the fireflies, however, can be extremely difficult. Fireflies are very sensitive
to other sources of light besides themselves, meaning that camera flashes, cell phones, flashlights, and other
things that photographers often need to get their equipment set up can drive the little creatures away.

The difficulty of capturing photos of the fireflies, however, hasn't deterred the most dedicated photographers.
They've simply adapted their strategy to account for the habits of the fireflies. Photographers often scout an area
out days in advance to see where the fireflies congregate and then return very early on the day they want to
shoot, setting up in daylight before the twinkling lights begin and lying in still, silent wait for hours.
You can see more of Kei Nomiyama's firefly photos here:
Kei Nomiyama, Photography: firefly.
What puzzles me is this: the glowing fireflies in these photos seem more orange than what I see in the eastern US. I'm used
to firefly light being yellow-green. So:
Puzzle 1. Are fireflies in Japan from a different species than US fireflies?
and more importantly:
Puzzle 2. Do they use a different chemical mechanism to make light?
or more generally:
Puzzle 3. How do fireflies make light, and how do they turn the chemical reaction on and off?
For some attempts at answers, see the comments on my G+ post.
November 27, 2016
Jarzynski on thermodynamics

In the old days, despite its name, thermodynamics was mainly about 'thermodynamic equilibrium'. Thermodynamic
equilibrium is a situation where nothing interesting happens. For example, if you were in thermodynamic equilibrium right
now, you'd be dead. Not very dynamic!
Sure, there were a few absolutely fundamental results like the second law, which says that entropy cannot decrease as we
carry a system from one equilibrium state to another. But the complications you see when you boil a pot of water... those
were largely out of bounds.
This has changed in the last 50 years. One example is the Jarzynski equality, discovered by Christopher Jarzynski in 1997.

The second law implies that the change in 'free energy' of a system is less than or equal to the amount of work done on it. But
the Jarzynski equality gives a precise equation relating these two concepts, which implies that inequality. I won't explain it
here, but it's terse and beautiful.
Last week at the Santa Fe Institute, Jarzynski gave an incredibly clear hour-long tutorial on thermodynamics, starting with
the basics and zipping forward to modern work. With his permission, you can see his slides here:
John Baez, Jarzynski on Non-Equilibrium Statistical Mechanics, Azimuth, November 18, 2016.
along with links to an explanation of the Jarzynski equality, and a proof.
I had a great time in Santa Fe, and this was one of the high points.
For my December 2016 diary, go here.
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Otto Bell had never made a feature film. But when he saw this photo, he flew to Mongolia — and made a movie about a

girl.s struggle to capture and tame a golden eagle. It's called The Eagle Huntress, and now it may get an Oscar.
Otto Bell was surfing the web at work when he saw this photo. It amazed him: a rosy-cheeked Mongolian girl, perched
on a mountain ridge, smiling with delight at a ferocious golden eagle flapping on her arm. Look at her face!

The scene was a world away from the office cubicle in New York where Bell was sitting. The shots were taken in the
Altai mountains, "the most remote part of the least-populated country in the world". He had no financing and had only
ever made short, commercially funded documentaries. But he was so moved that soon he gathered up a small team and
took a flight to Mongolia to track down the girl: a 13-year-old named Aisholpan.
When they finally found her nomadic family, Bell was nervous they might not want to be filmed. Instead her father
Nurgaiv made an extraordinary offer. "This afternoon we are going down the mountain to steal an eagle for Aisholpan.
Do you want to film that?"
Aisholpan had her eye on a fledgling female. Female eagles are larger, so preferred for hunting. For days, Aisholpan had
been watching this one through her father's old broken binoculars. It was the perfect age: able to survive without her
mother, but young enough to be trained.
Capturing Aisholpan's climb down a sheer cliff to an eagle's nest, with only a rope tied round her waist, posed problems
for them all. For a start, the cameraman was afraid of heights so could only film from solid ground below! The
photographer wasn't well-placed to step in, since he'd never shot moving images. So Bell had to get creative. He
strapped a GoPro inside Aisholpan's cardigan and climbed with the photographer to a ledge opposite the nest to capture
another angle.
It's a heart-stopping scene: a young girl with plaits jauntily tied with pink ribbons makes a terrifying descent while an
angry mother eagle circles menacingly overhead. Some movie reviewers assume the scene is a re-creation. But it's the
real thing.
I have got to see this movie! I haven't yet. This picture makes me happy. It makes me, too, want to rush off to the Altai
mountains near the borders of Mongolia, China, Russia and Kazakhstan. Lake Kucherla looks amazing. But I have to
grade finals.
My writeup above is paraphrased from this review:
Homa Khaleeli, The Eagle Huntress: the teenage Mongolian nomad who's preparing to swoop on the Oscars , The
Guardian, 11 December 2016.
(I wound up seeing this movie and my aunt on January 3rd, and it met my high expectations! Great scenery, a simple
and unadorned but thrilling story, and lots of interesting views of life near the Altai mountains. One interesting tidbit at
the start: golden eagles raised for hunting are let free after seven years. I'm not sure how well that works out.)
December 2, 2016

December 14, 2016
"If Trump turns off the satellites,
California will launch its own damn satellite!"

That's what Governor Jerry Brown just said to 24,000 climate scientists in San Francisco, to thunderous applause. And:

"We've got the scientists, we've got the lawyers and we're ready to fight."
And to Rick Perry of Texas, newly appointed to lead a department whose name he forgot when listing 3 departments
he'd abolish if he were president — oh yeah, the Department of Energy:
"We've got more sun than you've got oil."
Brown is at the annual meeting of the American Geophysical Union. I went there once — it's huge. They usually meet
in San Francisco because it has one of the few conference centers big enough to hold 24,000 people.
The move to save climate data continues. Right now the main thing we could use is 3 terabytes of storage space; to get
that from Google seems to cost $100/month, since they'll give you 1 terabyte for $10/month and then 10 terabytes for
$100/month.
Jan Galkowski, a professional statistician and member of the Azimuth Project, is spending Christmas break
downloading data using WebDrive. He could use 3 terabytes of space.
First we're downloading stuff. In the longer term we will try to make this stuff publicly available. And we will try to
coordinate with the Climate Mirror project, here:
Climate Mirror
Tomorrow I will talk to someone involved in this project and the head of the Society of American Archivists, since they
know a lot about archiving data. I would like to find more ways for ordinary folks to help, but right now it's a confusing
scramble to organize things.
You can see Jerry Brown's speech here:

December 27, 2016
Metal-Organic Framework 5

I like the look of this thing! It's a metal-organic framework — a compound made of metal ions connected by organic
stuff. The picture here is just part of a structure that keeps repeating in all directions.
The blue tetrahedra are made of an oxygen atom surrounded by 4 atoms of zinc. They're connected by a kind of
latticework made of an organic molecule called 1,4-benzodicarboxylic acid.
The whole thing is called 'Metal-Organic Framework 5' or 'MOF5' for short. There are lots of other kinds.
But what about the huge yellow ball?
That's not a real thing. It's empty space where you can put something — like a molecule of hydrogen!
And indeed, metal-organic frameworks are used for storing hydrogen - you can actually pack more hydrogen into a
MOF than you can easily squeeze into an empty tank! They can also be used as catalysts. So they're not only beautiful,
they're practical.
For a bigger view of MOF5, go here:
University of Liverpool, MOF-5 (or IRMOF-1) Metal Organic Framework, ChemTube3d.
For more about metal-organic frameworks, go here:
Metal-organic framework, Wikipedia.

Also check out my new collection of chemistry posts on G+.
December 29, 2016
It's better to do something imperfect that helps than not help at all. We so easily forget that. Here's a great story to help
us remember: the Hair Dryer Incident, as told by psychatrist Scott Alexander:
The Hair Dryer Incident was probably the biggest dispute I've seen in the mental hospital where I work.
Most of the time all the psychiatrists get along and have pretty much the same opinion about important
things, but people were at each other's throats about the Hair Dryer Incident.
Basically, this one obsessive compulsive woman would drive to work every morning and worry she had left
the hair dryer on and it was going to burn down her house. So she'd drive back home to check that the hair
dryer was off, then drive back to work, then worry that maybe she hadn't really checked well enough, then
drive back, and so on ten or twenty times a day.
It's a pretty typical case of obsessive-compulsive disorder, but it was really interfering with her life. She
worked some high-powered job — I think a lawyer — and she was constantly late to everything because of
this driving back and forth, to the point where her career was in a downspin and she thought she would have
to quit and go on disability. She wasn't able to go out with friends, she wasn.t even able to go to restaurants
because she would keep fretting she left the hair dryer on at home and have to rush back. She'd seen
countless psychiatrists, psychologists, and counselors, she'd done all sorts of therapy, she'd taken every
medication in the book, and none of them had helped.
So she came to my hospital and was seen by a colleague of mine, who told her "Hey, have you thought
about just bringing the hair dryer with you?"
And it worked.
She would be driving to work in the morning, and she'd start worrying she'd left the hair dryer on and it was
going to burn down her house, and so she'd look at the seat next to her, and there would be the hair dryer,
right there. And she only had the one hair dryer, which was now accounted for. So she would let out a sigh
of relief and keep driving to work.
And approximately half the psychiatrists at my hospital thought this was absolutely scandalous, and This Is
Not How One Treats Obsessive Compulsive Disorder, and what if it got out to the broader psychiatric
community that instead of giving all of these high-tech medications and sophisticated therapies we were
just telling people to put their hair dryers on the front seat of their car?
I, on the other hand, thought it was the best fricking story I had ever heard and the guy deserved a medal.
Here's someone who was totally untreatable by the normal methods, with a debilitating condition, and a
drop-dead simple intervention that nobody else had thought of gave her her life back. If one day I open up
my own psychiatric practice, I am half-seriously considering using a picture of a hair dryer as the logo, just
to let everyone know where I stand on this issue.
Miyamoto Musashi is quoted as saying:
The primary thing when you take a sword in your hands is your intention to cut the enemy,
whatever the means. Whenever you parry, hit, spring, strike or touch the enemy.s cutting
sword, you must cut the enemy in the same movement. It is essential to attain this. If you think
only of hitting, springing, striking or touching the enemy, you will not be able actually to cut
him.
Likewise, the primary thing in psychiatry is to help the patient, whatever the means. Someone can concern-

troll that the hair dryer technique leaves something to be desired in that it might have prevented the patient
from seeking a more thorough cure that would prevent her from having to bring the hair dryer with her. But
compared to the alternative of "nothing else works" it seems clearly superior.
This is from:
Scott Alexander, The categories were made for man, not man for the categories, Slate Star Codex, November 21,
2014.
Thanks to Richard Mlynarik for leading me to this, indirectly. He actually pointed me to an interesting article about
psychology and network theory:
Scott Alexander, SSC journal club: mental disorders as networks, Slate Star Codex, December 14, 2016.
The idea is that some mental disorders, instead of having a single "root cause", are a network of symptoms that reinforce
each. Some, not all!
That article led me to this tale here
December 30, 2016
Creature of nightmares

This is the scariest insect I've ever seen: the giant toothed longhorn beetle from the Amazon basin in Ecuador. It's not as
big as it looks here, but it's big: one of the biggest beetles in the world, up to 17 centimeters long. (That's half a foot, for

you Americans.) Its larvae are even longer!
Gil Wizen, who photographed this monster, writes:
Encountering this species was one of my highlights for the year. I know Macrodontia cervicornis very well
from museum insect collections. It is one of the most impressive beetle species in the world, both in size
and structure. But I never imagined I would be seeing a live one in the wild! Well let me tell you, it is hard
to get over the initial impression. The male beetle that I found was not the biggest specimen, but the way it
moved around still made it appear like nothing short of a monster. This species is very defensive, and
getting close for the wide angle macro shot was a bit risky. The beetle responds to any approaching object
with a swift biting action, and those jaws are powerful enough to cut through thick wooden branches, not to
mention fingers!
Check out his favorite photos of the year:
Gil Wizen, 2016 in review.
and for more on this beetle, see:
Wikipedia, Macrodontia cervicornis
For my January 2017 diary, go here.
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January 1, 2017
Chmutov octic

You can get some very fancy surfaces using just polynomial equations. Here Abdelaziz Nait Merzouk drew
one using polynomials of degree 8. That's why it's called an octic.
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Why is it called the Chmutov octic? Well, that's because it was constructed by V. S. Chmutov as part of an
effort to build surfaces with lots of ordinary double points, meaning points that look the place where the tips
of two cones meet. This one has 144 ordinary double points!
That's not the best you can do: the octic with the highest known number of ordinary double points is the
Endrass octic, shown here:
John Baez, Endrass octic, Visual Insight, August 1, 2016.
The Endrass octic has 168 ordinary double points. Nobody knows if that's the best possible.
The Chmutov octic is just one of a series of surfaces invented by Chmutov. There's a Chmutov quadratic, a
Chmutov cubic, a Chmutov quartic, a Chmutov quintic, a Chmutov sextic, a Chmutov septic, a Chmutov
octic, a Chmutov nonic, a Chmutov decic, a Chmutov hendecic, a Chmutov duodecic, a Chmutov
triskaidecic, a Chmutov tetrakaidecic, a Chmutov pendecic, a Chmutov hexadecic, a Chmutov heptadecic, a
Chmutov octadecic, a Chmutov enneadecic, a Chmutov icosic, and so on. In fact you can see a quick
animated gif of all of these — from the quadratic to the icosic — here:
John Baez, Chmutov octic, Visual Insight, January 1, 2017.
Again, it was made by Abdelaziz Nait Merzouk. You'll notice that most of the Chmutov surfaces of even
degree look a lot like the octic here, while those of odd degree extend out to infinity.
Chmutov made these surfaces to get a lower bound on how many ordinary double points we could cram into
a surface of a given degree. In most cases other people have beaten him by now. But still, these surfaces are
cute! They're defined using some polynomials invented by the Russian mathematician Chebyshev — also
known as Chebychev, Chebysheff, Chebychov, Chebyshov, Tchebychev, Tchebycheff, Tschebyschev,
Tschebyschef, or Tschebyscheff. Apparently he suffered from a rare psychological disorder that made him
forget how to spell his name — so each time he wrote another paper, he signed it a different way!
Happy New Year! (You may not have heard, but this year April Fool's Day has been scheduled on January 1st
instead of April 1st.)
This may be my last Visual Insight post for a while — I'm getting burnt out on these, and I have a lot of
projects on my plate: my work with Metron:
John Baez, Complex adaptive system design (part 1), Azimuth, October 2, 2016.
John Baez, Complex adaptive system design (part 2), Azimuth, October 18, 2016.
the Azimuth Backup Project:
John Baez, Azimuth Backup Project (part 1), December 16, 2016.
John Baez, Azimuth Backup Project (part 2), December 20, 2016.
three papers to finish, and five grad students to manage. Like last quarter I'm teaching two courses and also
my seminar on network theory; this heavier work load will let me take the spring as a non-teaching quarter,
but right now it's making me a bit frenetic. It will pay off in having more time to write during the spring, and
also, I hope, visit Hong Kong!
January 11, 2017
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A 'luminous red nova' is something brighter than a nova but less bright than a supernova, which can happen
when two stars merge. An example is shown above.
In this new paper, astronomers predict a new luminous red nova will occur sometime between September
2021 and September 2022, which could become the brightest object in the night sky here on Earth:
Lawrence Molnar et al, Prediction of a red nova outburst in KIC 9832227.
The stars in KIC 9832227 have been orbiting each other faster and faster over the last three years, and they
seem to be surrounded by a shared envelope of gas. If they indeed merge, this will be the first such event
predicted ahead of time.
As Greg Egan noted:
Given that nobody knows exactly when this will happen, the main thing that determines how
many people are likely to be able to see it is the declination, 46° N. So anyone in the northern
hemisphere will have a good chance... while for someone like me, at 31° S, the odds aren't great:
it will never rise higher than 13° above the northern horizon, for me.
Right ascension is the celestial equivalent of longitude, but without knowing the season in
advance (and the error bars on the current prediction are much too large for that) we can't tell if
the sun will be too close to the object, drowning it in daylight to the naked eye.
If that happens, I guess the only comfort is that there are still sure to be telescopes able to make
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observations, maybe including both Hubble and James Webb.
For my February 2017 diary, go here.
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Diary — February 2017
John Baez
February 18, 2017

The Azimuth Climate Data Backup Project is backing up 40 terabytes of US government climate data and copying it to
a number of locations, to protect it from all possible threats.
It's going well! Our Kickstarter campaign ended on January 31st and the money has recently reached us. Our original
goal was $5000. We got $20,427 of donations, and after Kickstarter took its cut we received $18,590.96.
Soon I'll tell you what our project has actually been doing — lots of good news. Right here I just want to give a huge
"thank you!" to all 627 people who contributed money on Kickstarter.
I recently sent out thank you notes to everyone, updating them on our progress and asking if they wanted their names
listed. The blanks in the following list represent people who either didn't reply, didn't want their names listed, or backed
out and decided not to give money. I'll list people in chronological order: first contributors first.
Only 12 people backed out; the vast majority of blanks on this list are people who haven't replied to my email. I noticed
some interesting but obvious patterns. For example, people who contributed later are less likely to have answered my
email. People who contributed more money were more likely to answer my email.
The magnitude of contributions ranged from $2000 to $1. A few people offered to help in other ways. The response was
international — this was really heartwarming! People from the US were more likely than others to ask not to be listed.
But instead of continuing to list statistical patterns, let me just thank everyone who contributed. Here's the list! (I'll keep
updating this list on the Azimuth blog, but not here.)
Daniel Estrada
Ahmed Amer
Saeed Masroor
Jodi Kaplan
John Wehrle
Bob Calder
Andrea Borgia
L Gardner
Uche Eke
Keith Warner
Dean Kalahan

James Benson
Dianne Hackborn
Walter Hahn
Thomas Savarino
Noah Friedman
Eric Willisson
Jeffrey Gilmore
John Bennett
Glenn McDavid
Brian Turner
Peter Bagaric
Martin Dahl Nielsen
Broc Stenman
Gabriel Scherer
Roice Nelson
Felipe Pait
Kenneth Hertz
Luis Bruno
Andrew Lottmann
Alex Morse
Mads Bach Villadsen
Noam Zeilberger
Buffy Lyon
Josh Wilcox
Danny Borg
Krishna Bhogaonker
Harald Tveit Alvestrand
Tarek A. Hijaz, MD
Jouni Pohjola
Chavdar Petkov
Markus Jöbstl
Bjørn Borud
Sarah G
William Straub
Frank Harper
Carsten Führmann
Rick Angel
Drew Armstrong
Jesimpson
Valeria de Paiva
Ron Prater
David Tanzer
Rafael Laguna
Miguel Esteves dos Santos
Sophie Dennison-Gibby

Randy Drexler
Peter Haggstrom

Jerzy Micha? Pawlak
Santini Basra
Jenny Meyer
John Iskra
Bruce Jones
M?ris Ozols
Everett Rubel

Mike D
Manik Uppal
Todd Trimble
Federer Fanatic
Forrest Samuel, Harmos Consulting

Annie Wynn
Norman and Marcia Dresner

Daniel Mattingly
James W. Crosby

Jennifer Booth
Greg Randolph

Dave and Karen Deeter
Sarah Truebe

Jeffrey Salfen
Birian Abelson
Logan McDonald
Brian Truebe
Jon Leland

Sarah Lim

James Turnbull

John Huerta
Katie Mandel Bruce
Bethany Summer

Anna Gladstone

Naom Hart
Aaron Riley
Giampiero Campa
Julie A. Sylvia
Pace Willisson

Bangskij

Peter Herschberg
Alaistair Farrugia
Conor Hennessy

Stephanie Mohr

Torinthiel

Lincoln Muri
Anet Ferwerda
Hanna

Michelle Lee Guiney
Ben Doherty
Trace Hagemann

Ryan Mannion
Penni and Terry O'Hearn

Brian Bassham
Caitlin Murphy
John Verran

Susan
Alexander Hawson
Fabrizio Mafessoni
Anita Phagan
Nicolas Acuña
Niklas Brunberg
Adam Luptak
V. Lazaro Zamora

Branford Werner
Niklas Starck Westerberg
Luca Zenti and Marta Veneziano
Ilja Preuß
Christopher Flint
George Read
Courtney Leigh
Katharina Spoerri
Daniel Risse

Hanna
Charles-Etienne Jamme
rhackman41

Jeff Leggett
RKBookman
Aaron Paul
Mike Metzler
Patrick Leiser
Melinda
Ryan Vaughn
Kent Crispin
Michael Teague
Ben

Fabian Bach
Steven Canning
Betsy McCall
John Rees
Mary Peters
Shane Claridge
Thomas Negovan
Tom Grace
Justin Jones
Jason Mitchell

Josh Weber
Rebecca Lynne Hanginger
Kirby
Dawn Conniff
Michael T. Astolfi

Kristeva
Erik
Keith Uber
Elaine Mazerolle
Matthieu Walraet
Linda Penfold

Lujia Liu

Keith

Samar Tareem
Henrik Almén
Michael Deakin
Erin Bassett
James Crook

Junior Eluhu
Dan Laufer
Carl
Robert Solovay

Silica Magazine

Leonard Saers
Alfredo Arroyo García

Larry Yu

John Behemonth
Eric Humphrey

Øystein Risan Borgersen
David Anderson Bell III

Ole-Morten Duesend

Adam North and Gabrielle Falquero
Robert Biegler
Qu Wenhao

Steffen Dittmar

Shanna Germain

Adam Blinkinsop

John WS Marvin (Dread Unicorn Games)
Bill Carter
Darth Chronis

Lawrence Stewart
Gareth Hodges
Colin Backhurst
Christopher Metzger
Rachel Gumper
Mariah Thompson
Falk Alexander Glade
Johnathan Salter

Maggie Unkefer
Shawna Maryanovich

Wilhelm Fitzpatrick
Dylan "ExoByte" Mayo
Lynda Lee

Scott Carpenter

Charles D, Payet
Vince Rostkowski
Tim Brown
Raven Daegmorgan
Zak Brueckner
Christian Page
Adi Shavit
Steven Greenberg
Chuck Lunney

Adriel Bustamente
Natasha Anicich

Bram De Bie
Edward L

Gray Detrick
Robert
Sarah Russell
Sam Leavin
Abilash Pulicken
Isabel Olondriz
James Pierce
James Morrison
April Daniels

José Tremblay Champagne

Chris Edmonds
Hans & Maria Cummings
Bart Gasiewiski
Andy Chamard

Andrew Jackson
Christopher Wright

ichimonji10
Alan Stern
Alison W
Dag Henrik Bråtane

Martin Nilsson
William Schrade

For my March 2017 diary, go here.
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Diary — March 2017
John Baez
March 11, 2017
When light kisses darkness

This is one of many beautiful images on Thomas Baruchel's blog. They depict functions on the complex plane. Some are
exquisitely baroque. This one is delightfully simple: a circle of light intersecting a larger circle of darkness. Its intense
contrast reminds me of a solar eclipse.
The function here, like most on the blog, is supposedly defined by a continued fraction:
Loading [MathJax]/jax/output/HTML-CSS/jax.js

zexp(2πi/3)
z+

zexp ( 4πi / 3 )
z/2+

zexp ( 6πi / 3 )
z/3+

He says that "white parts on the picture are real values; black parts are imaginary ones." That doesn't fully explain how
the numbers get turned into shades of gray. It would be nice to know the exact recipe. A more obvious choice would be
to use the color wheel to describe the phase of a complex number and brightness or intensity to describe its absolute
value. But the simplicity of a grayscale image pays off in a kind of classic beauty.
Here's the image on Baruchel's blog:
Thomas Baruchel, #146, March 6, 2017.
It's number 146 of a long series. He has threatened to produce three a day — and so far he seems to be keeping up!
For my April 2017 diary, go here.
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Diary — April 2017
John Baez
April 2, 2017
Spider-Ganesha

It's a natural combination. Ganesha is one of the most beloved of the Hindu gods. Kids love him, because after all, just
how cool is an elephant-headed god? But he's also revered as the remover of obstacles, the patron of arts and sciences
— and the god of beginnings, honored at the start of ceremonies. He first appeared around the 5th century AD, and he's
been spreading ever since. Even many Buddhists and Jains like him.
Spider-Man is one of the most beloved of the Marvel Comics superheroes. He has super strength, extreme agility, a
'spider-sense' for detecting foes, and the ability to cling to most surfaces and shoot spiderwebs using wrist-mounted
devices of his own invention. And yet he's approachable, since he's also Peter Parker, a photographer at the Daily Bugle
with problems like our own.
I don't know who invented Spider-Ganesha, and I don't know if this blend will catch on. But it could — the line between
gods and superheroes is smaller than monotheists might think. They say that after his death Hercules ascended to
Olympus. There was an Egyptian cult honoring Alexander the Great from the 3rd to the 1st centuries BC. And the
historical Chinese general Guan Yu was deified about 300 years after his death. I've seen plenty of statues of him in
Taoist and Buddhist temples in Shanghai and Singapore — and in Hong Kong, you can find him in every police station!

If we're going to have gods and heroes, I say we should have lots, and do it with a playful, relaxed attitude, enjoying
them without 'believing' in them.
So, three cheers for Spider-Ganesha!
Read a great discussion of this in the comments on my G+ post.
April 6, 2017
Trillions of warriors, in a battle visible from space

See the murky cloud in the water? It's made of dying warriors — tiny sea creatures called coccolithophores who are
fighting viruses, losing, dying and falling to the sea floor.
It's not an unusual event. It happens around the globe all the time. This war has been going on for millions of years. The
combatants have evolved intricate strategies to outwit each other. And most interestingly, the way this battle plays out is
crucial for all oxygen-breathing life on this planet.
Listen to the story here. You won't regret it! It's well-told, it's thrilling, and it will make you think of the world in a new
way:
A war we need, Radiolab, March 5, 2012.
April 8, 2017

Dogs are now considered to be the same species as wolves. They can interbreed with wolves just fine. They've just
evolved to look and act different through interaction with us. They eat things wolves wouldn't touch. Dingoes, in
Australia, are semi-wild dogs that went through a similar evolution.
Now that humans have taken over the world, there is very little true wilderness. In most places where wolves roam, they
encounter people. They have the option of trying to get food from human sources. It's often easier than hunting.
This means that all wolves are evolving into something new. They're roaming less, getting less scared of people. We're
"making a new dog".
That's what this paper is about:
Thomas M. Newsome et al, Making a new dog?, BioScience 67 (2017), 374–381.
And as humans encroach on their range, wolves are having more trouble finding mates. Sometimes they mate with
domestic dogs. But mainly they're starting to interbreed with coyotes! This especially true in the northeast US. There are
now zones where coyote populations are more wolf-like. They've got wolf genes affecting their body size and
proportions.
So: nature is doing its thing. There is no sharp separation between nature and culture, civilization and wilderness. The
rapid changes in human culture are rippling through the whole biosphere in a myriad of ways.
April 30, 2017
Back in old Hong Kong!
Why "old" Hong Kong? One reason is that Hoagie Carmichael song, the Hong Kong Blues. It starts like this:
It's the story of a very unfortunate colored man
Who got arrested down in old Hong Kong
He got twenty years privilege taken away from him
When he kicked old Buddha's gong.
It's featured in the great Bogart–Bacall movie To Have and Have Not. You can see the scene here:

It's a cheesy bit of orientalism made tolerable by Hoagie's charm. But Hong Kong is indeed full of history and mystery,
so "old Hong Kong" sounds right.
Anyway, we're back! Today Lisa and I went to the jade market in Yau Ma Tei. Our favorite jade seller was not there:
she's visiting relatives in China. Her husband was, and he showed us some nice white jade from Xinjiang — the wild
west of China. This is getting rare these days, but we decided not to buy any until the woman comes back in 10 days. It
gives us an excuse to postpone difficult decisions — and an excuse to return.

We also took a look in the Tin Hau temple near the jade market. Tin Hau is the god of the sea, a favorite of sailors. But
the little figures shown here are some of the sixty Tai Sui deities one for each year in a 60-year cycle formed by
multiplying the 12 signs of the zodiac by the 5 phases: wood, fire, earth, metal and water. Like many Chinese temples
I've seen, this one has statues of all sixty. But how they look varies immensely from temple to temple!

Then we walked north to Mong Kok, a very busy area full of shops. It was densely packed with people — maybe
because it's a long weekend with May Day coming on Monday? There was a long line for this food stall:

Lisa was happy to see that the Mong Kok computer center, a building packed with useful small stores, has been
reopened. We bought some crucial VGA/micro-D converters and went back to our hotel, exhausted but glad to be back

in old Hong Kong.
For my May 2017 diary, go here.
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Diary — May 2017
John Baez
May 17, 2017

This beautiful animation by Gábor Damásdi illustrates an amazing result of Jakob Steiner. Namely: if you can snugly fit
some circles inside one circle and outside another, you can move these circles around while they stay touching! They
may need to change size, though.
Just for fun, this animation goes ahead and recursively uses the same pattern inside each of the smaller circles, ad
infinitum.
This result by Steiner, proved in the 1800s, is usually called 'Steiner's porism'.
What the heck is a 'porism'?
This is one of those scary Greek math words like 'syzygy' and 'plethysm' — words that nobody ever seems to explain in
a clear, intuitive way. It's not promising that the Wikipedia entry for 'porism' begins:
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The subject of porisms is perplexed by the multitude of different views which have been held by geometers
as to what a porism really was and is.
In brief, a porism is something in between a problem and a theorem. Here's what Wikipedia says:
The older geometers regarded a theorem as directed to proving what is proposed, a problem as directed to
constructing what is proposed, and finally a porism as directed to finding what is proposed.
Got it?
Gábor Damásdi has a fun page on Tumblr:
Gábor Damásdi, Symmetry.
He writes:
Hi there!
I am a Hungarian math student, currently doing my master degree at Eötvös Loránd University in Budapest.
In my free time I like to draw mathematical stuff like fractals, tillings, tessellations, polyhedrons and so on.
I usually use the following programs to create them: Processing, Geogebra, Gimp, Inksckape. If you want
to do similar pictures this is a good place to start: processing.org.
I also organize math camps and math competitions in Hungary. I usually work with a really good
foundation called the "The joy of thinking foundation".If you are interested you can find more information
here: http://agondolkodasorome.hu/en/.
Jakob Steiner did a lot of fundamental work in projective geometry in the 1800s. A contemporary described him this:
He is a middle-aged man, of pretty stout proportions, has a long intellectual face, with beard and moustache
and a fine prominent forehead, hair dark rather inclining to turn grey. The first thing that strikes you on his
face is a dash of care and anxiety, almost pain, as if arising from physical suffering - he has rheumatism. He
never prepares his lectures beforehand. He thus often stumbles or fails to prove what he wishes at the
moment, and at every such failure he is sure to make some characteristic remark.
Here is some information about his porism:
Steiner chain, Wikipedia.
A Steiner chain is a ring of circles, all touching, that fit snugly inside one circle and outside another.
May 22, 2017
In the news I heard about a book of photos by Marcel Heinjen called Hong Kong Shop Cats. Here's one of those photos:

It captures the quaintness of some older Hong Kong shops as well as the charm of the cat. A lot of older neighborhoods
are getting displaced by fancy skyscrapers, but Lisa and I spent a lot of time in Ya Mau Tei, an area which retains its
charm. That's where Lisa visits the jade market. And that's where I saw this cat in a store window, sleeping next to a
statue of a cat:

We also visited a lot of temples. Here is Lisa in the Nan Lian Garden, near a Buddhist nunnery:

and here's another view of that garden:

May 29, 2017
Set-theoretic geology

Set theory starts out as a very simple way of organizing our thoughtsb something every student should learn. But it gets
more tricky when we start pondering infinite sets. And when we start pondering the universe — the collection of all sets
— it gets a lot harder. Mathematicians have learned that there are obstacles to fully understanding the universe.
The collection of all sets can't be a set — Bertrand Russell and other logicians discovered this over a century ago. But
more importantly, Gödel's theorem puts limits on how well any axioms can pin down the properties of the universe.
Most mathematicians like to use the Zermelo-Fraenkel axioms together with the axiom of choice. But there are many
questions left unsettled by these axioms.
Knowing this, you might give up on trying to fully understand the universe. That's actually what most mathematicians
do. Frankly, the questions left unsettled by the ZFC axioms don't seem very urgent to most of us!

But set theorists don't give up. They've developed a lot of fascinating ways to make progress despite the obstacles.
In the 1960s, Paul Cohen introduced forcing. This is a way to make the universe larger, by making up a bunch of new
sets, without violating the axioms you're using.
If I think the universe is U, you can use forcing to say "fine, but it's equally consistent to assume the universe is some
larger collection V". Cohen used this to show the axiom of choice couldn't be proved from the other axioms in ZFC.
Given a universe U where the Zermelo-Fraenkel axioms hold, he used forcing to build a bigger universe V where those
axioms still hold, but the axiom of choice does not!
As an undergrad, I gave up my studies of set theory before I learned forcing. It was too hard to understand, and probably
too badly explained: I don't think anyone even said what I just told you! I moved on to other things - there's a lot of fun
stuff to learn. But for modern set theorists, forcing is utterly basic.
So what's new?
One new thing is 'set-theoretic geology':
Joel David Hamkins, Set-theoretic geology and the downward-directed grounds hypothesis, CUNY Set Theory
seminar, September 2016.
In this approach to set theory, instead of making the universe larger, you make it smaller. You try to 'dig down' and find
the smallest possible universe!
So, starting with some universe V, we look for a smaller universe U that can give rise to V by forcing. If this is true, we
call U a ground for V.
There can be lots of grounds for a universe V. This raises a big question: if we have two grounds for V, is there a ground
that's contained in both?
In 2015, Toshimichi Usuba showed this is true! In fact he showed that for any set of grounds of V, there's a ground
contained in all of these.
This raises another big question: is there a smallest ground, a ground contained in all other grounds? If so, this is called
the bedrock of our universe V.
Usuba showed that the bedrock exists if a certain kind of infinite number exists! There are different sizes of infinity, and
this particular kind is called 'hyper-huge'. It's so huge that it's not even explained in the Wikipedia article on huge
cardinals. So, I can't explain it to you, or even to myself.
But still, I think I get the basic idea: if we have a large enough infinity, digging down infinitely far that much will get us
down to the bedrock of the universe.
Naively, I tend to favor small universes. So, the bedrock appeals to me. However, you need a big universe to have large
infinities like 'hyper-huge cardinals'. So, my minimalist philosophy runs into a problem, because your universe needs to
contain big infinities for you to 'have time' to dig deep enough to hit bedrock!
Is this a paradox? Certainly not in the literal sense of a logical contradiction. But how about in the sense of something
bizarre that makes no sense?
Probably not. There's a way to take the universe and divide into 'levels', called the von Neumann hierarchy. If you assert
the existence of large cardinals, you're making the universe 'taller' — you're adding extra levels. But if you stick in extra
sets by forcing, you might be making the universe 'wider' — that is, adding more sets at existing levels. So, you may
need a super-huge cardinal to have enough time to chip away at the stuff in all these levels until you hit bedrock.

This is just my guess; I'm no expert. For more information from an actual expert try Joel David Hamkins' article.
He talks about a concept called the 'mantle', without explaining it. But he explains it in a comment to his post: the
mantle of the universe is the intersection of all grounds. If there's a hyper-huge cardinal, this must be the bedrock. If not,
other things can happen.
For my June 2017 diary, go here.
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Diary — June 2017
John Baez
June 8, 2017

Yesterday I took a hike in the Alps. This was my favorite Alp. It's not so tall as Alps go, but it's quite steep and remarkably green.
Lisa was attending a conference near Bern. It was called The Art of Feeling. That sounds strange, but it was about classical Greek and Chinese
philosophy, and how they understood the role of the emotions in the good life. Since Lisa knows both classical Greek and classical Chinese, and not too
many people do, I've gotten to know most of the people who do, and I wind up hanging out with them in unusual places. This particular conference was
held in the countryside, near the town of Rubigen, in a place that's a kind of graduate school for farmers. It had cows and pigs and gardens but also
classrooms and dorm rooms, and for some reason they let a bunch of philosophers pay to stay there for a few days.
One important feature of academic conferences is the 'excursion'. If you're not an academic you may not know what this is, but if you are you surely do.
About halfway through the conference, when people are getting sick of spending 8 hours a day cooped up in a room listening to talks, the organizers take
people out to one of the beautiful nearby places where everyone would rather have been all along. Then people have fun, stay up too late talking and
drinking, and come in bleary-eyed and grumpy to the next day's talks.
This particular excursion was especially fun: a hike through the low Alps near Gurnigel Pass, about 35 kilometers south of Bern. It was a beautiful day,
and we had a nice view of the more serious Alps further south: Eiger, Mönch and Jungfrau. They were distant, snowy, forbidding yet alluring. We didn't
even
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anywhere near this smaller, greener mountain! But it was fun to see. It may be called Nünenenfluh.
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June 15, 2017

Far above a thunderstorm in the English Channel, red sprites are dancing in the upper atmosphere.
You can't usually see them from the ground — they happen 50 to 90 kilometers up. People usually photograph them from satellites or high-flying planes.
But this particular bunch was videotaped from a distant mountain range in France by Stephane Vetter, on May 28th.
Sprites are quite different from lightning. They're not electric discharges moving through hot plasma. They involve cold plasma — more like a
fluorescent light.
They're quite mysterious. People with high speed cameras have found that a sprite consists of balls of cold plasma, 10 to 100 meters across, shooting
downward at speeds up to 10% the speed of light... followed a few milliseconds later by a separate set of upward moving balls!
Sprites usually happen shortly after a lightning bolt. And about 1 millisecond before a sprite, people often see a 'sprite halo': a faint pancake-shaped burst
of light approximately 50 kilometres across 10 kilometres thick.
Don't mix up sprites and ELVES — those are something else, for another day:

Wikipedia, Sprite.
Wikipedia, Upper-atmospheric lightning: ELVES.
You also shouldn't confuse sprites with terrestrial gamma-ray flashes. Those are also associated to thunderstorms, but they actually involve antimatter::
Wikipedia, Terrestrial gamma-ray flash.
A lot of weird stuff is happening up there!
The photo is from here:
Astronomy Picture of the Day, Red sprites over the Channel, June 15, 2017.
June 25, 2017

My real name is Cleo, I'm female.
I have a medical condition that makes it very difficult for me to engage in conversations, or post long answers, sorry for that.
I like math and do my best to be useful at this site,
although I realize my answers might be not useful for everyone.
There's a website called Math StackExchange where people ask and answer questions. When hard integrals come up, Cleo often does them — with no
explanation! She has a lot of fans now.

The integral here is a good example. When you replace ln 3 (1 + x) by ln 2 (1 + x) or just ln(1 + x), the answers were known. The answers involve the third
Riemann zeta value:
1
1
1
1
ζ(3) = 3 + 3 + 3 + 3 +
1
2
3
4
They also involve the fourth polylogarithm function:
x
x2 x3
Li 4 (x) = 4 + 4 + 4 +
1
2
3
Cleo found that the integral including ln 3 (1 + x) can be done in a similar way — but it's much more complicated. She didn't explain her answer... but
someone checked it with a computer and showed it was right to 1000 decimal places. Then someone gave a proof.
The number

ζ(3) = 1.202056903159594285399738161511449990764986292...
is famous because it was proved to be irrational only after a lot of struggle. Apéry found a proof in 1979. Even now, nobody is sure that the similar
numbers ζ(5), ζ(7), ζ(9), … are irrational, though most of us believe it. The numbers ζ(2), ζ(4), ζ(6), … are much easier to handle. Euler figured out
formulas for them involving powers of π, and they're all irrational.
But here's a wonderful bit of progress: in 2001, Wadim Zudilin proved that at least one of the numbers ζ(5), ζ(7), ζ(9), and ζ(11) must be irrational.
Sometimes we can only snatch tiny crumbs of knowledge from the math gods, but they're still precious.
For Cleo's posts, go here:
Math StackExchange, Cleo.
Integrals and Series, CleoMSE — Posts.
For more on ζ(3), go here:
Wikipedia, Apéry's constant.
This number shows up in some physics problems, like computing the magnetic field produced by an electron! And that's just the tip of the iceberg: there
are deep connections between Feynman diagrams, the numbers ζ(n), and mysterious mathematical entities glimpsed by Grothendieck, called 'motives'.
Very roughly, a motive is what's left of a space if all you care about are the results of integrals over surfaces in this space.
The world record for computing digits of ζ(3) is currently held by Dipanjan Nag: in 2015 he computed 400,000,000,000 digits. But here's something
cooler: David Broadhurst, who works on Feynman diagrams and numbers like ζ(n), has shown that there's a linear-time algorithm to compute the nth
binary digit of ζ(3):
David Broadhurst, Polylogarithmic ladders, hypergeometric series and the ten millionth digits of ζ(3) and ζ(5).
He exploits how Riemann zeta values ζ(n) are connected to polylogarithms... it's easy to see that
Li n (1) = ζ(n)
but at a deeper level this connection involves motives. For more on polylogarithms, go here:
Wikipedia, Polylogarithm.
Thanks to David Roberts for pointing out Cleo's posts on Math StackExchange!
June 27, 2017
How did the publisher Elsevier get profit margins of 37% last year - higher than almost any other business? Simple: get people to work for free, then sell
their product at high prices!
But how do you do that? Over on Google+, Richard Poynder pointed out this great article which explains the history:
Stephen Buranyi, Is the staggeringly profitable business of scientific publishing bad for science?, The Guardian, June 27, 2017.
It started with Robert Maxwell, a clever fellow who knew that flattering top scientists would get them to publish in his journals.... making them
"prestigious". He also knew the advantages of publishing lots of journals:
Maxwell's success was built on an insight into the nature of scientific journals that would take others years to understand and replicate. While
his competitors groused about him diluting the market, Maxwell knew that there was, in fact, no limit to the market. Creating The Journal of
Nuclear Energy didn't take business away from rival publisher North Holland's journal Nuclear Physics. Scientific articles are about unique
discoveries: one article cannot substitute for another. If a serious new journal appeared, scientists would simply request that their university
library subscribe to that one as well. If Maxwell was creating three times as many journals as his competition, he would make three times
more money.
Later, publishers got more systematic about making their journals "prestigious"... so scientists would want to publish in them... and get their universities
to subscribe to these journals:
"At the start of my career, nobody took much notice of where you published, and then everything changed in 1974 with Cell," Randy
Schekman, the Berkeley molecular biologist and Nobel prize winner, told me. Cell (now owned by Elsevier) was a journal started by
Massachusetts Institute of Technology (MIT) to showcase the newly ascendant field of molecular biology. It was edited a young biologist
named Ben Lewin, who approached his work with an intense, almost literary bent. Lewin prized long, rigorous papers that answered big
questions — often representing years of research that would have yielded multiple papers in other venues — and, breaking with the idea that
journals were passive instruments to communicate science, he rejected far more papers than he published.
What he created was a venue for scientific blockbusters, and scientists began shaping their work on his terms. "Lewin was clever. He realised
scientists are very vain, and wanted to be part of this selective members club; Cell was 'it', and you had to get your paper in there," Schekman

said. "I was subject to this kind of pressure, too." He ended up publishing some of his Nobel-cited work in Cell.
Suddenly, where you published became immensely important.
Read the whole story! It's depressing, but we need to understand why we're in this mess to get out of it.
Also, read Richard Poynder's posts on Google+, to keep track of the scholarly publishing world and attempts to fix it.
June 30, 2017
Today Sabine Hossenfelder wrote a nice attack on 'naturalness' in physics:
Sabine Hossenfelder, The understand the foundations of physics, study numerology, Backreaction, June 30, 2017.
There's a particle called the muon that's almost like the electron, except it's about 206.768 times heavier. Nobody knows why. The number 206.768 is
something we measure experimentally, with no explanation so far. Theories of physics tend to involve a bunch of unexplained numbers like this. If you
combine general relativity with Standard Model of particle physics, there are about 25 of these constants.
Many particle physicists prefer theories where these constants are not incredibly huge and not incredibly tiny. They call such theories 'natural'.
Naturalness sounds good — just like whole wheat bread. But there's no solid evidence that this particular kind of naturalness is really a good thing. Why
should the universe prefer numbers that aren't huge and aren't tiny? Nobody knows.
For example, many particle physicists get upset that the density of the vacuum is about
0.000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000001
Planck masses per Planck volume. They find it 'unnatural' that this number is so tiny. They think it requires 'fine-tuning', which is supposed to be bad.
I agree that it would be nice to explain this number. But it would also be nice to explain the mass of the muon. Is it really more urgent to explain a tiny
number than a number like 206.768, which is neither tiny nor huge?
Sabine Hossenfelder say no, and I tend to agree. More precisely: I see no a priori reason why naturalness should be a feature of fundamental physics. If
for some mysterious reason the quest for naturalness always, or often, led to good discoveries, I would support it. In science, it makes sense to do things
because they tend to work, even if we're not sure why. But in fact, the quest for naturalness has not always been fruitful. Sometimes it seems to lead us
into dead ends.
Besides the cosmological constant, another thing physicists worry about is the Higgs mass. Avoiding the 'unnaturalness' of this mass is a popular
argument for supersymmetry... but so far that's not working so well. Hossenfelder writes:
Here is a different example for this idiocy. High energy physicists think it's a problem that the mass of the Higgs is 15 orders of magnitude
smaller than the Planck mass because that means you'd need two constants to cancel each other for 15 digits. That's supposedly unlikely, but
please don't ask anyone according to which probability distribution it's unlikely. Because they can't answer that question. Indeed, depending
on character, they'll either walk off or talk down to you. Guess how I know.
Now consider for a moment that the mass of the Higgs was actually about as large as the Planck mass. To be precise, let's say it's
1.1370982612166126 times the Planck mass. Now you'd again have to explain how you get exactly those 16 digits. But that is, according to
current lore, not a finetuning problem. So, erm, what was the problem again?
She explains things in such down-to-earth terms, with so few of the esoteric technicalities that usually grace discussions of naturalness, that it may be
worth reading a more typical discussion of naturalness just to imbibe some of the lore.
This one is quite good, because it includes a lot of lore but doesn't try too hard to intimidate you into believing in the virtue of naturalness:
G. F. Giudice, Naturally speaking: the naturalness criterion and physics at the LHC.
For my July 2017 diary, go here.
© 2017 John Baez
baez@math.removethis.ucr.andthis.edu

home

For my June 2017 diary, go here.

Diary — July 2017
John Baez
July 1, 2017

What happens if a black hole moves at the speed of light?
Well, an ordinary black hole can't, because only things with no mass can move at the speed of light. If a heavy thing
zips past you, its gravity will yank at you for a short time. The faster it goes, the stronger this effect will be. The yank
will last for a shorter time — but its total effect on you will be bigger. If the thing moved at the speed of light, this effect
would be infinite. That makes no sense.
But we can do this. Take lighter and lighter black holes and make them move faster and faster, closer to the speed of
light. In the limit we have a massless black hole moving at the speed of light! And it's not nothing — like a photon,
which is also massless and moving at the speed of light, it has energy and momentum.
We can't do this in the lab — not yet, anyway. But we can work it out mathematically. We get a solution of Einstein's
equations — the equations that describe gravity. This solution has a wonderful name: it's called the Aichelburg–Sexl
ultraboost.
When something moves near the speed of light, it actually gets thinner - this is called a Lorentz contraction. So, the
Aichelburg–Sexl ultraboost is a pulse of gravity that's infinitely thin, moving at the speed of light, strong near the center
and weaker far away.
We can also do this trick with a spinning black hole. We get a solution of Einstein's equations that describes the
gravitational field of a spinning massless particle.
Okay, that was the fun part for ordinary people. Now comes the math. In spacetime without any gravity messing things
up, distances and times are measured by the Minkowski metric:
−dt 2 + dx 2 + dy 2 + dz 2
We can write this down using other coordinates, like
u=
Loading [MathJax]/jax/output/HTML-CSS/jax.js

x+t

√2

and
v=

x−t

√2

in units where the speed of light is 1. These coordinates are called lightcone coordinates. They're nice because the
surface u = 0 is a plane moving forwards at the speed of light — just right for what we want. We get
−dt 2 + dx 2 + dy 2 + dz 2 = 2dudv + dy 2 + dz 2
Using polar coordinates in the yz plane, so that r 2 = y 2 + z 2, this becomes
2dudv + dr 2 + r 2dθ2
If we now include a black hole moving at the speed of light, we get an extra term, and get the formula I showed above:
ds 2 = − 8mδ(u)logrdu2 + 2dudv + dr 2 + r 2dθ2
The interesting thing is the first term. This describes a shock wave moving at the speed of light, which becomes
infinitely strong at the center of the black hole! For more, see:
Wikipedia, Aichelburg–Sexl ultraboost.
The Aichelburg–Sexl ultraboost is just one special case of a 'pp-wave spacetime':
Wikipedia, pp-wave spacetime.
July 3, 2017

My latest quest is to find a really simple, clear way to get E8 from the icosahedron. These are two of my favorite things,
and they're connected.
The icosahedron is a Platonic solid with 120 = 1 × 2 × 3 × 4 × 5 symmetries. Just for fun, the picture here shows a
'stellated' icosahedron with sharper points. But it has all the same symmetries, and that's all that matters to me now.
E8 is an 8-dimensional lattice: a periodic pattern of points in 8 dimensions. This pattern gives the densest way to pack
spheres in 8 dimensions: center a sphere at each lattice point, and make them big enough to just touch each other. Each

sphere touches 240 others. That's the maximum possible in 8 dimensions. And in fact, if you pack spheres in 8
dimensions and get each to touch 240 others, you've got E8 . This pattern shows up all over math, in cool and mysterious
ways.
E8 has two little brothers. If you take a well-chosen slice of E8 you get a lattice called E8 . This gives the densest known
way to pack spheres in 7 dimensions. Similarly, if you take the right slice of E8 you get a lattice called E6, which gives
the densest known way to pack spheres in 6 dimensions.
The McKay correspondence is a way to get E6, E8 and E8 from the tetrahedron, the octahedron and the icosahedron!
This is one of nature's true marvels. It's yet more evidence that
In mathematics, everything sufficiently beautiful is connected.
There are actually several versions of the McKay correspondence. I'm interested in one called the 'geometric' McKay
correspondence. Experts already understand it, but I want to bring it down to earth a bit... and I want to go for the
jugular and focus on the icosahedron and E8 .
My plan is to look at the space of all ways you can place an icosahedron of any size centered at the origin in 3d space.
This space is 4 dimensional, since it takes 3 numbers to say how the icosahedron is rotated, and 1 more to say its size.
And this 4-dimensional space has a singularity where the icosahedron shrinks down to zero size!
It reminds me ever so slightly of the Big Bang, where we have a 4-dimensional spacetime with a singularity where the
universe shrinks down to zero size (roughly speaking). But this is just a cute analogy, the sort science journalists use to
attract and confuse readers. The lazy readers only look at the headline, and come away with weird ideas. Don't be one of
them.
The serious business here is seeing how E8 is lurking in the space of all possible icosahedra centered at the origin.
Where is it?
It's sitting right at the singularity!
How? How is it sitting there, you ask?
I could tell you, but then I'd have to...
On second thought, I'll tell you here:
John Baez, The geometric McKay correspondence (part 1), June 19, 2017.
However, you'll need to know some math to follow this. The basic idea is that if you 'smooth out' or 'resolve' the
singularity, it gets replaced by 8 spheres that intersect in a pattern governed by E8.
This is just the first part of a series, since there's a lot I still need to figure out! I want to see very concretely how these 8
spheres show up. I'm hoping some math friends of mine will help me. With luck, if we figure enough out, I can write a
more polished article about it.
July 17, 2017

This is a wave of circularly polarized light. As the wave moves forwards, but you stand in the same place and measure
the electric field there, the electric field goes round and round. The magnetic field, not shown here, also goes round and
round, at right angles to the electric field.
This movie shows right circularly polarized light. If you take your right hand, make a fist, and point your thumb in the
direction the light is moving, the electric field will rotate in the direction your fingers are curling. There's also left
circularly polarized light, where the electric field turns around in the other direction.
All this stuff can be figured out mathematically by solving the vacuum Maxwell equations, which describe light with no
matter around.
But where can you see circularly polarized light in nature?
Albert Michelson found some back in 1911!
You may know this guy: he won the Nobel prize with Robert Morley for discovering that light moves past you at the
same speed no matter how you're moving. But he also discovered something else. Light reflected from a certain kind of
beetle called a golden scarab tends to be left circularly polarized! The reason was discovered much later: at the
microscopic level, the shells of these beetles are made of spiral-shaped molecules!

Light from certain firefly larvae is also circularly polarized, but nobody knows why yet.

And sometimes starlight is circularly polarized... slightly. It's actually a messy mix of different kinds of light.
Sometimes it's 'linearly' polarized — the electric field wiggles back and forth rather than round and round. This is
because it scatters from elongated interstellar dust grains whose long axes tend to be oriented at right angles to the
galactic magnetic field. But these grains spin rapidly, with their rotation axis along the magnetic field. This winds up
creating a bit of circular polarization. The effect is tiny but measurable.
I was going to talk more about the math of circularly polarized light, but I got distracted. I wanted to explain how the
polarization of light involves complex numbers. This is easier to talk about using quantum mechanics. To describe a
photon with a certain energy in a certain direction, we need to use two complex numbers! A photon like
(1, 0)
is linearly polarized in one direction: say, its electric field wiggles back and forth. A photon like
(0, 1)
is linearly polarized in the other direction: say, its electric field wiggles up and down. So, a photon like
(1, 1)
would be linearly polarized in a diagonal way. But less obviously, a photon like
(1, i)
is right circularly polarized, and one like
(1, − i)
is left circularly polarized.
How did the complex numbers get into the game? We use them in quantum mechanics, but polarization of light is also
there in the vacuum Maxwell equations, which were known before quantum mechanics. So the complex numbers should
be lurking in the vacuum Maxwell equations!
They are. Mathematically, photons are solutions of the vacuum Maxwell equations. While these solutions involve two
real vector fields, the electric and magnetic field, the space of solutions is a complex Hilbert space. To multiply a
solution by i you multiply its positive-frequency part by i and its negative-frequency part by − i.
In short: to fully understand light bouncing off a scarab beetle, you need to understand how the complex numbers are
lurking in Maxwell's equations. The universe is cool. Let's be kind to our planet, so our civilization can stick around
long enough to learn more. We're just getting started!
For more, try these:
Wikipedia, Circular polarization.
Wikipedia, Photon polarization.
I got the animation from Wikicommons. You can see some interesting discussion on my G+ post.
July 29, 2017

The geometry of music revealed! The red lines connect notes that are a major third apart. The green lines connect notes
that are a minor third apart. The blue lines connect notes that are a perfect fifth apart.
Each triangle is a chord with three notes, called a triad. These are the most basic chords in Western music. There are
two kinds:
A major triad sounds happy. The major triads are the triangles whose edges go red-green-blue as you go around
clockwise.
A minor triad sounds sad. The minor triads are the triangles whose edges go green-red-blue as you go around
clockwise.
This pattern is called a tone net, and this one was created by David W. Bulger. There's a lot more to say about it, and
you can read more in this Wikipedia article:
Wikipedia, Neo-Riemannian theory.
and this great post by Richard Green:
Richard Green, Group theory in music.
The symmetry group of this tone net is important in music theory, and if you read these you'll know why!
For my August 2017 diary, go here.
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My working hypothesis is that living systems seem 'messy' to physicists because they operate at a higher level of
abstraction than physicists are used to. That's what I'm trying to explore these days.
Back in 1963, Bill Lawvere had the idea that the process of assigning 'meaning' to expressions could be seen as a
functor from one category to another. This idea has caught on in theoretical computer science: it's called functorial
semantics.
The basic idea is that a program is a morphism in a category, and what it computes is a morphism in another category,
and there's a functor from the first category to the second. Some programming languages like Haskell, Scheme and
Scala have been designed to explicitly take advantage of this point of view.
What I want to to do is apply functorial semantics to biology. I expect that in biology there are many ways to view the
'meaning' of what's going on — there's no one best answer; instead, there are many different levels of abstraction at
which we can usefully view things. Life somehow manages to exploit this.
This is hard to think about: biology is much more tricky than computer programming! So I've been starting with simpler
things, like chemistry.
Blake Pollard and I have been working on open reaction networks: that is, networks of chemical reactions where some
chemicals can flow in from an outside source, or flow out. The picture to keep in mind is shown above.
The yellow circles are different kinds of chemicals. The aqua boxes are different reactions. The purple dots in the sets X
and Y are 'inputs' and 'outputs', where certain kinds of chemicals can flow in or out.
There's no serious difference between 'inputs' and 'outputs': chemical can flow in or out at any of these points. The only
reason for segregating inputs and outputs is to make it easy to stick together two open reaction networks: we attach the
outputs of the first to the inputs of the second.
This makes open reaction networks into the morphisms of a category. The main thing you do with morphisms is
compose them, and here that means attaching the outputs of one open reaction network to the inputs of another.
Blake and I figured out how to first 'gray-box' an open reaction network, converting it into an open dynamical system,
and then 'black-box' it, obtaining the relation between input and output flows and concentrations that holds in steady
state. The first step extracts the dynamical behavior of an open reaction network; the second extracts its static behavior.
And both these steps are functors between categories!
For a more detailed story about this, go here:
LoadingJohn
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for reaction networks, Azimuth, July 30, 2017.

August 6, 2017

Forests in the east coast of the US are increasingly dangerous: there are more ticks that carry Lyme disease. My wife has
a friend who got it after taking walks in the woods. But we can fight this disease — with foxes!
When you get Lyme disease, it starts with a circular rash near the tick bite. Then you may get chills and fever, a
headache, fatigue, muscle and joint pain, and swollen glands. As the disease progresses you may experience severe
fatigue, a stiff aching neck, and tingling or numbness in the arms and legs. Part of your face may become paralyzed. The
most severe symptoms of Lyme disease may take weeks, months or years to appear. These can include severe
headaches, painful arthritis, swelling of the joints, and problems with your heart and brain. Nasty!
Lyme disease is caused by bacteria that infect certain kinds of ticks. Why is this disease more common now?
I used to think it was the deer. With the lack of predators, and rules against hunting in many areas, deer populations
have exploded, limited only by starvation when they eat everything they can find. The forests near my mother's home
have been devastated by deer. The trees still look good, but there's no green undergrowth, so no new trees — because
the deer eat everything. And deer carry the kind of ticks that cause Lyme disease.
But now I hear mice are also to blame. Mice also get infected by ticks. This year in New York there's been a big rise in
ticks. And the cause is mice:
Everybody knows about Lyme disease. But experts say the Northern United States may be in for a bad tick
season this summer, raising concerns about Lyme and other scary tick-borne diseases, including the

Powassan virus, which causes encephalitis and can leave people with permanent neurological damage.
"This spring definitely seems worse than others I remember," said Dr. Catherine Wiley, chief of general
pediatrics at Connecticut Children's Medical Center. "People are coming in from the yard with numerous
ticks on them."
When we think of ticks, we tend to think of deer, but Richard S. Ostfeld, a senior scientist at the Cary
Institute of Ecosystem Studies in Millbrook, N.Y., said it's really all about mice. He has been studying
white-footed mouse population ecology for the past 25 years. Every four or five years, he said, there's a
bumper acorn crop, so more mice survive the following winter, breed and reach what he called "mouse
plague levels" in the summer.
These mice will be the main source of infection for the tiny larval ticks that hatch in August and can attach
to many mammals and birds, which will try to groom them off. Mice "are just not fastidious groomers," Dr.
Ostfeld said, so their ticks tend to survive. Those larval ticks then morph into the nymph stage and stay
dormant through the following winter. And then, in late spring through early summer, the nymphs begin to
feed. It's those nymphs, infected in the larval stage by mice, that transmit the infections to humans.
How can you control this? It turns out foxes do the job quite nicely! And they do it remarkably well: not just by eating
mice, but by scaring mice so they spend more time in their burrows!
It is August, the month when a new generation of black-legged ticks that transmit Lyme and other diseases
are hatching. On forest floors, suburban estates and urban parks, they are looking for their first blood meal.
And very often, in the large swaths of North America and Europe where tick-borne disease is on the rise,
they are feeding on the ubiquitous white-footed mice and other small mammals notorious for harboring
pathogens that sicken humans.
But it doesn't have to be that way. A new study suggests that the rise in tick-borne disease may be tied to a
dearth of traditional mouse predators, whose presence might otherwise send mice scurrying into their
burrows. If mice were scarcer, larval ticks, which are always born uninfected, might feed on other
mammals and bird species that do not carry germs harmful to humans. Or they could simply fail to find that
first meal. Ticks need three meals to reproduce; humans are at risk of contracting diseases only from ticks
that have previously fed on infected hosts.
For the study, Tim R. Hofmeester, then a graduate student at Wageningen University in the Netherlands and
the lead researcher of the study, placed cameras in 20 plots across the Dutch countryside to measure the
activity of foxes and stone martens, key predators of mice. Some were in protected areas, others were in
places where foxes are heavily hunted.
Over two years, he also trapped hundreds of mice — and voles, another small mammal — in the same
plots, counted how many ticks were on them, and tested the ticks for infection with Lyme and two other
disease-causing bacteria. To capture additional ticks, he dragged a blanket across the ground.
In the plots where predator activity was higher, he found only 10 to 20 percent as many newly hatched ticks
on the mice. Thus, there would be fewer ticks to pass along pathogens to next generation of mice. In the
study, the density of infected "nymphs," as the adolescent ticks are called, was at 15 percent of levels in
areas where foxes and stone martens were less active.
"The predators appear to break the cycle of infection," said Dr. Hofmeester, who earned his Ph.D. after the
study.
Despite stuffing his pant legs into his socks and using permethrin, a tick repellent, he said he removed more
than 100 ticks from his own body.
Interestingly, the predator activity in Dr. Hofmeester's plots did not decrease the density of the mouse

population itself, as some ecologists had theorized it might. Instead, the lower rates of infected ticks, Dr.
Hofmeester suggested in the paper, published in Proceedings of the Royal Society B, may be the result of
small mammals curtailing their own movement when predators are around.
"This is the first paper to empirically show that predators are good for your health with respect to tick-borne
pathogens," said Dr. Taal Levi, an ecologist at Oregon State University who was not involved in the study.
"We've had the theory but this kind of field work is really hard and takes years." He also said of Dr.
Hofmeester, "Wow, I have to send him an email."
Habitat fragmentation, hunting and the removal of larger predators like cougars may all figure into the
dwindling of small mammal predators like foxes, weasels, fishers and martens, Dr. Levi said. If the study's
results are borne out by more research, public health officials might be moved to try interventions like
protecting foxes or factoring the habitat needs of particular predators into land-use decisions to foster their
population size. Nothing else — like culling deer or spraying lawns with tick-killing pesticide — has
worked so far to stem the incidence of tick-borne disease, which is spreading in the Midwestern United
States, in parts of Canada and at higher altitudes across Europe.
"The takeaway is, we shouldn't underestimate the role predators can play in reducing Lyme disease risk,"
said Richard S. Ostfeld, a senior scientist at the Cary Institute of Ecosystem Studies, who originally
speculated on the importance of small mammal predators in a 2004 paper. "Let's not discount these cryptic
interactions that we don't see very often unless we put camera traps in the woods."
So, let's try to bring back foxes to the forests of the US! Besides, they're cool in their own right.
The first quote was from here:
Peri Klass, M.D., With a tick boom, it's not just Lyme disease you have to fear, New York Times, July 3, 2017.
The second is from here:
Amy Harmon, Lyme disease's worst enemy? It might be foxes, New York Times, August 2, 2017.
August 16, 2017
Math made difficult: multiplying numbers using trigonometry

Back in the 1500's, people on long sea journeys navigated using the stars. They needed big tables of trig functions to do
this!
These tables were made by astronomers. Those folks did thousands of calculations. Often they needed to multiply large
numbers! That was tiring... but around 1580, they figured out a clever way to approximately multiply large numbers
using tables of trig functions.
Here's an example:
Say you want to multiply 105 and 720. You do this:
Shift the decimal point in each one to get numbers less than 1. You get 0.105 and 0.720.
Look up angles whose cosines are these numbers. Use a table! The cosine of 84° is about 0.105, and the cosine of
44° is about 0.720
Add and subtract these angles: 84° + 44° = 128° and 84° - 44° = 40°.
Use a table to look up the cosines of these new angles: -0.616 and 0.766.
Take their average, which is 0.075.
Scale it back up. At the beginning of this game you took 105 and 720 and shifted the decimal point 3 places to the
left in each. So now, shift the decimal point 3+3 = 6 places to the right! The answer is 75,000.
It's not exactly right, but it's pretty close!
Puzzle. Why is it close?
This wacky-sounding method has a wacky-sounding name: it's called prosthaphaeresis.
Tables of logarithms are easier. To multiply two numbers you just look up their logs, add them, and then look up the
number whose log is that! But logs were invented only later, in 1614.
So for a while, prosthaphaeresis was the way to go!
And Napier, the guy who invented logs, did it after studying this earlier method.
It goes to show: a clunky way of doing something is often the first step toward something less clunky. You can't be slick
right away!

For a nice answer to the puzzle, see Chris Greene's comment on my G+ post:
So, let's call our original numbers x and y. And let's reduce both of them by a scale factor s to get them in
the range (0, 1). Then
x / s = cosθ1
y / s = cosθ1
xy / s 2 = cosθ1 cosθ1
xy = s 2 cosθ1 cosθ1
So if we evaluate cosθ1 cosθ1 (using whatever magical method we desire) and multiply it by s 2 we're good
(of mild interest, we can actually scale the numbers by different amounts and nothing changes). Noting that
cosθ =

1
2

(e iθ + e − iθ )

we can get
cosθ1 cosθ1

=

1 iθ
(e 1 + e − iθ 1)(e iθ 2 + e − iθ 2)
4

=

1 i(θ +θ )
(e 1 2 + e i ( θ 1 − θ 2 ) + e i ( − θ 1 + θ 2 ) + e i ( − θ 1 − θ 2 ) )
4

=

1
1 i(θ +θ )
(e 1 2 + e − i ( θ 1 + θ 2) + (e i ( θ 1 − θ 2 ) + e − i ( θ 1 − θ 2 ) )
4
4

=

1
(cos(θ1 + θ2 ) + cos(θ1 − θ2 ))
2

The average of the complementary cosines! Of course, Napier took one look at that and said "That's
insanely complicated! You don't need all those complex numbers and averaging! eá¶¿ is all you need! It
works the exact same way, and none of this averaging the sum and and difference of angles nonsense!"
cough
Well perhaps that was a slightly anachronistic approach. Most likely, some bright person noticed (without
the aid of 18th century complex math) that
cos(θ1 + θ1 )

=

cosθ1 cosθ2 − sinθ1sinθ2

cos(θ1 − θ1 )

=

cosθ1 cosθ2 + sin(θ1sinθ2

and added them together and saw that
2cosθ1 cosθ1 = cos(θ1 + θ2 ) + cos(θ1 − θ2 )
thus obtaining

cosθ1 cosθ1 =
For my September 2017 diary, go here.
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(cos(θ1 + θ2 ) + cos(θ1 − θ2 ))
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Lisa and I spent last week in Bali. We're thinking about spending more time there sometime... maybe a month, to dip
our toes a bit deeper into the water. We'd like to rent a little apartment with a kitchen, but it's a bit tough to find one.
Here are some pictures, which might help explain why we like Bali so much. Click on them for larger versions.
We stayed in Ubud, the 'cultural capital'. But one day we went to the nearby town of Batu Balan for a 'barong dance'.
Here's a dancer from the opening act:

The gamelan, an orchestra of mainly percussive instruments, played throughout:
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The star of the show is 'Barong', a huge lion-like beast with googly eyes played by two men in a costume:

Barong looks scary, but he's actually good: he's the king of the spirits and the mortal enemy of the demon queen
'Rangda'. The barong dance tells the story of a battle between Barong and Rangda, which represents the eternal battle
between good and evil.
Here is a poor man's motorbike, decorated with coconut shells, on a trail between rice fields north of Ubud:

Here's a view from the trail:

Here's a view of the distant Mount Agung, also from this trail:

It's the largest mountain on the island, and its name literally means Mount Big.
There are sculptures everywhere, and many restaurants have gardens and rice fields in the back. Here's the view behind
the Tropical View Cafe on Monkey Forest Road in Ubud:

Monkey Forest Road? Yes, here's someone on that road:

Here's a sculpture behind another restaurant in Ubud, called Bebek Bengil (the 'Dirty Duck diner'):

And finally, here are some more views behind that restaurant:

It's hot on the road, but so much cooler and more breezy in these restaurant gardens!
September 2, 2017

Launched 40 years ago, the Voyagers are our longest-lived and most distant spacecraft. Voyager 2 has reached the edge
of the heliosphere, the realm where the solar wind and the Sun's magnetic field live. Voyager 1 has already left the
heliosphere and entered interstellar space! A new movie, The Farthest, celebrates the Voyagers' journey toward the
stars:
The Farthest, trailer.
What has Voyager 1 been doing lately? I'll skip its amazing exploration of the Solar System....

Leaving the realm of planets
On February 14, 1990, Voyager 1 took the first ever 'family portrait' of the Solar System as seen from outside. This
includes the famous image of planet Earth known as the Pale Blue Dot:

On February 17, 1998, Voyager 1 reached a distance of 69 AU from the Sun b 69 times farther from the Sun than we
are. At this moment it overtook Pioneer 10 as the most distant spacecraft from Earth! Traveling at about 17 kilometers
per second, it was moving away from the Sun faster than any other spacecraft. It still is.
That's 520 million kilometers per year — hard to comprehend. I find it easier to think about this way: it's 3.6 AU per
year. That's really fast... but not if you're trying to reach other stars. It will take 20,000 years just to go one light-year.
Termination shock
As Voyager 1 headed for interstellar space, its instruments continued to study the Solar System. Scientists at the Johns
Hopkins University said that Voyager 1 entered the termination shock in February 2003. This is a bit like a 'sonic
boom', but in reverse: it's the place where the solar wind drops to below the speed of sound. Yes, sound can move
through the solar wind, but only sound with extremely long wavelengths — nothing humans can hear.
Some other scientists expressed doubt about this, and the issue wasn't resolved until other data became available, since
Voyager 1's solar-wind detector had stopped working in 1990. This failure meant that termination shock detection had
to be inferred from the other instruments on board. We now think that Voyager 1 reached the termination shock on

December 15, 2004 — at a distance of 94 AU from the Sun.
Heliosheath
In May 2005, a NASA press release said that Voyager 1 had reached the heliosheath. This is a bubble of stagnant solar
wind, moving below the speed of sound. It's outside the termination shock but inside the heliopause, where the
interstelllar wind crashes against the solar wind.
On March 31, 2006, amateur radio operators in Germany tracked and received radio waves from Voyager 1 using a 20meter dish. They checked their data against data from the Deep Space Network station in Madrid, Spain and yes — it
matched. This was the first amateur tracking of Voyager 1!
On December 13, 2010, the the Low Energy Charged Particle device aboard Voyager 1 showed that it passed the point
where the solar wind flows away from the Sun. At this point the solar wind seems to turn sideways, due to the push of
the interstellar wind. On this date, the spacecraft was approximately 17.3 billion kilometers from the Sun, or 116 AU.
In March 2011, Voyager 1 was commanded to change its orientation to measure the sideways motion of the solar wind.
How? I don't know. Its solar wind detector was broken.
But anyway, a test roll done in February had confirmed the spacecraft's ability to maneuver and reorient itself. So, in
March it rotated 70 degrees counterclockwise with respect to Earth to detect the solar wind. This was the first time the
spacecraft had done any major maneuvering since the family portrait photograph of the planets was taken in 1990.
After the first roll the spacecraft had no problem in reorienting itself with Alpha Centauri, Voyager 1's guide star, and it
resumed sending transmissions back to Earth.
On December 1, 2011, it was announced that Voyager 1 had detected the first Lyman-alpha radiation originating from
the Milky Way galaxy. Lyman-alpha radiation had previously been detected from other galaxies, but because of
interference from the Sun, the radiation from the Milky Way was not detectable.
Puzzle. What the heck is Lyman-alpha radiation?
On December 5, 2011, Voyager 1 saw that the Solar System's magnetic field had doubled in strength, basically because
it was getting compressed by the pressure of the interstellar wind. Energetic particles originating in the Solar System
declined by nearly half, while the detection of high-energy electrons from outside increased 100-fold. At this point
Voyager 1 was 113 AU from the Sun.
Heliopause and beyond
In June 2012, NASA announced that the probe was detecting even more charged particles from interstellar space. This
meant that it was getting close to the heliopause: the place where the gas of interstellar space crashes into the solar
wind.
Voyager 1 actually crossed the heliopause in August 2012, although it took another year to confirm this. It was 121 AU
from the Sun.

In about 300 years Voyager 1 will reach the Oort cloud, the region of frozen comets. It will take 30,000 years to pass
through the Oort cloud. Though it is not heading towards any particular star, in about 40,000 years it will pass within 1.6
light-years of the star Gliese 445.
NASA says that
The Voyagers are destined — perhaps eternally — to wander the Milky Way.
That's an exaggeration. The Milky Way will not last forever. In just 3.85 billion years, before our Sun becomes a red
giant, the Andromeda galaxy will collide with the Milky Way. In just 100 trillion years, all the stars in the Milky Way
will burn out. And in just 10 quintillion years, the Milky Way will have disintegrated, with all stars either falling into
black holes or being flung off into intergalactic space.
But still: the Voyagers' journeys are just beginning. Let's wish them a happy 40th birthday!
My story here is adapted from this Wikipedia article:
Wikipedia, Voyager 1.
You can download PDFs of posters commemorating the Voyagers here:
NASA, NASA and iconic museum honor Voyager spacecraft 40th anniversary, August 30, 2017.

September 10, 2017

On Friday, NASA will crash the Cassini spacecraft into Saturn! You can watch:
September 14th, 11 pm EDT (Sept. 15, 0300 GMT): Final downlink of Cassini images starts. These images will
be streamed online.
September 15th, 7:00-8:30 am EDT (1100 to 1230 GMT): Live commentary about Cassini's plunge into Saturn,
with an uninterrupted camera feed from Mission Control.
About 8:00 am EDT (1200 GMT): Cassini's last science data, and final signal, should reach Earth.
9:30 am EDT (1330 GMT): Post-mission news conference.
Go here to watch:
https://www.nasa.gov/live
http://www.youtube.com/nasajpl/live
If you're impatient, watch this now:

If this doesn't make you shed a tear, you've got no heart. Since 2004, Cassini has been taking magnificent photos of
Saturn, its moons, and its rings. It successfully sent the Huygens probe down to the methane oceans of Titan; it swooped
past the steam plumes of the geysers on Enceladus, it discovered the huge hexagon on Saturn's north pole, and more!
But now it is running out of propellant and losing its ability to manuever. To prevent it from crashing into the moon
Enceladus and perhaps infecting its ice-covered ocean, NASA wants Cassini to burn up and fall into Saturn. So in April

2017 they put it on an impact course: The Grand Finale.
They shot Cassini past Titan and used the giant moon's gravity to fling the spacecraft toward Saturn. Since then it's
made 22 daring dives between the Saturn and its rings — one each week! I hope you saw this wonderful image from its
latest plunge:

Over millennia, gravity organizes chunks of ice floating in space into amazingly delicate structures... mathematics in
action!
Soon Cassini will fall into Saturn. Its final images will have been sent to us several hours before... but even as makes its
fatal dive, it will be sending new data in real time. Its mass spectrometer will sample Saturn's atmosphere until Cassini
loses contact and burns up like a meteor, finally becoming part of the planet it has been circling for years.
September 11, 2017
The dreamer awakens

After shooting past Pluto, the New Horizons spacecraft went to sleep. But on September 11 it woke up. It's preparing to
visit something in the outskirts of the Solar System.
This thing is called 2014 MU69. It was discovered just 3 years ago. The picture shows what we saw as stars moved
behind it in July... and a guess of its outline. It could be two things, or one shaped like a dumbbell.
What is it? It's called a cubewano. There are lots of them in the Kuiper Belt, but we don't know much about them...
which is why we're taking a look.
Maybe cubewanos are made of ice, but in early July we took a good look at 2014 MU69 with the Hubble telescope, and
we know it's red. That's actually not surprising. Lots of things out there are covered with reddish organic compounds
called tholins. I wish I understood that better. But anyway, cubewanos could be balls of ice, or ice and rock, covered

with tholins.
Back to New Horizons:
NASA's New Horizons spacecraft — which visited Pluto in July, 2015 — was placed in hibernation on
April 7, 2017. The craft is set to be awoken today (September 11, 2017). In the meantime, the science and
mission operations teams have been developing detailed command loads for New Horizon's next encounter,
a nine-day flyby of the Kuiper Belt object 2014 MU69 on New Year's Day, 2019. Among other things, the
mission has now set the flight plan and the distance for closest approach, aiming to come three times closer
to MU69 than it famously flew past Pluto in 2015.
Hibernation reduced wear and tear on the spacecraft's electronics, lowered operations costs and freed up
NASA Deep Space Network tracking and communication resources for other missions. But New Horizons
mission activity didn't entirely stop during the hibernation period. While much of the craft is unpowered
during hibernation, the onboard flight computer has continued to monitor system health and to broadcast a
weekly beacon-status tone back to Earth. About once a month, the craft has sent home data on spacecraft
health and safety. Onboard sequences sent in advance by mission controllers will eventually wake New
Horizons to check out critical systems, gather new Kuiper Belt science data, and perform any necessary
course corrections.
I don't know exactly why they woke it up just now. Can you find out?
And back to 2014 MU69:
Its orbital period is slightly more than 295 years and it has a low inclination and low eccentricity compared
to other objects in the Kuiper belt. These orbital properties mean that it is a cold classical Kuiper belt object
which is unlikely to have undergone significant perturbations. Observations in May and July 2015 as well
as in July and October 2016 greatly reduced the uncertainties in the orbit. The updated orbit parameters are
available in the MPC database.
2014 MU69 has a red spectrum, making it the smallest Kuiper belt object to have its color measured.
Between 25 June and 4 July 2017, the Hubble Space Telescope spent 24 orbits observing 2014 MU69, in an
effort to determine its rotation period and further reduce the orbit uncertainty. First results show that the
brightness of 2014 MU69 varies by less than 20 percent as it rotates. This places significant constraints on
the axis ratio of 2014 MU69 to <1.14 assuming an equatorial view. Together with the fact that its shape has
been shown to be very irregular, the small amplitude indicates that its pole is pointed towards Earth. This
means that the timing of the New Horizons fly-by does not need to be adjusted to look at the "larger" axis
of the object, simplifying the engineering of the fly-by significantly. The small amplitude makes it difficult
to uniquely identify the rotation period at this time. Distant satellites of 2014 MU69 have been excluded to a
depth of >29th magnitude.
Stay tuned! Make sure you wake up in 2019 and read what happens when New Horizons flies past this cubewano.
The first quote is from here:
Deborah Byrd, Pluto craft wakes from hibernation today, EarthSky, September 11, 2017.
The second is from here:
Wikipedia, (486958) 2014 MU69.
For more on cubewanos, go here:

Wikipedia, Classical Kuiper belt object.
September 14, 2017
It's beautiful!

This is a hellbender — a salamander, and the biggest amphibian in North America. Some people call them 'snot otters'.
They're up to 2 feet long, they're slimy, and they look a bit like turds. But I think they're beautiful, a marvel of nature!
They've lived on Earth for 65 million years. We've been here for only about 2 million.
Who will last longer? The hellbender is threatened — but some people are helping it out! They're cleaning up streams
and repopulating them with hellbenders. Check out this fun video:

Hellbenders live in many eastern states of the USA, and are especially common in Missouri, Pennsylvania, and
Tennessee — but mining and other human activities have silted up many of the fast-moving streams that they like.
Already by 1981, hellbenders were extinct or endangered in Illinois, Indiana, Iowa, and Maryland, decreasing in
Arkansas and Kentucky, and generally threatened.
So, restoring hellbenders must go hand in hand with restoring streams. But that's a good thing in itself!
The hellbender is a 'habitat specialist': it's adapted to fill a specific niche within a very specific environment. They like

streams with large, irregularly shaped rocks and swiftly moving water. They avoid wider, slow-moving waters with
muddy banks or slab rock bottoms. They love to hide next to a big rock, where they can hunt crayfish and small fish.
Unfortunately, this helps amphibian collectors easily find them - another reason for their decline.
They start out with gills, but when they're a year and a half old they lose these gills and develop toes on their front and
hind feet. After this metamorphosis they can only absorb oxygen through the folds in their skin. And that's another
problem: they can only live in fast-moving, oxygenated water! If they get stuck in slow-moving water, they can't
breathe.
Now people are trying to help hellbenders by breeding them in zoos and releasing them in clean streams. They can
survive out in the wild if they don't get the fungal disease that's wiping out amphibians around the world: the chytrid
disease. We really need good biologists to tackle that disease!
People are also creating artificial structures for hellbenders to hide in:
Robert Whitmore, Saving the Eastern hellbender salamander, Precast Inc. Magazine, April 17, 2013.
Read more about hellbenders at National Geographic, where this picture came from:
Jane J. Lee, U.S. giant salamanders slipping away: inside the fight to save the hellbender, National Geographic,
December 22, 2013.
The hellbender's real name is Cryptobranchus alleganiensis, and it has two subspecies: the Eastern hellbender
Cryptobranchus alleganiensis alleganiensis, and the Ozark hellbender Cryptobranchus alleganiensis bishopi. It's the
only species in its genus, and its family contains the only two salamanders that are even larger: the Japanese and
Chinese giant salamanders.
September 17, 2017

Mars is full of mysterious, intriguing landscapes. The south pole of Mars is covered with 'dry ice': frozen carbon
dioxide. There's a lot of Swiss cheese terrain, where this layer of ice is full of holes. But the big pit in this picture is
something else! It could be an impact crater.
This observation from NASA's Mars Reconnaissance Orbiter show it is late summer in the Southern hemisphere, so the
Sun is low in the sky and subtle topography is accentuated in orbital images.
We see many shallow pits in the bright residual cap of carbon dioxide ice (also called 'Swiss cheese terrain'). There is
also a deeper, circular formation that penetrates through the ice and dust. This might be an impact crater or it could be a
collapse pit.
What causes the Swiss cheese terrain? The holes in the Swiss cheese are usually a few hundred meters across and 8
meters deep, with a flat base and steep sides. Here the holes seem to go all the way to the ground, but often they just go

down to a layer of water ice.
We can learn how these holes form by actually watching them form. They start as small cracks. Once they have a steep
wall at least 10 centimeters tall and at least 5 meters long, they start growing fast.
Remember, this is near the south pole, so at some times of year the Sun goes around very near the horizon. So, the walls
of these holes catch more sunlight than the flat bottom. The holes grow as the dry ice in the walls evaporates.
This doesn't answer a bigger puzzle:
Puzzle. If the holes keep growing, why isn't all the dry ice gone by now?
The picture, and the quote, is from here:
NASA, Mars Reconnaisance Orbiter, A south polar pit or an impact crater?, June 2, 2017.
In my version of this picture, north is to the left. You can see the Sun is shining from that direction. The full,
unshrunken version of this picture is magnificently detailed: 50 centimeters per pixel!
For more on Swiss cheese:
Wikipedia, Swiss cheese features.
Also see the comments on my G+ post.
September 23, 2017
The 8-fold rosette

Islam forbids alcohol — but, except for the more extreme sects, it allows the subtler intoxication of geometry. The 8fold rosette, found on many a tiled wall, comes alive as you scan from top to bottom in this picture by Joumana Medlej.
Learn to draw it here:
Joumana Medlej, Geometric design: two variations on an Islamic tiling pattern, Envato, July 13, 2015.
You can do it with a ruler and compass!
First draw a grid of squares. Then inscribe a circle in each square. Then divide each circle in 16 equal parts.
It already gets fun at this stage! It's easy to find the 4 points at the top, bottom, left and right of each circle, because
that's where it touches the square. It's also easy to construct 4 more: just use your ruler to draw diagonal lines between
opposite corners of the square.
At that point you've divided your circle into 8 equals parts. How do you get 16?
If you remember your high-school geometry you can bisect angles with a ruler and compass, so you can do it that way.
But Joumana Medlej does a different way, which is more efficient and less messy. I'm betting this is the traditional
method. Can you guess it? If not, take a look at his website.
I had trouble understanding why her method works... until I used a calculator to check that

tan(π /8) = 0.41421356237…
which confirmed my guess that
tan(π /8) =

√2 − 1

a fact I'd never known.
How is this relevant?
When you divide a circle into 16 parts, it's like slicing a pie into slices with angles of π /8. You can do this if you can
draw a line whose slope is tan(π /8). But it's easy to draw a line of slope √2 − 1 if you happen to have a grid of squares,
a compass and a ruler.
Okay, now figure out how &mddash; or see how Joumana Medlej does it! And there's more to drawing the 8-fold
rosette that just this — it's fun to see the whole process.
It's easy to check that
tan(π /8) =

√2 − 1

if you remember your half-angle formulas:
sin(θ/2) =

1 − cosθ
2

cos(θ/2) =

1 + cosθ
2

tan(θ/2) =

1 − cosθ
1 + cosθ

From these it follows that

and a little algebra and trig give
tan(θ/2) =

1 − cosθ
sinθ

which I suppose I should have remembered, but didn't. When you take θ = π /4 this gives
tan(π /8)

=

1 − cos(θ/4)
sin(θ/4)
1−

=

1

√2

1

√2

=
Puzzle. what's a more efficient way to see that tan(θ/8) =

√2 − 1
√2 − 1?

Before we were distracted by the dazzling delights of modern mathematics, mathematicians knew Euclidean geometry
inside and out in ways most of us can scarcely imagine now. Tiling patterns like the 8-fold rosette are a little taste of
that bygone age.
Ken Smith gave a very nice answer to the puzzle on my G+ post. It boils down to a single picture, whose contemplation
also leads to a proof that √2 is irrational.
September 29, 2017
How to move the Sun

Suppose we wanted to move the Solar System. How could we do it?
Okay, first things first: why would we want to?
Well, our Sun will eventually become a red giant. In just about 1.1 billion years it will become 10% brighter — enough
to boil the Earth's oceans and create a runaway greenhouse effect. If we could move the Earth farther from the Sun, that
would buy us time. But it would be even cooler to carry the Earth to a brand new star. And to keep it from freezing en
route, we could try to move the whole Solar System.
Of course this seems like a wacky idea. But a billion years ago, the whole concept of intelligent life was a wacky idea.
Heck, back then they didn't even have the idea of an 'idea'. So a lot can happen in a billion years.

One way to move the Solar System is a Shkadov thruster. The Russian physicist Leonid Shkadov came up with this idea
in 1987. Russian physicists have had some impressively bold thoughts, and this is a great example.
The idea is to build an enormous mirror or 'light sail'. If you did it right, the push of sunlight would balance the pull of
gravity towards the Sun, so it wouldn't fall in and it wouldn't fly away.
With this mirror in place, more sunlight would shine out into space in one direction than another! This would push the
Sun, which would drag the Solar System with it.
The acceleration would be very tiny. At best, after a million years the Sun would be moving at just 20 meters per
second... and it would have moved 0.03 light-years. That's a respectable distance, but nowhere near the closest star.
But with a constant acceleration, the distance traveled grows as the square of the time (at least until special relativity
kicks in). So, after a billion years, the speed would be 20 kilometers per second... and the Sun would have moved
34,000 light-years! That's a third the diameter of the Milky Way!
Of course, a billion years would be pushing it, since we're expecting the oceans to boil away just 100 million years after
that. You don't want a last-minute rush to hand off the Earth to a new star! Luckily, we won't need to go nearly this far
to reach a nice new star.
Building a Shkadov thruster won't be easy.
For starters, it will take a lot of material! Viorel Badescu, a physicist at the Polytechnic University of Bucharest in
Romania, estimated the mirror would have to weigh 1/10,000th of the Earth's mass. That's 600,000,000,000,000,000
tonnes. The easiest way to get this stuff might be to mine the planet Mercury.
Hey, I've got an idea! Let's start with an easier project, as a kind of warmup. Let's stop global warming.
What really pisses me off about modern politics is that we're spending so much energy fighting about stupid stuff
instead of thinking big.
For more on the Shkadov thruster:
The Shkadov thruster, or how to move an entire solar system...
The Shkadov thruster is just one kind of stellar engine. For others, try this:
Wikipedia, Stellar engine.
Also try this:
V. Badescu and R. B. Cathcart, Use of class A and class C stellar engines to control Sun movement in the galaxy,
Acta Astronautica 58 (2006), 119–129.
Ah, those Eastern Europeans, with their big ideas and their disdain for little words like 'the'.
Also check out the discussion on my G+ post.
For my October 2017 diary, go here.
© 2017 John Baez
baez@math.removethis.ucr.andthis.edu

home

For my September 2017 diary, go here.

Diary — October 2017
John Baez
October 1, 2017
Mystery of the gray ribbons

Abdelaziz Nait Merzouk has done it yet again: he's created a mathematical work of art! This one is a traditional Islamic
tiling pattern that flirts with the impossible... namely, 5-fold symmetry. See all the small green 5-pointed stars?
The most exciting feature is one you might not notice at first. It's the gray ribbons! Follow one with your eye and see
where it goes. What does it do?
If you followed it forever, would it loop around back to where it started?
I don't know, so this makes a nice puzzle. Let's do it systematically.
In this picture you can see a lot of purple stars.
Puzzle 1. How many points does each purple star have?
Next to each purple star are a bunch of 5-pointed stars with light green points. I'll call these green stars.
There are also some more complicated things where two green stars overlap, sharing 2 points. I'll call these twin stars.
Puzzle 2. How many points of each purple star end in a green star?
Puzzle 3. How many points of each purple star end in a twin star?

If you look carefully, all the designs are formed by gray ribbons. And that's where things get really interesting. What
happens to a gray ribbon as you follow it along? It's hard to say because the picture isn't big enough to see. But you can
figure it out anyway.
When a gray ribbon goes through a green star an into a purple star, it turns either left or right and pops out.
Then the gray ribbon continues until it hits another purple star, and the story goes on. So we can keep track of its
progress like this:
LRLRLLRLR....
...unless it hits a twin star!
When hits a twin star, it makes a slight turn either left or right. In this case let's write a lower-case "l" or "r". It then
quickly reaches a purple star. It goes in, and as usual it turns either left or right and pops out.
So, we get a sequence sort of like this:
RRLRlRLRLLLRrRRLl....
I'm just making this one up, it probably ain't exactly right.
Puzzle 4. What's the pattern of this sequence?
I believe it's the same for every gray ribbon that hits a purple star. Some gray ribbons just go along straight lines,
minding their own business. But let's ignore these.
Puzzle 5. If we follow a gray ribbon that hits a purple star for long enough, do we get back where we started? Is the
answer the same for every gray ribbon?
For more of Abdelaziz Nait Merzouk's tiling patterns, go here.
The twin stars look like 'defects', but they're inevitable. Greg Egan and I explained the math here:
Pentagon-decagon packing, Visual Insight, February 1, 2015.
You can see answers to the puzzles in the comments on my G+ post. Xah Lee colored the ribbons in a way that shows
the different kinds:

October 30, 2017
A visitor from outside the Solar System!

It came from the direction of the star Vega in the constellation Lyra. It shot toward us at 26 kilometers per second.
That's much faster than the escape velocity of the Solar System. So it wasn't orbiting the Sun. It's an interloper from
interstellar space! We've never seen such a thing in our Solar System before.

As it fell toward the Sun it picked up speed. It shot past the Sun at 88 kilometers per second. It took a sharp turn... and
now it's leaving.
It soon received the name 1I/2017 U1. It was discovered on October 19th. Rob Weryk, a postdoc at the University of
Hawaii Institute for Astronomy, was the lucky fellow. He spotted it using a telescope at the University of Hawaii. Every
night this telescope helps NASA search for potentially dangerous near-Earth objects. This was his lucky night.
It came fairly close to Earth: 24 million kilometers, about 60 times the distance to the Moon. It was never a threat. It's an
intriguing puzzle!
Weryk immediately realized this was an unusual object. "Its motion could not be explained using either a normal solar
system asteroid or comet orbit," he said. Weryk contacted Institute for Astronomy graduate Marco Micheli, who had the
same realization using his own follow-up images taken at the European Space Agency's telescope on Tenerife in the
Canary Islands. But with the combined data, everything made sense. Said Weryk, "This object came from outside our
solar system."
"This is the most extreme orbit I have ever seen," said Davide Farnocchia, a scientist at NASA's Center for Near-Earth
Object Studies (CNEOS) at the agency's Jet Propulsion Laboratory in Pasadena, California. "It is going extremely fast
and on such a trajectory that we can say with confidence that this object is on its way out of the solar system and not
coming back."
What is it? At first people thought it was a comet and called it C/2017 U1. But on October 25, incredibly detailed photos
taken at the Very Large Telescope in the deserts of Chile showed it had no tail. So, it's probably made of rock. It was
renamed A/2017 U1, becoming the first comet to be reclassified as an asteroid. But it's not a normal asteroid, so it was
later called I1/2017 U1.
If it's a rock that reflect 10% of the light that hits it, it would be roughly 160 meters in diameter.
On October 25th another telescope, the William Herschel Telescope, saw that it's red. This is a big clue, because objects
way out in the Kuiper belt, beyond Pluto, tend to be red. That's because they're covered with tholins — a messy and
mysterious mix of complex organic chemicals formed by billion-year-long exposure to radiation.
It's on its way out now, and astronomers are watching it carefully, desperately trying to squeeze a bit more information
out of this encounter. How does a rock escape another solar system? How long has this object been shooting through the
icy depths of interstellar space before it reached us? How many of these things are there?
"We have been waiting for this day for decades," said CNEOS Manager Paul Chodas. "It's long been theorized that such
objects exist — asteroids or comets moving around between the stars and occasionally passing through our solar system
— but this is the first such detection. So far, everything indicates this is likely an interstellar object, but more data would
help to confirm it."
The quotes are from NASA's webpage:
NASA, Small asteroid or comet 'visits' from beyond the Solar System, Oct. 26, 2017.
and so is the animated gif. Later this object was named 'Oumuamua, a Hawaiian word that means 'scout' or
'messenger'. So, you can learn more here:
Wikipedia, 'Oumuamua.
For more, see the comments on my G+ post.
For my November 2017 diary, go here.
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A big machine to weigh a tiny particle

This is a huge vacuum chamber, bigger than a blue whale, being carried through the streets of a German town. By now
it's been buried underground as part of the Karlsruhe Tritium Neutrino Experiment, or KATRIN. It aims to measure
the mass of a very light particle!
There are 3 kinds of neutrinos, each with their own antiparticle. Amazingly, they're all so light that we don't know how
heavy they are. The KATRIN experiment is trying to measure the mass of the electron antineutrino, which is formed
whenever a neutron decays into a proton and electron.
Around 2000, another German experiment showed that the mass of this particle is no more than 0.0000043 times the
mass of an electron. That's the mass equivalent of 2.2 electron volts, or eV. The new experiment should be able to
measure the electron antineutrino's mass if it's more than 0.2 eV. It works the same basic way: let tritium, with one
proton and two neutrons in its nucleus, decay to an element with two protons and one neutron. In this process a neutron
turns into a proton, releasing an electron and an electron antineutrino. By very carefully measuring all the stuff you can
see, you can estimate the mass of the electron antineutrino... even though that particle is almost impossible to see.
There's a chance the experiment will only put a better upper bound on the mass of the electron antineutrino. To see why,
take a look at this article:
Neutrino mass, Wikipedia.
Wikipedia says that the difference in the squares of the masses between neutrino mass eigenstates 1 and 2 is about
0.000079 eV2, while the difference in the squares of the masses between eigenstates 2 and 3 is about 0.0027 eV2.
Loading [MathJax]/jax/output/HTML-CSS/jax.js

None of this says anything about the actual masses. But then, they say:
In 2009, lensing data of a galaxy cluster were analyzed to predict a neutrino mass of about 1.5 eV. This
surprisingly high value requires that the three neutrino masses be nearly equal, with neutrino oscillations on
the order of milli electron-Volts. In 2016 this was updated to a mass of 1.85 eV.
But then, they say:
In July 2010, the 3-D MegaZ DR7 galaxy survey reported that they had measured a limit of the combined
mass of the three neutrino varieties to be less than 0.28 eV. A tighter upper bound yet for this sum of
masses, 0.23 eV, was reported in March 2013 by the Planck collaboration, whereas a February 2014 result
estimates the sum as 0.320 B1 0.081 eV based on discrepancies between the cosmological consequences
implied by Planck's detailed measurements of the cosmic microwave background and predictions arising
from observing other phenomena, combined with the assumption that neutrinos are responsible for the
observed weaker gravitational lensing than would be expected from massless neutrinos.
So, while the astronomical estimates are quite different from each other, and some of them must be wrong, they seem to
point to neutrino masses that are considerably larger than the neutrino mass differences.
Unfortunately, if the sum of all 3 neutrino masses is about 0.3 eV, and their masses are close, each individual mass is
about 0.1 eV, which is below the 0.2 eV that the Karlsruhe Tritium Neutrino Experiment can measure.
This article is quite good, so go here for more:
Robin McKie, In search of the neutrino, ghost particle of the universe, The Guardian, November 4, 2017,
However, it's gotta be wrong where it says this:
First efforts, made after the second world war, placed an upper limit on its mass at around 500 electron
volts (eV). This figure is about 1/500th of the mass of the electron, itself a relatively tiny particle. (Using a
unit of energy to describe the mass of an object may seem strange but all subatomic particles are measured
in electron volts, which can also be used as a unit of mass because energy and mass are convertible
concepts according to Einstein's E = mc 2 .
The problem is that the electron's mass is about 511,000 eV, so 500 eV would be 1/1000th of that. Math.
For more, see the discussion on my G+ post.
November 12, 2017
How to make a zero-calorie doughnut

Take a doughnut. Remove most of it, leaving a thin tube of dough that wraps twice around the original doughnut hole.
Then remove most of what's left, leaving a thinner tube of dough that wraps 4 times around the original hole.
Then remove most of what's left, leaving an even thinner tube of dough that wraps 8 times around the original hole.
Keep repeating this forever... and then stop. Now you have a zero-calorie doughnut!
They'll never become popular at bakeries, but mathematicians love 'em. You can't really make one out of dough, but it's
a perfectly fine mathematical set of points in 3-dimensional space. When I said it has no calories, what I really mean is
that it has zero volume . Mathematicians call it a solenoid.
The solenoid was first invented by the topologist Vietoris in 1927. But it also showed up as an attractor in a certain
dynamical systems studied by the mathematician Smale.
One cool thing about the solenoid is that it's connected, but not 'path-connected'. In other words, given two different
points in the solenoid, you can't connect them with a path that stays in the solenoid. At any finite stage of its
construction you could... but as you continue the construction, after a while the path you'd need to take typically keeps
roughly doubling in length!
Yet another cool thing about the solenoid is that you can give it the structure of an abelian group. For this it's better to
use a more abstract construction — so, get ready for some more serious math. Take the circle, which is an abelian
group. Mathematicians call it S1. There's a function
f: S1 → S1
that doubles angles, and wraps the circle around itself twice. Take the set of infinite sequences of points in the circle
where each point is f of the next point. You can make this set into a group where
(x 1, x 2, x 3, …) + (y 1, y 2, y 3, …) = (x 1 + y 1, x 2 + y 2, x 3 + y 3, …)
This is the solenoid!

To make this more precise we need to get topology into the game. The circle is not only an abelian group, it's also a
compact topological space — and the group operations in the circle are continuous, so we call it a 'compact abelian
group'. And the solenoid, being built from the circle as above, is also a compact abelian group! Mathematicians call it
the 'limit' of the sequence
f

S1

f

S1

f

S1

f

S1

where f, the map vaguely described above, is a homomorphism of compact abelian groups. The idea is simply that a
point in the limit is a sequence of points, one in each copy of S1 , such that each point is f of the next.
In fact, the limit of any sequence of compact abelian groups is again a compact abelian group: this is a spinoff of
Tychnonoff's theorem, which says that any product of compact topological spaces is again compact. So, we can build
lots of compact abelian groups as limits, for example of
f

S1

g

S1

f

S1

h

S1

where each map f, g, h etc. could wrap the circle around itself any number of times. All these are called 'solenoids'.
Puzzle. When are two of these solenoids isomorphic as compact abelian groups?
The answer involves prime numbers! For clues, see this:
Encyclopedia of Mathematics, Solenoid.
and also the comments on my G+ post.
The above animated gif of the solenoid was created by Jim Belk, and it's part of the Wikipedia article:
Solenoid, Wikipedia
November 16, 2017
The Lakes of Wada

Wada lived on a white island in a red sea. On the island there was a blue lake and a green lake.
Wada led a peaceful life. Some days he would sit by the red sea. Some days he would sit by the blue lake. And some
days he would sit by the green lake.

But eventually he became bored of watching just one color of water at a time. So he decided to dig canals.
On the first day, Wada dug a canal from the red sea so that every piece of land was within 1 mile of some red water.
In the next 1/2 day, Wada dug a canal from the blue lake so that every piece of land was within 1/2 mile of some blue
water. The picture here shows what his island looked like then.
In the next 1/4 day, Wada dug a canal from the green lake so that every piece of land was within 1/4 mile of some green
water. Can you draw it?
Wada continued this way, digging more and more canals. They got thinner and thinner, so there was always plenty of
land left.
By the end of the second day, every piece of land touched the red sea, the blue lake and the green lake! Now he could
watch all three bodies of water at once.
He had built the famous Lakes of Wada, which people visit even today.
You can create the Lakes of Wada effect by looking at the reflections in three mirrored spheres that touch each other.
You can also create this effect by applying Newton's method to a cubic polynomial with 3 distinct roots in the complex
plane, such as z 3 − 1:

Newton's method is a simple way of solving equations like f(z) = 0. You start by making a guess for z, you figure out
′

f(z) and its derivative f (z) at your guess, and you use those to figure out where f(z) would equal zero if f were a linear
function. This is your new guess for z. Then you repeat this. In good situations your guesses will quickly converge to a
value of z with f(z) = 0. In worse situations your guesses will hop around in a complicated way. If you take
f(z) = z 3 − 1, there are 3 solutions. If you start near one of those solutions, your guess will converge to that solution.
This defines three basins of attraction. But these basins of attraction are not connected, and each touches the other two at
every point of its boundary!
I got the picture in my post from here:
Yale Mathematics Department, Julia sets and the Mandelbrot set: Newton's method basins of attraction: Wada
basins.
and clicking the link at the bottom of this page will take you to more information on the Lakes of Wada. See also the
discussion on my G+ post and this Wikipedia article:
Lakes of Wada, Wikipedia.
The Lakes of Wada were actually discovered by the Japanese mathematicia Takeo Wada, who lived from 1882 to 1944
and worked on analysis and topology at Kyoto University.
November 19, 2017
This is not an animated gif

This is Akiyoshi Kitaoka messing with your brain. He's a professor of psychology at Ritsumeikan University in Kyoto.
He's spent a long time collecting and perfecting illusions. You can see them on his website:
Akiyoshi Kitaoka, Akiyoshi's illusion pages.
where he writes

Should you feel dizzy, you had better leave this page immediately.
You can also see them on Twitter, where there is no such warning. And he has a book, The Oxford Compendium of
Illusions.
November 29, 2017

Criminally cute! Ocelots are small wild cats that live in Mexico, Central America and South America. There are even a
few in the southwestern United States. This one is just a kitten.
Hilary Swarts has been involved in setting up an ocelot reserve in south Texas, the Laguna Atascosa National Wildlife
Refuge. Here's some of a story about her:
Survival can be a real cat fight when you get squeezed out of your rightful home. When your food supply
dwindles. When you are small and cute and easy to run down. Even though you are standoffish and try to
keep to yourself.
In 22 countries, from Uruguay to south Texas, the ocelot (Leopardus pardalis), one of smallest and most
secretive of all wild cat species, is facing this sad plight. Its habitat — thorn scrub, coastal marshes, tropical
and pine-oak forests — has shrunk alarmingly, swaths destroyed by building and farming and other human
activity. With diminished space in which to establish territories, find secure denning sites and and forage
for rodents, birds, snakes, lizards and other prey — plus the increased threat of becoming road kill as
highway construction boomed in the 20th century — the ocelot has been in the fight of its life.
Back in the 1960s and early '70s, ocelots were nearly loved to death. Laws then did not prohibit taking them
for exotic pets or hunting them for their beautiful, dramatically marked fur. Babou, Salvador Dali's frequent
sidekick, may have been the most famous of captive ocelots.
In the U.S., as the wild population of these little cats became depleted under development pressures, the
fashion industry turned to import, reaching a peak of 140,000 pelts from Central and South American
countries in 1970. Toward the end of the century, all these human endeavors had chipped away at the

historic U.S. ocelot range — which once stretched from Louisiana to Arizona — cornering the few known
remaining individuals in the Lower Rio Grande Valley, where Texas meets the Mexican border and the
Gulf of Mexico. Wildlife biologists, scientists, researchers, conservationists and other experts started
running the numbers and saw that time was running out. Now, even after several decades of legal protection
and some active conservation projects, only 55 or so known individual ocelots remain in the U.S.
There are few rays of sunshine in this grim picture, but one of the brightest landed at Laguna Atascosa
National Wildlife Refuge a little over three years ago in the form of wildlife biologist Hilary Swarts '94.
Swarts is a graduate of Pomona College, whose magazine I got this story from. The picture for the ocelot is not quite as
grim as this story makes it sound: there are about 40,000 mature ocelots in the world, their population is considered
stable, and they're listed as being of Least Concern by the IUCN Red List of Threatened Species. In the US, ocelots are
indeed endangered, especially since with the new border walls they're getting cut off from the larger population in
Mexico. But maybe we don't need ocelots. Maybe we don't deserve ocelots.
Swarts has a different opinion:
Entering the ecology program at the University of California, Davis, she earned a Ph.D. in ecology with an
emphasis on conservation. Then, shrugging off that "never working for the government" notion, she took a
job with the U.S. Fish and Wildlife Service, working on regulatory projects involving endangered species.
"Regulatory work is so important," she emphasizes. But after a while, the day-to-day responsibilities of
what she terms "desk biology" began to wear. "It's soul-crushing work," she explains. "You know exactly
what each day, a month ahead, will be."
So, when a job opening in the wilds of south Texas popped up in her email for a wildlife biologist charged
with leading the hands-on effort to save the ocelot in the U.S., she leapt at the challenge.
The Laguna Atacosa National Wildlife Refuge is a flat, sunbaked remnant of coastal prairie mixed with
thorn bush, bordering on a vast hypersaline lagoon across from South Padre Island. Its dense thicket of low
scrub is home to — at last count — 15 of the remaining ocelots still living in the U.S., and for Swarts, it's
where the fight to save them from extinction is being waged.
Meeting with her here can feel like a bracing seminar in All Things Ocelot. For starters, she'll whip her
refuge pickup into her driveway (on Ocelot Road, of course) and say, pointing at the license plate on her
2000 Buick LeSabre, "Look!" The plate says "OCELOT" (of course), and the vanity fee collected by the
State of Texas goes to Friends of Laguna Atascosa for outreach programs.
More important, it quickly becomes clear that she's a walking compendium of information about the species
she's working to rescue. "We think that these Texas ocelots may have developed great fidelity to thick
underbrush because of pursuit by hunters back in the 1960s," she explains. More facts come tumbling out:
Two-thirds of births are single, after a gestation of 79 to 82 days. Kittens stay with their mothers, to learn
survival and hunting skills, for up to two years. "Although," she adds, "I'm beginning to think it may be
closer to a year and a half, if the teaching goes well and there is a reliable prey base. And the past two
winters have been super wet, so there's been prey out the wazoo."
Working with ocelots, because they stay so well hidden, is different from her previous fieldwork, when she
could watch the animals she was studying in their own environment (such as following gorillas around as
they nosed about on their daily routines, which she describes as "total soap opera"). In fact, the only time
Swarts and her small staff of interns actually see ocelots in the flesh is during trapping season, from
October to May, when the little cats are lured by caged pigeons posing as an easy meal, then sedated long
enough for blood and genetic samples to be taken. After a quick exam and insertion of a microchip, they are
photographed, fitted with a GPS collar, given reversal drugs and released.
"With the ocelots, I'm essentially doing detective work," she explains. Across the refuge, there are more
than 50 cameras tucked into the thorn scrub, monitoring animal activity night and day. Using cameras and

GPS collars may not be as immediately satisfying as shadowing gorillas, but it's the only way she can keep
tabs on the elusive little creatures she's trying to save.
For instance, last year, on March 25, 2016, a heavily pregnant female was captured for routine data
collection and then released. On the following two days, GPS signals from her collar indicated that she was
staying put, likely in a den. After a few weeks, GPS showed more activity — she was almost certainly
leaving the den for water, repeat behavior that is usual for a lactating female. "On April 15, when we knew
she was away and couldn't detect us, we found the little kitten, tucked under some Spartina. A male,
healthy, weighing less than a pound, with his eyes just opened." Swarts, who took hair samples, DNA
swabs and his baby picture, was ecstatic to document and report this first confirmed ocelot den at the refuge
in 20 years.
"From my perspective they are doing their job — reproducing," she says. "And ecologically we are in great
shape." However, she has grave concerns that the confirmed refuge population of 15, including kittens, may
be approaching capacity. Home range for a female varies from one to nine square miles, depending on the
availability of water and prey. For a male, figure four to 25 square miles.
That brings us to exhibit one for the three top threats to survival of the species — habitat loss. Hemmed in
by agriculture, highways and industry, the refuge itself can't be greatly expanded. The other Texas ocelots,
about 40 individuals, live on limited private lands in neighboring Willacy County, with no safe passage
connecting the populations.
And that leads directly to the second threat — vehicular mortality, which stands at an astounding 40
percent. Swarts cites the ugly statistics that piled up between June 2015 and April 2016, when seven
ocelots, including six males, were killed by vehicles on roads adjacent to fragile ocelot territory.
Which brings us to the third item on Swarts' list of top threats to the ocelot's long-term survival: inbreeding, which occurs when populations are so isolated that no new genes can get into the mix. Even
before her arrival in Texas, efforts to freshen the gene pool by bringing in a female ocelot from Tamaulipas,
Mexico, had started and stopped several times, partly due to cartel violence. Still, she remains optimistic
that, with research and negotiation, a female from Mexico will eventually be allowed to cross the border.
Progress is agonizingly slow — as Swarts stoically puts it, "Conservation is often two steps forward and
one step back." However, she has begun to see encouraging signs. The refuge has cranked up an aggressive
habitat restoration project — planting ocelot corridors, extensions of the habitat that ocelots are known to
use, with the low-growing, bushy native species they prefer. As a precaution against vehicular mortality, the
refuge has closed some of its roads and plans to relocate its entrance. Most heartening, the Texas
Department of Transportation is installing 12 new underpasses specifically designed for ocelots at known
hot spots on two highways where there have been multiple incidents of road kill. "And now it seems likely
they will put wildlife crossings into new road design from the start," she adds. "This is a sea change — and
for this state agency to come around bodes so well for the state and its environmental future."
One can wonder if it's really worth such a fuss for a few dozen cats, especially when there are many more outside the
US. I like to think of it this way: the ocelot is the charismatic representative of a certain ecosystem. The ecosystem,
bristling with complex information evolved over millions of years, is valuable in ways we're just beginning to
understand. Saving the ocelot is an easily understood stand-in for saving the ecosystem.
We're like kids in a grand library, kids who can barely read. We notice that some of the books have pretty pictures. The
ocelot is one of those pretty pictures.
The article I quoted was written by Shakespeare. Margaret Shakespeare, that is. Check out the rest, and the pictures,
here:
Margaret Shakespeare, Ocelot country, Pomona College Magazine, April 10, 2017.

Watch someone play with a young semi-domesticated ocelot in the jungle of Costa Rica:

Learn more about ocelots here:
Wikipedia, Ocelot.
Their closest relative is the margay... but that's another cat for another day.
For my December 2017 diary, go here.
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A crystal made of electrons

Electrons repel each other, so they don't usually form crystals. But if you trap a bunch of electrons in a small space, and
cool them down a lot, they will try to get as far away from each other as possible — and they can do this by forming a
crystal!
This is sometimes called an electron crystal. It's also called a Wigner crystal, because the great physicist Eugene
Wigner predicted in 1934 that this would happen.
Only since the late 1980s have we been able to make Wigner crystals in the lab. A crystal can only form if the electron
density is low enough. This is due to the uncertainty principle of quantum mechanics, which implies that even at
absolute zero, electrons wiggle around — and they do this more when they're densely packed! When the density is low,
they settle down and form a crystal.
But when an electron gas is rapidly cooled, sometimes it doesn't manage to form a perfect crystal. It can form a glass!

This is called a Coulomb glass.
It's an amazing world we live in, where people can study a glass made of electrons.
We can do other cool stuff, like create electron crystals in 2 dimensions using electrons trapped on a thin film of metal.
That's what this picture shows. It's a theoretical picture, but you can trust it, since we understand the laws of physics
needed to figure out what electrons do when trapped in a disk. The density here is low enough that the uncertainty
principle doesn't play a significant role — so we can visualize the electrons as dots with a well-defined position.
The lines between the dots are just to help you see what's going on. In general, a 2-dimensional electron crystal wants to
form a triangular lattice. But a triangular lattice doesn't fit neatly into a disk, so there are defects — places where things
go wrong.
Puzzle 1. What is happening at the blue defects?
Puzzle 2. What is happening at the red defects?
Puzzle 3. What can you say about the number of blue defects and the number of red defects? Do these numbers obey
some rule?
Puzzle 3 has some very interesting answers: see the comments on my G+ post and my somewhat more detailed blog
article on this topic.
To know if a uniform electron gas at zero temperature forms a crystal, you need to work out its so-called Wigner–Seitz
radius. This is the average inter-particle spacing measured in units of the Bohr radius. The Bohr radius is the unit of
length you can cook up from the electron mass, the electron charge and Planck's constant. (It's also the average distance
between the electron and a proton in a hydrogen atom in its lowest energy state.)
Simulations show that a 3-dimensional uniform electron gas crystallizes when the Wigner–Seitz radius is at least 106. In
2 dimensions, it happens when it's at least 31.
The picture above was drawn by Arunas.rv and placed on Wikicommons on a Creative Commons Attribution-Share
Alike 3.0 Unported license.
December 9, 2017
Excitonium

In certain crystals you can knock an electron out of its favorite place and leave a hole: a place with a missing electron.
Sometimes these holes can move around like particles. And naturally these holes attract electrons, since they are places
an electron would want to be.
Since an electron and a hole attract each other, they can orbit each other. An orbiting electron-hole pair is a bit like a
hydrogen atom, where an electron orbits a proton.
An orbiting electron-hole pair is called an exciton, because it's really just a special kind of 'excited' electron — an
electron with extra energy, not in its lowest energy state where it wants to be.
An exciton usually doesn't last long: the orbiting electron and hole spiral towards each other, the electron finds the hole
it's been seeking, and it settles down. Typical lifetimes range from picoseconds to nanoseconds.
But excitons can last long enough to do interesting things. In 1978 the Russian physicist Abrikosov wrote a short and
very creative paper in which he raised the possibility that excitons could form a crystal in their own right! He called this
new state of matter excitonium.
In fact his reasoning was very simple.
Just as electrons have a mass, so do holes. That sounds odd, since a hole is just a vacant spot where an electron would
like to be. But such a hole can move around, and it takes force to accelerate it, so it acts just like it has a mass! The
precise mass of a hole depends on the nature of the substance we're dealing with.
Now imagine a substance with very heavy holes.
When a hole is much heavier than an electron, it will stand almost still when an electron orbits it. So, they form an
exciton that's very similar to a hydrogen atom, where we have an electron orbiting a much heavier proton.
Hydrogen comes in different forms: gas, liquid, solid... and at extreme pressures, like in the core of Jupiter, hydrogen
becomes metallic. So, we should expect that excitons can come in all these different forms too!
We should be able to create an exciton gas... an exciton liquid... an exciton solid.... and under certain circumstances, a
metallic crystal of excitons. Abrikosov called this metallic excitonium.

People have been trying to create this stuff for a long time. Some claim to have succeeded. But a new paper claims to
have found something else: a Bose-Einstein condensate of excitons:
Anshul Kogar, Melinda S. Rak, Sean Vig, Ali A. Husain, Felix Flicker, Young Il Joe, Luc Venema, Greg J.
MacDougall, Tai C. Chiang, Eduardo Fradkin, Jasper van Wezel and Peter Abbamonte, Signatures of exciton
condensation in a transition metal dichalcogenide, Science 358 (2017), 1314–1317.
There's a pretty good simplified explanation at the University of Illinois website:
Siv Schwink, Physicists excited by discovery of new form of matter, excitonium, 7 December 2017.
However, the picture here shows domain walls moving through crystallized excitonium — I think that's different than a
Bose-Einstein condensate! I'm a bit confused.
I urge you to look at Abrikosov's paper. It's two pages long and beautiful:
A. A. Abrikosov, A possible mechanism of high temperature superconductivity, Journal of the Less Common
Metals 62 (1978), 451–455.
He points out that previous authors had the idea of metallic excitonium. Maybe his new idea was that this might be a
superconductor — and that this might explain high-temperature superconductivity. The reason for his guess is that
metallic hydrogen, too, is widely suspected to be a superconductor.
Later Abrikosov won the Nobel prize for some other ideas about superconductors. I think I should read more of his
papers.
Puzzle 1. If a crystal of excitons conducts electricity, what is actually going on? That is, which electrons are moving
around, and how?
This is a fun puzzle because an exciton crystal is a kind of abstract crystal created by the motion of electrons in another,
ordinary, crystal.
Puzzle 2. Is it possible to create a hole in excitonium? If so, it possible to create an exciton in excitonium? If so, is it
possible to create meta-excitonium: an crystal of excitons in excitonium?
December 18, 2017
What's cooler than a superfluid?

When you cool helium enough, it becomes a superfluid. It can then do amazing things like climb out of a cup, as shown
here. What could be cooler than that? A supersolid.
In a superfluid, the atoms become exactly the same in every way. They're not even in different places: they're all spread
out everywhere. This lets them move in lock step. The viscosity drops to zero. So a superfluid can do things like climb
out of a cup thanks to the tiny attraction it feels to the walls of the cup, and the force of gravity pulling down. Each atom
is both inside the cup and outside getting pulled down!
This is only possible thanks to quantum mechanics — and only because the most common form of helium is a boson.
Every particle in nature is either a boson or fermion. Two particles that are fermions can't be in the same state. But
bosons can. And at low temperatures, identical bosons like to be in the exact same state. This is called a Bose–Einstein
condensate.
So what's a supersolid?
When you compress liquid helium enough, it becomes a crystal. But as with many crystals, there will be vacancies:
places where an atom is missing.
In an ordinary crystal, the vacancies can move around. But in solid helium, the vacancies are bosons, so it's possible that
at low temperatures they will form a superfluid! The result is called a 'supersolid'.
In short: a supersolid is a crystal where vacancies form a Bose–Einstein condensate, allowing them to flow through the
crystal with no viscosity. It's like a superfluid formed by the absence of particles, moving like ghosts through a crystal!

Here the white circles represent vacancies. Click for more details!
Now for the complicated part. There have been a lot of arguments about whether helium can form a supersolid. The
current consensus seems to be that it can't. However, people claim to have made supersolids using other materials. So
the idea is still very interesting.
Here's the story, paraphrased from Wikipedia:
While several experiments yielded negative results, in the 1980s, John Goodkind from UCSD discovered
the first 'anomaly' in a solid by using ultrasound. Inspired by his observation, Eun-Seong Kim and Moses
Chan at Pennsylvania State University saw phenomena which were interpreted as supersolid behavior.
Specifically, they observed an unusual decoupling of the solid helium from a container's walls which could
not be explained by classical models but which was consistent with a superfluid-like decoupling of a small
percentage of the atoms from the rest of the atoms in the container. If such an interpretation is correct, it
would signify the discovery of a new quantum phase of matter.
The experiment of Kim and Chan looked for superflow by means of a "torsional oscillator." To achieve
this, a turntable is attached tightly to a spring-loaded spindle; then, instead of rotating at constant speed, the
turntable is given an initial motion in one direction. The spring causes the table to oscillate similarly to a
balance wheel. A toroid filled with solid helium-4 is attached to the table. The rate of oscillation of the
turntable and toroid depend on the amount of solid moving with it. If there is frictionless superfluid inside,
then the mass moving with the doughnut is less, and the oscillation will occur at a faster rate. In this way,
one can measure the amount of superfluid existing at various temperatures. Kim and Chan found that up to
about 2% of the material in the doughnut was superfluid. (Recent experiments have increased the
percentage to over 20%). Similar experiments in other laboratories have confirmed these results.
In short, without all jargon: if you have a supersolid, you can twist it back and forth and the liquid formed by the
vacancies will not turn back and forth, because it can flow right through the crystal.
But then comes the controversy:
A mysterious feature, not in agreement with the old theories, is that the transition continues to occur at high
pressures. High-precision measurements of the melting pressure of helium-4 have not resulted in any
observation of a phase transition in the solid.
Prior to 2007, many theorists performed calculations indicating that vacancies cannot exist at zero
temperature in solid helium-4. While there is some debate, it seems more doubtful that what the
experiments observed was the supersolid state. Indeed, further experimentation, including that by Kim and

Chan, has also cast some doubt on the existence of a true supersolid. One experiment found that repeated
warming followed by slow cooling of the sample causes the effect to disappear. This annealing process
removes flaws in the crystal structure.
Furthermore, most samples of helium-4 contain a small amount of helium-3. When some of this helium-3 is
removed, the superfluid transition occurs at a lower temperature, which suggests that the superflow is
involved with actual fluid moving along imperfections in the crystal rather than a property of the perfect
crystal.
In 2009, it was proposed to realize a supersolid in an optical lattice. Starting from a molecular quantum
crystal, supersolidity is induced dynamically as an out-of-equilibrium state. While neighboring molecular
wave functions overlap, two bosonic species simultaneously exhibit quasicondensation and long-range solid
order, which is stabilized by their mass imbalance. This proposal can be realized in present experiments
with bosonic mixtures in an optical lattice that features simple on-site interactions.
Experimental and theoretical work continues in hopes of finally settling the question of the existence of a
supersolid.
In 2012, Chan repeated his original experiments with a new apparatus that was designed to eliminate any
contribution from elasticity of the helium. In this experiment, Chan and his coauthors found no evidence of
supersolidity.
Too bad! But...
In 2017, two research groups from ETH Zurich and from MIT reported on the first creation of a supersolid
with ultracold quantum gases. The Zurich group placed a Bose–Einstein condensate inside two optical
resonators, which enhanced the atomic interactions until they start to spontaneously crystallize and form a
solid that maintains the inherent superfluidity of Bose–Einstein condensates. The MIT group exposed a
Bose–Einstein condensate in a double-well potential to light beams that created an effective spin-orbit
coupling. The interference between the atoms on the two spin-orbit coupled lattice sites gave rise to a
density modulation that establishes a stripe phase with supersolid properties.
In short: there's still hope that people can create supersolids, but it will take more experiments to be sure.
December 30, 2017

In math, all sufficiently beautiful entities are connected to all others. Here's another example. A regular octahedron has
12 edges. A regular icosahedron has 12 corners. So there could be a way to draw the icosahedron with its corners on the
edges of the octahedron. And yes — there, is!
But as a final twist of the knife, you don't put the corners at the middle of the edges. That wouldn't work. Instead, each
of the corners divides each of the edges according to the golden ratio!
Math just had to do that.
I got this beautiful image here:
Jen-chung Chuan, Quick-and-dirty constructions with Cabri 3d.
Puzzle 1. What shape has 12 corners, with one located exactly in the center of each edge of the regular octahedron?
Puzzle 2. Can you make or find an animated gif of that shape morphing into a regular icosahedron as its corners move
from the midpoints of the octahedron edges to the points shown here?
Puzzle 3. How many ways are there to create a regular icosahedron whose corners lie on the edges of a given regular
octahedron?
Puzzle 4. How many ways are there to create a regular octahedron edges contain the edges of a given regular
icosahedron?
The answers can be found in the comments on my G+ post.
For my January 2017 diary, go here.
© 2017 John Baez
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Last year was a bad year for me. Not just because the US has fallen into the hands of a buffoonish, lying, incompetent,
self-absorbed would-be dictator. Not just because our puppet Congress voted to hand 1.5 trillion dollars to their wealthy
masters. Not just because the world is teetering on the brink of a nuclear war with North Korea. Not just because the
Tories have trapped themselves into ripping the UK out of the EU. Not just because climate change is breeding disasters
— Harvey flooding Texas, Irma destroying Puerto Rico, half that island still without electric power, California burning,
etc. — while the incompetent buffoon tries to prop up the dying coal industry and his henchmen erase the words
"climate change" from government websites. All this is our common woe.
Last year my mother died on March 15th. In the photo above, taken before I was born, she looks rather feline and
glamorous.
My own memories of her are quite different, but she was always her own person — unconventional,
Loading [MathJax]/jax/output/HTML-CSS/jax.js

indomitable.
The daughter of farmers in Grand Rapids, Michigan, she went to college and studied art. Then she taught it at a local
high school — just long enough to save up money for a trip around the world. A friend of hers who planned to travel
with her got pregnant and bailed out at the last minute. So she went alone, taking a steamer to Japan. She fell in love
with their esthetics, and it stuck with her the rest of her life. Then she went to Angkor Wat, India, and so on. She had
pizza for the first time in Italy: this was another age.
When she returned, Michigan was not exciting enough for her, so she moved to San Francisco. She taught art and hung
out with Zen monks. My dad met her at party there, on the fringe of the beatnik scene of the late 1950s. He brought over
some jazz records, conveniently forgot them, came back the next day to pick them up... and in a year they were married.
When I was in high school, she had us buy 5 acres in the woods and build a house there in the style of Frank Lloyd
Wright. Later she decorated it with art, ceramics and textiles. Later she spent her time making jewelry. She was always
focused on visual esthetics, with an intense perfectionism.

My knowledge of math and physics goes back to my dad and uncle, but my knowledge of music, art and religion is
mainly due to her. Sure, my dad liked jazz and taught me how to play the recorder — but she liked Miles Davis, the
Modern Jazz Quartet, Bartok and Ravi Shankar. I read my dad's books on logical positivism — but also her books on
Zen and Taoism.

More importantly, she taught me to always seek out what was really interesting. It's a waste of time to pay attention to
mediocre crap just because other people do. This has always seemed obvious to me. But I'm slowly realizing why. I was
very lucky to have parents who lived that way.
I'm not very good at dealing with negative emotions: I tend to suppress them, let them fester. I heard the news of my
mother's death while I was meeting my grad students, teaching them category theory — a phone call from my sister. I
froze inside and soldiered on. As I spent this year dealing with my mother's estate, I found myself becoming not sad but
angry. Every day, waking up to see the evil clown president dragging our country down, too busy reading contracts and
talking to lawyers to think about math.... a world of pointless bullshit. I need to apologize to my wife and everyone else
who suffered through my bitter moods.
Things are getting a bit better now — if not in the world at large, at least in my tiny corner. The legal work on my
mom's estate is winding down. Her house is sold. I'm getting back the joy in life that powers me forward.
My mother died at 87, probably very happy that she didn't have to move out of her house into an old age home, as she'd
been planning, very reluctantly, to do. She lived a great life, and she always said that dying would be okay. No
condolences required.

New Year's Resolution: do all my procrastination right now — don't keep putting it off.
I figure if I completely waste the first day of the year, I'll be ready to work ceaselessly starting tomorrow.
So, after lying in bed browsing the web for a few hours and listening to the radio, I got up and had pancakes for

breakfast. Then I read old magazines that had been accumulating by my bed. Then I spent a few hours taking photos and
putting them in my online diary.
The one above, created by Greg Egan, shows a shape morphing between a cuboctahedron and a regular icosahedron.
When we bisect the edges of a regular tetrahedron, we get 12 points that form the vertices of a cuboctahedron. But when
we divide these edges in the proportion of the golden ratio, we get 12 points that form the corners of a regular
icosahedron!
It's fun to watch this, so I spent half an hour doing that. Note that as the icosahedron becomes a cuboctahedron, some
pairs of the 20 triangular faces flatten out to form squares.
I've almost run out of ways to procrastinate — I guess I'm not very good at this. Pretty soon I'll have to start working! I
have a bunch of papers to finish off.
Hey, I know — I can waste some more time by listing them! I've heard that listing your goals is a good way to postpone
actually achieving them.
Network models, with John Foley, Joseph Moeller and Blake Pollard. This is about using categories and operads
to design systems of mobile, interacting agents. John works for Metron Scientific Solutions, and they're helping
the Coast Guard create a tool to design search and rescue missions. But I'm over at the theoretical end of this
project. Our paper is done, and we just need to take a few last looks at it, make sure it's okay, and submit it for
publication.
Struggles with the continuum. This is about ways in which assuming space is a continuum causes trouble in our
favorite theories of physics — infinities and stuff like that. I need to edit the introduction, because it talks a lot
about the foundations of mathematics, while the paper itself is all about physics. It somehow fools the reader into
thinking the paper is going in a different direction than it actually does. I've been putting this off, because I'm not
quite sure how to handle it.
Coarse-graining open Markov processes with Kenny Courser. This studies a double category where the
horizontal arrows are open Markov processes and the squares are 'coarse-grainings': ways of simplifying an open
Markov process. The paper is almost done, we just need to insert some extra figures and make sure the notation is
optimal.
Magnitude homology versus persistent homology with Nina Otter. Persistent homology is really fashionable in
'topological data analysis', where you do things like try to count the number of holes in a cloud of data. Magnitude
homology, on the other hand, was created by category theorists because of its beautiful abstract properties. They
should be related and they are. We explain how they are. But we need to finish writing this paper!
So those are the main things I'm not doing yet. Starting tomorrow I'll get to work.
January 4, 2018

Many asteroids belong to families. These formed when bigger asteroids collided and broke into pieces. Asteroids in a
family have similar orbits. But finding these families takes work!
This picture makes it look easy. But it's hard. In reality, the different families don't come in different colors. There are
lots of asteroids that don't belong to families, not shown on this chart. And there's another even more important reason!
We can describe an orbit using some numbers. An orbit is an ellipse. The semimajor axis is half the length of this
ellipse. The eccentricity says how stretched-out the ellipse is: it's 0 for a circle. The inclination is an angle that
describes the orbit's tilt. Most planets have inclination almost zero, because they move close to a plane called the
ecliptic.
So, you might try to find asteroid families by taking lots of asteroids and making a chart of their semimajor axis,
eccentricity and inclination. Would that work? This picture makes it seem so!
But it wouldn't work. You'd get random junk — no obvious families.
To find the families, you have to correct for the fact that orbits keep changing! Look at this picture:

At left you see a chart of the eccentricity and inclination of lots of asteroids. Random junk! At right you see a corrected
chart. Now you see asteroid families!
How does this 'correction' business work? It was invented by the Japanese astronomer Kiyotsugu Hirayama in 1918. He
noticed that asteroid orbits change in a roughly periodic way over thousands of years due to the gravitational pull of the

planets... but one can create ideal unchanging orbits by correcting for this fact.
Hirayama didn't have a computer, so he had to do these computations by hand, approximately! He succeeded in finding
several families of asteroids this way: the Koronis, Eos, and Themis families, and later the Flora and Maria families.
By now we can do much better, and find many more families... and more asteroids in each family. For example, the Eos
family was formed about 1.1 billion years ago between Jupiter and Mars. Hirayama found 19 asteroids in this family.
The biggest, which gives the family its name, is Eos, named after the Greek goddess of the dawn. It's almost 100
kilometers across! But now we know almost 300 members of this family.
Here's what Wikipedia says about this business of correcting orbits:
The proper orbital elements of an orbit are constants of motion of an object in space that remain
practically unchanged over an astronomically long timescale. The term is usually used to describe the three
quantities:_
proper semimajor axis (ap ),
proper eccentricity (e p), and
proper inclination (i p).
The proper elements can be contrasted with the osculating Keplerian orbital elements observed at a
particular time or epoch, such as the semi-major axis, eccentricity, and inclination. Those osculating
elements change in a quasi-periodic and (in principle) predictable manner due to such effects as
perturbations from planets or other bodies, and precession (e.g. perihelion precession). In the Solar System,
such changes usually occur on timescales of thousands of years, while proper elements are meant to be
practically constant over at least tens of millions of years.
I suspect the math here is quite interesting. Unfortunately Wikipedia doesn't go into details.
For a table of asteroid families, go here:
Wikipedia, Asteroid family.
The picture at the top of this entry is from here:
Joel Duff, Rewinding the clock: an asteroid family history, Naturalis Historia, May 14, 2014.
In the discussion on my G+ post, Greg Roelofs took a look at this picture and wondered what distinguished the Eunomia
family from the Adeona family: they overlap in this chart. It turns out the Eunomia family consists of bright S-type
asteroids, which are 'stony': mainly made of iron and magnesium silicates. The Adeona family consists of dark C-type
asteroids, which are 'carbonaceous'.
He also asked about the overlapping Hygeia family and Themis family. It turns out these can be distinguished by their
inclination, but not so much by their semimajor axis and eccentricity.
January 11, 2018

Al Grant has a great interactive page of tilings that move on 'hinges'. Check it out:
Al Grant, Hinged tesselations (part 1), February 1, 2014.
January 12, 2018
Flying foxes and the tao of bats

This is a flying fox. What could be cooler than flying foxes?
How about this: megabats.

'Megabats' sound like science-fictional monsters with 12-foot wing spans, swooping down in ruthless packs. But no, it's
a standard scientific term. Bats come in two main kinds: the insect-eating microbats and the fruit-eating megabats,
which include flying foxes.
At least that was the story until recently.
The fruit-eaters are generally larger than the insectivores, so the order of bats, Chiroptera, was subdivided into the
Macrochiroptera or megabats and Microchiroptera or microbats. But this subdivision was recently found to be
somewhat incorrect, so now the two suborders or bats are called — get ready for this! — Yinpterochiroptera and
Yangopterochiroptera.
That's right: yin and yang, the Taoist terms for cold and hot, or dark and light, or negative and positive!
Puzzle. Who started using these terms for bats, and why?
In China, bats are considered lucky. At several Taoist monasteries I've visited, I've seen carvings of bats on the walls.
But that could be a red herring.
Anyway, I'll use the old names for now. Here's how to tell the difference between megabats and microbats:
1. In general megabats are larger and eat fruit, while microbats are smaller and eat insects. However, there are
exceptions. For example, vampire bats, which drink blood, are descended from fruit-eating bats that developed
sharp teeth that could puncture thick-skinned fruit... but these particular fruit-eating bats are microbats!
2. Microbats use echolocation, whereas megabats generally don't. It seems they have lost this trait because they're
looking for plants rather than insects, and they use more energy flying than the microbats. Again there's an
exception: the Egyptian fruit bat is a macrobat that uses echolocation — but it doesn't use the same method:
scientists think that instead of using its larynx, it clicks using its nasal passages and the back of its tongue.
3. Microbats lack a claw on the second finger of their forelimb.
4. Megabats never have tails, but some species of microbats do.
5. Microbats have ears with a special organ that seems to be crucial in echolocation, and their ears are larger than
megabats'.
6. Megabats have larger eyes.
This is based on various Wikipedia articles, especially the articles on megabats and microbats.
The picture was taken by Michael Cleary, who wrote:
A Grey Headed Flying Fox having dipped coming straight at me, you can see the reflection in its eyes.
Hope people don't mind me putting a few more flying Fox photos on, we are getting to the hot part of
summer where they drink during the day.
For more, read the conversation on my G+ post, where Irina T. gave a nice answer to the puzzle.

January 13, 2018
Chopping a square into 7 triangles with almost the same area

It's impossible to divide a square into an odd number of triangles with the same area. This amazing result was proved by
Paul Monsky in 1970, but I only heard about it today, from David Eppstein.
So it's impossible. But you can still try your best! These are the two best tries with 7 triangles and at most 8 vertices.
These were discovered last year by Jean-Philippe Labbé, Güter Rote, and Günter Ziegler. They used a lot of clever math
and programming to do this.
What do they mean by "best"? They mean that the standard deviation of the area of the triangles is as small as possible.
For these two it's 0.0008051.
They couldn't check all the ways that used more than 8 vertices — it took too much time!

This was just the start of what Labbé, Rote and Ziegler did. They used a lot of clever math and programming to do this.
David Eppstein summarized the rest:
According to Monsky's theorem, it is impossible to divide a square into an odd number of triangles, all the
same area as each other. But if it can't be done exactly, how close to equal-area can you get? The answer is,
at least superpolynomially close. The construction uses the Thue–Morse sequence to balance out the
differences in area.
'Superpolynomially close' means that for any number p, with n triangles you can get the difference in areas to be less
than 1/np if n is big enough.
Puzzle. Show that if n is even, you can divide a square into n triangles all having the same area.
This puzzle should be quite easy for most of you out there. How many seconds did it take you?
Here's the actual paper:
Jean-Philippe Labbé, Güter Rote, and Günter Ziegler, Area difference bounds for dissections of a square into an
odd number of triangles.
It's full of cool techniques... a great example of how even 'useless' and 'unimportant' problems in math can inspire
interesting thoughts.
Here's the sketch of Monsky's proof, from Wikipedia:
1. Take the square to be the unit square with vertices at (0,0), (0,1), (1,0) and (1,1). If there is a dissection into n
triangles of equal area then the area of each triangle is 1/n.
2. Color each point in the square with one of three colors, depending on the 2-adic valuation of its coordinates.
3. Show that a straight line can contain points of only two colors.
4. Use Sperner's Lemma to show that every triangulation of the square into triangles meeting edge-to-edge must
contain at least one triangle whose vertices have three different colors.
5. Conclude from the straight-line property that a tricolored triangle must also exist in every dissection of the square
into triangles, not necessarily meeting edge-to-edge.
6. Use Cartesian geometry to show that the 2-adic valuation of the area of a triangle whose vertices have three
different colors is greater than 1. So every dissection of the square into triangles must contain at least one triangle
whose area has a 2-adic valuation greater than 1.
7. If n is odd then the 2-adic valuation of 1/n is 1, so it is impossible to dissect the square into triangles all of which
have area 1/n.
Thinking about this this will force you to understand the p-adic valuation and and Sperner's Lemma, both of which are
more important and interesting than this particular theorem! The Thue-Morse sequence is also lots of fun.
For more, including some answers to the puzzle, read the discussion on my G+ post.
For my March 2018 diary, go here.
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John Baez
March 15, 2018
When comets meet white dwarfs

A white dwarf is a star that's run out of fuel and is slowly cooling down... but still very hot thanks to the energy it got
from gravity crushing it down. White dwarfs should have atmospheres that are almost pure hydrogen and helium, since
heavier elements quickly sink down further. But about a quarter have noticeable amounts of heavier elements in their
atmosphere. How did those get there?
Alexander Stephan and other scientists at UCLA argue that they come from comets! More precisely, large icy objects
like those in the Kuiper belt of our Solar System, beyond the orbit of Pluto.
But it takes work to explain how so many of these objects hit white dwarfs.
The theory is that these white dwarfs are in binary star systems. When the star that becomes the white dwarf begins to
die it emits a lot of gas and loses mass - we know that's how it works. So, the Kuiper belt objects orbiting it start to
move further out. There are lots of these things. So, some will interact gravitationally with the other star in binary
system and get thrown this way and that... and eventually some will hit the white dwarf!
The scientists did detailed computer simulations to check that this could account for what we see. Even more exciting:
sometimes Neptune-like planets will hit the white dwarf! And indeed we see some white dwarfs that have a lot more
heavy elements in their atmosphere.
By running large Monte Carlo simulations, Stephan and collaborators demonstrate that this scenario can
successfully produce accretion of both Neptune-like planets and Kuiper-belt-analog objects. Their
simulation results indicate that ~1% of all white dwarfs should accrete Neptune-like planets, and ~7.5% of
all white dwarfs should accrete Kuiper-belt-analog objects.

While these fractions are broadly consistent with observations, it's hard to say with certainty whether this
model is correct, as observations are scant. Only ~200 polluted white dwarfs have been observed, and of
these, only ~15 have had detailed abundance measurements made. Next steps for understanding whitedwarf pollution certainly must include gathering more observations of polluted white dwarfs and
establishing the statistics of what is polluting them.
Also, 7.5% is a lot less than 25%.
I got this from here:
Susanna Kohler, Throwing icebergs at white dwarfs, AAS Nova, July 28, 2017.
For my July 2018 diary, go here.
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April 11, 2018
Two weeks ago I started teaching an online course based on this free book:
Brendan Fong and David Spivak, Seven Sketches in Compositionality: An Invitation to Applied Category Theory.
It's eating up the time I used to spend on Google+ or this diary. But I'm happy with that, because over 250 people have
registered, and a bunch of them are very energetic. It's exciting!
Four days I week I write short 'lectures' on the book. If you take the course you can read those lectures, read the book,
try the exercises in the book and the puzzles I create, and discuss everything with me and the other students! The best
part of the course, in my opinion, is the conversations. People are starting to dream up projects to work on together.
If this sounds interesting, go here and register in the box at upper left.
Use your full real name as your username, with no spaces. I will get back to you, so use a working email address. You
can move through the course at your own pace: all the discussions can go on indefinitely.
Brendan Fong was my grad student; now he's doing a postdoc at MIT with David Spivak. They're at the cutting edge of
applied category theory, and I'm having a lot of fun working through their book by teaching it. Here is the preface to
their book, just so you can get an idea of what it's like:
Preface
Category theory is becoming a central hub for all of pure mathematics. It is unmatched in its ability to
organize and layer abstractions, to find commonalities between structures of all sorts, and to facilitate
communication between different mathematical communities. But it has also been branching out into
science, informatics, and industry. We believe that it has the potential to be a major cohesive force in the
world, building rigorous bridges between disparate worlds, both theoretical and practical. The motto at MIT
is mens et manus, Latin for mind and hand. We believe that category theorbyand pure math in generablhas
stayed in the realm of mind for too long; it is ripe to be brought to hand.
Purpose and audience
The purpose of this book is to offer a self-contained tour of applied category theory. It is an invitation to
discover advanced topics in category theory through concrete real-world examples. Rather than try to give a
comprehensive treatment of these topics — which include adjoint functors, enriched categories, proarrow
equipments, toposes, and much more. We want to give readers some insight into how it feels to work with
these structures as well as some ideas about how they might show up in practice.
The audience for this book is quite diverse: anyone who finds the above description intriguing. This could
include a motivated high school student who hasn't een calculus yet but has loved reading a weird book on
mathematical logic they found at the library. Or a machine learning researcher who wants to understand
what vector spaces, design theory, and dynamical systems could possibly have in common. Or a pure
mathematician who wants to imagine what sorts of applications their work might have. Or a recently-retired
programmer who's always had an eerie feeling that category theory is what they've been looking for to tie it

all together, but who's found the usual books on the subject impenetrable.
For example, we find it something of a travesty that in 2018 there seems to be no introductory material
available on monoidal categories. Even beautiful modern introductions to category theory, e.g. by Riehl or
Leinster, do not include anything on this rather central topic. The basic idea is certainly not too abstract;
modern human intuition seems to include a pre-theoretical understanding of monoidal categories that is just
waiting to be formalized. Is there anyone who wouldn't correctly understand the basic idea being
communicated in the diagram below?

Many applied category theory topics seem to take monoidal categories as their jumping off point. So one
aim of this book is to provide a reference — even if unconventional — for this important topic.
We hope this book inspires both new visions and new questions. We intend it to be self-contained in the
sense that it is approachable with minimal prerequisites, but not in the sense that the complete story is told
here. On the contrary, we hope that readers use this as an invitation to further reading, to orient themselves
in what is becoming a large literature, and to discover new applications for themselves.
This book is, unashamedly, our take on the subject. While the abstract structures we explore are important
to any category theorist, the specific topics have simply been chosen to our personal taste. Our examples are
ones that we find simple but powerful, concrete but representative, entertaining but in a way that feels
important and expansive at the same time. We hope our readers will enjoy themselves and learn a lot in the
process.
How to read this book
The basic idea of category theory — which threads through every chapter — is that if one pays careful
attention to structures and coherence, the resulting systems will be extremely reliable and interoperable. For
example, a category involves several structures: a collection of objects, a collection of morphisms relating
objects, and a formula for combining any chain of morphisms into a morphism. But these structures need to
cohere or work together in a simple commonsense way: a chain of chains is a chain, so combining a chain
of chains should be the same as combining the chain. That's it!
We will see structures and coherence come up in pretty much every definition we give: "here are some
things and here are how they fit together." We ask the reader to be on the lookout for structures and
coherence as they read the book, and to realize that as we layer abstraction on abstraction, it is the
coherence that makes everything function like a well-oiled machine.
Each chapter in this book is motivated by a real-world topic, such as electrical circuits, control theory,
cascade failures, information integration, and hybrid systems. These motivations lead us into and through
various sorts of category-theoretic concepts.
We generally have one motivating idea and one category-theoretic purpose per chapter, and this forms the

title of the chapter, e.g. Chapter 4 is "Collaborative design: profunctors, categorification, and monoidal
categories." In many math books, the difficulty is roughly a monotonically-increasing function of the page
number. In this book, this occurs in each chapter, but not so much in the book as a whole. The chapters start
out fairly easy and progress in difficulty.
The upshot is that if you find the end of a chapter very difficult, hope is certainly not lost: you can start on
the next one and make good progress. This format lends itself to giving you a first taste now, but also
leaving open the opportunity for you to come back at a later date and get more deeply into it. But by all
means, if you have the gumption to work through each chapter to its end, we very much encourage that!
We include many exercises throughout the text. Usually these exercises are fairly straightforward; the only
thing they demand is that the reader's mind changes state from passive to active, rereads the previous
paragraphs with intent, and puts the pieces together. A reader becomes a student when they work the
exercises; until then they are more of a tourist, riding on a bus and listening off and on to the tour guide.
Hey, there's nothing wrong with that, but we do encourage you to get off the bus and make contact with the
natives as often as you can.
For my August 2018 diary, go here.
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Diary — July 2018
John Baez
July 6, 2018
I haven't been keeping up my diary — too busy! But today there's some real new: it's the hottest day ever recorded
where I live, in Riverside California!

It's almost 47 Celsius. Tons of flies are buzzing around our front porch. Unusual: I think they're trying to keep cool. And
as soon as I started watering a plant, a hummingbird landed on it and started sipping water from a leaf, undeterred by the
spray!
Yesterday, Scott Pruitt resigned his position as head of the Environmental Protection Agency. Global warming keeps
cranking up the temperature, but this corrupt bastard never gave a damn. The new interim guy is a coal industry
lobbyist. Trump comments: "the future of the EPA is very bright!" We gotta get rid of him.
For my August 2018 diary, go here.
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John Baez
August 1, 2018

Caucher Birkar was one of four Fields medalists this year:
Kevin Hartnett, An innovator who brings order to an infinitude of equations, Quanta, August 1, 2018.
Math is such a big subject that someone can win a Fields Medal and I'll read a nice news article about it and think
"Wow, who is this — and what's this weird stuff they did?"
So I read a bit about Birkar's work....
He's studying 'algebraic varieties', which are roughly curves, surfaces and higher-dimensional shapes described by
polynomial equations. It's an old subject. In the 1800s people realized it's easier to study solutions with complex
numbers, not just real numbers.
For example, above you can see the real points in an algebraic variety called Kummer's quartic surface — but there's a
lot more going on with the complex solutions, and ultimately they make everything simpler, not more 'complex'.
It's also easier to study algebraic varieties if you add 'points at infinity'. For example, then all pairs of lines on the plane
intersect — perhaps at infinity, like railroad tracks in perspective. This idea is called projective geometry.
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Combining these ideas, 'complex projective space' is a nice framework for studying algebraic varieties. In this
framework a circle, ellipse, parabola and hyperbola are all just different views of the same curve!

Nice and simple. So we can become more ambitious! We can try to classify all algebraic varieties. This sounds insane:
classifying all possible curves, surfaces, and higher-dimensional things that you can describe with polynomials? Weird
things like the Escudero nonic surface here, drawn here by Abdelaziz Merzouk?

So we have to be clever. First, we have to view algebraic varieties through very blurry glasses, so tons of them count as
'the same'. Not just circles and hyperbolas! We have to use 'birational equivalence', so the red and black curves here
count as the same:

Very roughly speaking, two algebraic varieties are birationally equivalent if they're the same except on a very small set;
this lets us eliminate singularities like the point where the red curve crossses itself.
Classifying algebraic varieties up to birational equivalence gets harder as their dimension goes up. Curves are all
birationally equivalent. Surfaces come in 10 families, thanks to the Enriques–Kodaira classification.

But in higher dimensions things get harder. Starting around 1980, the 'minimal model program' sought to find the
'simplest possible' algebraic variety that's birationally equivalent to whichever one you name:
Braian Lehmann, A snapshot of the minimal model program.
It succeeded in 3 dimensions, thanks largely to the work of Mori:
J´nos, Koll´r, Minimal models of algebraic threefolds: Mori's program, Séminaire Bourbaki 31 (1988-1989), Talk
no. 712, 302–326.
Caucher Birkar is pursuing the minimal model program in higher dimensions. The Quanta article explains what he's
done about as well as possible w/o getting ultra-technical — so read that!
He made progress on 'Fano varieties'. But what are those?
A smooth complex variety is Fano iff it admits a Kähler metric of positive Ricci curvature. Calabi-Yau varieties, famous
from string theory, are 'Ricci flat', and most varieties are negatively curved. This rough 3-fold classification shows up all
over math!

So very roughly, Caucher Birkar is contributing to a grand program to classify all shapes described by polynomials...
with a focus on 'positively curved' ones. But the technical details are way over my head... and he's also done other
things.
August 4, 2018

Here Jacopo Bertolotti shows us chaos. Starting with very similar positions and velocities, two copies of a frictionless
double pendulum drift apart... and soon they do completely different things! The Lyapunov exponent measures how fast
this happens.
If you want to learn some cool physics, check out Bertolotti's Physics Factlets on Twitter.
August 5, 2018

The basic laws of arithmetic, like a × (b + c) = a × b + a × c, are secretly laws of set theory. But they apply not only to
sets, but to many other structures!
Emily Riehl explained this in Eugenia Cheng's recent "Categories for All" session at a meeting of the Mathematical
Association of America. Check out her slides:
Emily Riehl, Categorifying cardinal arithmetic, MAA MathFest, August 4, 2018

To hear her discuss this argument, and math in general, listen to her episode of My Favorite Theorem:
Evelyn Lamb, Emily Riehl's favorite theorem, Scientific American, May 24, 2018.
Her proof that a × (b + c) = a × b + a × c involves three facts about the category of sets:
It has binary coproducts (the disjoint union A + B of two sets).
It has binary products (the cartesian product A × B of two sets).
It is Cartesian closed (there's a set Fun(A, B) of functions from A to B).
The defining property of the coproduct A + B is that a function from A + B to any set X is 'the same as' a function from
A to X together with a function from B to X.
The defining property of the product A × B is that a function from any set X to A + B is the same as a function from X to
A together with a function from X to B.
The defining property of Fun(A, B) is that a function from any set X to Fun(A, B) is the same as a function from A × X
to B. This change of viewpoint is called currying, and Riehl uses it twice in her proof.
She calls the defining property of + 'pairing', and she uses that twice too. I would call this copairing, but she wisely
decided that sounds too technical.
Her proof actually never uses the defining property of × , which I would call pairing.
Her argument works for any category that has the necessary properties! For example, the category of graphs. But it's
nice to see that lurking inside grade-school arithmetic there is an introduction to category theory.
August 6, 2018
Nobody knows if there are infinitely many twin primes: primes that are 2 apart. But Viggo Brun proved the sum of the
reciprocals of the twin primes converges. Of course, if there were finitely many twin primes, this sum would be rational.
However, in theory, it could still be rational even if there are infinitely many twin primes!
Now someone has conjectured a formula for this sum, which is called Brun's constant, B2.

The formula involves Catalan's constant G: the alternating sum of reciprocals of odd squares. Nobody knows if this
constant is irrational, though I bet it is.

The formula also involves the Ramanujan–Soldner constant μ. If you integrate the reciprocal of ln(x) from 0 to this
constant, you get zero.

Marcin Lesniak recently conjectured a formula relating Brun's constant to Catalan's constant and the Ramanujan–
Soldner constant.

My guess: it's false. The discrepancy in the 12th decimal place is not necessarily a problem, since the current best
estimate of Brun's constant uses an extrapolation: it's not necessarily a lower bound. But the formula feels "too good to
be true": we don't have any reason to expect such a formula, since twin primes are even more hard to understand than
plain old primes. For example, they don't seem to be connected to Dirichlet series the way plain old primes are.
August 11, 2018
Yesterday we arrived in Singapore. We've been visiting here for 9 years now! Everything is instantly familiar, like
waking up out of a dream. Someone at the local market asked us if we come here when it's cold where we live. We said
no, we come here to escape the heat! (It's been over 100° F almost every day for the last week in Riverside.)
In case you're wondering about the funny new format of some posts, it's that I've moved from Google+ to Twitter. I
found that people like reading series of tweets where I explain math and physics. So I'm copying some of these to my
diary.

August 12, 2018
The number 5 is more exotic than all the natural numbers that come before. So, take the hyperbolic plane and tile it with
pentagons, 5 meeting at each vertex. This is the {5,5} tiling. Very fiveish! We should be able to have fun with this.

The {3,3} tiling of the sphere gives the tetrahedron, with 3 triangles meeting at each vertex:

The {4,4} tiling of the plane has 4 squares meeting at each vertex:

I could talk all day about these, but we're going straight for the jugular and doing {5,5}.
The {5,5} tiling has a big symmetry group. If we mod out by some of these symmetries we get a surface tiled by just 12
pentagons, with 5 meeting at each vertex.
Amazingly, we can almost embed this surface in 3d space while preserving most of its symmetries. The result is the
great dodecahedron, drawn here using Robert Webb's Stella software:

It's not embedded, because the pentagons cross each other, but it's immersed in a piecewise-linear way.
The great dodecahedron has 12 vertices, 30 edges and 12 faces, which are pentagons that cross through each other. Now
12 − 30 + 12 = − 6 = 2 − 2g
with g = 4, so it's really a surface of genus 4. That is, a 4-holed torus!
This picture is by Brokk:

The dual of the great dodecahedron is the small stellated dodecahedron:

However, since the {5,5} tiling is self-dual, the small stellated dodecahedron gives a Riemann surface isomorphic to
that coming from the great dodecahedron! It's just mapped into 3d space in a different (and more confusing) way. It has
12 pentagrams as faces, with 5 meeting at each vertex. Each pentagram is just a pentagon mapped into 3d space in a
funny way with a `branch point' at the center.
The great mathematician Felix Klein showed that the Riemann surface coming from the small stellated dodecahedron
can also be described by 3 equations in 5 complex variables:
z1 + z2 + z3 + z4 + z5 = 0
z 21 + z 22 + z 23 + z 24 + z 25 = 0
3
3
3
3
3
z1 + z2 + z3 + z4 + z5 = 0

They're homogeneous so they describe a complex curve in CP4 . It's a 4-holed torus. I prefer to understand it using the
great dodecahedron: this aproach is equivalent, but simpler. What we're doing is giving the 4-holed torus the same
conformal structure as if we give the interior of each pentagon in the great dodecahedron the metric it gets from its

immersion in R3. Angles are only distorted at the pentagon's vertices (not their edges).
There are many possible conformal structures on a 4-holed torus, but the one we get this way is the most symmetrical of
all! Its symmetry group is S5 the group of permutations of the 5 variables z 1 , …, z 5.
See how fiveish it all is?
This amazing complex curve of genus 4 is also the set of ordered 5-tuples of complex numbers (z 1 , …, z 5 ), modulo
rescaling, that are roots of some quintic of the form z 5 + pz + q = 0, where p and q are arbitrary complex numbers. You
can see a sketch of the proof, and references, in my blog article on this stuff:
Small stellated dodecahedron, Visual Insight, June 15, 2016.
August 13, 2018
What's this weird tree of fractions in that strange book Kepler wrote in 1619, Harmonices Mundi? It may be connected
to a rather deep piece of mathematics!

It's vaguely similar to the Calkin–Wilf tree:

This tree contains all the positive rational numbers — and each shows up just once! Can you spot the Fibonacci
numbers? Can you see the pattern that's being used to get all the numbers in this tree?

The Calkin–Wilf tree starts with 1/1.
If a/b is any fraction in the tree, then a/(a + b) is below and to the left. (a + b) /b is below and to the right. Amazingly,
each positive rational shows up just once, in lowest terms!

You can see why Fibonacci numbers show up! But the Calkin–Wilf tree also gives a nice way to list all positive rational
numbers....

If you follow this spiral through the Calkin–Wilf tree, you'll meet each positive rational number exactly once, so you
can list them all:
1/1, 1/2, 2/1, 1/3, 3/2, 2/3, 3/1, 1/4, 4/3, 3/5, 5/2, 2/5, 5/3, 3/4, …
Amazingly, there's also recursive formula for this sequence! If you can't guess that recursive formula, you can look it up
on Wikipedia. That's where I got all this great information... and all these nice pictures:
Wikipedia, Calkin-Wilf tree.
Here is Calkin and Wilf's paper:
Neil Calkin and Herbert S. Wilf, Recounting the rationals, The American Mathematical Monthly 107 (2000), 360

—363.
Also read about the Stern-Brocot tree. It has the same numbers in each row, but arranged in increasing order:

But how closely is all this connected to what Kepler was doing?

Here's what he wrote here (translated from the Latin):
I. The harmonic divisions of a single string are seven in number, not more.
II. The expansion of the numbers which are characteristic of divisions occurs in the following manner. To
being with, the whole is expressed in the form of a fraction, that is to say with unity above as numerator,
and unity below for denominator. Then each number separately is put as numerator, and the sum of the two
is put as denominator in each case. Hence from any given fraction two branches arise, until from the sum
occurs the number which indicates an unconstructible figure.

I believe 'unconstructible figure' alludes to a regular polygon that can't be constructed by ruler and compass: note that
the 3,4,5,6 and 8-sided polygons can be so constructed, but not the 7, 9, 11, or 13-sided ones, which would come next.
He shows these as well in his chart:

I believe he was trying to find the ratios of frequencies that appear in a a major scale, because of the remark that "the
harmonic divisions of a single string are seven in number", and also the remarks that follow the above passage:
I found these seven divisions of the string first with hearing as a guide, in other words the same number as
there are harmonies not greater than a single diapason. After that I dug out the causes both of the individual
divisions and of the number of the total, not without toil, from the deepest fountains of geometry. Let the
diligent reader read what I wrote about these divisions 22 years ago in The Secret of the Universe, Chapter
XII.
So, he didn't want the tree to go on forever, even though it could. He wanted to cut it off to avoid ratios involving 7, 9,
11, 13 or more complicated numbers. And he did this by invoking the nonconstructibility of these regular polygons — a
fact that was apparently known even back then, though not proved until later.

August 16, 2018

You can use quaternions to understand electrons!
Or: you can use electrons to understand quaternions!
Hamilton invented the formula for quaternion multiplication long before people knew quantum mechanics. But it
describes what happens when you rotate an electron.
Usually people describe the spin of an electron using a pair of complex numbers... or in other words, 4 real numbers.
But we can package the same information in a single quaternion:
a + bi + cj + dk
where a, b, c, d are real numbers and i, j, k are square roots of − 1.
When you rotate the electron 180° around the x axis, you multiply its quaternion by i.
So when you rotate it 360°, it doesn't come back to where it was! Instead, since i 2 = − 1, it gets multiplied by − 1.
You have to rotate it 720° to get it back to where it was, like this contraption here:

But wait — what does it even mean to say the electron gets multiplied by − 1 if we rotate it 360°?
Shoot an electron through a double slit. It goes through both slits, and it's probability of hitting any point on the screen
behind the slit forms an interference pattern. Make a machine that rotates the electron 360 degrees when it goes through
the left slit. This changes the pattern: where the waves added up, they now subtract.

With work you can show experimentally that rotating an electron 360° around any axis multiplies it by − 1.
So, if we say that rotating it 180° around the x, y, or z axes multiplies it by i, j, or k respectively, then we conclude
i 2 = j 2 = k 2 = − 1.
It's also true that rotating an electron 180° around the x axis, then the y)axis, andthenthe\(z axis multiplies it by − 1.
This gives
ijk = − 1
In fact we get the whole quaternion multiplication table this way!
So: quaternions are built into physics.

August 24, 2018

Number theory is a great source of problems that are easy to state, hard to solve.
For experts, though, the fun comes from big ideas — often connected to other branches of math!
Artin's conjecture sounds cute when you say it's about repeating decimals:
Wikipedia, Full reptend prime
but it has connections to very deep math:
Wikipedia, Generalized Riemann hypothesis.
Read more about it here:
Wikipedia, Artin's conjecture on primitive roots.

August 27, 2018
What's the fewest flips of a coin you need, on average, to randomly choose a number from 1 to N? That's the topic of
this paper:
Matthew Brand, Choosing 1 of N with and without lucky numbers.
Let's assume the coin is fair and — the hard part — each number 1, 2, …, N has an equal chance of being chosen.
The answer is the purple curve here:

It's easy to pick a random number between 1 and N = 2n with n coin flips. But when N is not a power of 2, it gets tricky:
fractal patterns start to show up! It's all about number theory.
For my September 2018 diary, go here.
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September 14, 2018
Click the figures for more information.

The weather disasters we're seeing will keep getting worse unless we cut carbon emissions until they're negative. That's
hard. But how much is the Paris Agreement helping?

Loading
The
EU[MathJax]/jax/output/HTML-CSS/jax.js
committed to cut carbon emissions by 40% from 1990 to 2030. They'd gone down 23% by 2016 — but last year

they went up. The EU's energy chief wants to do more: cut by 45%. But Merkel is pushing back. Germany is already
going to miss its 2020 target.

The US pledged to cut carbon emissions 17% from 2005 to 2020, and 26% by 2025. Trump pulled us out of the
agreement. Many in the US are soldiering on, but right now it looks like we'll miss these goals.

China's carbon emissions shot up starting in 2000. It leveled off after 2010, even going down a bit — but it went up
3.5% last year. India and "ROW" (rest of world) are also going up.
China pledged only to reach peak carbon emissions by 2030. See what other countries pledged — and how they're
doing:
Climate Action Tracker.

Short version: right now we're heading for 2.5-4.7°C warming by 2100. Between bad and disaster.

But some good news...
California just passed a law saying we'll switch to completely carbon-free electricity production by 2045! Very hard, but
look at this chart:

California's carbon emissions per GDP has dropped almost 50% from 2000 to 2016! And today Governor Brown
announced: "with climate science still under attack... we'll launch our own damn satellite" to track carbon emissions.
September 14, 2018

Lisa and I have been in Singapore since August 10th, and we're leaving soon. As usual, I've been visiting the Centre for
Quantum Technologies. Today I gave a talk on Noether's theorem relating symmetries and conserved quantities. It's the
100th anniversary of her paper on this! But we still haven't gotten to the bottom of it.
Noether showed that in a theory of physics obeying the principle of least action, any 1-parameter family of
transformations preserving the action gives a conserved quantity. But Noether's theorem takes different guises in other
approaches to physics, and my talk focuses on the algebraic approach using Poisson brackets or commutators. I argue
that this explains the role of complex numbers in quantum theory!
I'll also give this talk at the Department of Applied Mathematics and Theoretical Physics (DAMTP) at Cambridge, and
in a conference celebrating the anniversary of Noether's theorem in London. You can see my slides here:
John Baez, Noether's theorem.
Abstract. In her paper of 1918, Noether's theorem relating symmetries and conserved quantities was
formulated in term of Lagrangian mechanics. But if we want to make the essence of this relation seem as
self-evident as possible, we can turn to a formulation in term of Poisson brackets, which generalizes easily
to quantum mechanics using commutators. This approach also gives a version of Noether's theorem for
Markov processes. The key question then becomes: when, and why, do observables generate one-parameter
groups of transformations? This question sheds light on why complex numbers show up in quantum
mechanics.
September 16, 2018

The quaternion group has 8 elements. Two of them, ±1, commute with everything. The rest commute with 4 elements
each: for example i commutes with ±1, ± i.
So, one quarter of the elements commute with every element. Three quarters of the elements commute with half. Thus
the probability that two randomly chosen elements in this group commute is
1
3 1
5
×1+ × =
4
4 2
8
But what's the largest this probability can be, for any noncommutative group?
It's 5/8. And I explain why here:
John Baez, The 5/8 theorem, Azimuth, September 16, 2018.
September 18, 2018
Sylow's theorems are key to understanding the structure of finite groups. Take a finite group G, a prime p, and let pk be
the biggest power of p that divides the number of elements of G. Then G has a subgroup of size pk , called a Sylow psubgroup. And more good stuff is true, as summarized by Robert A. Wilson in his book Finite Simple Groups:

But what the hell are Sylow's theorems good for? As an undergrad in love with physics, I never really got it. Now on
YouTube you can see examples that show what you can do with them — nice!
You can show there are no simple groups of order 30:

You can show that any group of order 77 is cyclic:

Okay, but how do you prove them?
You can also see proofs of Sylow's theorems on YouTube, like this, the first of a 3-part series.

But I'm often too impatient for videos. I'd rather see really short proofs, then think about them in my spare time:
washing the dishes, lying in bed, etc.
So here's a really short proof of all 3 Sylow theorems from Robert A. Wilson's book Finite Simple Groups. This proof
takes lots of work to unravel. But I love it: all the ideas are here.

Here NG (Q) is the normalizer of Q in G.

September 20, 2018

Sometimes you check just a few examples and decide something is always true. But sometimes even 9.8 × 1042
examples are not enough!
Greg Egan and I came up with this shocker on Twitter after he explained some related integrals by the Borwein
brothers. To see what's really going on, visit my blog:
John Baez, Patterns that eventually fail, Azimuth, September 20, 2018.
In the comments on my blog, you'll see that Greg figured out the exact value of n for which the identity first fails! It's
n = 15, 341, 178, 777, 673, 149, 429, 167, 740, 440, 969, 249, 338, 310, 889
which is about 1.5 × 1043. When I saw this I breathed a sigh of relief, because it meant my estimates were right.
September 23, 2018
Tomorrow Atiyah will talk about his claimed proof of the Riemann Hypothesis. It's all about "the music of the primes".
Here the function that counts primes < n is being approximated by waves whose frequencies come from zeroes of the
Riemann zeta function:

The Riemann zeta function is given by this simple formula when the complex number s has Re(s) > 1:
∞

ζ(s) =

∑

1

n=1 n

s

Then the sum converges! But we can "analytically continue" the Riemann zeta function to define it for other values of s,
and that's where the fun starts.
The Riemann zeta function is zero for some numbers with 0 < Re(s) < 1. These are called the "nontrivial zeros" of his
zeta function. Riemann computed a few and hypothesized they all have Re(s) = 1/2.

Riemann found a formula for the number of primes < n as a sum over the nontrivial zeros of the zeta function. My first
tweet shows the sum over the first k nontrivial zeros. So, if the Riemann Hypothesis is true, we'll get a better
understanding of primes!
For example, in 2014, Adrian Dudek proved that the Riemann hypothesis implies that that for all n ≥ 2 there is a prime
p with
n−

4

π√

xlnx < p ≤ n

So far people have checked, using a computer, that the first 10,000,000,000,000 nontrivial zeros of the Riemann zeta
function have Re(s) = 1/2. This might seem like damned good evidence for the Riemann Hypothesis. But maybe not!

For me, the best evidence for the Riemann Hypothesis is that it's part of a much bigger story! Mathematicians like Weil,
Grothendieck and Deligne proved similar results for related functions. Much remains mysterious, though.
I bet that Atiyah's claimed proof, if and when he writes it up, will not convince experts. In 2017 he claimed to have a 12page proof of the Feit-Thompson theorem, which usually takes 255 pages:
Magnus Linklater, Mathematician, 88, hopes to prove himself again with new solution, The Times, 12 August
2017.
He showed it to experts, and... silence.
In 2016 Atiyah put a paper on the arXiv claiming to have solved a famous problem in differential geometry. The
argument was full of big holes:
MathOverflow, What is the current understanding regarding complex structures on the 6-sphere?

So, I'm not holding my breath this time.
September 22, 2018
Here is Atiyah's lecture on the Riemann Hypothesis:

Here, apparently, is his paper:
Michael Atiyah, The Riemann hypothesis.
It refers extensively to this much longer paper, where he attempts to compute the fine structure constant:
Michael Atiyah, The fine structure constant.
The formula he gives for the fine structure constant does not give the correct answer.
Here's what Science says about Atiyah:
Frankie Schembri, Skepticism surrounds renowned mathematicianâ€™s attempted proof of 160-year-old
hypothesis, Science, September 24, 2018.
Only a few mathematicians were willing to be quoted, and I was one. I was also quoted later here:
David Freeman, Retired mathematician rocks math world with claim that he's solved $1 million problem, NBC
Mach, September 27, 2018.
By the way, I have huge respect for Atiyah, whose earlier work revolutionized geometry and physics.
September 29, 2018

Fog in a Martian canyon on a chilly morning! This is a high-resolution image of Valles Marineris: a huge canyon on
Mars, 4000 kilometers long and up to 7 kilometers deep.
Here's another view:

This fog is made of water ice, not liquid water, so it's a bit like a Martian relative of 'pogonip': a dense winter frozen fog
in mountain valleys. But it's different: those mountain valleys are colder than the uplands, but Valles Marineris is
warmer than the higher regions nearby! This may indicate that there's source of water in the valley, that makes it more
humid. It could be frost submlimated by the morning sun.
And here's a view of fog in Noctis Labyrinthus — a maze-like system of deep, steep-walled valleys between Valles
Marineris and the nearby Tharsis upland.

Fog in the Labyrinth of the Night. How poetic! I would like to see this someday.
For my October 2018 diary, go here.
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John Baez
October 1, 2018

ANITA, the Antarctic Impulse Transient Antenna, detects ultra-high-energy cosmic neutrinos. Here it is in front of
Mount Erebus.
It's seen some amazing things... possibly signs of physics beyond the Standard Model! But first let me say a word about
how it works.
A neutrino shooting through Antarctic ice hits an atom and creates a shower of charged particles moving faster than the
speed of light in ice. They create Cherenkov radiation, the electromagnetic analogue of a sonic boom. Some of this
radiation is in the form of radio waves. As they leave the ice, these waves refract. It's called the Askaryan effect.

Loading [MathJax]/jax/output/HTML-CSS/jax.js

ANITA, hanging from a floating weather balloon, has seen many events like this. But two of these pulses came up
through the Earth's crust, which is not how it's supposed to work!
An ultra-high-energy neutrino shouldn't be able to go through the Earth. Low-energy neutrinos can go through light
years of rock, but their rate of absorption goes up with their energy. The pulses seen by ANITA seem to have come
from particles with an energy of about 0.6 EeV: that is, 6 1017 electron volts. That's an extremely high energy. Such
energetic neutrinos should not be able to penetrate lots of rock.
This picture explains it: "cross section" is, roughly speaking, proportional to the absorption probability.

ANITA saw one of these events in 2006, and one in 2014. Another Antarctic neutrino detector, IceCube, has seen
similar strange events.
So, something strange is going on. This could be great! But don't believe the theories yet — it's way too early.
For more, read:
P. W. Gorham et al, Observation of an unusual upward-going cosmic-ray-like event in the third flight of ANITA,

March 14, 2018.
Derek Fox et al, The ANITA anomalous events as signatures of a beyond Standard Model particle, and supporting
observations from IceCube, September 25, 2018.
The graph of neutrino cross-sections is taken from this paper, which explains why it works this way:
J. A. Formaggio and G. P. Zeller, From eV to EeV: neutrino cross sections across energy scales, Rev. Mod. Phys.
84 (2012), 1307.
Also check out my November 20, 2013 entry on IceCube. It's an amazing experiment.
October 8, 2018
More progress on a famous problem!
A subset of the plane has "diameter 1" if the distance between any two points in this set is ≤ 1. For example, an
equilateral triangle with edges of length 1 has diameter 1... and it doesn't fit in the circle with diameter 1.

In 1914 the famous mathematician Lebesgue sent a letter to his pal Pál. He challenged Pál to find the convex set with
least possible area such that every set of diameter 1 fits inside... at least after you rotate, translate and/or reflect it.

Pál showed the smallest regular hexagon containing a disk of diameter 1 would work. Its area is
0.86602540...

But he also showed you could cut off two corners, and get a solution of area just
0.84529946...
Nice!

In 1936, Sprague showed another piece of the hexagon could be removed and still leave a universal covering.
This piece has area about 0.02. Cutting it out, we get a universal covering of area
0.84413770843...

In 1992, Hansen removed two microscopic slivers from Sprague's universal covering and got an even better one!
These slivers were absurdly small, with areas of roughly 4

10 − 11 and 8

0.844137708398...

10 − 21. He got a universal covering of area

At this point two mathematicians joked:
"...it does seem safe to guess that progress on this problem, which has been painfully slow in the past, may
be even more painfully slow in the future."
But that's when Philip Gibbs came in!
He found a way to remove a piece about a million times bigger than Hansen’s larger sliver. Its area was a whopping
2 10 − 5 , leaving a universal covering of area
0.8441153769...
A student and I helped him polish his proof and publish this result:
John Baez, Karine Bagdasaryan and Philip Gibbs, The Lebesgue universal covering problem, Journal of
Computational Geometry 6 (2015), 288–299.
I met Philip Gibbs in London last week at a workshop on Noether's theorem. It turned out he's now done even better! He
has chopped off another enormous chunk, with area 2 10 − 5 , leaving a universal covering of area just
0.8440935944...
Huge progress! For details, read his paper:
Philip Gibbs, An upper bound for Lebesgue’s universal covering problem, January 22, 2018.
The moral is that even plane geometry holds deep problems connected to optimization.
Lebesgue's universal covering problem, the sofa moving problem, the Moser worm problem, Bellman's lost-in-a-forest

problem — we just don't know powerful techniques to tackle these... yet.

For more on Lebesgue's univeral covering problem, read these:
John Baez, Lebesgue's univeral covering problem (part 1), Azimuth, December 8, 2013.
John Baez, Lebesgue's univeral covering problem (part 2), Azimuth, February 3, 2015.
John Baez, Lebesgue's univeral covering problem (part 3), Azimuth, October 7, 2018.
October 13, 2018

A polygon can be dissected into straight-edged pieces which you can rearrange to get any other polygon of the same
area! This is called the Wallace–Bolyai–Gerwien theorem.
In fact, you can always use a "hinged" dissection, as illustrated here by Rodrigo Silveira Camaro:

This was proved in 2007:
Timothy G. Abbott, Zachary Abel, David Charlton, Erik D. Demaine, Martin L. Demaine, and Scott D. Kominers,
Hinged dissections exist, Proceedings of the Twenty-fourth Annual Symposium on Computational Geometry,
ACM, 2008, pp. 110–119.
But what about higher dimensions? Two polyhedra are "scissors-congruent" if you can cut one into finitely many
polyhedral pieces, then reassemble them to get the other. In 1900 Hilbert asked: are any two polyhedra with the same
area scissors-congruent? His student Max Dehn answered this in less than a year: no!
The cube, and a regular tetahedron with the same volume, are not scissors-congruent. To prove this Dehn found another
invariant of scissors-congruence beside the volume!
But this is just the beginning of the story, which now involves hyperbolic space, algebraic K-theory, and even ideas
connected to quantum gravity, like the famous "pentagon identity" arising from two ways to chop this shape into
tetrahedra:

For more:
Inna Zakaharevich, Perspectives on scissors congruence, Bulletin of the AMS 53 (2016), 269–294.
October 15, 2018

The population of insects has been crashing worldwide. Butterflies and moths are down 35% in the last 40 years. Other
invertebrates are down even more:
Rodolfo Dirzo, Hillary S. Young, Mauro Galetti, Gerardo Ceballos, Nick J. B. Isaac and Ben Collen, Defaunation
in the Anthropocene, Science, 345 (2014), 401–406.
A new study from Puerto Rico is even more disturbing. Between January 1977 and January 2013, the catch rate in
sticky ground traps fell 60-fold. Says one expert: "Holy crap".
Susan Bird, Insects are disappearing from Puerto Rico’s rainforests at an astonishing rate, Care2, October 22,
2018.

Here we see the milligrams of arthropods (like insects) caught in sticky traps on the ground (A) and forest canopy (B) in

a rain forest in Puerto Rico. Dramatic collapse! And it hurts the whole ecosystem: lizard populations are halved or
worse. For more details, read the actual study:
Bradford C. Lister and Andres Garcia, Climate-driven declines in arthropod abundance restructure a rainforest
food web, Proceedings of the National Academy of Sciences, October 30, 2018.
October 18, 2018

New progress on a hard problem: Greg Egan broke the record for the shortest number with the digits 1 through 7
arranged in all possible orders. He found one with just 5908 digits.
Here is Egan's solution. It's 4 digits shorter than the previous best, and he got it using ideas from Aaron Williams' work
on Hamiltonian cycles on Cayley graphs:

But what's the pattern? What's really going on?
Robin Houston noticed that the new winner containing all permutations of n = 7 digits has
n! + (n − 1) ! + (n − 2) ! + (n − 3) ! + (n − 3) = 5908
digits. And Egan also found new winners for n = 8 and n = 9 which also fit this pattern!
However, this formula does not correctly predict the length of the winners for n = 3 and n = 4... so the true pattern is
more complicated.
After I wrote the above on Twitter, progress continued, with some surprising twists. I persuaded Erica Klarreich to write
an article about the story, so go here for the rest:
Eric Klarreich, Mystery math whiz and novelist advance permutation problem, Quanta, November 5, 2018.
October 27, 2018

The axiom of choice says that given any collection of bins, each containing at least one object, it is possible to make a
selection of exactly one object from each bin, even if the collection is infinite. It has shocking consequences... but so
does its negation!
The axiom of choice implies that we can't define lengths, areas, and volumes for all sets in a way that obeys a short list
of reasonable-sounding rules. Indeed, we can chop a ball into 5 subsets and rearrange them to get 2 balls: the "BanachTarski paradox".

If we assume the negation of the axiom of choice, we can make this problem go away. Technically: Solovay found
models of ZF¬C (set theory and the negation of axiom of choice) where all subsets of Euclidean space are measurable!
But that doesn't mean life is trouble-free.

Indeed, in all known models of ZF¬C, there is a set that can be partitioned into strictly more equivalence classes than
the original set has elements! (More precisely, there's no injection from the set of equivalence classes to the original set.)

It's hard to find axioms that give just what we want, and nothing freaky.

October 31, 2018

Today I learned: unlike in our universe, in 2d space solids melt in two separate stages! Solid, hexatic, liquid — as
shown above.
This has been discussed by theoretical physicists since the 1970s, but in 2013 it was confirmed experimentally using a
layer of small magnetized beads. They saw two phase transitions as we shake these beads harder and harder, shifting
them from a solid phase to a liquid!

The solid phase has long-range correlations between the orientation of the rows of beads: that's what 'long range
orientational order' means. The actual positions of the beads are also correlated, but these correlations decay according
to a power law that's what 'quasi-long range translational order' means.
In the hexatic phase, the orientational correlations decay with distance following a power law!
In the liquid phase, they decay exponentially.
In 3d, crystals can have long-range translational order. In the 1960s, Mermin and Wagner proved this is impossible in
2d if the particle only interact with short-range forces. In the 1970s, Kosterlitz, Thouless, Halperin, Nelson and Young
worked out how solids melt in 2d, and discovered that there should be a hexatic phase between solid and liquid.
For details, see:
Group for Research and Applications in Statistical Physics, Solid-hexatic-liquid transitions in a granular
monolayer, June 18, 2013.
For my November 2018 diary, go here.
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Diary — November 2018
John Baez
November 1, 2018
The Cliffs of Hathor

This movie was made from 25 minutes of photos taken by the Rosetta spacecraft when it was several kilometers from
comet Churyumov-Gerasimenko. They were taken on June 1st, 2016. On September 30th of that year, Rosetta was
deliberately crashed into the comet and the mission ended. These photos were nicely assembled into an animated gif by
landru79 on Twitter just recently.
This place is called the Cliffs of Hathor. The "snow" is dust moving slowly; you can also see some stars moving
downward in the background, due to the rotation of the comet.
November 2, 2018
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Please read this report — it's important:
World Wildlife Fund, Living Planet Report 2018.
Starting on the 47th page of the pdf, you can see information about the crash of mammal, bird, reptile, amphibian and
fish populations worldwide:

The situation is worse for freshwater species: they're down by about 83% since 1970:

On land, the worst declines are occurring in the "Neotropical" region: Central and South America. Mammals, birds,
reptiles and amphibian population have dropped by about 89% since 1970.

November 6, 2018

Slowly lower yourself toward the event horizon of black hole. As you do, look up. Your view of the outside universe
will shrink to a point — and become brighter and brighter, tending to infinite brightness!
These effects don't happen if you simply let yourself fall in to the black hole. If you do that, your view of the outside
world will not shrink to a point, and the light you see will not be intensified by blueshifting — because you'll be falling
along with it!
Andrew Hamilton made this animated gif. See more here:
Andrew Hamilton, Journey into a Schwarzschild black hole.
November 11, 2018

Good news: starting early next year, Eddie Bernice Johnson will be the first African-American to lead the House
Committee on Science, Space, and Technology. She'll also be the first woman to do it. She's the first Democrat to lead
this committee since 2011. She's the first who isn't a climate science denier since 2011. And she's the first with some
training in science since the 1990s: she was chief psychiatric nurse at the Dallas Veteran's Administration Hospital for
16 years.
Rebecca Leber, Science returns to the House, Mother Jones, November 7, 2018.
November 13, 2018

This number has 317 digits, all ones. It's prime. 317 is also prime!
That's not a coincidence. A number whose digits are all 1 can only be prime if the number of digits is prime!
This works in any base, not just base ten. Can you see the quick proof?
A prime whose decimal digits are all ones is called a "repunit prime". The largest known repunit prime has 1031 digits.

Mathematicians believe there are infinitely many repunit primes, but nobody can prove it yet.
Why does this matter?
The density of primes decreases slowly, like 1/ln(N). So if numbers whose digits have 'no good reason not to be prime',
there should be infinitely many of them. This idea gives a probabilistic argument that there should be infinitely many
repunit primes.
But what does probability really mean when it comes to prime numbers? God didn't choose them by rolling dice!
This is why silly-sounding puzzles about primes can actually be important: they challenge our understanding of
randomness and determinism.
There might be infinitely many true facts about primes that are true just because it's overwhelmingly 'probable' that
they're true... but not for any reason we can convert into a proof.
However, even this has not yet been proved.
Clouds of mystery surround us.
November 22, 2018
It's Thanksgiving!

I am thankful for the beauty of mathematics and physics, which always go deeper than I expect.
For example, Hamilton's equations describe the motion of a particle if you know its energy. But they turn out to look a
lot like Maxwell's relations in thermodynamics!

Maxwell's relations connect the temperature, pressure, volume and entropy of a box of gas — or indeed, a box of
anything in equilibrium. Nobody told me they're just Hamilton's equations with different letters and vertical lines
thrown in.
So I decided to see what happens if I wrote Hamilton's equations in the same style as the Maxwell relations. It freaked
me out at first. What does it mean to take the partial derivative of q in the t direction while holding p constant?

But it turns out to be okay. Indeed, this was a useful clue. I thought about it longer and realized what was going on.
You get equations like Hamilton's whenever a system extremizes something subject to constraints. A moving particle
minimizes action; a box of gas maximizes entropy.
Read the details here:
John Baez, Classical mechanics versus thermodynamics (part 1), Azimuth, January 19, 2012.
John Baez, Classical mechanics versus thermodynamics (part 2), Azimuth, January 23, 2012.
So: whenever you see unexplained patterns in math or physics, write them down in your notebook. Think about them
from time to time. Clarify. Simplify.
Soon you'll never be bored. And if you get stuck and frustrated, just ask people. True seekers will be happy to help.
November 24, 2018

The game of "58 holes", or "hounds and jackals", is very ancient. Two players took turns rolling dice to move their
pieces forward. This copy comes from Thebes, Egypt. It was made in the reign of Amenemhat IV, during 1814â€“1805
BC, in the Twelfth Dynasty of the Middle Kingdom. It's now at The Metropolitan Museum of Art.
But why 58 holes? That's a strange number!

The holes come in two groups of 29. Nobody knows the rules for sure! But the Russian game expert Dmitriy Skiryuk
argued that the players move their pieces from holes A to 29 and then the large shared hole H, where they exit the board.
If so, each player really has 30 holes! That makes more sense: the number 60 was very important in Egypt and the
Middle East. So "58 holes" is a red herring.
You can see Skiryuk's hypothesized rules, the above pictures, and more here:
Eli Gurevich, Hounds and jackals, Ancient Games, October 14, 2017.
The game was really widespread: here's one from a pillaged Iron Age tomb in Necropolis B at Tepe Sialk, Iran. It's now

in the Louvre.

But here's something even cooler. The game was just found in Azerbaijan, almost 2000 kilometers from the Middle East
— chiseled into a rock by Bronze Age herders!

Read more here:
Bruce Bower, A Bronze Age game called 58 holes was found chiseled into stone in Azerbaijan, Science News,
November 16, 2018.
I guess nobody can resist a good game. Someone should popularize this one again.
For my December 2018 diary, go here.
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Diary — December 2018
John Baez
December 3, 2018

Logic can be counterintuitive. Take Peirce's law: if you can prove that P having any consequence would imply P, then
you can prove P.
Peirce's law a far-out consequence of the law of excluded middle (also known as tertium non datur) and the law saying
that a falsehood implies anything (also known as ex falso quodlibet). If you don't like Peirce's law, maybe you secretly
don't like one of these other laws of classical logic!
Here's an example. Suppose your friend says "If working hard implies I'll get the job done, then I'll be working hard".
According to Peirce's laws, this implies he'll be working hard!
To understand this shocking consequence, follow the argument in the box. Either your friend is working hard or not. If
he is, then we're done. If not, "working hard implies I'll get the job done" is true, since a falsehood implies anything. So,
the statement "If working hard implies I'll get the job done, then I'll be working hard" is equivalent to "I'll be working
hard."
December 4, 2018
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Logic is all about what implies what... so it's fun to think about 'implicational logic', where the only logical connective
we get to use is 'implies'.
Three axioms are all we need! Peirce's law is the spice in the pudding.
Jan Łukasiewicz, the grandfather of 'reverse Polish notation', showed that we only need one axiom for implicational
logic. But this one axiom is quite weird.
We can define 'or' using 'implies'—do you see how? But we cannot get 'and'. In category theory we can define a closed
category to be one with a functor
: Cop × C → C
and a morphism from p q to (r p)
version of purely implicational logic.

(r

q) for any objects p, q, r, obeying some axioms. This is a categorical

December 7, 2018
I just listened to some 'Piedmont blues'. Though I grew up nearby, I hadn't known about the American plateau called the
Piedmont, named after the Italian one, from the Latin 'foot of the mountains'.
Bounded on the west by the Blue Ridge Mountains, it's very old!

Geologists have identified at least five separate events which have led to sediment deposition in the Piedmont.
One is the 'Grenville orogeny' — the collision of continents that created the supercontinent Rodinia about 1 billion years
ago! They're shown here:

The Piedmont was also formed in the 'Alleghanian oregeny', when the Appalachians rose — as tall as the Rocky
Mountains! — around 300 million years ago, when Euramerica hit Gondwana and formed the supercontinent Pangaea.
So the Piedmont blues have deep geological roots!

December 21, 2018

You can describe the quaternion group using ribbon braids! Four ribbons that can twist or cross over each other let you
describe ±1, ± i, ± j, ± k. Details here:
Yongju Bae, J. Scott Carter and Byeorhi Kim, Amusing permutation representations of group extensions.
December 28, 2018

I'd never heard before that the Church-Turing thesis was born right after Kleene got dosed with laughing gas! This is
from here:
Henk P. Barendregt, Gems of Corrado Böhm.
The 'predecessor' function subtracts 1 from any natural number except 0, which it leaves alone.
However, there are a few problems with this story. First, laughing gas is nitrous oxide, N2O, not nitric oxide, NO. More
importantly, this story is poised somewhere between fact and legend. For more, including another version of this story
as told by Barendregt, go here:
Youchiza, Did Kleene discover the λ-calculus predecessor function while high on nitrous oxide?

December 31, 2018

Here's the first real image of Ultima Thule—no longer just a single pixel, it's now 18 pixels!
Soon New Horizons will swoop within 3500 kilometers of this trans-Neptunian object, and get a much better view of its
ancient material, perhaps undisturbed for 4 billion years! You see, Ultima Thule lies in the "Kuiper belt", along with
many other fragments from the original disk around the Sun that failed to fully coalesce into planets. It's a bit like the
asteroid belt — but 20 times bigger across, 200 times more massive, and much older.

Neptune rules over the Kuiper Belt. At the inner edge we find Pluto and other plutinos, which lie in a 2:3 resonance with
Neptune, going around twice while Neptune goes around thrice. Over 248 of these are known at present. At the outer
edge we have the twotinos, which move in a 1:2 resonance with Neptune. Only 50 of these have been found so far,
suggesting that this resonance is less stable than the 2:3 resonance.

Ultima Thule is in between! It's a classical Kuiper belt object, meaning it's not in resonance with Neptune and it doesn't
have a highly eccentric orbit like Pluto. Such objects are also called 'cubewanos', since the first to be found was called
QB1.
More specifically, Ultima Thule is a 'cold' Kuiper belt object, meaning it has an inclination of less than 5° and an almost
circular orbit. It's believed that these objects were formed very early in the history of the Solar System and have been
largely undisturbed ever since.
For my January 2019 diary, go here.
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Diary — January 2019
John Baez
January 6, 2019

A friend of mine on Google+ who goes by the name of ca314159 gave me a small piece of rock. It's a mineral called
herbertsmithite. It's amazing.
Why? Because the electrons in this material form a quantum spin liquid!
Let me tell you what that is.

Atoms in crystals often have a lone unpaired electron whose spin isn't canceled by another pointing the other way.
In a ferromagnet like iron, these spins try to line up. In an antiferromagnet they like to point the opposite way from their
neighbors.
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But suppose the atoms in your crystal don't form a simple square pattern. Suppose they form layers patterned like this
Japanese basket!
Physicists call this a 'kagome lattice', after the Japanese weaving pattern. Mathematicians call it a 'trihexagonal tiling'.

Now things get tricky when the electron spins want to point the opposite way from their neighbor.
The spin shown in red can't be opposite to both the spins in black! Physicists call this 'frustration'.
So, in an antiferromagnetic kagome lattice, the electron spins can't settle down to one 'best' state. Instead, they easily
move between lots of 'best possible, but not-so-good' states. Here's one:

This is called a quantum spin liquid.

The Nobel prize winning physicist Philip Anderson dreamt up the idea of quantum spin liquids in 1973, before they'd
actually been seen.
The mineral herbertsmithite was discovered in 1972. But only in 2012 was it proved to give a quantum spin liquid!
For the full story of how people created perfect herbertsmithite crystals and showed they give a quantum spin liquid, go
here:
Imai Lab Homepage, What is "spin liquid" and what did we learn about it with NMR (nuclear magnetic
resonance)?
I got lots of my pictures from here.

But there are still big puzzles left!
'Gauge theories' describe the basic forces in nature, but they also show up here. Some experiments suggest
herbertsmithite is described by a gauge theory with gauge group U(1). But others suggest the gauge group is Z/2.
The math here is fascinating! Math meets rock.
For more, read this:
M. R. Norman, Herbertsmithite and the search for the quantum spin liquid.

January 6, 2019

22/7 is a famous approximation of pi. Pi is 3.14159… while 22/7 = 3.142857…, and if you know this, 22/7 is
obviously bigger. But above is a cute proof that 22/7 is bigger that doesn't require you to compute any digits of π.
Nobody seems sure who found this proof.
The integral that gives 22/7 − π is surprisingly elegant, and it's clearly positive since you're integrating a positive
function. With a little extra work you can use the same idea to get good upper and lower bounds for π:

355/113 is a much better approximation to π. It's much harder to get a similar integral that shows 355/113 is bigger
than π:

0<

∫

1
0

x 8 (1 − x) 8 25 + 816x 2
dx =
3164 1 + x 2

355
− π.
113

This was done by Stephen Lucas here:
Stephen Lucas, Integral proofs that 355/113 > π, Australian Mathematical Society Gazette, 32 (2005), 263–266.
For more, go here:
Wikipedia, Proof that 22/7 exceeds π.
For my February 2019 diary, go here.
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February 6, 2019

It looks suspiciously like a circle. But the regular 65537-gon is famous. Gauss proved you can construct a regular n-gon
k

with straight-edge and compass if n is a prime of the form 22 + 1. These are called Fermat primes. These are all the
Fermat primes known in Gauss' day:
21 + 1

=3

22 + 1

=5

24 + 1

= 17

28 + 1

= 257

216 + 1

= 65537

Even earlier, Gauss had constructed the 17-gon in 1796. The 257-gon was first constructed in 1822 by Magnus Georg
Paucker. And the first to show how to construct the 65537-gon was Johann Gustav Hermes, in 1894. It took him 10
years!
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It seems Hermes, ironically named after the Greek god of speed, spent a whole decade writing a 200-page manuscript
explaining how to construct a regular 65537-gon with ruler and compass. But this paper of his is just 16 pages long:
Johann Gustav Hermes, Ueber die Teilung des Kreises in 65537 gleiche Teile, Nachrichten von der Gesellschaft
der Wissenschaften zu Göttingen, 1895, 186–202.
All this is fascinating, but it's really just the start of a larger story. The Fermat primes, and the constructible regular
polygons, have a nice relationship to Pascal's triangle!

If you take Pascal's triangle mod 2 and draw black for 1 and white for 0, you get a pleasing pattern.... closely connected
to a fractal called the Sierpinski gasket, where you keep cutting out triangular holes from an equilateral triangle:

The rows of Pascal's triangle mod 2 give numbers in binary:
1

=1

11

=3

101

=5

1111

= 15

10001

= 17

110011

= 51

1010101

= 85

11111111

= 255

100000001

= 257

and so on. And the first 32 of these numbers are precisely all the odd numbers n we know for which you can construct a
regular n-gon using straight-edge and compass!
They're the products of distinct Fermat primes 3, 5, 17, 257 and 65537. Here they are in detail, from the Online
Encyclopedia of Integer Sequences wiki:

We only know 5 Fermat primes: for example, the next Fermat number is not prime:
232 + 1 = 4294967297 = 641 × 6700417
So, we only know 25 = 32 products of distinct Fermat primes. And it's known that a regular n-gon with n odd is
constructible by straight-edge and compass iff n is a product of distinct Fermat primes!
As a result, we only 32 regular polygons with an odd number of sides that can be constructed by straight-edge and
compass: the polygons with 1, 3, 5, 15, 17, 51, 85, 255, 257, 771, 1285, 3855, 4369, 13107, 21845, 65535, 65537,
196611, 327685, 983055, 1114129, 3342387, 5570645, 16711935, 16843009, 50529027, 84215045, 252645135,
286331153, 858993459, 1431655765, and 4294967295 sides.
For more, see my blog article:
John Baez, Fermat primes and Pascal's triangles, Azimuth, February 5, 2019.
February 10, 2019

People like to make fun of epicycles because you can describe any orbit using epicycles. Above we see an almost square
orbit done using epicycles.
But this weakness is also their strength: a Fourier series is a way of writing any periodic function using epicycles.
February 16, 2019

My former student Brandon Coya discovered this "commutative law". It can't be new. It's easy to prove. But I'll name it
after him. My student Joe Moeller quickly noticed that the operation x#y = x ln y is also associative and obeys e#x = x.
Over on Twitter, someone noticed that this operation distributes over multiplication:
x#(yz) = (x#y)(x#z)
and obeys
x#1 = 1

See what's going on? The key is that
x#y = e ln xln y
so exponentiation provides a bijection between R and the set of positive real numbers, which carries addition and
multiplication of real numbers to the multiplication and the # operation on positive real numbers. Thus, the set of
positive real numbers becomes a field with multiplication as its addition, # as its multiplication, 1 as its additive identity
and e as its multiplicative identity!
February 23, 2019

The Milky Way is a spiral galaxy, so it has spiral arms. We are in the inner edge of the Orion Arm. You can see the
Orion Arm from here! This photo of the Orion Arm was taken by Ahmed abd Elkader Mohamed in Sinai, Egypt.
The Orion Arm is between the Sagittarius Arm, closer to to the galactic center, and the Perseus Arm. It may be a mere
'spur' connecting these arms — that's what the picture below calls it. Or it may be a truly separate arm. This seems to be
the more popular view today.

It seems the 'density wave' theory of spiral arms is still controversial, but it says stars orbiting the galactic center
temporarily bunch up to form arms. If so, a given star doesn't stay in the same arm forever.
In fact, most stars within 1000 parsecs of the Sun belong to 5 or more 'streams': groups with similar velocity. The most
well-established are the Coma Berenices, Pleiades, Hyades, Sirius and Hercules streams. Here are the U (radial) and V
(angular) components of their velocities.

The paper where I got this graph argues that Oumuamua, the interstellar asteroid that shot past us last year, is part of the
Pleiades stream! Its velocity looks right.
This is the paper:
Marshall Eubanks, Efficient searches for galactic stream interstellar asteroids, 50th Lunar and Planetary Science
Conference 2019, 2019.
In short: the Milky Way is a complex and lively place, though it operates on majestically slow time scales. The Sun has
orbited the Galaxy only 20 times in its life so far!
For my March 2019 diary, go here.
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March 3, 2019

Take a small number and keep hitting it with the function f(x) = 2.8x(1 − x). It converges to a "fixed point", meaning a
number x where x = f(x).
So, the red line in the above "cobweb plot" converges to where the line y = x and parabola y = 2.8x(1 − x) cross.
But what if we replace 2.8 by some bigger number?
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Take a small number. Keep hitting it with the function f(x) = rx(1 − x).
When 1 < r < 2 it'll keep increasing and quickly converge to a fixed point, where x = f(x).
When 2 < r < 3 it'll oscillate but still converge to the fixed point.
When r > 3.56994672… you usually get chaos!

For 3 < r < 3.56994672… interesting things happen. The period of the oscillations keep doubling! You can see that at
left here.
The period doubles at r = 3.44949…, and again at r = 3.54409…, and so on.
This is called "period doubling to chaos".

You can see the period doubling to chaos here: for each value of r, the "attractor" for f(x) = rx(1 − x) is shown as a
bunch of points above that r. For low r there's just one: the fixed point. Then there are 2, then 4, and so on. At
r = 3.56994672…, chaos breaks out! But it's full of patterns.

Zooming in on the chaotic region r > 3.56994672…, we see beautiful things. There are regions of stability that end in
their own tiny copies of the "period doubling to chaos" picture! For example there are three at r = 3.82843….
You could spend your life on this. Fortunately other people already, so we can just read what they found! You can start
here:
Wikipedia, Logistic map.
It has lots of references to books and papers of various levels of difficulty. When you get really serious, try this amazing
book:
Sylvie Ruette, Chaos on the Interval.
All the images in this diary entry are from Wikicommons. Click on them to see who created them.
March 20, 2019

Poke a Koch-snowflake-shaped hole in a Koch snowflake and you get... six more Koch snowflakes! You just can't kill
it!
I got this from Derek Wise's blog, where he explains how to draw fractals using monads in Haskell:

Derek Wise, Fractals and monads - part 3, Simplicity.
March 23, 2019
Here's a fractal impossible object, packed with impossibility at multiple scales!

Nidhal Selmi drew it. It's a blend of the Sierpinski triangle, a famous fractal, and the Penrose triangle, a famous
'impossible object'.
Let me explain how it's connected to sheaf cohomology.

First, the Penrose triangle! Penrose has pointed out that this is 'locally possible': there's nothing wrong with any small
piece. But if you follow it all the way around, you can't consistently interpret it.
This is precisely the sort of thing that sheaf cohomology can detect.

Second, the Sierpinski triangle: a triangle with triangular holes poked out of it, in an iterated way.
While the Penrose triangle only has one hole, this has a countable infinity of them... each giving the opportunity for an
impossible twist!
Now, roughly speaking, a 'sheaf' on a topological space X assigns a set of 'sections' F(U) to any open subset U of that
space, with the ability to restrict sections to smaller subsets, and to glue sections that agree on overlaps to get sections
on bigger subsets! Here's the precise definition:

Sheaves let us study local versus global issues.
The 'first cohomology' of a sheaf describes the set of things that locally look like sections but perhaps do not globally
come from sections.
In this paper, Penrose showed that his triangle gives a nontrivial element of first cohomology:
Roger Penrose, On the cohomology of impossible figures,

So, you should be able to work out the sheaf cohomology of the Sierpinski triangle and show Nidhal Selmi's impossible
object gives an interesting element of the first cohomology!
I would do this here, but I need to get some work done. If If you want to learn more about sheaves and impossible

objects, besides Penrose's article I recommend this:
Tony Phillips, The topology of impossible spaces, Feature Column, American Mathematical Society.
Here's a nice animation by Tom Ruen:

March 24, 2019

The extremely rainy winter has produced a 'superbloom' in many parts of Southern California, and the hills near us are
full of purple flowers. These are Campanula medium, known as 'Canterbury bells' for their bell-like flowers:

But there are many other flowers in the hills. One of the most common, toughest plants in these dry areas is the
brittlebush, Encelia farinosa. Its gray-green leaves remain green when all the grass has dried up and turned brown. But
now it's blooming magnificently:

The California poppy, Eschscholzia californica, is running rampant in many places. Here you can find small patches
among other flowers:

There are other even subtler flowers, like the spotted hideseed, Eucrypta chrysanthemifolia:

March 26, 2019
Wow! A new paper claims to have found a more efficient algorithm for multiplying large numbers. It supposedly runs
in O(nlogn) time — this had never been achieved before. One catch: it only works on numbers with at least this many
digits:

And I don't mean as many digits as this number has. I mean this number of digits.
Yes: their algorithm only works for numbers that have at least 24096 digits. If you're multiplying numbers with fewer
digits, they suggest using another method.

The paper is here:
David Harvey and Joris van der Hoeven, Integer multiplication in time O(n log n).
If this holds up, it's big news. People have been seeking O(nlogn) for decades. I don't know the details, but in 1971
Arnold Schönhage and Volker Strassen got the time down to O(nlog(n)log(log(n))) using the fast Fourier transform,
and they conjectured that O(nlog(n)) was possible.
In 2007 there was another big step, Fürer's algorithm. By 2015 Harvey, van der Hoeven and Lecerf used a new
algorithm to whittle the time down to O(nlog(n)23lg ( n ) ), where lg (n), the iterated logarithm, is a function that
grows so slowly all the stars will burn out long before it reaches 6. It's basically the inverse of tetration:

In 2018, Harvey and van der Hoeven replaced the "3" with a "2" and knocked the time down to O(nlog(n)22lg ( n ) ). So
it would be really great if they've now succeeded in getting O(nlog(n)).
Here are two consequences of the new result, if it's true:
1. You can compute the first n digits of the square root of an integer in O(nlogn) time.
2. You can compute the first n digits of π in O(n(logn) 2 ) time.
But there's something huge we still don't know yet: could there be an algorithm for multiplying n-digit numbers that
takes only O(n) time? Probably not... but nobody has proved it!
We're really bad at proving lower bounds on computational complexity. We may be missing fundamental ideas. Or

maybe Gödel's theorem kicks in, and such results are simply unprovable from the usual axioms of mathematics.
For my April 2019 diary, go here.
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Diary — April 2019
John Baez
April 2, 2019

The Sudama cave is one of the oldest surviving rock-cut caves in India. It was dedicated by Emperor Ashoka in 257 BC.
Its granite walls are highly polished.
This photograph was taken by Anandajoti.
April 3, 2019

The end of a very bad day in Pompeii, 79 AD. This fellow was probably asphyxiated by the volcano's red-hot hurricaneforce winds, full of ash, before the door of a building fell on him. But this was nothing compared to the very bad day 66
million years ago....
An asteroid slammed into the Gulf of Mexico, creating a tsunami that washed up to North Dakota... which was closer to
the shore back then. The fish below died on that day. They were recently found with tektites — little rocks made of
molten quartz — in their gills.

For more on these newly found fossils, read this:
William J. Broad and Kenneth Chang, Fossil site reveals day that meteor hit Earth and, maybe, wiped out
dinosaurs, New York Times, 29 March 2019.
And here's what the Chicxulub crater might have looked like shortly after that asteroid hit the Yucat&actute;n Peninsula
in Mexico:

Beautiful, isn't it? Destruction can lead to beauty. Click on the picture to read a New York Times article on this.
April 7, 2019
Yesterday Lisa and I went to the UCR Botanic Gardens, which was having its spring members-only sale. We bought a
lot of succulents and other plants. Today we planted them. My favorites — the strangest — are the red 'soap aloe', Aloe
saponaria, now officially called Aloe maculata:

and a claw-like 'Cape aloe', Aloe ferox:

We also got two paddle plants, Kalanchoe thyrsiflora, and a pig's ear, Cotyledon orbiculata.
April 10, 2019

Here's the black hole at the center of the galaxy M87, now photographed for the first time by a network of telescopes
spread across the whole Earth! This black hole is 53 million light years away, but it's 6.5 billion times the mass of the
Sun, and it's 38 billion kilometers across!
Backing off, here's an older picture taken in X-rays by the Chandra X-ray observatory:

A rotating disk of ionized gas surrounds this black hole. It's about 0.4 light years across, and moving at about 1000
kilometers/second. About 90 Earth masses of gas fall into this disk every day! A beam of energetic particles is shooting
out of it, toward us:

And backing off a lot more, here is the core of the galaxy M87 photographed in infrared light (white) and visible light
(blue). You can see the jet of hot gas shooting from the black hole at the center of the galaxy! It's about 5000 light years
long.

Nobody knows what happens to matter after it falls into a black hole.
April 13, 2019

The pirate warlord who first wielded this sword was 7 feet tall, and so strong he could bend coins with his hands.
Named Grutte Pier, he started a guerilla war in 1515 after the Black Band burned his village down, and raped and killed
his wife.
Grutte Pier was from Frisia — what's now the coast of Netherlands. His original name was Pier Gerlofs Donia; "Grutte
Pier" simply means "Big Pier". Here's a statue of him in his home town:

Photograph by Nijeholt.
While he had a sense of humor, he became almost as bad as the men he was fighting. His pirate band, the Black Hope,
burned down the city of Medemblik in Frisia — and killed most of its inhabitants. He's a fascinating case, though:
Wikipedia, Pier Gerlofs Donia.
The 19th-century historian Conrad Busken Huet wrote that Grutte Pier was:
A tower of a fellow as strong as an ox, of dark complexion, broad shouldered, with a long black beard and
moustache. A natural rough humorist, who through unfortunate circumstances was recast into an awful
brute. Out of personal revenge for the bloody injustice that befell him (in 1515) with the killing of kinsfolk
and destruction of his property he became a freedom fighter of legendary standing.
April 15, 2019
Yay! Mathieu Anel and Gabriel Catren's book New Spaces in Mathematics and Physics has officially been accepted by
Cambridge U. Press. But they may chop it in two: one on math, one on physics.
My chapter is here:
John Baez, Struggles with the continuum.
New Spaces in Mathematics will explain lots of cool new mathematical concepts of space: diffeological spaces,
synthetic geometry, topoi and infinity-topoi, infinity-groupoids, stacks, and derived geometry.

New Space in Physics will explain new concepts of space as applied to physics, including twistors, stringy geometry,
derived and higher symplectic geometry, and noncommutative geometry, topos theory in quantum physics, and
supergeometry. (My own paper just poses some problems.)

April 20, 2019
High school algebra holds some deep puzzles. Tarski asked: are there identities for +, times, exponentiation and the
number 1 that you can't get by playing around with the 11 rules you used in high school?

And the answer is yes!

People worked on Tarski's problem for decades, and eventually someone found an identity that you can't get merely by
manipulating Tarski's 11 high school identities!

His proof is here:
Alex J. Wilkie, On exponentiation - a solution to Tarski's high school algebra problem.
The problem is that Tarski's rules don't include subtraction.
In 1990, Gurevic showed no finite set of axioms in first-order logic using only addition, multiplication, exponentiation
and 1 can prove all the identities involving these operations that hold for the positive natural numbers!
R. Gurevic, Equational theory of positive numbers with exponentiation is not finitely axiomatizable, Ann. Pure.
Appl. Logic 49 (1990), 1-30.
To me what's interesting is that all Tarski's 'high school identities' follow from the definition of a 'bicartesian closed
category'. This is a category with finite products, finite coproducts and exponentials. For example: the category of finite
sets!

Richard Garner showed the number of morphisms from 1 to 1+1 in a bicartesian closed category can be any power of 2,
but not any other finite number! Check it out:
John Baez, Can 1+1 have more than two points?, The n-Category Café, April 19, 2019.
So, high school algebra still has some tricks up its sleeve.
April 22, 2019

You're living in a bubble.
It's 300 light years across. It was punched out by a supernova about 15 million years ago. The gas in this bubble is onetenth as dense as the gas outside, and it's X-ray hot.
It's called the Local Bubble. But you live in the Local Fluff.
Zooming out, we see this is just one of many such bubbles:

April 24, 2019

Ozone or 'trioxygen' is O3, an unstable and highly reactive form of oxygen.
Oxozone or 'tetraoxygen' is a hypothetical molecule, O4. Its existence was first predicted in 1924 by Gilbert Lewis, who
was trying to explain the anomalous magnetic properties of liquid oxygen.
Liquid oxygen is blue and paramagnetic — its spins line up with a magnetic field, though not nearly as much as
ferromagnets like iron. Strangely it becomes more magnetic, per weight, when diluted by mixing it with liquid nitrogen!
Gilbert guessed liquid oxygen forms O4 when not diluted.
Chemists now think liquid oxygen doesn't have stable O4 molecules. Instead, O2 molecules tend to form short-lived
pairs with antiparallel spins when they bump into each other — so, liquid oxygen becomes less magnetic when it's
denser!

Calculations have predicted two possible forms of oxozone, both unstable: a pinwheel and a ring:

Sulfur, down one notch in the periodic table, also forms a ring-shaped S4. But it seems liquid oxygen contains neither of
these! Instead, just paired O2 molecules.
Solid sulfur also forms ring-shaped S8 molecules called octasulfur: this is its most common form.

Solid oxygen also forms ring-shaped O8 molecules, but only under extreme pressure. And it's not yellow — it's red!
It's called ε oxygen or 'red oxygen'.
I want some for my birthday.
April 24, 2019
They just found a very long-lived unstable isotope! First, some background.

In 2003, bismuth-209 was discovered to undergo radioactive decay with a half-life of 19 quintillion years. This is the
most common isotope of bismuth, and the only one thought to be stable, so this came as a surprise: it means all bismuth
isotopes are unstable! It's the element after lead and before polonium in the periodic table, and we thought it was the
heaviest stable element. Now that honor seems to belong to lead, whose most common isotope, lead-208, is a doubly
magic.
The new discovery happened in a funny way: a search for dark matter.

At the XENON1T experiment, they are using 3.5 tons of liquid xenon to look for collisions with hypothetical dark
matter particles, which would make little sparks of light.
But whoops - they discovered that xenon-124 is radioactive!
They estimate xenon-124, a rare light isotope of this element, has a half-life of 18 sextillion years.
Some are saying this marks the discovery of the longest-lived unstable isotope known:
Ethan Siegel, Dark matter search discovers a spectacular bonus: the longest-lived unstable element ever, Forbes,

April 24, 2019.
Wikipedia disagrees: it says tellurium-128 has a half-life of 2.2 septillion years. Zounds! That's over a hundred trillion
times the age of the Universe!
It's more reasonable to use scientific notation; I just enjoy an opportunity to use numbers like 'septillion', since it doesn't
happen every day. So:
age of universe: 1.38 · 1010 years
half-life of bismuth-209: 1.9 · 1019 years
half-life of xenon-124: 1.8 · 1022 years
half-life of tellurium-128: 2.2 · 1024 years
The universe is still just a bawling infant.
For my May 2019 diary, go here.
© 2019 John Baez
baez@math.removethis.ucr.andthis.edu

home

For my April 2019 diary, go here.

Diary — May 2019
John Baez
May 1, 2019

The Wedding Palace in Ashgabat, Turkmenistan. From Atlas Obscura. This is one of many places it's fun to imagine
visiting, that I don't feel any need to actually visit.
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Raigad Fort, in Maharashtra, India. This became the capital of the Maratha Empire in 1674.

Red Clouds Golden Summit on Mount Fanjing in Guizhou, China.

Nemrut DaÄŸ, the "Throne of the Gods", in Turkey. This was the mausoleum of Antiochus I (69â€“34 B.C.), who
reigned over a kingdom north of Syria after the breakup of Alexander's empire.
May 4, 2019

The aliens could be among us, and we'd never know!
A 'nonstandard model' of the axioms of arithmetic contains extra 'nonstandard' natural numbers after all the usual ones.
But you can't tell which ones those are! The Overspill Lemma makes this shocking fact precise.
Another corollary of the Overspill Lemma: in a nonstandard model of arithmetic, there are infinitely many nonstandard
prime numbers, bigger than all the usual primes.
Nonstandard models of arithmetic are really cool! To learn a bit more without working too hard, a good place to start is
Victoria Gitman's blog post. She's one of the best technical logic bloggers:
Victoria Gitman, An introduction to nonstandard models of arithmetic, April 24, 2015.
May 22, 2019
A bunch of my students and I went to the Fourth Symposium on Compositional Structures at Chapman University
today. Christian Williams, Kenny Courser, Daniel Cicala, Jade Master and I gave talks today! Joe Moeller will give one
tomorrow.
In the evening someone took a picture of us:

From left to right are Jason Erbele, Daniel Cicala, Christina Vasilakopoulou, me, Jeffrey Morton, Joe Moeller and
Christian Williams. Unfortunately Kenny and Jade had already left.
You can see our talk slides here:
Fourth Symposium on Compositional Structures: Applied Category Theory Talks.
May 25, 2019
Mike Stay asked: is there a proposition that implies its converse, but not conversely?
Yes! Take the proposition "true implies false", or

in the notation of symbolic. Then:

In other words, "'true implies false' implies 'false implies true'" is true, but "'false implies true' implies 'true implies
false'" is false.
May 26, 2019

The Zermelo-Fraenkel axioms include an axiom saying there exists an infinite set. This is called the 'axiom of infinity'.
But what happens if we drop the axiom of infinity? We get a system called ZF-∞. These axioms are consistent if and
only if the usual first-order axioms of arithmetic, PA, are consistent. One model of these axioms consists of all
hereditarily finite sets. These are the sets with finitely members, all of which themselves are hereditarily finite. (Another
axiom of ZF, the axiom of foundation, ensures that any descending chain — of members of members of members, etc.
— must be finite.)
If we take ZF, replace the axiom of infinity by its negation, and add an axiom that permits a form of induction, then we
get an axiom system that is 'definitionally equivalent' to PA. This implies that any model of PA gives rise to a model of
these axioms, and vice versa.
Any model of ZF with the axiom of infinity replaced by its negation still contains infinitely many sets. But it has no
infinite set: the collection of all sets is not a set: it's a proper class.
So even though this axiom system describes a world of infinitely many things, infinity is not a thing in this world.
For more details, see:
Michael Weiss, Non-standard models of arithmetic 8, Diagonal Argument, May 17, 2019.
The comment by Jeffrey Ketland points out this paper, which fills in lots of the subtle details:
Richard Kaye and Tin Lok Wong, On interpretations of arithmetic and set theory, Notre Dame Journal of Formal
Logic 48 (2007), 497–510.
For my June 2019 diary, go here.
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Diary — June 2019
John Baez
June 1, 2019

Still snarling after 40,000 years, the head of a giant Pleistocene wolf was just found in the permafrost of Yakutia, east of
Siberia! Its fur, fangs and brain are intact.
Last year they found the cub of a cave lion! It's about 50,000 years old, but it died at the age of one month.

Cave lions, Panthera spelaea, lived in Europe, Russia, Central Asia and Alaska. They went extinct 13,000 years ago,

near the end of the last glacial cycle.
These animals lived in the mammoth steppe, the world's largest biome from 120,000 to 12,000 years ago. There are just
a few small patches of it left, like this nature reserve at the border of Mongolia and Tuva:

As the permafrost melts due to global warming, people are finding amazing things! For example, a team of scientists
dissected this 42,000-year-old foal, found well-preserved blood in it, and want to clone it:

To learn more read The Siberian Times. Also click on the pictures. If we cloned some of these Pleistocene animals, we
could do some 'rewilding', as described in my September 12, 2007 diary entry.
June 29, 2019

Because Bellard's formula for pi is a sum of terms with big powers of 2 in the denominators, it's good when you want to
compute some binary digits of pi without computing all the earlier ones! It's similar to the earlier Bailey–Borwein–
Plouffe formula, but it's more efficient for computing individual binary digits of pi.
Bellard's proof is pretty simple.
For my July 2019 diary, go here.
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Diary — July 2019
John Baez
July 1, 2019

Harmonic numbers are numbers like 1 + 1/2 + 1/3 + 1/4. They're pretty interesting!

The harmonic numbers grow step by step but they get close to a very nice smooth function. This function is a little bit
more than the natural logarithm. "A little bit" is Euler's constant
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0.5772156649015328606…

If you can prove this is irrational, you'll be famous!

Euler came up with a nice formula for the harmonic series too. It's easy to prove this using the geometric series.
The moral: do easy things before other people think of them.
This formula lets you define the harmonic number Hn even when n is not an integer!
July 2, 2019

This is a really juicy result on random permutations!
I knew about the case k = 1. If you randomly choose one of the n! permutations of an n-element set, the chance that it
has no fixed points approaches 1/e when n approaches infinity. But this is even better.
I found this result here:
Jeffrey C. Lagarias, Euler's constant: Euler's work and modern developments, Bull. Amer. Math. Soc. 50 (2013),
527–628.
There are a lot more cool formulas in here! This one is related:

Euler suspected that e γ would be interesting and this is some evidence that he was right.
July 3, 2019

The "Ramanujan machine" has found some nice new continued fraction formulas! Are they really new? Are they really
true? If so, how long will it take to prove them?
Here are some of the formulas discovered by this algorithm. It'll be fun to see what experts on Ramanujan-type
continued fractions will say.

Are these easy consequences of known results, or will proving them require new ideas?
Here is the paper:
Gal Raayoni, George Pisha, Yahel Manor, Uri Mendlovic, Doron Haviv, Yaron Hadad and Ido Kaminer, The

Ramanujan Machine: automatically generated conjectures on fundamental constants.
July 4, 2019

The famous set theorist Hugh Woodin recently gave some talks at the National University of Singapore. The ad for his
talks looks amazing! I guess "living large" takes on a whole new meaning when you study large cardinals.
July 25, 2019

The pentagram is packed with math. It's no surprise the Pythagoreans revered it. For starters, it has line segments of 4
different lengths, each related to the next by the golden ratio!
On top of that, if you draw a pentagram inside a pentagon you can see it contains 20 "golden triangles". These are
isosceles triangles whose sides are related by the golden ratio.

It's funny how few people notice this. But to see, you have to look!
For more see:
Tales of the dodecahedron.
Fool's gold.
Who discovered the icosahedron?
The dodecahedron, the icosahedron and E8.
July 26, 2019

Why are Penrose tilings so fascinating? One reason is that no pattern with 5-fold symmetry in the plane can repeat in a
periodic way.
But why is this? It's because no lattice in the plane can contain a regular pentagon.
And why is that?
On Twitter, Joel David Hamkins presented a nice proof that no square lattice can contain a regular pentagon. It's a proof
by contradiction.

If the points of a square lattice form a regular pentagon you can find a smallest possible pentagon of this sort. Rotate its
edges 90° as shown above. Since the lattice is a square lattice, you get new edges going between lattice points... and
they form a smaller regular pentagon!
But why can no lattice have vertices forming a regular pentagon? I posed that as a puzzle and Liu Yao came up with a
very elegant proof.
First, recall that a lattice is a discrete set of vectors in the plane such that if two vectors are in the set, so are their sum
and difference. Thus, if three vertices of a parallelogram are in a lattice, so is the fourth.

Now, suppose there is a regular pentagon whose vertices are the points of some lattice. There must be a smallest such
pentagon — say, the big pentagon in this picture. The green dots form a parallelogram. Three are points in the lattice, so
the fourth must be too! The same is true for all the vertices of the small pentagon in this picture. This gives a smaller
regular pentagon whose vertices are in the lattice. Contradiction!
Like the proof by Joel David Hamkins, this is a proof by infinite descent: assume you have the smallest possible thing
of some kind, and get a contradiction by finding an even smaller one. Fermat made such proofs famous, though there's
an ancient Greek proof of the irrationality of √2 that works the same way.
Because no lattice can contain a regular pentagon among its points, the symmetry group of such a pentagon can't act as
symmetries of a lattice! We thus say this group is noncrystallographic.
On Twitter I challenged my readers to prove that the symmetry group of a regular heptagon is also noncrystallographic.
Joel David Hamkins pointed out that the exact same argument show that the symmetry of a regular n-gon is
noncrystallographic except for n = 3, 4 or 6. Here's the idea:

He wrote:
It is interesting to ponder how the parallelogram argument breaks down for n = 3, n = 4 and n = 6. For n =
4, each parallelogram is the same as the original square. For n = 6, the new hexagon is degenerate, just one
point. And for n = 3, the new points are outside the original triangle, and form a much larger triangle.
The result is far from new: people usually express it by saying the Coxeter groups I 2 (n) are noncrystallographic, hence
not Weyl groups, for n = 5, 7, 8, 9,.... This has many fascinating ramifications in mathematics. But this proof is new to
me, and appealingly visual.
July 29, 2019

The largest marsupial ever was the giant wombat, or "rhinoceros wombat". It lived in Australia. But what could eat a
giant wombat — and when did they die out, and why?

One thing that might kill and eat a giant wombat was the giant monitor lizard Varanus priscus — another resident of
Australia.
Both lived there until quite recently. They died out just 50,000 years ago, or even later! This is around when humans
arrived in Australia. So, we may have killed them off, along with plenty of other megafauna around the world.
Sorry, giant wombat! We will never know you now.

For my August 2019 diary, go here.
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Diary — August 2019
John Baez
August 6, 2019

Take a bunch of equal-sized balls in 24 dimensions. Take the first ball and get as many others as possible to touch it.
The most you can do is 196,560. Continuing on this way, you can pack balls so each touches 196,560 others.
The resulting way of packing balls is unique up to rotations and reflections. It's the densest way to pack balls in 24
dimensions! The balls are centered on a lattice called the 'Leech lattice'.
Now take the group of symmetries of this lattice. The symmetries that preserve the central ball form a group called the
'Conway group' Co0 . It has 8,315,553,613,086,720,000 elements.
What can we do with this group?
For any group G there's a space whose fundamental group is this space. There are actually lots, but there's a best one,
called the 'classifying space' BG. (It's connected and all its higher homotopy groups vanish.)
The classifying space BCo0 of the Conway group should be interesting. How can we study it?
Loading [MathJax]/jax/output/HTML-CSS/jax.js

One way is to look at bundles over it. Or 2-bundles, which are bundles of categories. Or 3-bundles, which are bundles of
2-categories!
Theo Johnson-Freyd and David Treumann did roughly this: they classified 3-bundles over BCo0 where the fiber is a 2category with one object, one 1-morphism, and a circle's worth of 2-morphisms.
How many different 3-bundles are there of this sort?
24.
More precisely, they worked out the 4th cohomology of BCo0 with integral coefficients, and got Z/24.
Impressive work... bound to lead to more surprises! Nice title, too.
Theo Johnson-Freyd and David Treumann, H4 (Co0 , Z) = Z/24.
August 23, 2019

The Antikythera mechanism, found undersea in the Mediterranean, dates to somewhere between 200 and 60 BC. It's a
full-fledged analogue computer! It had at least 30 gears and could predict eclipses, even modelling changes in the
Moon's speed as it orbits the Earth.
What Greek knowledge was lost during the Roman takeover? We'll never really know.
They killed Archimedes and plundered Syracuse in 212 BC. Ptolemy the Fat — "Physcon" — put an end to science in
Alexandria in 154 BC with brutal persecutions.

Contrary to myth, the Library of Alexandria was not destroyed once and for all in a single huge fire. The sixth head
librarian, Aristarchus of Samothrace, fled when Physcon took over. The library was indeed set on fire in the civil war of
48 BC. But it seems to have lasted until 260 AD, when it basically lost its funding.

When the Romans took over, they dumbed things down. In his marvelous book The Forgotten Revolution, quoted
below, Lucio Russo explains the evil effects.

Another example: we have the first 4 books by Apollonius on conic sections — the more elementary ones — but the
other 3 have been lost.
Archimedes figured out the volume and surface area of a sphere, and the area under a parabola, in a letter to
Eratosthenes. He used modern ideas like 'infinitesimals'! The letter was repeatedly copied and made its way into a 10thcentury Byzantine parchment manuscript. But this parchment was written over by Christian monks in the 13th century,
and only rediscovered in 1906.

There's no way to tell how much has been permanently lost. So we'll never know the full heights of Greek science and
mathematics. If we hadn't found one example of an analogue computer in a shipwreck in 1902, we wouldn't have
guessed they could make those!
And we shouldn't count on our current knowledge lasting forever, either.
Here are some more things to read. Most of all I recommend this book:
Lucio Russo, The Forgotten Revolution: How Science Was Born In 300 BC And Why It Had To Be Reborn,
Springer, Berlin, 2013. (First chapter.)
Check out the review by Sandro Graffi (who taught me analysis when I was an undergrad at Princeton):
Sandro Graffi, La Rivoluzione Dimenticata (The Forgotten Revolution), AMS Notices (May 1998), 601–605.
Only in 1998 did scholars get serious about recovering the Archimedes Palimpsest using ultraviolet, infrared and other
imaging techniques! You can now access it online:
The Archimedes Palimpsest Project.
Here's a good book on the rediscovery and deciphering of the Archimedes Palimpsest, and its mathematical meaning:

Reviel Netz and William Noel, The Archimedes Codex: Revealing the Secrets of the World's Greatest Palimpsest,
Hachette, UK, 2011.
Here's a video:
William Noel, Revealing the lost codex of Archimedes, TED, May 29, 2012.
Here are 9 videos on recreating the Antikythera mechanism:
Machining the Antikythera mechanism, Clickspring.
The Wikipedia articles are good too:
Wikipedia, Antikythera mechanism.
Wikipedia, Archimedes palimpsest.
Wikipedia, Library of Alexandria.
August 26, 2019

The complex numbers together with infinity form a sphere called the Riemann sphere. The 6 simplest numbers on this
sphere lie at the north pole, the south pole, the east pole, the west pole, the front pole and the back pole. They're the
corners of an octahedron!

On the Earth, I'd say the "front pole" is where the prime meridian meets the equator at 0°N 0°E. It's called Null Island
but there's just a buoy there. Here it is:

Where's the back pole, the east pole and the west pole? I'll leave two of these as puzzles, but I discovered that in
Singapore I'm fairly close to the east pole:

If you think of the octahedron's corners as the quaternions ±i, ± j, ± k, you can look for unit quaternions q such that
whenever x is one of these corners, so is qxq − 1 . There are 48 of these! They form a group called the binary octahedral
group.
By how we set it up, the binary octahedral group acts as rotational symmetries of the octahedron: any transformation
sending x to qxq − 1 is a rotation. But this group is a double cover of the octahedron's rotational symmetry group! That is,
pairs of elements of the binary octahedral group describe the same rotation of the octahedron.
If we go back and think of the Earth's 6 poles as points 0, ± 1, ± i, ∞ on the Riemann sphere instead of ±i, ± j, ± k, we
can think of the binary octahedral group as a subgroup of SL(2, C), since this acts as conformal transformations of the
Riemann sphere!
If we do this, the binary octahedral group is actually a subgroup of SU(2), the double cover of the rotation group —

which is isomorphic to the group of unit quaternions. So it all hangs together.
It's fun to actualy see the unit quaternions in the binary octahedral group. First we have 8 that form the corners of a
cross-polytope (the 4d analogue of an octahedron):
±1, ± i, ± j, ± k
These form a group on their own, called the quaternion group. Then we have 16 that form the corners of a hypercube
(the 4d analogue of a cube, also called a tesseract or 4-cube):
±1 ± i ± j ± k
2
These don't form a group, but if we take them together with the 8 previous ones we get a 24-element subgroup of the
unit quaternions called the binary tetrahedral group. They're also the vertices of a 24-cell, which is yet another highly
symmetrical shape in 4 dimensions (one that doesn't have a 3d analogue).
That accounts for half the quaternions in the binary octahedral group! Here are the other 24:
±1 ± i ±1 ± j ±1 ± k
,
,
,
2
2
2
√
√
√
±i ± j ±j ± k ±k ± i
,
,
√2 √2 √2
These form the vertices of another 24-cell!
The first 24 quaternions, those in the binary tetrahedral group, give rotations that preserve each of the two tetrahedra
that you can fit around an octahedron like this:

while the second 24 switch them.
The 6 elements
±i, ± j, ± k
describe 180° rotations around the octahedron's 3 axes, the 16 elements
±1 ± i ± j ± k

2
describe 120° clockwise rotations of the octahedron's 8 triangles, the 12 elements
±1 ± i ±1 ± j ±1 ± k
,
,
,
√2 √2
√2
describe 90° clockwise rotations holding fixed one of the octahedron's 6 vertices, and the 12 elements
±i ± j ±j ± k ±k ± i
,
,
√2 √2 √2
describe 180° clockwise rotations of the octahedron's 6 opposite pairs of edges.
August 28, 2019
Among finite groups, there are frighteningly many whose number of elements is a power of 2. For example, there are
49, 910, 529, 484
nonisomorphic groups with at most 2000 elements. Of these, over 99% have exactly 210 = 1024 elements!
Why are there so many groups whose size is a power of 2? You can think of them as funny ways to add strings of bits.
The simplest way is to add all the bits separately, mod 2, as shown below. It's like addition in base 2 but without any
carrying!

But there are lots of other ways to add bit strings that give groups! For example we can carry as usual when adding in
base 2... except for the leftmost entry, where we don't bother to carry.

There are groups where we add bit strings and do our carrying in stranger in ways! Below is one of the simpler methods.
There are 14 fundamentally different groups with 16 elements. All come from different rules for carrying when we add

bit strings!

Here's a cool theorem. Any group whose number of elements is a power of 2 can be gotten from a way of adding bit
strings with a weird rule for carrying... where "carrying" only affects the digits to the left of the digits you're adding, but
possibly affects more than one of these digits.
Mathematicians usually say this theorem another way: they say "any finite 2-group is nilpotent". A "finite 2-group" is a
group whose number of elements is a power of 2. "Nilpotent" means it can be described using bit strings and carrying in
the way I just explained (although it takes some work to show this starting from the usual definition).
In fact all this stuff about the number 2 works equally well for any prime number p. Any finite p-group is nilpotent... but
now, instead of bit strings, we need to describe it strings of integers mod p.
Nilpotent groups are an absolute bitch to classify.
Because 2 is the smallest prime, when you classify groups of size < N, the power of a prime with the highest possible
exponent that's < N will always be a power of 2. This is part of why most finite groups are 2-groups!
It's "the power of two".
For more read:
Hans Ulrich Besche, Bettina Eick and E.A. Oâ€™Brien, The groups of order at most 2000, Electronic Research
Announcements of the American Mathematical Society 7 (2001), 1—4.
For my September 2019 diary, go here.
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John Baez
September 1, 2019

If someone who hangs out in clubs all night is a lounge lizard, does that make someone who works on the computer all
day a monitor lizard?
I thank Arula Ratnakar for drawing this picture to accompany my pun.
September 12, 2019

Want a building made from a solid block of stone? Start digging! That's how they built the Church of Saint George in
Ethiopia.
Loading [MathJax]/jax/output/HTML-CSS/jax.js

But sometimes you can just use a huge rock that happens to be lying around, as they did in Mada'in Saleh, in Arabia:

September 11, 2019

If we had a time machine, going back just to 4000 BC we could take a tour of ancient lakes of the Sahara... mostly by

river, with some portages.
First stop: the Chottis Lake! Second: Lake Ahnet!
Thanks to Carl Churchill for making this. Click on the picture to see a map that covers more of Africa.
September 13, 2019
Intuitionists don't believe the law of excluded middle, "P or not P". So they also don't accept proof by contradiction,
"not(not P) implies P".
Do they believe "not(not(P or not P))"?
That is: while these rascals don't believe the law of excluded middle is true, do they at least believe it's not false?
Answer: yes.
In fact, even though they don't believe the law of excluded middle, they believe the negation of the law of excluded
middle is false. How can we understand this?
"Are you happy with that?"
"Well, I'm not unhappy with it."
If we imagine a gap between P and not(P), then it starts seeming quite natural to think intuitionistically. And we can
make this precise. Intuitionistic logic is the logic where propositions are open subsets of a topological space. "And" is
intersection, "or" is union, but "not" is the interior of the complement. "False" is the empty set and "true" is the whole
space.
So in intuitionistic logic, there is often a gap between P and not(P): the "borderline cases". Quite literally: these are the
points on the boundary of both the open set P and the interior of its complement!
Since the union of P and the interior of its complement needn't be the whole space, we can't say "P or not(P)" is true.
But this union is dense, so taking the interior of its complement gives the empty set. Thus, "not(P or not(P))" is false.
And taking the interior of the complement of this gives the whole space. So "not(not(P or not(P)))" is true.
More generally, for any statement of the form not(P), if its negation is true, not(P) will already be false in intuitionistic
logic.
September 14, 2019

Earlier this summer everyone was upset about the fires in the Amazon. Everyone, it seems, except the president of
Brazil. Worrisome though they are, they've been worse before.
Nobody seems to be talking about the fires in Indonesia, which are casting quite a pall here in Singapore. Here's a view
from our window today:

This haze isn't nearly as bad as it was in 2015, but it's still unhealthful!
September 15, 2019

Pangolins are wonderful! Some live here in Singapore. Unfortunately, due to the idiots who think their scales are
medically useful, all eight surviving species are endangered.
September 26, 2019
Let φ(n) be the number of natural numbers ≤ n that are relatively prime to n. For example, φ(10) = 4 since 1, 3, 7 and 9
are relatively prime to 10.
Carmichael's Conjecture says that for any n there exists m ≠ n such that φ(m) = φ(n).
The history of this is funny. Robert Carmichael included this as an exercise in his number theory textbook in 1914. But
in 1922 he admitted his own proof was wrong. Now it's a famous unsolved problem. This conjecture has been checked
in more cases than any other problem in number theory. In 1998, Kevin Ford proved that it's true for
n ≤ 1010 , 000 , 000 , 000
But we still don't know if it's true.
Moral: if you can't do the homework, it's not always your fault.
September 27, 2019

If could listen in on any conversations in the past, right now it'd be those between Thelonious Monk and the Baroness
Kathleen Annie Pannonica de Koenigswarter, from the Rothschilds — a great supporter of jazz, who even took the rap
for Monk when they got caught with some dope.

"Pannonica", or "Nica" as they called her, was a free spirit: an accomplished pilot and huge jazz fan. Her husband the
baron divorced her when Charlie Parker died in their home. Later she helped many jazz musician, giving them a place to
stay, paying their bills, chauffeuring them to gigs in NYC, even touring with them.

"She realized that jazz needed any kind of help it could get, especially the musicians," said Sonny Rollins. "She was
monetarily helpful to a lot who were struggling. But more than that, she was with us. By being with the baroness, we
could go places and feel like human beings. It certainly made us feel good. I donâ€™t know how you could measure it.
But it was a palpable thing. I think she was a heroic woman."

People used to wonder why she liked Monk so much. Was it sex, drugs, some strange infatuation? How about this: he
was one of the coolest cats around. I wish I could hear them talking about music, and life.

Monk stayed at her home after his retirement in 1970, and she helped take care of him through his illness and finally his
death in 1982. She died in 1988.
Here is Monk playing his tune "Pannonica":

For more:
Barry Singer, The Baroness of Jazz, New York Times, 17 October 2008
This is a review of the book Three Wishes: An Intimate Look at Jazz Greats, which apparently features photos by
Pannonica de Koenigswarter. (She used to befriend jazz musicians by walking up to them and saying "what are your
three wishes?")
Oh, and by the way — she also fought the Nazis as part of the the French resistance in west Africa, serving as a decoder,
driver, and radio host. At the end of the war she was decorated with the rank of a lieutenant. For more about her:
Wikipedia, Pannonica de Koenigswarter.

Pannonica de Koenigswarter.
Liesl Schillinger, On the trail of the bebop baroness, Newsweek, 25 March 2013.
September 30, 2019
When it first really sank in that I would die, I started crying. My mom consoled me, saying it would be just like going to
sleep.
Mostly I don't fear death too much. Since age 40 my finite time span is always on my mind. But I just try to do lots of
good stuff.
When Lisa had some medical problems a few years ago, I started worrying about "managing the decline" - losing our
good health, losing our mental acuity. That will clearly be the biggest challenge to come... sometimes terrifying.
But that's different than death.
Sometimes when I'm on an airplane and it plunges a bit due to turbulence, I get really scared. My body floods with
adrenaline and I start sweating. This is some sort of animal reaction to a threat. It seems different from the metaphysical
fear of no longer existing.
Some say death is not so bad — the unpleasant part is dying. Woody Allen replied, "I wouldn't mind dying so much if it
wasn't that I would be dead at the end of it."
Last year I had a bout of trying to imagine being dead. Silly, I know! But it's too easy to imagine the future continuing
as if one were floating above the world, watching it. In reality, it's different. We live a while, and then time ends. This is
hard to grasp.
I had a colonoscopy recently — I just got the test results and they're fine. The interesting thing was the sedation. I took
off my clothes, put on a hospital gown and lay down on a wheeled stretcher. They poked a needle in my hand and
attached me to a tube that would sedate me with a dose of 25–100 micrograms of fentanyl and 1–4 milligrams of
midazolam. They rolled me into the operating room. They called out for me to verify my name and give consent, and
then...
Lisa was looking down at me, smiling. It was morning and I was in bed. No, I was in a hospital room! As I gathered my
wits and starting talking to her, I noticed it was not the operating room. They'd moved me.
It had not been like sleeping. I didn't at all notice myself going unconscious. I didn't dream. There was no passage of
time. It was as if someone had surgically removed a chunk of time from my timeline. I'd been compltely gone.
This was what I'd been trying to imagine. With no end.
For my October 2019 diary, go here.
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Diary — October 2019
John Baez
October 1, 2019

These are photos taken by Hashem Shakeri in Pardis, Iran. These apartment towers were built by the Iranian
government when Tehran became overcrowded:
Processing math: 100%

The government responded to the housing shortage by building satellite towns of sterile high-rises on
barren land far from the capital. They were supposed to be affordable, ready-made utopias with modern
utilities for low-income and middle-class workers who couldn’t afford Tehran. But the early apartments had
faulty sewage systems and heating, inadequate access to water, and only intermittent electricity. Many were
destroyed in the earthquake of 2017.
Hashem Shakeri first glimpsed some of these ghostly concrete towers on a weekend drive in 2007. He was
baffled by the idea that Iranians would be expected to live in the austere structures. "They were like a
remote island,” he told me. "When I thought about the people who were supposed to come and live there, I
couldn’t even breathe." In 2016, he began to photograph the satellite towns and their residents. He started in
Pardis; the name is Persian for "paradise."
For more see:
Ghost towers, New Yorker, October 14, 2019.
October 6, 2019

The days of the week are named after the classical planets: the 7 things we see going around. It's easier to see if you also
know a Romance language like French, or some Norse mythology.
But why are they named in the order that they are? There's an old theory about that.
List the planets by decreasing period. Use each to name one of the 24 × 7 hours of the week. Keep looping around. The
first hour of each day gives the name of that day!
Since 24 = 7+7+7+3, we start with Saturday, then go forward 3 steps and get Sunday, and then Monday, and then
Tuesday (the day of Mars), and so on.

At least, this is what the Roman historian Dio Cassius (150-235 AD) and the Syrian astrologer Vettius Valens (120-175
AD) claimed.
It's called the theory of planetary hours, and it's in Wikipedia so it must be true!
Wikipedia, Planetary hours.
October 12, 2019

It's the strongest known acid — so acidic it can't be prepared in bulk. It was one of the first compounds formed in the
Universe. It's also the lightest ion made of two different kinds of atoms.
Helium hydride! First created by humans in 1925, it was first seen in outer space in April 2019.
Helium hydride looks like a laugh with a plus sign: HeH+. The cool part, to me, is that extra helium atoms can attach to
HeH+ to form larger clusters such as He2H+, He3H+, He4H+, He5H+ and He6H+. Hexahelium hydride is especially stable.
It's a narrow but intriguing speciality: chemistry with just hydrogen and helium! Dihelium hydride can be formed from a
dihelium ion and a hydrogen molecule:
He2+ + H2 → He2H+ + H
++

+++

People have even studied the ions HeH2 and HeH2 . The calculated binding energy of the first is 25.1
kilojoules/mole, while for the second it's only 0.42 kJ/mol. For comparison, that of monatomic hydrogen is 1312 kJ/mol,
so these are just barely bound.
For more, see this:
Wikipedia, Helium hydride ion.
Some recent news: it's a bit harder to destroy HeH+ with electrons than previously thought! So, there must be more in
the early Universe. It interacts with the background radiation... so this changes how we interpret cosmological data:
Stefano Bovino and Daniele Galli, First molecule still animates astronomers, Science 365 (2019), 639.
October 13, 2019

A hydrogen molecule does not look like this! I only just now realized how misleading this picture is. The electron
wavefunctions do not form two separate blobs. And of course the 'ball and stick' model is even worse:

In fact a hydrogen molecule is almost round! It looks more like this:

The color and brightness shows how likely you are to find an electron per unit volume. For details on what the colors
mean, go here:
The hydrogen molecule, phelafel.technion.ac.il.
Why does this matter?
Here's one reason. When you freeze hydrogen at low pressure it forms a low-density crystal. Since they're almost round
and far apart, each molecule can rotate independently!
Since the hydrogen molecules in solid hydrogen are free to rotate, the angular momentum of each one is almost
conserved!
Since it's cold, we expect the lowest-energy states to predominate. The two lowest-energy states of a hydrogen molecule
are those where the total angular momentum is 0 or 1, depending on whether its proton spins are opposite or aligned. If
they are opposite, so the angular momentum is 0, it's called parahydrogen, and this has the lowest energy. If they are
aligned, so the total angular momentum is 1, it's called orthohydrogen, and this has the second lowest energy.
So, a crystal of solid hydrogen at low pressures can be made of any sort of mixture of orthohydrogen and parahydrogen!
Its properties depend subtly on how much of each. But orthohydrogen has a bit more energy so it slowly turns into the
para form.
There are a lot of other weird things about solid hydrogen. It's a 'quantum crystal', meaning the quantum uncertainty in
the positions of the nuclei is significant compared to the distance between molecules. It's also extremely compressible.
Only when you compress solid hydrogen a lot — like near the core of Jupiter — does it become important that the
molecules aren't completely round. Then you get different crystal phases of solid hydrogen... culminating in a metallic
phase that conducts electricity!
October 15, 2019

To get the complex numbers, you take the real numbers and throw in a new number i that squares to − 1. But other
alternatives are also interesting! Different choices are connected to geometry in different ways.

The complex numbers, where i 2 = − 1, are deeply connected to circles.
The split complex numbers, where i 2 = 1, are connected to hyperbolas.
The dual numbers, where i 2 = 0, are connected to pairs of parallel lines.

You can define exponentials in all three of these number systems. In the complex numbers, they're related to the sine
and cosine functions. In the split complex numbers they're related to the hyperbolic sine and cosine functions, sinhx and
coshx. In the dual numbers they reduce to the functions 1 and x. These are best linear approximations to the trig
functions sinx and cosx, and also the hyperbolic trig functions sinhx and coshx.
In physics, the complex numbers describe points in 2d space. The split complex numbers describe points in 2d
Minkowski spacetime. The dual numbers describe points in 2d Galilean spacetime — the version of spacetime in
classical mechanics before special relativity.

In the complex numbers, multiplying by e ix describes a rotation. In the split complex numbers, it describes a Lorentz
transformation in 2d spacetime. In the dual numbers, it describes a Galilean transformation: a transformation to a
moving frame of reference in Galilean spacetime.
We can take the real numbers and throw in a number i that squares to any real number q. By changing q, we can morph
the complex numbers to the dual numbers and then split complex numbers. The circle flattens out to an ellipse, then
parallel lines, then a hyperbola! In this gif by Tomasz Stachowiak, you can see the ordinary sine and cosine morph to
the functions x and 1 and then to the hyperbolic sine and cosine as q goes from − 1 to 1:

In terms of physics, this number q is 1/c 2, where c is the speed of light. When q hits zero, the speed of light becomes
infinite and special relativity reduces to the physics of Newton and Galileo. When q goes negative, time turns into
another dimension of space!
The history of these numbers is interesting. In 1848 James Cockle invented 'tessarines' by taking the reals and throwing
in two numbers i and j, where i 2 = 1, j 2 = − 1, and ij = ji. His 'real tessarines' x + jy are the same as split complex
numbers.
Later William Kingdon Clifford called split complex numbers 'motors', again seeing them as part of a larger number
system, which is now called the split biquaternions.
Clifford introduced the dual numbers in 1873. Later they were studied by Eduard Study, so they're also sometimes
called 'Study numbers'.
You can get the dual numbers by taking the real numbers and throwing in a special sort of 'infinitesimal': a number that's
not zero, but so small its square is zero. This is the main way we use them now.
They're also an example of a 'Grassmann algebra', also known as an 'exterior algebra'.
I wish more undergrad math courses would spend just a few minutes talking about different number systems — just to
let students know we are free to invent and explore.
It's a big world out there! For more, try these:

Wikipedia, Split complex number.
Wikipedia, Dual number.
Here is Cockle's paper on tessarines:
James Cockle, On certain functions resembling quaternions and on a new imaginary in algebra, Philosophical
Magazine 33 (1848), 435–439.
Almost all the number systems I mentioned are examples of what we now call Clifford algebras. Any real vector space
V with a quadratic form Q: V → R gives a Clifford algebra Cliff(V, Q), the free associative algebra on V modulo the
relations v 2 = − Q(v, v). Any quadratic form on a real vector space has a signature
++

+ 00 0 − −

−

where the symbols indicate orthogonal basis vectors with Q(v) = 1, 0 or − 1. Different signatures give different famous
Clifford algebras, but these are often isomorphic to more familiar algebras:
+ gives the complex numbers, C
0 gives the dual numbers, R[ϵ] / ϵ 2
− gives the split complex numbers, R R
+ + gives the quaternions, H
+ 0 gives the dual complex numbers, C[ϵ] / ϵ 2
+ − gives the split quaternions, M 2 (R)
− − also gives the split quaternions, M 2 (R)
00 gives the exterior algebra on R2 , Λ(R2 ).
I don't know a standard name for the − 0 case, but the logical candidate would be 'split dual complex numbers'. The
tessarines are not a Clifford algebra, but they're a tensor product of two Clifford algebras: the complex numbers and
split complex numbers.
October 18, 2019

'Screw theory' was invented by a guy named Ball. There should be a joke in there somewhere. But what is screw theory?
For starters, any rigid motion of 3d Euclidean space has a screw axis: a line mapped to itself. We translate along this
axis, and rotate about it.
Screw theory is about the Euclidean group: the group of rigid motion of Euclidean space. A screw is an element of the
Lie algebra of this group. It's a 6d vector built from a pair of 3d vectors, an infinitesimal translation and an infinitesimal

rotation.
An object moving through space and rotating has a velocity and an angular velocity. These combine to form a screw.
When you push on this object you exert a force and a torque on it. These also combine to form a screw.
Screw theory was developed in the 1800s, and its terminology is cute. The screw combining velocity and angular
velocity was called the twist, while the screw combining force and torque was called the wrench.
A lot of good mathematicians worked on screw theory: for example Poinsot, Chasles, Plücker, Klein and Clifford. The
fact that every element of the Euclidean group has at least one screw axis is called Chasles' theorem.
These mathematicians defined a dot product and cross product of screws, and did a lot of other things:
Wikipedia, Screw theory: algebra of screws.
What's going on here? Let me translate it into the language of modern math!
The Euclidean group is the semidirect product of the 3d rotation group SO(3) and the translation group R3 . Thus, we
can write it as SO(3) R3 It's isomorphic to SO(3) so(3), where we use the fact that any Lie group acts on its Lie
algebra — which we can treat as a vector space, and thus an abelian Lie group. In fact any Lie group G acts on its Lie
algebra g and gives a Lie group G g. This is isomorphic to the tangent bundle TG. So the tangent bundle of a Lie
group is again a Lie group!
Putting all this together, the Euclidean group is isomorphic to the tangent bundle TSO(3). A screw is an element of the
Lie algebra of this! A less fancy way to say it: screws live in so(3) R3 .
The cross product of screws is the Lie bracket in so(3)
this Lie algebra.

R3. The dot product is the obvious invariant inner product on

But in the 1800s, people preferred quaternions! So they had a different story.
We can think of so(3) as the imaginary quaternions {ai + bj + ck}. Thus, we can think of so(3)
quaternions tensored with the dual numbers R[ϵ] / ϵ 2 .

R3 as the imaginary

Using these ideas, Clifford thought of screws as sitting inside the algebra of quaternions tensored with the algebra of
dual numbers. He called this 8-dimensional algebra the dual quaternions:
Wikipedia, Dual quaternions.
In other words, the dual quaternions are the algebra generated by i, j, k obeying the usual quaternion relations together
with an element ϵ commuting with i, j, k and squaring to 0.
In the dual quaternions, the infinitesimal rotations are guys like ai + bj + ck, while the infinitesimal translations are
guys like ϵ(ai + bj + ck). Together these form the 'screws'.
The screws are closed under commutators! They form the Lie algebra of the Euclidean group.
The dual quaternions can also be seen as the Clifford algebra of a real vector space with a quadratic form of signature
+ + 0 , using the conventions of my last diary entry. The three generators are i, j and ϵk. But this is annoying
asymmetrical! A better description is that the dual quaternions are the even part of the Clifford algebra of a vector space
with form of signature + + + 0 :
Wikipedia, Clifford algebra: dual quaternions.

Nowadays screw theory is used in robotics — usually without all this fancy algebra. Here's a typical intro:

But there will be even be a workshop about applications of dual quaternions to robotics at ICAR 2019, the International
Conference on Advanced Robotics. And Dan Piponi writes:
They're also used in movie visual effects to simulate rigid-body dynamics. E.g. if you want to simulate a
body thrown off a building without putting a stuntperson at risk.
I like the idea of the dual quaternions as an 'infinitesimal thickening' of the quaternions, and the Euclidean group
TSO(3) as an 'infinitesimal thickening' of the rotation group. Rogier Brussee writes:
In algebraic geometry what you would do is consider the affine algebraic group SO(V, g) V which is
defined by polynomial equations inside End(V) × V i.e. by an algebra H = k[Xij, Ti] /I. The group structure
is equivalent to a commutative but not cocommutative Hopf algebra structure Δ : A → A A and S: A → A.
Let m be the maximal ideal of the identity. Then we can consider the Hopf algebra A/m 2 .
This construction works for all algebraic groups, and gives an algebraic group Spec(A/m 2 ) with only one
point and a non reduced structure (i.e. one that has nilpotent 'functions'). Apparently if V is 3-dimensional
and we take the algebraic group SO(V, g) V the algebra of 'functions' splits over k[ϵ] / ϵ 2 !
October 21, 2019

Carbon has many forms, but this one was purely theoretical until recently. Now scientists have made a cyclocarbon!
The strain on the triple bonds is very high when you bend them. So you need at least 18 atoms to make a ring like this,
and that's what they did.

Scientists at IBM and Oxford took the molecule at left, lying on a salt crystal, and used a very sharp needle to push out
the 3 parts containing oxygen. It's called atomic force microscopy and yes, it lets you manipulate individual molecules!
Wikipedia, Cyclo[18]carbon.
October 24, 2019

"Dodecahedrane" is a molecule with 20 carbons and 20 hydrogens, shaped like a dodecahedron. It took chemists over 30
years to make this once they got the idea of trying.
What's cooler than making dodecahedrane?
It's making dodecahedrane and then shooting helium ions at it to create the world's smallest helium balloons!

The result, called He@C20H20, consists of a dodecahedrane molecule with helium atom trapped inside. It was first made
in 1999:
R. James Cross, Martin Saunders and Horst Prinzbach, Putting helium inside dodecahedrane, Organic Letters 1
(1999), 1479–1481.
October 26, 2019
We supposedly have this great, high-tech civilization — yet the art of tiling bathroom floors is still stuck in the dark

ages, reusing the same old patterns!
I'm getting bored sitting here. Let's start using some of these newer tilings!

A 'k-uniform tiling' is one made from regular polygons where there are k different kinds of vertices. When k = 1 they're
called 'uniform' tilings, and there are 11 kinds. This is probably my favorite — it's called the '4.6.12 tiling':

It's beautiful. But come on, folks, let's start using k > 1 in public restrooms!
There are twenty 2-uniform tilings. This one is a spiced-up version of the 4.6.12 tiling:

Again it has vertices where a square, a hexagon and a dodecagon meet... but now also vertices where a triangle, 2
squares and a hexagon meet. Nice!
Next, another variation on the same theme. This is one of the 61 different 3-uniform tilings:

And here's one of the 151 different 4-uniform tilings:

Here's another 4-uniform tiling — this one has some nice 'hexagons with rounded corners' built in:

There are 332 5-uniform tilings, and 673 6-uniform ones. At that point people gave up counting. There's no reason we
need to be bored in bathroom stalls.
All these tilings were drawn by Tom Ruen and placed on Wikicommons:
Wikipedia, Euclidean tilings by convex regular polygons.
By the way, I was a bit sloppy in defining 'k-uniform'. Do you see why this one is actually considered 4-uniform?

All the vertices are of type 4.6.12 or 3.4.6.4. But if you examine sufficiently large neighborhoods of these vertices you'll
see they come in four kinds! In other words, the symmetry group of this tiling does not act transitively on the set of
vertices: there are four orbits.
October 29, 2019

Diazomethane is an extremely unstable yellow gas. It can explode in contact with sharp edges — even scratches in
glass! If you're crazy enough to try to make this stuff, you'd better inspect your glassware — and do the work behind a
blast shield.
CH2N2. Bad stuff.

Well, actually are other chemicals with formula CH2N2.
Two of them are called 'cyanamide'. Because they easily turn into each other, they are called 'tautomers'. Above is the
more stable form, the 'nitrile' form.
Below is the less stable form of cyanamide, the 'carbodiimide' form. Here the hydrogens are at opposite ends of the
molecule, not the same end.

There are also other molecules made of two carbons, two hydrogens and a nitrogen!

Here are some scary tales of working with diazomethane:
Derek Lowe, How not to do it: diazomethane, In the Pipeline, April 30, 2008.
Lowe begins as follows:
That diazo group is looking for an excuse to revert back to nitrogen gas, which process comes with an
inevitable no-substitutions side order of kaboom. The chemist’s job is to not give it that excuse. That means
that you can’t heat the stuff up, you don’t make it very concentrated, and you don’t even expose it to sharp
or rough surfaces, because that can be enough right there. They sell distillation glassware specifically for
diazomethane preps, with weirdly glossy ground-glass joints.
Then come the horror stories. On Twitter someone had an even more horrific story:
When I was an undergraduate,one of the pre-meds lost an eye working with diazo, as we called it back then.

She was screaming, "Why do I have to understand this crap to become a doctor?!? All I have to do is know
enough to con people into making me rich!"
October 31, 2019

Take the real numbers. Throw in some square roots of +1 and some square roots of -1, all anticommuting. You get a
Clifford algebra.
Clifford algebras are important in geometry and physics — we need them to understand spin! They also display some
amazing patterns.

Here's a table of the Clifford algebras for Cℓp , q for p + q ≤ 8. p + q runs vertically and p − q runs horizontally: for
example Cℓ1 , 3 = M 2 (H) is in row 4, column − 2.
Puzzle. How many patterns can you see in this table?
The table stops here because if you throw 8 more anticommuting square roots of + 1 into a Clifford algebra, you get
16 × 16 matrices with entries in that Clifford algebra. This is also true if throw in 8 more anticommuting square roots of
− 1, or 4 more anticommuting square roots of + 1 and 4 more anticommuting square roots of − 1. In other words:
Cℓp + 8 , q

M16(Cℓp , q )

Cℓp , q + 8

M16(Cℓp , q )

Cℓp + 4 , q + 4

M16(Cℓp , q )

Here's one pattern: directly below any Clifford algebra is the algebra of 2 × 2 matrices with entries in that Clifford
algebra! For example directly below C is M 2 (C), and directly below that is M 4 (C), which is M 2 (M 2 (C)), since 2 × 2
matrices of 2 × 2 matrices are 4 × 4 matrices!
What other patterns can you see?
On Twitter Ron Jones asked:
Why isn't H

Cℓ0 , 3 ?

The reason is that H is generated by two square roots of -1, for example i and j. This gives
1, i, j, ij
and everything else can be simplified using i 2 = j 2 = − 1 and ij = − ji. In particular if we let k = ij, we can show
k 2 = − 1, ik = − ki and jk = − kj. So H Cℓ0 , 2 .
If you start with three anticommuting square roots of -1, they generate an 8-dimensional algebra... and you can see from
the table that this consists of pairs of quaternions! It's fun to check this.
Also on Twitter, William Ricker was curious about why M 2 (R) is both Cℓ2 , 0 and Cℓ1 , 1.
Here's why the algebra of 2 × 2 real matrices is isomorphic to Cℓ2 , 0 . Here are two anticommuting square roots of 1 that
generate all the 2 × 2 real matrices:
1

0

0

−1

and
0

1

1

0

That is, if we call the first matrix i and the second one j, we have
i2 = j2 = 1
ij = − ji
and every 2 × 2 real matrix can be written as
a1 + bi + cj + dij
for unique real numbers a, b, c, d. It's fun to check this! This is how you get started on Clifford algebras.
But you can find two other 2 × 2 real matrices e and f such that

e 2 = 1, f 2 = − 1
ef = − fe
and every 2 × 2 real matrix can be written as
a1 + be + cf + def
for unique real numbers a, b, c, d. So the algebra of 2 × 2 real matrices is also isomorphic to Cℓ1 , 1 .
For my November 2019 diary, go here.
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Diary — November 2019
John Baez
November 1, 2019

Today is the day of Our Lady of the Holy Death, or Nuestra Señora de la Santa Muerte Santa Muerte. She's a folk saint
in Mexico, called Santa Muerte for short.
Despite condemnation by the Catholic Church, the cult of Santa Muerte is one of the fastest-growing religious
movements in the world, with over 10 million followers — mainly in Mexico, Guatemala and US.
These days I tend to think we're all inherently irrational, and people working too hard to fight that — like some in the
'rationalist movement' — go even more crazy. So maybe a cult of Santa Muerte is appropriate for humanity.
There's a lot about Santa Muerte here:
Wikipedia, Santa Muerte.
Here's just a little:
Our Lady of Holy Death is a personification of death. Unlike other saints who originated in Mexican folk
religion, Santa Muerte is not, herself, seen as a dead human being. She is associated with healing,
protection, financial wellbeing, and assurance of a path to the afterlife.
Although there are other death saints in Latin America, such as San La Muerte, Santa Muerte is the only
female saint of death in either of the Americas. Though early figures of the saint were male,
iconographically, Santa Muerte is a skeleton dressed in female clothes or a shroud, and carrying both a
Loadingscythe
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and a globe. Santa Muerte is marked out as female not by her figure but by her attire and hair. The

latter was introduced by a believer named Enriqueta Romero.
The two most common objects that Santa Muerte holds in her hands are a globe and a scythe. The scythe
can symbolize the cutting of negative energies or influences. As a harvesting tool, a scythe may also
symbolize hope and prosperity. Her scythe reflects her origins as the Grim Reaper ("la Parca" of medieval
Spain), and can represent the moment of death, when it is said to cut a silver thread. The scythe has a long
handle, indicating that it can reach anywhere. The globe represents Death's vast power and dominion over
the earth, and may be seen as a kind of a tomb to which we all return.
Other objects associated with Santa Muerte include scales, an hourglass, an owl, and an oil lamp. The scales
allude to equity, justice, and impartiality, as well as divine will. An hourglass indicates the time of life on
earth and also the belief that death is not the end, as the hourglass can be inverted to start over. The
hourglass denotes Santa Muerte's relationship with time as well as with the worlds above and below. It also
symbolizes patience. An owl symbolizes her ability to navigate the darkness and her wisdom. The owl is
also said to act as a messenger. A lamp symbolizes intelligence and spirit, to light the way through the
darkness of ignorance and doubt. Some followers of Santa Muerte believe that she is jealous and that her
image should not be placed next to those of other saints or deities, or there will be consequences
And a bit about the sociology:
The cult of Santa Muerte is present throughout the strata of Mexican society, although the majority of
devotees are from the urban working class. Most are young people, aged in their teens, twenties, or thirties,
and are also mostly female. A large following developed among Mexicans who are disillusioned with the
dominant, institutional Catholic Church and, in particular, with the inability of established Catholic saints to
deliver them from poverty.
The phenomenon is based among people with scarce resources, excluded from the formal market economy,
as well as the judicial and educational systems, primarily in the inner cities and the very rural areas.
Devotion to Santa Muerte is what anthropologists call a "cult of crisis". Devotion to the image peaks during
economic and social hardships, which tend to affect the working classes more. Santa Muerte tends to attract
those in extremely difficult or hopeless situations but also appeals to smaller sectors of middle class
professionals and even the affluent. Some of her most devoted followers are those who commit petty
economic crimes, often committed out of desperation, such as prostitutes, and petty thieves.
The worship of Santa Muerte also attracts those who are not inclined to seek the traditional Catholic Church
for spiritual solace, as it is part of the "legitimate" sector of society. Many followers of Santa Muerte live on
the margins of the law or outside it entirely. Many street vendors, taxi drivers, vendors of counterfeit
merchandise, street people, prostitutes, pickpockets, petty drug traffickers and gang members who follow
the cult are not practicing Catholics or Protestants, but neither are they atheists.
November 22, 2019

I'm falling in love with random permutations.
The average length of the longest cycle in a random permutation of a huge n-element set is asymptotic to λn where λ is
the Golomb–Dickman constant.
The Golomb–Dickman constant also shows up in number theory... in a very similar way! If you randomly choose a huge
n-digit integer, the average number of digits of its largest prime factor is asymptotically equal to λn.
So, there's a connection between prime factorizations and random permutations! You can read more about this in
Sections 3.10-3.12 here:
Jeffrey Lagarias, Euler's constant: Euler's work and modern developments.
The Golomb–Dickman constant seems to be a relative of Euler's constant, though there's no known formula expressing
one in terms of the other.
Here's another appearance of this constant. Say you randomly choose a function from a huge n-element set to itself.
Then the average length of its longest periodic orbit is asymptotic to
λ

For my December 2019 diary, go here.
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Diary — December 2019
John Baez
December 1, 2019

Dobiński's formula is not the easiest way to count the partitions of an n-element set, but it's beautiful.
Say it's raining and raindrops land randomly on your head at an average of one per minute. Suppose the raindrops are
independent.
What's the probability that k raindrops land in M minutes? The answer is called a "Poisson distribution of mean M".
If on average one raindrop hits your head per minute, the probability that exactly k drops hit your head in M minutes is
e − MMk
k!
This is the Poisson distribution of mean M.
Now let's look at one minute, so we get the Poisson distribution of mean M = 1:
1
ek !
The 'first moment' of this distribution is just the average number of raindrops that hit your head in a minute. It's 1.
The 'second moment' is the average of the square of the number of raindrops that hit your head in a minute. This is less
obvious: it's 2.
The 'third moment' is the average of the cube of the number of raindrops that hit your head in a minute. This is 5.
Processing math: 100%

In general, the nth moment of the Poisson distribution with mean 1 is the number of partitions of an n-element set.
That's what Dobiński's formula says! I gave a proof here, as part of a series on random permutations:
Random permutations (part 8).
December 12, 2019

Category theory unifies and clarifies our concepts. For example, in any category we can define the concepts of
"product" and "coproduct". Let's see how they work in examples!
The cartesian product of two sets X and Y is a set X × Y with maps to X and Y.
A map from any set to X × Y is the same as a map to X and a map to Y.
The disjoint union of two sets X and Y is a set X + Y with maps from X and Y to it.
A map from X + Y to any set is the same as a map from X and a map from Y.
So, + is just like × with the direction of the maps reversed!
The intersection of two subsets X and Y is a set X ∩ Y that's a subset of X and a subset of Y.
S is a subset of X ∩ Y iff S is a subset of X and S is a subset of Y.
The union of two subsets X and Y is a set X Y that X and Y are subsets of.
X Y is a subset of S iff X is a subset of S and Y is a subset of S.
So, the definition of union is just like that of intersection with the "subset" relation turned around!
The proposition "P and Q" implies P and implies Q.
A proposition implies "P and Q" iff it implies P and implies Q.
The proposition "P or Q" is implied by P and implied by Q.
A proposition is implied by "P or Q" iff it is implied by P and implied by Q.
So, "or" is just like "and" with the implications turned around!
If you learn these patterns, you can learn to recognize products and coproducts when you see them... and you'll start
seeing that math has far fewer truly distinct concepts that most people think!

Category theory makes you smarter by letting you 'compress' math.
December 13, 2019

1

1

Is there a set with 2 2 elements? No! But here you see a 'groupoid' with 2 2 elements. To get it, just take a set with 5
elements and fold it in half. The point in the middle gets folded over, and becomes half a point.
Sounds wacky, but you can make this into rigorous math!
A groupoid has objects (points) and morphisms (arrows between points). We can 'compose' morphisms f: x → y and
g: y → z and get a morphism gf: x → z. Composition is associative. Each object x has an identity for composition,
1x : x → x. Morphisms have inverses. That's all there is to it!
A set is the same as a groupoid with only identity morphisms. So, it has objects (points) but no interesting morphisms. A
group is the same as a groupoid with just one object x. The elements of our group are the morphisms f: x → x.
So you already know some groupoids.
Around 2000 I figured out how to define the cardinality of a groupoid.
For a groupoid that's just a set, the cardinality is just the number of objects. But throwing in extra morphisms reduces
the cardinality!
If you have a group G, you get a groupoid with one object: call it BG. Elements of G give morphisms in BG. The
cardinality of BG is one over the usual cardinality of G:
| BG | = 1/ | G |
So, the more morphisms BG has, the smaller its cardinality gets!
Why should this be? It's because morphisms in a groupoid are 'ways for objects to be the same' (or more precisely,
'isomorphic'). If an object is the same as itself in a lot of ways, it acts smaller, as it it were 'folded over'.
That's the vague intuition, anyway.
It turns out that nature knows about this!
In particle physics, we compute the amplitude for particles to interact by summing over Feynman diagrams. But if a
diagram has symmetries, we have to divide by the number of symmetries to get the right answer!

So there's not really a set of Feynman diagrams — there's a groupoid of them. And groupoid cardinality is not just crazy
stuff made up by mathematicians. It's part of how nature works! For more, try:
John Baez and James Dolan, From finite sets to Feynman diagrams, in Mathematics Unlimited — 2001 and
Beyond, vol. 1, eds. Björn Engquist and Wilfried Schmid, Springer, Berlin, 2001, pp. 29–50.

In recent weeks I've learned something new about groupoid cardinality. I've been studying random structures in
combinatorics. Like: if you have a random permutation of a 7-element set, how many cycles does it have, on average?
These averages are often fractions. For example, the answer to the question I just asked is 363/140.
And it turns out these numbers are sometimes groupoid cardinalities!
It should have been obvious, since when you average over permutations you divide by n!, which is the number of
elements of a permutation group. But now I see that some formulas for averages in combinatorics are secretly coming
from equivalences between groupoids.
You see, in combinatorics there's an idea called 'bijective proof'. To prove an equation between natural numbers, like
n+1
k

n
=

k

n
+

k−1

you set up a 1-1 correspondence between finite sets.
But what about equations between fractions?
You can sometimes prove equations between fractions by setting up an equivalence between groupoids! Equivalent

groupoids have the same cardinality.
So I've been doing this, and it's lots of fun:
Random permutations (part 10), The n-Category Café, December 18, 2019.
For more, try Qiaochu Yuan's article on groupoid cardinality:
Qiaochu Yuan, Groupoid cardinality, Annoying Precision, November 8, 2012.
or this introduction:
John Baez, Alexander E. Hoffnung and Christopher D. Walker, Groupoidification made easy.
The groupoid of finite sets has cardinality e. And in week300 of This Week's Finds, you'll see that groupoid cardinality
is connected to the Riemann zeta function! So if you go there, you'll see a natural example of a groupoid with
cardinality ζ(2) = π 2 /6.
December 14, 2019
Today, Saturday, Lisa and I began our trip to Gallup. This has become an annual routine ever since Lisa stepped inside a
store there called Weaving in Beauty and wound up taking lessons in Navajo weaving.
Today we drove to Kingman, Arizona. After driving up the Cajon Pass we had a late breakfast at Molly Brown's
Country Cafe in Victorville. Then we took a long drive through the Mojave Desert, full of yuccas and volcanic
formations — only about 20,000 years ago, this area was flowing with lava! We reached Kingman around 6:30 pm, and
checked into the Best Western Wayfarer's Inn.
December 15, 2019
Today we drove from Kingman to Flagstaff. It's a long and beautiful gentle uphill drive into the colder altitudes of
Arizona. Lisa looked in her favorite Navajo jewelry store and I sat in the Marriott hotel blogging about random
permutations and other math topics (moved to my December 12 and 13 diary entries).
Then we met in a cafe. There we had the lucky fortune to meet a woman named Risha VanderWey, who is the
superintendent of schools at the Tuba City Unified School District. Tuba City is the main town in the western side of the
Navajo Nation... and Risha is in charge of a huge area where Navajo and Hopi students may need to take 1½-hour bus
rides to school. It's a tough job: many of the students are very poor and short of food, and lots of people in her employ
don't even show up to work half the time, but she can't fire them all because there's not enough other people to hire to
take their place! But she seems really dedicated, energetic and nice. I hope to meet her in Tuba City someday and see
some schools.
December 16, 2019

On Monday we drove from Flagstaff to Cameron in order to stay at the Cameron Trading Post. This feels like the "last
homely house" in Lord of the Rings — a cozy place to stay on the edge of the wilderness.

But en route, we took a little eastward detour and stopped by Wupatupqa, also known as Walnut Canyon National
Monument. As you descend into this canyon you can see dozens of cliff dwellings, which were inhabited from 1100 to
1250 AD:

Zooming in on the same one:

Then, you can take a trail loop that lets you explore the ruins of some of the dwellings:

Here's another:

As you walk, you can continue to see other dwellings across the canyon:

The inhabitants made thorough use of local plants, especially the banana yucca:

All in all, a refreshing and inspiring afternoon!
December 17, 2019
On Tuesday I had my usual blue corn pancake for breakfast at the Cameron Trading Post and Lisa bought an irresistible
turquoise pendant.
We then drove from Cameron through Tuba City and southeast along Route 264 through the Navajo Nation and Hopi
reservation. We tried to buy some blue corn flour from a mill run by an old woman in Hotevilla, which we've done
before, but the mill was closed. We asked around at various stops, and it turns out that due to the drought the corn didn't
grow well this year! So, we drove on.
In our search for blue corn flour and art we accidentally popped into a Hopi radio station, KUYI 88.1 FM. I'd seen a
sign for an art gallery. As I pushed open the door I said "This is the wrong place", but someone inside said "This is the
right place!" They were very friendly, and Lisa wound up doing an announcement for them!

We went on to visit the famous Hubbell Trading Post, which actually had blue corn flour for sale, as well as a striking
rug, which was too expensive for us:

We made it to Gallup around 6 pm and pulled into the Best Western, right behind the Hotel El Rancho on Route 66. El
Rancho, while romantic, is not very comfortable for a long stay.
December 20, 2019
As in the last two years, Lisa took weaving lessons in Gallup from Gloria Begay at a store called Weaving in Beauty,
owned by Mary Walker. I spent a couple of days holed up blogging about random permutations.
On our last day there, Friday the 20th, we drove an hour north to see the Toadlena Trading Post. We'd been wanting to
visit Two Grey Hills, since that town has given his name to a famous style of rug. But the trading post there was closed,
and I'm now convinced that Toadlena was the better choice!

In Arizona and New Mexico, trading posts have long been the way the Hopi and Navajo buy from and sell to the
European invaders. This particular one has an amazing collection of Navajo rugs, some for sale and others in a little
museum section, unheated and ice-cold when Lisa and I visited.

 


The fellow who owns this place has written an amazingly detailed, lavishly illustrated 600-page book on the local
weavers and their textiles. We bought a copy:
Mark Winter, The Master Weavers: Celebrating One Hundred Years of Navajo Textile Artists from the
Toadlena/Two Grey Hills Weaving Region, Toadlena Trading Post, 2011.
The store in the trading post is heated by a charming old stove that burns wood and coal:

After a spell in the museum we had to pop back to this stove to warm ourselves up! Then we went back to the museum...
then back to the stove, etc.
The establishment was being run by a 68-year-old Navajo woman who had been there for 14 years after spending most
of her life in Denver. She said she didn't speak much Navajo. We asked if she'd learned more now that's she's back in
New Mexico. She said she wanted to but didn't have much time to study it. She said life was much busier out in the
country: growing crops, minding the store, etc. I found that interesting.
December 22, 2019
Yesterday, Saturday, we drove back starting at noon. We spent a night in Prescott, Arizona and had a fun dinner at The
Palace, a historic saloon with surprisingly good food. After a hard day's driving we got back Sunday night — after a
short stop in La Quinta to visit some friends and eat some mince pie!
December 25, 2019

Schrödinger and Einstein helped invent quantum mechanics, but they didn't really believe in its implications for the
structure of reality, so they couldn't get themselves to work on it. Thus, they were sidelined for the rest of their careers.
While others made rapid progress in nuclear physics, particle physics and quantum field theory, they criticized quantum
theory and tried to invent 'unified field theories'.

After he finally found his equations describing gravity in November 1915, Einstein spent years working out their
consequences. In 1917 he changed the equations, introducing the 'cosmological constant' Λ to keep the universe from
expanding. Whoops.

In 1923, Einstein got excited about attempts to unify gravity and electromagnetism. He wrote to Niels Bohr:
I believe I have finally understood the connection between electricity and gravitation. Eddington has come
closer to the truth than Weyl.
You see, Hermann Weyl and Arthur Eddington had both tried to develop unified field theories — theories that unified
gravity and electromagnetism. Weyl had tried a gauge theory — indeed, he invented the term 'gauge transformations' at
this time. In 1918 he asked Einstein to communicate a paper on it to the Berlin Academy. Einstein did, but pointed out a
crushing physical objection to it in a footnote!
In 1921, Eddington tried a theory where the fundamental field was not the spacetime metric, but a torsion-free
connection. He tried to show that both electromagnetism and gravity could be described by such a theory. But he didn't
even get as far as writing down field equations.
Einstein wrote three papers on Eddington's ideas in 1923. He was so excited that he sent the first to the Berlin Academy
from a ship sailing from Japan! He wrote down field equations and sought to connect them to Maxwell's equations and
general relativity. He was very optimistic at this time, concluding that
Eddington's general idea in context with the Hamiltonian principle leads to a theory almost free of
ambiguities; it does justice to our present knowledge about gravitation and electricity and unifies both kinds
of fields in a truly accomplished manner.
Later he noticed the flaws in the theory. He had an elaborate approach to getting charged particles from singular
solutions of the equation, though he wished they could be described by nonsingular solutions. He was stumped by the
fact that the negatively and positively charged particles he knew — the electron and positron — had different masses.
The same problem afflicted Dirac later, until the positron was discovered. But there were also problems even in getting
Maxwell's equations and general relativity from this framework, even approximately.
By the 1925 his enthusiasm had faded. He wrote to his friend Besso:

Regrettably, I had to throw away my work in the spirit of Eddington. Anyway, I now am convinced that,
unfortunately, nothing can be made with the complex of ideas by Weyl–Eddington.
So, he started work on another unified field theory. And another. And another.
Einstein worked obsessively on unified field theories until his death in 1955. He lost touch with his colleagues'
discoveries in particle physics. He had an assistant, Valentine Bargmann, try to teach him quantum field theory — but
he lost interest in a month. All he wanted was a geometrical explanation of gravity and electromagnetism. He never
succeeded in this quest.

But there's more to this story!
The other side of the story is Schrödinger. In the 1940s, he too became obsessed with unified field theories. He and
Einstein became good friends — but also competitors in their quest to unify the forces of nature.

I think I'll tell the rest of this story later! For more technical details, try these excellent papers:
Hubert F. M. Goenner, On the history of unified field theories, Living Reviews in Relativity 7 (2004), article no. 2.
Hubert F. M. Goenner, On the history of unified field theories II (ca. 1930â€“ca. 1965), Living Reviews in

Relativity 17 (2014), article no. 5.
December 27, 2019
In June 1935, after the famous Einstein-Podolsky-Rosen paper arguing that quantum mechanics was incomplete,
Schrödinger wrote to Einstein:
I am very happy that in the paper just published in P.R. you have evidently caught dogmatic q.m. by the
coat-tails.
Einstein replied:
You are the only person with whom I am actually willing to come to terms.
They bonded over their philosophical opposition to the Bohr–Heisenberg attitude to quantum mechanics. In November
1935, Schrödinger wrote his paper on 'Schrödinger's cat'.

Schrödinger fled Austria after the Nazis took over. In 1940 he got a job at the brand-new Dublin Institute for Advanced
Studies.
In 1943 he started writing about unified field theories, corresponding with Einstein. He worked on some theories very
similar to those of Einstein and Straus, who were trying to unify gravity and electromagnetism in a theory involving a
connection with torsion, whose Levi-Civita symbol was therefore non-symmetric. He wrote 8 papers on this subject.
Einstein even sent SchrÃ¶dinger two of his unpublished papers on these ideas!

In late 1946, Schrödinger had a new insight. He was thrilled.

By 1947 Schrödinger thought he'd made a breakthrough. He presented a paper on January 27th at the Dublin Institute of
Advanced Studies. He even called a press conference to announce his new theory!
He predicted that a rotating mass would generate a magnetic field.

The story of the great discovery was quickly telegraphed around the world, and the science editor of the New York
Times interview Einstein to see what he thought.
Einstein was not impressed. In a carefully prepared statement he shot Schrödinger down:

Einstein was especially annoyed that Schrödinger had called a press conference to announce his new theory before there
was any evidence supporting it.

Wise words. I wish people heeded them!
Schrödinger apologized in a letter to Einstein, claiming that he'd done the press conference just to get a pay raise.
Einstein responded curtly, saying "your theory does not really differ from mine".
They stopped writing to each other for 3 years.

I'd like to understand Schrödinger's theory using the modern tools of differential geometry. I don't think it's promising. I
just want to know what it actually predicts! Go here for details:

Schrödinger's unified field theory, The n-Category Café, December 26, 2019.
For more on Schrödinger's theory, see:
Hubert F. M. Goenner, On the history of unified field theories II (ca. 1930–ca. 1965), Living Reviews in Relativity
17 (2014), article no. 5. Section 6: Affine geometry: Schrödinger as an ardent player.
together with Schödinger's book:
Erwin Schrödinger, Space-Time Structure, Cambridge U. Press, Cambridge, 1950. Chapter XII: Generalizations
of Einstein's theory.
and his first paper on this theory:
Erwin Schödinger, The final affine field laws I, Proceedings of the Royal Irish Academy A 51 (1945–1948), 163–
171.
For more on the story of Einstein and Schrödinger, I recommend this wonderful book:
Walter Moore, Schrödinger: Life and Thought, Cambridge U. Press, Cambridge, 1989.
This is where I got most of my quotes.
For my January 2020 diary, go here.
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Diary — January 2020
John Baez
January 1, 2020

A fennec fox, Vulpes zerda, in the Sahara. This is the smallest canid in the world.
January 2, 2020
In analysis we generalize sequences to nets in order to handle topological spaces that are too big for sequences to get the
job done. A sequence x i has indices that are natural numbers. In a net, the indices can be in any directed set.
A function between metric spaces is continuous iff it maps every convergent sequence to a convergent sequence. This
nice result fails for topological spaces. But a function between topological spaces is continuous iff it maps every
convergent net to a convergent net!
A metric space is compact iff every sequence has a convergent subsequence. This nice result fails for topological
spaces. But a topological space is compact iff every net has a convergent subnet!
But you have to be careful: the concept of 'subnet' is subtle. The definition is here:
Wikipedia, Subnet.
Loading [MathJax]/jax/output/HTML-CSS/jax.js

The key nuance is that a net x i with i ranging over some index set can have a subnet with some other index set... perhaps
even a larger index set!
This leads to a puzzle that's bothered me for years. There are topological spaces that are compact where not every
sequence has a convergent subsequence!
So the puzzle is: find such a space, and a sequence in that space that has no convergent subsequence, but has a
convergent subnet!
By general theorems we know such a situation is possible, but I wanted to find an example that doesn't use the axiom of
choice. The reason is that I wanted to know if there was an example that we can actually get our hands on.
I asked this question on Math Stackexchange in last year. After 9 months, Robert Furber gave a promising answer:
John Baez, Sequence with convergent subnets but no convergent subsequences, Math StackExchange, March 22,
2019.
He begins: "Much to my surprise, there is an explicit example, and it comes about at least in part because it seems that
the theorem going back and forth between cluster points and convergent subnets does not require the axiom of choice,
when done the right way."
He also explains why another style of example does require a nonconstructive princple. The natural numbers embeds in
its Stone–Čech compactification in such a way that it has no convergent subsequence. The existence of a convergent
subnet implies the existence of a nonprincipal ultrafiter! But there are models of Zermelo-Fraenkel set theory where
nonprincipal ultrafilters don't exist.
I still don't understand everything Furber wrote, but I'm pleased that finally, after decades of worrying about this
problem, I may finally get some satisfaction.
The mill of math grinds slow, but it grinds exceedingly fine.
January 3, 2020
My wife and I just saw a bobcat outside our house!
This is the second time she's seen it. It had tufted ears, just as a bobcat should. It stared at her, tail twitching. Then it
walked away before we could photograph it.
January 4, 2020

Cute face. Nightmarish claws. It's the world's biggest bat: the Bismarck masked flying fox.
It lives in Papua New Guinea. Not only the females of this species, but also the males can give milk!
And its genome is much more efficient than yours.

About 45% of your DNA consists of transposons: sequences of genes that can copy themselves from one location to
another. There are many kinds. Some act as parasites. Some cause diseases. Many become deactivated and lose the
ability to hop around.
About 17% of your DNA is made of transposons called LINEs. Each one is about 7000 base pairs long. Most have lost
the ability to replicate — but about 100 still can. As they cut and paste themselves from here to there, they can disrupt
your genes and cause cancer.

There are different lineages of LINEs. In humans, the only kind that can still replicate on its own is called LINE1. The
rest became inactive about 200 million years ago.
LINE1 is found in all mammals...
... except Old World bats, called megabats, like the Bismarck masked flying fox!

Here's the genome size of various Old World bats (black) and New World bats (gray) compared to the average for
mammals. Bats have smaller genomes... and the Old World bats have completely lost their LINE1 junk DNA.
Why? Birds also have smaller genomes, with those that work harder to fly having the smallest. So there's a theory that
the need for energy efficiency somehow produces evolutionary pressure to trim down the genome. But nobody really
knows.
Here's the paper on the genome sizes of megabats where I got the above figure:
Jillian D.L. Smith and T. Ryan Gregory, The genome sizes of megabats (Chiroptera: Pteropodidae) are
remarkably constrained, Biology Letters 5 (2009), 347–351.
And here's some more information on LINEs:
Wikipedia, Long interspersed nuclear element.
January 12, 2020
Could the Solar System be unstable? Could a planet eventually be thrown out of the Solar System?
People have done a lot of work on this problem. It's hard. The Solar System is chaotic in a number of ways.

Saturn's moon Hyperion wobbles chaotically thanks to interactions with Titan. It has a Lyapunov time of 30 days. That
is, a slight change in its rotation axis gets magnified by a factor of e after 30 days. You can't really predict what it will
do a year from now.
Pluto's moon Nix also rotates chaotically, thanks to its elongated shape and its interactions with Pluto's larger moon
Charon. You could spend a day on Nix where the sun rises in the east and sets in the north! Watch the video to see how
weird it is.

But what about planets?
Pluto is locked in a 2:3 resonance with Neptune. Apparently this creates chaos: uncertainties in Pluto's position in its
orbit grow by a factor of e every 10â€“20 million years. This makes long-term simulations of the Solar System harder.

In 1989, Jacques Laskar showed that the Earth's orbit is chaotic. An error as small as 15 meters in measuring the
position of the Earth today would make it completely impossible to predict where the Earth would be in its orbit 100
million years from now!
The planet Mercury is especially susceptible to Jupiter's influence. Why? Mercury's perihelion, the point where it gets
closest to the Sun, precesses at a rate of about 1.5 degrees every 1000 years. Jupiter's perihelion precesses just a little
slower.
In some simulations, Jupiter's gravitational tugs accumulate and pull Mercury off course 3-4 billion years from now.
Astronomers estimate there's about a 1% probability that it could collide with Venus, the Sun, or Earth — or even be
ejected from the Solar System!
Jacques Laskar and Mickaël Gastineau, Existence of collisional trajectories of Mercury, Mars and Venus with the
Earth, Nature 459 (2009), 817–819.
In this paper, Laskar and Gastineau simulated 2500 futures for the Solar System, changing the initial position of
Mercury by about 1 meter. In 20 cases, Mercury went into a dangerous orbit! In one it passed within 6500 kilometers of
Venus. In one it collided with Venus, and in three it collided with the Sun. In one it led to Mars coming within 800
kilometers of Earth 3.3443 billion years from now. This would probably disrupt of Mars, with large fragments hitting
Earth.
They were very interested in this last scenario, so they studied 201 slight variants starting at 3.344299 billion years from
now, each with slightly different positions of Mars. In five of these Mars was ejected from the Solar System, while the
remaining 196 led to collisions: 33 between Mercury and the Sun, 48 between Mars and the Sun, 43 between Mercury
and Venus, 1 between Mercury and the Earth, 18 between Venus and the Earth, 23 between Venus and Mars, and 29
between the Earth and Mars.
The most surprising one was a collision between Venus and the Earth that took place in a 5-stage process. First
Mercury's orbit became more eccentric through its perihelion resonance with Jupiter, as described. This then increased
the eccentricity of the orbits of Venus, the Earth and Mars. When the orbits of the Earth and Mars became very
eccentric, it became possible for them to collide. But in the case at hand, Mars didn't hit the Earth. Instead, Mars made
the orbit of Venus more eccentric until Venus hit the Earth!
But here's the good news: the work of Laskar and Gastineau — and also another team — shows that nothing dramatic
should happen to the planets' orbits for the next billion years. So we can worry about other things.
In the really long term, most of the stars in the Milky Way will be ejected. Through random encounters, individual stars
will pick up enough speed to reach escape velocity. The whole Galaxy will slowly 'boil away'. It will dissipate in about
1019 years.
January 13, 2020

This chart shows the change in the oceans' heat energy measured in zettajoules. A zettajoule is 1021 joules.
It's incredible how much better fossil fuels are at making the Earth retain solar energy than they are at producing useful
energy. Let's think about what a zettajoule means!
If you convert one kilogram of mass into energy, you create 0.00009 zettajoules of energy.
The world's largest nuclear bomb ever tested, the Tsar Bomba, released 0.00021 zettajoules of energy.
The energy released by the explosion of Krakatoa was about 0.0008 zettajoules.
The total amount of electrical energy used by humans in 2008 was 0.064 zettajoules.
The total of all kinds of energy used by humans in 2010 was 0.5 zettajoules.
The estimated energy in the world's oil reserves is about 8 zettajoules.
The amount of energy in sunlight hitting the Earth each day is 15 zettajoules.
The estimated energy in the world's coal reserves is about 24 zettajoules.
The heat energy that's gone into the oceans from global warming since 2000 is about 200 zettajoules.
It's interesting how global warming is the evil twin of solar energy: both rely on the immense power of the Sun.
January 20, 2020
I see a lot of TV ads from oil and gas companies about how they're working on renewable energy. They make me feel so
good. Women and men working together for a better future!
Uh-oh.

Since 2015 these companies have doubled their spending on renewable energy and carbon capture and storage! That
makes me feel so good!

Uh-oh.
Let's face it: oil and gas firms are in business to sell us oil and gas. This might change someday... around when it stops
being profitable to them.
We should make that day come soon.
For the full report from the International Energy Agency, go here:
IEA, The oil and gas industry in energy transitions.
January 24, 2020
Click to see a zoomable image of the Milky Way with 84 million stars:

But stars contribute only a tiny fraction of the total entropy in the observable Universe. If it's random information you
want, look elsewhere!
First: what's the 'observable Universe', exactly?
The further you look out into the Universe, the further you look back in time. You can't see through the hot gas from
380,000 years after the Big Bang. That 'wall of fire' marks the limits of the observable Universe.

But as the Universe expands, the distant ancient stars and gas we see have moved even farther away, so they're no

longer observable. Thus, the so-called 'observable Universe' is really the 'formerly observable Universe'. Its edge is 46.5
billion light years away now! This is true even though the Universe is only 13.8 billion years old. (A standard challenge
in understanding general relativity is to figure out how this is possible, given that nothing can move faster than light.)

What's the total number of stars in the observable Universe? Estimates go up as telescopes improve. Right now people
think there are between 100 and 400 billion stars in the Milky Way. They think there are between 170 billion and 2
trillion galaxies in the Universe.
In 2009, Chas Egan and Charles Lineweaver estimated the total entropy of all the stars in the observable Universe at
1081 bits. You should think of these as qubits: it's the amount of information to describe the quantum state of everything
in all these stars.
But the entropy of interstellar and intergalactic gas and dust is about 10 times more the entropy of stars! It's about 1082
bits.
The entropy in all the photons in the Universe is even more! The Universe is full of radiation left over from the Big
Bang. The photons in the observable Universe left over from the Big Bang have a total entropy of about 1090 bits. It's
called the 'cosmic microwave background radiation'.
The neutrinos from the Big Bang also carry about 1090 bits — a bit less than the photons. The gravitons carry much less,
about 1088 bits. That's because they decoupled from other matter and radiation very early, and have been cooling ever
since. On the other hand, photons in the cosmic microwave background radiation were formed by annihilating electronpositron pairs until about 10 seconds after the Big Bang. Thus the graviton radiation is expected to be cooler than the
microwave background radiation: about 0.6 kelvin as compared to 2.7 kelvin.
Black holes have immensely more entropy than anything listed so far. Egan and Lineweaver estimate the entropy of
stellar-mass black holes in the observable Universe at 1098 bits. This is connected to why black holes are so stable: the
Second Law says entropy likes to increase.
But the entropy of black holes grows quadratically with mass! So black holes tend to merge and form bigger black
holes — ultimately forming the 'supermassive' black holes at the centers of most galaxies. These dominate the entropy
of the observable Universe: about 10104 bits.
Hawking predicted that black holes slowly radiate away their mass when they're in a cold enough environment. But the
Universe is much too hot for supermassive black holes to be losing mass now. Instead, they very slowly grow by eating
the cosmic microwave background, even when they're not eating stars, gas and dust.
So, only in the far future will the Universe cool down enough for large black holes to start slowly decaying via Hawking

radiation. Entropy will continue to increase... going mainly into photons and gravitons! This process will take a very
long time. Assuming nothing is falling into it and no unknown effects intervene, a solar-mass black hole takes about
1067 years to evaporate due to Hawking radiation — while a really big one, comparable to the mass of a galaxy, should
take about 1099 years.
For more details, go here:
Chas A. Egan and Charles H. Lineweaver, A larger estimate of the entropy of the universe, The Astrophysical
Journal 710 (2010), 1825.
Also read my page on information.
For my February 2020 diary, go here.
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The world's expert on snowflakes has written a 540-page book on them. Now he's giving it away for free here:
Kenneth Libbrecht, Snow Crystals.
He has figured out how to grow identical twin snowflakes, like those shown here.
February 2, 2020

Condensed matter physics is so cool! Bounce 4 laser beams off mirrors to make an interference pattern with 8-fold
symmetry. Put a Bose–Einstein condensate of potassium atoms into this 'optical lattice' and you get a superfluid
quasicrystal! But that's not all....
As you increase the intensity of the lasers, the Bose-Einstein condensate (in blue) suddenly collapses from a quasicrystal
to a 'localized' state where all the atoms sit in the same place!
Here the gray curve V0 is the potential formed by the lasers, while the blue curve ψ0 is the wavefunction of the Bose–
Einstein condensate:
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When V0 exceeds a certain value, localization occurs. For more, see:
John Baez, Superfluid quasicrystals, Azimuth, January 31, 2020.
February 5, 2020

An 'optical vortex' is a beam of light that turns like a corkscrew as it moves. It's dark at the center.
You can use an optical vortex to trap atoms! They move along the dark tube at the center of the vortex.
Photons have spin angular momentum, and in circularly polarized light this equals +1 or -1. An optical vortex is
different: it exploits the fact that photons can also have orbital angular momentum! This can be any integer m, as shown
above.
So, some hotheads call an optical vortex a 'photonic quantum vortex'. But you can study optical vortices without
quantum mechanics, using the classical Maxwell equations! The electromagnetic field is described using a complex
function that in cylindrical coordinates is exp(imθ) times some function that vanishes at r = 0: the dark center. One

class of functions like this are the 'hypergeometric-Gaussian modes':

Rather complicated! More importantly, the phase of the electromagnetic field, exp(imθ), is undefined at the center of
the optical vortex. It turns around m times as you go around the vortex. So this number m has to be an integer. It's a
simple example of a 'topological charge'.
People make optical vortices using many different technologies, including spiral-shaped pieces of plastic, 'computergenerated holograms', and computer-controlled liquid crystal gadgets called ''.
February 6, 2020
What's the difference between a polaron and a polariton?
When an electron moves through a crystal, it repels other electrons and attracts the protons. The electron together with
this cloud of distortion acts like a particle in its own right: a 'polaron'.

A polariton is more complicated.
First, when an electron in a crystal is knocked out of place, it leaves a 'hole'. This hole can move around — and it acts
like a positively charged particle!

Since electrons are negative and holes are positive, they attract each other! An electron orbiting a hole acts like a
hydrogen atom. It's called an 'exciton'. It can move around! But after a while, the electron falls into the hole.

Finally, an exciton can attract a photon! They can stick to each other a form a new particle called a 'polariton'!

Polaritons are exciting to me because they're made of an electron, an absence of an electron, and light. Here's the
dispersion relation (the relation between energy and moment) for polaritons as compared with that for photons and
excitons.

You'll notice there are two kinds of polaritons. These form another basis of the space of quantum states spanned by the
photon and exciton.
February 7, 2020

Scientists have made 'liquid light' by blending light and matter. It can be superfluid and flow smoothly past an obstacle
(left), or an ordinary fluid that forms eddies as it flows past (middle), or it can form a sonic boom (right).
That's right: a sonic boom in liquid light!
As I explained on February 6, a polariton is a particle that's a blend of light and matter. More precisely, it's a quantum
superposition of a photon and an exciton, which is an electron-hole pair.
Scientists made a fluid of polaritons! Then they made it flow. The polaritons only last for 4-10 picoseconds (trillionths
of a second). But that was long enough to watch the fluid do all the usual things fluids do: turbulence, sonic booms, etc.
Try my blog for more:
John Baez, Liquid light, Azimuth, November 28, 2011.
February 8, 2020
The magic of condensed matter physics: by carefully crafting materials, you can make familiar particles behave in
strange new ways.

You can effectively manage to adjust the mass of photons by trapping it between two parallel mirrors. Its frequency in
the transverse direction affects its energy as if it had a mass. Now you have a massive photon in 2 dimensions!
This lets you do some interesting things.

To get your massive photons to interact, you should get them to interact strongly with the material between your parallel
mirrors.

The quotes are from this absolutely delightful article:
David W. Snoke and Jonathan Keeling, The new era of polariton condensates, Physics Today 70 (2017), 54–60.
They describe, step by step, how to make a polariton condensate and why it works.
February 11, 2020

A 'topological insulator' is insulating on the inside, but its surface conducts electricity. More importantly, electrons on
the surface have their spin locked at right angles to their momentum, so they come in two kinds.
(This is the simplest type of topological insulator — there are others.)

So far, most topological insulators have been made with bismuth compounds like Bi2Se3 and Bi2Te3. Someday they
may have applications in 'spintronics': a version of electronics where information is encoded in electron spins. A spin,
after all, is nature's own qubit!
But right now, a lot of interest in topological insulators comes from the math. Their classification, the 'tenfold way',
unifies the 8 types of real and 2 types of complex Clifford algebras! For more about it, read this:
John Baez, The tenfold way.

February 12, 2020

Condensed matter physicists are exciting. They're exciting electrons, knocking them out of their usual places in crystals,
leaving holes. The electrons and holes orbit each other, forming 'excitons'.
They've been trying to make a metal out of excitons: 'excitonium'!
When a hole is much heavier than an electron, it stands almost still when an electron orbits it. So, they form an exciton
thatâ€™s very similar to a hydrogen atom!

Hydrogen comes in many forms. At high densities, like the core of Jupiter, it becomes a metal.
Any ideas?
In 1978 the Russian physicist Abrikosov wrote a short and very creative paper in which he raised the possibility that
excitons could form a crystal similar to metallic hydrogen! He called this new state of matter 'metallic excitonium'.
Can we actually make it? I don't think anyone has made metallic excitonium yet — correct me if I'm wrong. But in
2016, researchers made something equally exciting! An electron is a fermion and so, therefore, is a hole. Two fermions
make a boson — so an exciton is a boson.
Any ideas?
At low temperatures, identical bosons like to be in the exact same state. This is called a 'Bose-Einstein condensate'. And

in 2016, researchers made a Bose-Einstein condensate of excitons! At shockingly high temperatures, too.
Here's the paper:
Anshul Kogar, Melinda S. Rak, Sean Vig, Ali A. Husain, Felix Flicker, Young Il Joe, Luc Venema, Greg J.
MacDougall, Tai C. Chiang, Eduardo Fradkin, Jasper van Wezel and Peter Abbamonte, Signatures of exciton
condensation in a transition metal dichalcogenide, Science 358 (2017), 1314–1317.
And here's something I wrote:
John Baez, Metallic excitonium, Azimuth, December 10, 2017.
February 20, 2020

Max Planck was the first established physicist to embrace Einstein's work on special relativity. He worked out some
important consequences.
His formula for momentum almost matches Newton's for speeds much slower than light. But it gives dramatically
different answers at high speeds.
Planck published the paper containing this formula shortly after a physicist named Walter Kaufmann had done
experiments that seemed to confirm a different formula for momentum, due to Max Abraham! But Planck wrote:
However, in view of the complicated theory of these experiments I would not completely exclude the
possibility, that the principle of relativity on closer elaboration might just prove compatible with the
observations.
You can read his paper, translated into English, here:
Max Planck, The principle of relativity and the fundamental equations of mechanics, Verhandlungen Deutsche
Physikalische Gesellschaft 8 (1906), 136–141.
It's short and sweet. Equation 6) contains the new formula for momentum, built into the new relativistic version of
Newton's F = dp/dt.
Later, in 1914, Planck helped Einstein get a research position in Berlin.
February 21, 2020

In 1907 Einstein tried to combine special relativity with gravity — and very soon he realized gravity would make clocks
tick slower, and would bend light.
It took him until 1915 to find the equations of general relativity. He needed the right kind of math.
In 1912 an old college friend, a mathematician named Marcel Grossman, helped Einstein get a job in Zurich. That year,
Grossman told Einstein that the math he needed for describing gravity had been invented by Riemann. He warned
Einstein that it was a "terrible mess".

Grossman was not an expert on Riemannian geometry, but he and Einstein quickly learned the subject together. They
came out with a paper applying it to gravity in 1913.
They ran into a big problem, though, which Einstein only surmounted later. They realized: if the equations of gravity are
'generally covariant' — preserved by all coordinate transformations — you cannot use complete knowledge of what's
happening at t = 0 to predict what will happen at a point in the future with specific coordinates (t, x, y, z). After all, a
coordinate transformation could change the coordinates of that point to some other coordinates (t ′ , x ′ , y ′ , z ′ ). Nature
can't guess what coordinates you are using!
Einstein and Grossman erroneously concluded that the equations of gravity should not be generally covariant. Only later
did Einstein realize that they should be!
It turns out to be okay that we can't predict what will happen at a point with coordinates (t, x, y, z). All a theory needs to
predict is what we can observe. Coordinates are not something we observe.
This realization freed Einstein, and he found the correct equations of general relativity on November 25, 1915. It was
still a long road to our current understanding of black holes, the Big Bang and gravitational waves. But that's another
story.

February 26, 2020

What's even cooler than sound? Second sound!
Usually heat spreads out like the picture on top. Second sound when heat moves in waves.
You see, ordinary sound — 'first sound' — is waves of pressure. 'Second sound' is waves of temperature.
Liquid helium is a mix of normal liquid and superfluid. In ordinary sound in liquid helium, a wave of high pressure has
more of both normal liquid (n) and superfluid (s):

But in second sound, a wave of high temperature has more normal fluid and less superfluid. The total pressure is
constant:

Here's a great introduction to second sound in liquid helium:
Russell J. Donnelly, The two-fluid theory and second sound in helium, Physics Today (October 2009), 34–39.
Second sound in liquid helium moves much slower than ordinary first sound: it moves faster at lower temperatures, with
a top speed of about 20 meters per second. Second sound has also been seen in graphite at much higher temperatures:
120 kelvin! But it dies out after traveling just a few microns.
February 27, 2020
Luitzen Egbertus Jan Brouwer was born 139 years ago today, in 1881. He invented 'intuitionism', an approach to
mathematics where the law of excluded middle ("p or not p") doesn't hold. So today I wrote about intuitionism and
topos theory:
John Baez, Topos theory (part 8), Azimuth, February 27, 2020.
Define a "time-dependent set" to be a set X(n) for each natural number n, together with functions X(n) → X(n + 1).
For example, X(n) could be the set of solutions to some equation that you know on the nth day of your research.
As days pass you can find new solutions, and also prove that two solutions you knew are actually equal. You can never

lose solutions, or discover that two solutions you thought were equal are different. So this is a simple model of an
infallible but not omniscient mathematician.
There is a category of time-dependent sets, and it's a topos. This means you can do all of mathematics and logic in this
category — like you can with sets. But logic works differently in the topos of time-dependent sets, because you learn
new truths as time goes on!
Instead of a mere set of truth values,
{true, false}
there's a time-dependent set of truth values, called Ω. For each time n, Ω(n) has infinitely many elements: known today,
known tomorrow, known the next day, etc.,... and never known.
In my article, I don't yet say much about how logic works with time-dependent truth values — like why the law of
excluded middle fails. Instead, I show how to derive time-dependent truth values from the category of time-dependent
sets.
In previous articles I explained why any presheaf category is a topos and how to figure out the truth values in such a
category. Here I'm illustrating how that works for time-dependent sets.
Later I'll get into Heyting algebras and the law of excluded middle!
February 29, 2020
Condensed matter physics is so full of surprises. I am constantly awed by it. I just learned:
You can make particles that act like massless particles moving at the speed of light when they move in one direction —
but like massive particles that move slower than light when they move in the orthogonal direction!
In classical mechanics, at low momenta, ignoring relativistic effects, the energy of a massive particle grows
quadratically with the magnitude of its momentum:
p2
E=
2m
where m is the particle's mass.
This doesn't make sense for a particle of mass zero. That's because a massless particle moves at the speed of light and
we need special relativity to understand it. In special relativity, the energy of a massless particle depends in a very
different way on its momentum: it grows linearly with the magnitude of the momentum! More precisely,
p|
|E| = c|→
where c is the speed of light.
All these formulas are still true in quantum mechanics, but we have more.
In quantum mechanics, energy is proportional to the rate at which the wavefunction wiggles in time: that is, its
frequency ω. Similarly, momentum is proportional to the rates at which the wavefunction wiggles in the 3 spatial
→

directions: that is, its wave vector k = (k x, k y, k z ). In both cases the constant of proportionality is Planck's constant:
E = ℏω,

→

→

p = ℏk

We can combine these our earlier formulas. The result is that at low momenta, ignoring relativistic effects, the
frequency of the wavefunction of a massive particle is a quadratic function of the magnitude of the wave vector:
k2
ω=ℏ
2m
but for a massless particle, the frequency depends linearly on the magnitude of the wave vector, or more precisely
→

|ω| = c| k |
So that's how massive and massless particles are different. But you can make the energy of a photon, or electron, or a
quasiparticle of your choice, be almost any function of its momentum if you're good enough at making strange
materials. The reason is that its effective energy and momentum depend on its interactions with the material.
So, if you're clever enough, you can make the relation between energy and momentum look like this:

Note that if you set k y to zero you get
|ω|

k x2

like a massive particle at low momentum, except that ω takes both signs. But if you set k x to zero you get
|ω|

| ky |

like a massless relativistic particle.
The relation between a particle's frequency and its wave vector is called its dispersion relation. The unusual dispersion
relation in the picture above is called a 'semi-Dirac cone'.
One way to create a semi-Dirac cone is described here:

Wu created a photonic crystal consisting of square array of elliptical cylinders of plastic with a high dielectric constant
in air. But in condensed matter physics there are other very different ways to make dispersion relations with semi-Dirac
cones.
Wu's paper is here:
Ying Wu, Semi-Dirac dispersion relation in photonic crystals, Optics Express 22 (2014), 1906–1917.
For my March 2020 diary, go here.
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Lynxes, from HourlyLynxes:
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March 2, 2020

Why is there just 1 thing that acts like 1?
2 nice things about 1:
1x = x (it's a 'left unit')
and
x1 = x (it's a 'right unit')
There are number systems with many left units, or many right units. But if there's a left unit and a right unit, there's just
one.
For any set you can define a funny multiplication like this:
ab = b
Then every element is a left unit! This multiplication is even associative.
Similarly, if you define
ab = a
then every element is a right unit.
But suppose you have a multiplication with a left unit, say L. Then there can be at most one right unit! For suppose you
have two right units, say R and R ′ . Then
R = LR = L = LR ′ = R ′
Similarly, if you have a multiplication with a right unit R, there can be at most one left unit. For suppose you have two
left units, say L and L ′ . Then
L = LR = R = L ′ R = L ′
So if your multiplication has both a left unit L and a right unit R, they are both unique.
Furthermore, they are equal! Why? We've already seen why:
L = LR = R
In the battle of left and right units, both win... so they must be equal!
So: if you have a binary operation with a left unit and a right unit, they are both unique — and they're equal.
If we call the binary operation 'multiplication', then it makes sense to call this unique left and right unit '1'.
After all, there's just one.
March 7, 2020

The drastic measures taken by China to contain coronavirus seem to be working there, if their data can be trusted.
However, outside China the disease is spreading rapidly.

March 8, 2020

Why is there more matter than antimatter? Nobody knows, but the Standard Model does allow a process where 9 quarks
and 3 leptons all annihilate each other! This 'sphaleron' process can also turn 9 antiquarks into 3 leptons. Is that where
the antimatter went?
The sphaleron process is nonperturbative, so you can't understand it using the usual Feynman diagrams in the Standard
Model. The minimum energy required to trigger it is about 9 TeV, but it's hard to get enough particles to collide to make
it happen!
The early universe was very hot. As it cooled there was probably an electroweak phase transition (EWPT): bubbles
formed, in which the electromagnetic and weak forces became different. Sphalerons might form at the bubble walls,
preferentially destroying antimatter.

Alas, the best calculations people have done so far do not predict a 'first-order' electroweak phase transition &mdash a
phase transition involving latent heat, like freezing water. So, the bubble walls would not be discontinuous enough to
create lots of sphalerons.
So, physicists are looking for earlier phase transitions to explain 'baryogenesis': the creation of more baryons (protons,
neutrons, etc.) than antibaryons.
Here's an excellent introduction:

James M. Cline, Baryogenesis.
If reading a paper on baryogenesis sounds too ambitious, maybe some Wikipedia articles will be enough to satisfy your
thirst for knowledge:
Wikipedia, Baryogenesis.
Wikipedia, Sphaleron.
If you know some differential geometry, you may enjoy reading how sphalerons arise from Morse theory — they are
really saddle points:
N. S. Manton, The inevitability of sphalerons in field theory, Philosophical Transactions of the Royal Society A
377 (2019): 20180327.
March 11, 2020
Today, Wednesday, Dean Ulrich of the College of Natural and Agricultural Sciences here at U. C. Riverside announced
some coronavirus measures:
Winter quarter final exams will not be held in person.
In-person instruction for Spring quarter will be suspended through April 3, 2020.
As of today, campus is not closed.
Since final exams start on Monday next week, we're all having to rush to figure out how to give final exams online!
March 15, 2020
I think I've figured out how to create a multiple choice final that my undergraduate calculus students can take on iLearn,
U. C. Riverside's electronic system for delivering homework, etc. The difficulty is that it doesn't do LaTeX, so it's hard
to present questions and answers involving equations. I realized I can upload images that I create using LaTeX to give
questions involving equations. For some idiotic reason it's impossible to upload images for answers, but I can link to
images stored elsewhere. It's a lot of work.
Meanwhile, a dramatic announcement from U. C. Riverside! Three days ago classes were going to be done
electronically for the first week of the next quarter. Now that's changed:
All instruction (including but not limited to labs, studios, and directed studies) will be delivered remotely for the
entirety of the spring quarter. This is a change from the April 3 end date for remote instruction.
On campus housing and residential dining services remain open and residents can elect to remain on campus if
needed.
March 21, 2020
Having been home all week, Lisa and decided to get dinner at a local ribs joint, Smokey Canyon. Takeout, of course,
since restaurants in California are all closed except for takeout orders. We decided to combine this with a trip to the
supermarket, Ralphs in the same mall. For the first time I tried wearing a mask and gloves, as my nurse had
recommended. So, I donned these before entering Ralphs.
Since we got there after 7:30 on a Saturday night it's perhaps not surprising that the hoarders had taken all the paper
towels and bleach and chicken. We managed to get hand lotion and peanut butter and something else. I forget to look for
vinegar. The clerk said that they have a special 'seniors hour' from 6:00 to 7:00 to let people over 65 get the first crack at
the goods. So, Lisa may try that.

At the ribs joint there was one woman eating dinner at the bar — maybe a friend of the management? The waitress took
a little while to bring out our order. I took off my mask because it made me uncomfortable and there were just this one
woman and two employees there.
At home I tried to take the ribs and onion rings and sweet potato fries out of the packaging without letting the packaging
contaminate our house too much, and I wondered how much this was even possible. Of course I think there's a low
probability that the packaging had COVID-19 viruses on it, since only a small number of cases have been detected in
Riverside so far, but I figure I should get in the habit of being very careful, since things will only get worse. The whole
idea of eating food that someone else has prepared becomes a lot less attractive to me under these cicumstances.
For my April 2020 diary, go here.
© 2020 John Baez
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This is a 'cross fox': a red fox with some melanistic traits.
April 4, 2020
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I stand up for all downtrodden, oppressed mathematical objects. Consider the humble commutative semigroup. This is a set with a
binary operation + obeying
x+y=y+x
and
(x + y) + z = x + (y + z)
for all elements x, y, z. Too simple for any interesting theorems? No!
We can describe commutative semigroups using generators and relations. I'm especially interested in the finitely presented ones.
We can't hope to classify all commutative semigroups, not even the finitely presented ones. But there's plenty to say about them. n
For starters, some examples. Take any set of natural numbers. If you take all finite sums of these you get a commutative semigroup.
So here's a finitely generated one:
{5, 7, 10, 12, 14, 15, 17, 19, 20, 21, 22, …}
See the generators? This kind of example is called a numerical semigroup, although by convention people decree that 0 must be an
element of any numerical semigroup, since if it's not you can always put it in without changing anything else.
We can also put in extra relations. So there's a commutative semigroup like this:
{5, 7, 10, 12, 14, 15, 17, 19, 20, 21, 22}
with addition as usual except if you'd overshoot 22 you decree the sum to be 22, e.g. 21 + 5 = 22.
Now it's time to bring a bit of order to this wilderness! Given any commutative semigroup C we can impose the relations a + a = a for
all a. The result is called a semilattice. Let's call it C ′ . There's a homomorphism
p: C → C ′
Note that if p(x) = a and p(y) = a then
p(x + y) = a + a = a
So the set of x in C that map to a given element a in the semilattice C ′ is closed under addition! It's a sub-semigroup of C.
In short, given a commutative semigroup C it maps onto a semilattice
p: C → C ′
and each 'fiber'
{x : p(x) = a}
is a commutative semigroup in its own right.
And these fibers are especially nice: they're 'archimedean semigroups'. A semigroup is archimedean if it's commutative and for any
x, y we have
x+

+x=y+z

for some z and some number of times of adding x. Can you guess why this property is called 'archimedean'? Hint: it's true for the
positive real numbers!
I'll let you check that the fibers of the map from a commutative semigroup C to its semilattice C ′ are archimedean. It's a fun way to
pass the time when you're locked down trying to avoid coronavirus. So, people say "any commutative semigroup is a semilattice of
archimedean semigroups".

So, to a large extent we've reduced the classification of commutative semigroups to two cases:
1. semilattices
2. archimedean semigroups
Semilattices are nice because they always have a partial order ≤ where a + b is the least upper bound of a and b. Archimedean
semigroups are a different story. For example, every abelian group is archimedean.
To see how the story continues, go to this great post:
Tim Campion, What are the main structure theorems on finitely generated commutative monoids?, MathOverflow, April 4,
2020.
Or if you get serious, this book:
Pierre A. Grillet, Commutative Semigroups, Springer, Berlin, 2013.

April 5, 2020
People often say non-Euclidean geometry was discovered in the 1800s, but spherical geometry goes back to the ancient Greeks. It's
important in astronomy, because the sky is a sphere!
In spherical geometry, the parallel postulate breaks down.

Spherical trigonometry is more beautiful than plane trigonometry because the sides of a triangle are also described by angles!
This spherical triangle has 3 angles A, B, C and 3 sides, whose lengths are conveniently described using the angles a, b, c:

You can see this beautiful symmetry in the 'law of sines':
sinA
sina

=

sinB
sinb

=

sinC
sinc

Here A, B, C are the angles of a spherical triangle and a, b, c are the sides, measured as angles. Or the other way around: it's still true if
we switch A, B, C and a, b, c!
Spherical geometry is also beautiful because it contains Euclidean geometry. Just take the limit where your shape gets very small
compared to the sphere!
For example, if the sides a, b, c of a spherical triangle become smaller and smaller,
sina sina sinc
,
,
→1
a
b
c
so we get the familiar law of sines in Eucliean geometry:
sinA
a

=

sinB
sinC
=
b
c

The law of cosines in spherical geometry is more complicated:
cosa = cosb cosc + sinb sinc cosA
cosb = cosc cosa + sinc sina cosB
cosc = cosa cosb + sina sinb cosC
But you can use it to prove the law of sines. And you just need to remember one of these 3 equations.
Puzzle. In the limit where a, b, c → 0 show the spherical laws of cosines gives the usual Euclidean rule of cosines.
In 100 AD the Greek mathematician Menelaus of Alexandria wrote a 3-volume book Sphaerica that laid down the foundations of
spherical geometry. He proved a theorem with no planar analogue: two spherical triangles with the same angles are congruent! And
much more.
Menelaus' book was later translated into Arabic. In the Middle Ages, astronomers used his results to determine holy days on the
Islamic calendar. In the 13th century, Nasir al-Din al-Tusi discovered the law of sines in spherical trigonometry!
Later mathematicians discovered many other rules in spherical trigonometry. For example, these additional laws:
cosA = − cosB cosC + sinB sinC cosa
cosB = − cosC cosA + sinC sinA cosb

cosC = − cosA cosB + sinA sinB cosc
So in what sense did people only 'invent non-Euclidean geometry' in the 1800s?
Maybe this: to get the axioms of Euclidean geometry except for the parallel postulate to apply to spherical geometry, we need to
decree that opposite points on the sphere count as the same. Then distinct lines intersect in at most one point!
Or maybe just this: people were so convinced that the axioms of Eucidean geometry described the geometry of the plane that they
wouldn't look to the sky for a nonstandard model of these axioms.
Geometry where we identify opposite points on the sphere is called 'elliptic geometry':
Wikipedia, Elliptic geometry.
Spherical trigonometry is full of fun stuff, and you can learn about it here:
Wikipedia, Spherical trigonometry.
April 11, 2020
If you read math papers it pays to keep this in mind:
Most mathematicians are not writing for people. They're writing for God the Mathematician. And they're hoping God will give them a
pat on the back and say "yes, that's exactly how I think about it".
April 12, 2020
THE GOLDEN AGE OF STEAMPUNK PHYSICS

Back in 1886, you didn't need an enormous particle accelerator to discover new particles. You could build a gadget like this and see
faint rays emanating from the positively charged metal tip.
They called them 'canal rays'. They also called them 'anode rays', since a positively charged metal tip is called an 'anode'.

We now know these anode rays are atoms that have some electrons stripped off, also known as 'positively charged ions'. So, they
come in different kinds!
But back in 1886 when Goldstein discovered them, it wasn't clear whether canal rays were particles or just 'rays' of some mysterious
sort. 'Cathode rays', now known to be electrons, had already been discovered in 1876.

X-rays (now known to be energetic photons) came later, in 1895.
Lots of rays! And there were also 'N-rays', now known to be a mistake.
I love the complicated story of how people studied these various 'rays' and discovered that atoms were electrons orbiting atomic nuclei
made of protons and neutrons... and that light itself is made of photons.
These were the glory days of physics — the wild west.
To learn more about these stories, I recommend the start of this:
Emilio Segre, From X-Rays to Quarks: Modern Physicists and Their Discoveries, W. H. Freeman, San Francisco, 1990.
But there should be some fun books or papers that focus on the study of 'rays' from 1869 to 1915. Do you know one? Here's the best
I've found so far:
Karl Wien, 100 years of ion beams: Willy Wien's canal rays, Brazilian Journal of Physics 29 (1999), 401–414.
This notes that anode rays were also called 'positive light'.
April 13, 2020

In the late 1800s, when physicists were trying to understand how stable atoms of different kinds could exist, Tait's experiments with
smoke rings seemed quite exciting. They're quite stable. So people thought: maybe atoms are vortices in the 'aether' — the substance
filling all space, whose vibrations were supposed to explain electromagnetism!
To explain different kinds of atoms, Tait suggested they were knotted or linked vortex rings. He classified knots to see if this could
explain the atoms we see. And thus knot theory was born!
Later Kelvin became fascinated by the theory of vortex atoms. He begain studying vortex rings, using ideas developed by Helmholtz
starting around 1858.

Kelvin (= Thomson) argued that vortex rings were a better theory than the main alternative: atoms as point particles or infinitely rigid
balls. He started calculating the vibrational modes of vortex rings, hoping they could explain atomic spectra!

For a while, in the late 1800s, you could get a job at a British university studying vortex atoms. The subject was never very popular
outside Great Britain.

Over time the models became more complex, but they never fit the behavior of real-world atoms with any precision. Eventually
Kelvin gave up on vortex atoms... but he didn't admit it publicly until much later.
In an 1896 talk FitzGerald, another expert on vortex atoms, recognized the problems — but argued that it was "almost impossible" to
falsify the theory, because it was so flexible.

The theory of vortex atoms was never quite disproved. But eventually people lost interest in them — thanks in part to rise of
Maxwell's equations (which led to other theories of atoms), and later perhaps in part to the discovery of electrons, and "canal rays",
and other clues that would eventually help us unravel the mystery of atoms.
All the quotes above are from this wonderful article:

Helge Kragh, The Vortex Atom: A Victorian Theory of Everything, Centaurus 44 (2002), 32–114.
Read it and you'll be transported to a bygone age... with some lessons for the present, perhaps.
Jim Baggott also recommends this:
Helge Kragh, Higher Speculations: Grand Theories and Failed Revolutions in Physics, Oxford U. Press, Oxford, 2011.
April 14, 2020

The French mathematicians who went under the pseudonym Nicolas Bourbaki did a lot of good things - but not so much in the
foundations of mathematics. Adrian Mathias, a student of John Conway, showed their definition of "1" would be incredibly long,
written out in full.
One reason is that their definition of the number 1 is complicated in the first place. Here it is. I don't understand it. Do you?

But worse, they don't take

, "there exists", as primitive. Instead they define it—in a truly wretched way.

They use a version of Hilbert's "choice operator". For any formula Φ(x) they define a quantity that's a choice of x making Φ(x) true if
such an choice exists, and just anything otherwise. Then they define xΦ(x) to mean Φ holds for this choice.

This builds the axiom of choice into the definition of
And in the 1970 edition, things got much worse!

and

. Worse, their implementation of this idea leads to huge formulas.

You can read Mathias' paper here:
Adrian R. D. Mathias, A term of length 4,523,659,424,929 Synthese 133 (2002), 75–86.
For my own overview, see:
John Baez, Bigness (Part 1), Azimuth, April 13, 2020.
April 16, 2020
Bourbaki's final perfected definition of the number 1, printed out on paper, would be 200,000 times as massive as the Milky Way.
At least that's what a calculation by the logician Robert Solovay showed. But the details of that calculation are lost. So I asked around.
I asked Robert Solovay, who is retired now, and he said he would redo the calculation.
I asked on MathOverflow, and was surprised to find my question harshly attacked. I was accused of "ranting". Someone said the style
of my question was "awful".

Maybe they thought I was attacking Bourbaki. That's not my real goal here. I'm thinking of writing a book about large numbers, so I'm

doing a bit of research.
Admittedly, I added the remark saying Mathias' paper is "polemical" after Todd Trimble, a moderator at MathOverflow,
recommended doing some such thing.
Later Solovay said it would be hard to redo his calculation — and if he did he'd probably get a different answer, because there are
different ways to make the definition precise.
But here's some good news. José Grimm redid the calculation. He did it twice, and got two different answers, both bigger than
Solovay's. According to these results Bourbaki's definition of "1", written on paper, may be 400 billion times heavier than the Milky
Way.

I'm now quite convinced that a full proof of 1 + 1 = 2 in Bourbaki's formalism, written on paper, would require more atoms than
available in the observable Universe.
Of course, they weren't aiming for efficiency.
April 17, 2020
Some news:
On MathOverflow, Alex Nelson reports the results of his own calculations, which give a result perfectly matching Robert
Solovay's: namely, Bourbaki's 1970 definition of the number 1 requires
2, 409, 875, 496, 393, 137, 472, 149, 767, 527, 877, 436, 912, 979, 508, 338, 752, 092, 897 ≈ 2.4 × 1054
symbols. He writes:
I was able to reproduce Mathias's [actually Solovay's] results with some Haskell code with some specific details
about how many symbols are needed in each term. (As a sanity check, I verified I recovered the same results termby-term when the ordered product was primitive.)
Size of 1 = 2,409,875,496,393,137,472,149,767,527,877,436,912,979,508,338,752,092,897
Size of term A = 15,756,227
Size of term B = 10,006,221,599,868,316,846
Size of term C = 59,308,566,315

Size of term D = 364,936,653,508,895,574,881
Size of term E = 101,217,516,631
One thing worth noting is that, well, this seems dishonest. I mean, there are a lot of double negations which are not
simplified, which bloats the size quite a bit (an additional 1.863 × 1053 symbols or so). I wouldn't be surprised if
there were other simplifications which would cut down the bloat further...not that we'd get anything less than 1050
or so.
If you'd like to check the number of links, I can do that too.
Alex Nelson also computed the length of the expression "1 + 1 = 2", confirming my impression that the proof of this statement
(which would be even longer) couldn't be written on paper in the observable Universe. The statement "1 + 1 = 2" in Bourbaki's
1970 setup uses about 1076 characters, and there seem to be at most 1082 atoms in the observable Universe, allowing only a
million atoms per symbol — and most of them are hydrogen.
He writes:
Addendum. The relation "1+1=2" can be computed, and found to have a length of
22, 411, 322, 875, 029, 037, 193, 545, 441, 224, 646, 148, 573, 589, 725, 893, 763, 139, 344, 694, 162, 029, 240, 084, 343, 041
or approximately
2.24113228750290371 × 1076.
This is using the definitions in Bourbaki of cardinal addition a + b using the disjoint sum of the indexed family
f: Card(2) → {a, b} considered as a graph. It's really convoluted, but the details can be found in Bourbaki's Theory
of Sets Chapter II sections 3.4, 4.1, and 4.8 as well as Proposition 5 (in chapter III, section 3.3); this all works with
the Kuratowski ordered pair, not a primitive ∙ AB ordered pair.
For what it's worth, computing the size of 1 was nearly instantaneous, whereas computing the size of "1+1=2" took
about 7 minutes and 30 seconds.
I asked Robert Solovay if he still had the original program he used to compute the length of Bourbaki's definition of "1" (using
their 1970 definition of ordered pairs). He didn't, but Adrian Mathias did, and Solovay has allowed me to release it. So, here are
three documents:
calcusol.pdf. This is a document entitled "The Bourbaki Constant 1". It begins:
This is a private document [for the eyes of RMS and ARDM only] which extends ARDM's computation of
the length of the Bourbaki rendition of "The ineffable name of 1" to the case when the Kuratowski ordered
pair is employed. My plan is to write programs in Allegro Common Lisp to compute the relevant numbers.
I program using the style of "literate programming" introduced by Knuth. However the Web and Tangle
introduced by Knuth [which have been refined to CWEb and CTangle by Levy] are limited to languages
closely linked to C or Pascal. So I prefer to use a more flexible literate programming language which permits
fairly arbitrary target languages. Currently, I use Nuweb which is available on the TEX archives in the
directory /web/nuweb.
One of the nice things about literate programming is that one can write programs in the natural psychological
order, but arrange that the output files have the order needed for the target programming language. We will
exploit this heavily in what follows.
solfact.txt. This is a short document including the output of the program described in the previous document. Here it is, in
its entirety:
From solovay@math.berkeley.edu Wed Nov 11 13:39:46 1998
Date: Tue, 10 Nov 1998 23:43:04 -0800 (PST)
From: "Robert M. Solovay"
To: amathias@rasputin.uniandes.edu.co
Cc: solovay@math.berkeley.edu
Subject: Results

Adrian,
Here is the printout of my calculation of the length of the
Bourbaki term for 1. If we do the original definition, I get approx.
4.524 * 10^{12}
If we use the Kuratowski ordered pair, I get approx.
2.41 * 10^{54}
This is big, but not nearly as big as the 2 * 10^{73} that you
claim. This is certainly related to the smaller estimate that I have
for the size of the Kuratowski ordered pair.
I omitted some trivial lines from this printout where I "gave
the wrong commands to the genie".
USER(1): (setq p 0) ;;;[Doing the original Bourbaki definition where
;;; ordered pair is a basic undefined notion.]
0
USER(3): (load "compute.cl")
; Loading ./compute.cl
T
USER(4): J_length
4523659424929
USER(5): (log J_length 10)
12.65549
USER(6): J_links
1179618517981
USER(7): (log J_links 10)
12.071742
USER(8): (setq p 1) ;;; Now use Kuratowski ordered pair
1
USER(10): (load "compute.cl")
; Loading ./compute.cl
T
USER(11): J_length
2409875496393137472149767527877436912979508338752092897
USER(12): (log J_length 10)
54.381996
USER(13): J_links
871880233733949069946182804910912227472430953034182177
USER(14): (log J_links 10)
53.940456

solpair.pdf. This is a short note on some of Bourbaki's definitions including the definition of ordered pair.
April 18, 2020

This is a yellow-bellied three-toed skink.
Near the coast of eastern Australia, it lays eggs. But up in the mountains, the same species gives birth to live young! Intermediate
populations lay eggs that take only a short time to hatch.

Even more surprisingly, Dr. Camilla Whittington found a yellow-bellied three-toed skink that lay three eggs and then weeks later, give
birth to a live baby from the same pregnancy!

(Here, alas, she is holding a different species of skink.)
The yellow-bellied three-toed skink may give us clues about how and why some animals transitioned from egg-laying (ovipary) to live
birth (vivipary). I wish I knew more details!
Its Latin name is Saiphos equalis. It's the only species of its genus.

April 20, 2020

I predict that next week the price of oil will hit negative infinity, then start coming down from positive infinity, then take a left turn
and develop a positive imaginary part.
April 24, 2020
Funny how it works. Learning condensed matter physics led me to the '10-fold way' and 'super division algebras'.
That made me want to learn more about division algebras over fields other than the real numbers!
Now I'm studying generalizations of the quaternions.

Here's a great little introduction to quaternion algebras:
Thomas R. Shemanske, Perspectives on the Albert-Brauer-Hasse-Noether Theorem for quaternion algebras.
It proves the stuff in the box above.
April 26, 2020
When they have trouble understanding a theorem, ordinary mathematicians ask: "What's an example of this?"
Category theorists ask: "What's this an example of?"
I'm in that situation myself trying to learn about division algebras and how they're connected to Galois theory. Gille and Szamuely's
book Central Simple Algebras and Galois Cohomology is a great introduction.
But one of the key ideas, 'Galois descent', was explained in a way that was hard for me to understand.
It was hard because I sensed a beautiful general construction buried under distracting details. Like a skier buried under an avalanche, I
wanted to dig it out.
I started digging, and soon saw the outlines of the body. We have a field k and a Galois extension K. We have the category of algebras
over k, Alg(k), and the category of algebras over K, Alg(K). There is a functor
F: Alg(k) → Alg(K)
which is a left adjoint.
We fix A

Alg(K). We want to classify, up to isomorphism, all a

Alg(k) such that F(a)

The answer is: the set of isomorphism classes of such a is
H 1 (Gal(K | k), Aut(A))

A. This is the problem!

This is the first cohomology of the Galois group Gal(K | k) with coefficients in the group Aut(A), on which it acts.
I began abstracting away some of the details. My first attempt is here:
John Baez, Crossed homomorphisms, The n-Category Café, April 24, 2020.
It felt awkward and clumsy, but I knew I was making progress. I made a bit more progress in the comments to this article.
But last night, I found Qiaochu Yuan wrote a series of articles tackling exactly this problem: finding a clean categorical understanding
of Galois descent! He was tuned into exactly my wavelength.
This is where the series starts:
Qiaochu Yuan, The puzzle of Galois descent, Annoying Precision, November 8, 2015.
The second made the role of the Galois group clear:
Qiaochu Yuan, Group actions on categories, Annoying Precision, November 9, 2015.
Gal(K | k) doesn't act on any one object of Alg(K), since Galois transformations aren't K-linear. It acts on the whole category Alg(K)!
The third in his series corrects a mistake. The fourth shows that objects of Alg(k) are the same as homotopy fixed points of the action
of Gal(K | k) on Alg(K):
Qiaochu Yuan, Fixed points of group actions on categories, Annoying Precision, November 11, 2015.
I've loved homotopy fixed points of group actions on categories for years! They're such a nice generalization of the ordinary concept
of 'fixed point'.
With this background, Qiaochu is able to state the problem of Galois descent in a clear and general way, which handles lots of other
problems besides than the one I've been talking about:
Qiaochu Yuan, Stating Galois descent, Annoying Precision, November 16, 2015.
Then, finally, he explains how group cohomology gets into the game: why the set of isomorphism classes of a
F(a) Alg(K) is

Alg(k) such that

H 1 (Gal(K | k), Aut(A))
So I am happy!!! But there's more to understand...
For one, group cohomology has a strong connection to topology. I explained this in the case of H1 in a comment on the n-Category
Café. Since Galois extensions of fields are analogous to covering spaces in topology, this should give us extra insight into Galois
descent!
So I have some more fun thinking to do, despite the enormous boost provided by Qiaochu Yuan.
By the way, I'm sure some experts in algebraic geometry already have the categorical/topological perspective I'm seeking. This is not
new research yet: this is study.
For my May 2020 diary, go here.
© 2020 John Baez
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May 1, 2020

This spring I learned that most of the weeds in our yard are edible — and delicious. We don't have weeds. We have
salad!
Growing your own arugula: it's not rocket science.
When it rains, which happens only in the winter and spring, we get a lot of Australian rocket (Sisymbrium erysimoides),
wild lettuce (Lactuca virosa), sow thistle (Sonchus arvensis), prickly sow thistle (Sonchus asper) and wild turnip, a kind
of mustard (Brassica rapa sylvestris).
May 2, 2020
There are three finite-dimensional associative division algebras over the real numbers: finite-dimensional real vector
spaces equipped with an associative product where you can divide by anything nonzero!
The reals themselves, R
The complex numbers, C

Processing math: 100%

The quaternions, H
R and H form the Brauer group of the reals. Let me explain!
You can see this by taking tensor products of R, C, and H. A tensor product of two real vector spaces is a new real
vector space whose dimension is the product of their dimensions. You can make the tensor product of algebras over the
real numbers into another algebra over the reals!
Let's try it. Here are some boring examples:
R
R
R

R
C
H

R
C
H

As you can see, tensoring with R doesn't do anything. So, it will be the identity element of the Brauer group.
But let's do some more interesting examples....
C
C
C
Here C

R
C
H

C
C C
C[2]

C is the algebra of pairs of complex numbers, while C[2] is the algebra of 2 × 2 complex matrices!

Note how C 'eats' everything else and makes it complex. It's not in the Brauer group!
H
H
H

R
C
H

H
C[2]
R[4]

When you tensor two copies of the quaternions you get the algebra R[4] of 4Ã—4 real matrices. In short:
real
real = real
real
quaternionic = quaternionic
quaternionic
quaternionic = real
but
complex
complex
complex

real = complex
complex = complex
quaternionic = complex

So when we tensor 'real', 'quaternionic' and 'complex' it's like multiplying 1, -1 and 0. 0 eats everything, but 1 and -1
form a group. This is the Brauer group of the real numbers!
In short, the Brauer group of the real numbers has two elements. The complex numbers is not allowed into this group
because it eats everything you tensor it with. Turns out that's because it's not just a division algebra, it's a field: it's
commutative!
You can do this 'Brauer group' game starting with any field. There are associative division algebras over this field. You
can tensor them, and figure out a multiplication table. Some will have inverses, and they're in the Brauer group!
The Brauer group of the rational numbers, Q, is a lot more interesting than the Brauer group of R.

Brauer, Hasse and Noether teamed up and figured out the Brauer group of any 'algebraic number field', meaning Q with
some algebraic numbers like √ −2 and

3

√7 thrown in.

Here's a really fun way to learn more about this:
Paul Roquette, The Brauer-Hasse-Noether theorem in historical perspective.
It explains the math as well as the history. (The American mathematician Albert, known for his work on octonions, also
did work on this theorem.)
It's fun to read the first letter from Noether to Brauer on this subject in 1927. She is quite dominant! But it makes sense:
Brauer was younger, and he had sent her his thesis for comments just earlier that year.

May 4, 2020

There's a category of triangles! Objects are triangles in the plane. Morphisms are ways of translating, rotating and/or

reflecting the plane to carry one triangle to another.
Triangles with symmetries — isosceles and equilateral — have morphisms to themselves.
This category is a 'groupoid': all morphisms have inverses.
In fact it's a 'Lie groupoid': there's a smooth manifold of objects, a smooth manifold of morphisms, and composition is a
smooth function. (There's a bit more to the definition, but that's most of it.)
Any Lie groupoid gives a 'differentiable stack'. I won't define those, but the advantage of working with stacks is that the
morphisms are more flexible. Only when you move on up to differentiable stacks are you combining groupoids &
manifolds in the best way!
Differentiable stacks tend to be good when you've got a space of things with symmetries — like the space of all
triangles in the plane. As a thing moves around in this space, its amount of symmetry can suddenly increase, like when a
scalene triangle become isosceles.
The 'moduli space' — the space of isomorphism classes of things — will have singularities at the points where those
things have more symmetry. But the differentiable stack will still be nice there, because you're not modding out by those
symmetries.
Stacks are still scary to most mathematicians. The Stacks Project aims at becoming a complete reference on stacks as
used in algebraic geometry:
The Stacks Project.
But differentiable stacks are something you've already met in school, without knowing it! For a detailed introduction to
stacks, with a lot about the stack of triangles, try this:
Kai Behrend, Introduction to algebraic stacks, December 17, 2012.

May 7, 2020

Like many scientists I have a grudging admiration for the Star Trek franchise: grudging because the science is so often
silly, and could often have been improved easily without spoiling the stories; admiration because they've created a
hopeful vision of the future, some fun stories, and some enduringly interesting characters. In Discovery we heard about
the Logic Extremists, a dissident faction of Vulcans who wanted to leave the Federation. But we didn't learn much about
their core beliefs! They seemed rather similar to the Vulcan Isolationists, who came about a hundred years later. There
seemed to be an interesting untold story lurking behind the name.
So, I went to T'Karath and spent a couple of weeks poring through the historical documents on this movement. Here's a
quick sketch of what I found.
In the first half of the 22nd century, the central government had become corrupt, with Romulan operatives infiltrating
the Vulcan High Command. Some Vulcans, the Syrannites, attempted to reinstate and develop the original teachings of
the Vulcan philosopher Surak. But around 2140, another small group decided that Surak had not developed logic with
sufficient thoroughness. They argued that all deductive reasoning should be formalized, all inductive reasoning should
be Bayesian with explicit probabilities on hypotheses, and all decision-making should maximize utility.

The Pure Logic movement, as they called themselves, moved to Xir'tan and set up a commune there. They began a
program of formal concept analysis so that all words would have precise definitions. Before each meal they bowed,
seemingly in prayer, but actually to optimize their activities to come. Children were schooled in an even more
disciplined way than usual: less high-tech than the skill domes of the 2200s, but with an intense focus on logic,
semiotics, probability, and statistics.

Conflicts erupted in 2200 between what we would call Jaynesian-Bayesians and hardcore subjective Bayesians. The
former advocated entropy-maximizing priors. The latter argued that no prior counts as 'right' without further
assumptions, so one can start with any prior.
As the Pure Logic movement became established, they spread and set up communes the main continent, especially in
Gol, Xial and Raal. They started influencing the political establishment, first locally and then at the federal level.
As this happened, factions with radical positions gradually gained influence. Especially important were the subjective
Bayesians who argued that ethics could not be logically derived, so that instead of maximizing utility, a rational agent
was free to maximize any chosen quantity. Their motto was remarkably similar to a saying credited to Hume:
From an "is" one cannot derive an "ought".
Going further, the most extreme subjective Bayesians adopted spreading the Pure Logic movement as their only goal.
All decisions were to be evaluated based on how much they furthered the spread of logical thinking. They took a vow to
this effect, and pressed this vow on other citizens as a prerequisite for holding office of any sort. Their opponents
dubbed them "Logic Extremists".
In 2226, in a hard-fought political struggle, these extremists triumphed and completely pushed the Jaynesian-Bayesians
and moderate subjective Bayesians out of power. Two years later V'arak took control: a charismatic leader who asserted
with 100% prior probability that the Federation was trying to subvert Vulcan culture and stop the spread of the Pure
Logic movement.
Any attempt to reason with V'arak and his supporters, or compromise with them, was interpreted as further evidence of
an increasingly elaborate Federation conspiracy. Most Vulcans repudiated this stance, and as the Logic Extremists'
public support shrank they turned to terrorism.
The violence came to a head around 2256, when V'latak (shown below) attempted to assassinate Sarek before the peace
talks on Cancri IV, saying:
My sacrifice will be a rallying cry to those who value logic above all.
Vulcans will soon recognize and withdraw from the failed experiment
known as the Federation.

At this point support for the Logic Extremists rapidly dropped, though Patar still managed to infiltrate Section 31.

However, the most interesting aspect of the Logic Extremists are their early theoretical writings — especially those of
Avarak, and Patar's father Tesov. They were an extremely bold attempt to plan a society based purely on logic. I hope
they're translated soon.
May 14, 2020
I've been thinking about Morita equivalence.
The basic idea is this: any ring has a category of modules. If two rings have equivalent categories of modules, they're
'Morita equivalent'. So we take the attitude: "the main reason to care about rings is their modules".
Isomorphic rings are Morita equivalent, but the fun part is that nonisomorphic rings can be Morita equivalent! For
example, the ring of n × n matrices with entries in a ring R is Morita equivalent to R, since a module of this matrix ring
must look like M n for some module M of R.
Lots of properties of rings are invariant under Morita equivalence. For example, if two rings are Morita equivalent, and
one of them is 'simple' (has no nontrivial ideals), then so is the other.
But the property of being commutative isn't invariant under Morita equivalence. Can you see why? (I gave you a hint.)
Here's the cool part. There's a bicategory with rings as objects, bimodules as morphisms, and bimodule homomorphisms
as 2-morphisms. There's a nontrivial theorem saying that equivalence in this bicategory is Morita equivalence!
It takes a while to understand what this means, and prove it.
The point is that given rings R and S, an (R, S)-bimodule can be thought of as a funny sort of 'morphism' from R to S.
We can tensor an (R, S)-bimodule and an (S, T)-bimodule over S and get an (R, T)-bimodule. This is how we compose

these funny morphisms.
So, I'm claiming two rings R and S are Morita equivalent iff there's an (R, S)-bimodule M and an (S, R)-bimodule N
such that M S N R as an (R, R)-bimodule, and N RM as an (S, S)-bimodule.
I'm teaching an online 'class' about this on the Category Theory Community Server.
May 15, 2020

Good news: the price of solar power is dropping very quickly. This chart by Ramez Naam shows how it's going.
We are now 50-100 years ahead of the International Energy Agency's predictions in 2010. It turns out they were
completely clueless.

Naam uses Wrightâ€™s Law to analyze the data. This rule of thumb says that each doubling of the total production of
some technology leads to a fixed percentage decline in its price. Solar prices seem to be dropping 30-40% per doubling!
The world will change dramatically as the price of solar continues to plunge. We need this!
Read Ramez Naam's blog for more:

Ramez Naam, Solar's future is insanely cheap (2020).
May 16, 2020
In 3 dimensions a rotating object rotates around an axis. But this way of thinking about it leaves you unprepared for
what happens in other dimensions!
You can already see that in 2 dimensions rotations don't happen 'around an axis' - not an axis in the plane, anyway!
The right way to think about rotations in 3d is that they're 'in a plane'. That is, there's a plane where points on this plane
go round and round... and the point that stands still is the center of rotation.
The 'axis' is just a line at right angles to this plane.
Rotations in 2d are also 'in a plane' — but now this plane is the whole of 2d space.
What about 4d? Now rotations take place in two planes. There are two 2d planes at right angles, where points go round
and round staying in these planes, maybe at different speeds!
What about 5d? Again rotations take place in two planes. There are two 2d planes at right angles where points go round
and round... but now there's also a line at right angles to both these planes, where points stay fixed! We're breaking up
the dimensions this way:
5=2+2+1
I hope you get the pattern. In 2n dimensions, there are n 2-dimensional planes at right angles where points go round and
round, staying in these planes... possibly at different rates. In 2n + 1 dimensions that's still true, but there is also a fixed
axis.
For this reason, rotations in even-dimensional spaces are very different from rotations in odd-dimensional spaces! This
shows up all over math and physics. For example, the 'Dynkin diagrams' for rotation groups look very different
depending on whether the dimension is even or odd.
The situation gets even subtler when we think about 'spinors' — the gadgets sort of like vectors that describe spin-1/2
particles like the electron.
The math of spinors depends a lot on the dimension of spacetime, not just mod 2, but mod 8.
Now we've gone from something that's obvious if you think about it hard to something that's far from obvious. Why
should spinning particles care about the dimension of space modulo 8? This is something I've studied over and over
again, learning a bit more each time.
I wrote a quick intro to how spinors work in different dimensions here, back when I was first learning how
supersymmetry is connected to the octonions:
This Week's Finds in Mathematical Physics, Week 93, October 27, 1996.
That could be a good place to get started. Maybe too hard... maybe too sketchy... but short.
Someday I'm gonna write a book about this stuff. Only a book can go slowly from the most obvious facts to the most
non-obvious, gradually making more and more things seem 'obvious'.
There's a lot to say about rotations in different dimensions!
May 17, 2020

Dirac took negative-energy electrons seriously. He realized a missing negative-energy electron would act like a
positively charged particle with a positive amount of energy: a 'positron'. Then people actually found positrons. (They'd
already seen them but couldn't believe it.)
Could he be right about taking negative probabilities seriously?
Negative numbers were invented by Venetian bankers. They started writing numbers in red to symbolize debts — hence
the phrase "being in the red". Bankers couldnâ€™t get so rich as they do if negative money didnâ€™t exist.
But can you owe someone a probability?

In 1987 Feynman wrote an essay explaining how negative probabilities could be used. Read it! He explains things well:
Richard P. Feynman, Negative probability, in Quantum Implications: Essays in Honour of David Bohm, eds. F.
David Peat and Basil Hiley, Routledge & Kegan Paul Ltd, London, 1987, pp. 235–248.
The idea is that negative probabilities are only allowed in intermediate steps of a calculation, not the final results.
A nice example is the heat equation. It describes how the probability of finding a particle somewhere in a box spreads
out in Brownian motion. We can solve it using Fourier series. The individual terms in the Fourier series can give
negative probabilities!
Another example is the 'half-coin'. Say you make a bet where you get $1 if a coin comes up heads and $0 if it comes up
tails. Say you want this bet to be the same as making two bets involving two separate 'half-coins'. You can do it with
negative probabilities! Details here:
John Baez, Negative probabilities, Azimuth, July 19, 2013.

When I wrote the above stuff on Twitter, Nassim Taleb responded:
We use negative probabilities in quant finance since probability is just a KERNEL inside an integral, rarely
a "real thing" outside of binary payoffs. So long as no arbitrage is satisfied. Only thing that matters is (by
scaling) âˆ«densities=1. Similar to negative prices in oil.
To visualize the intricacy, see my comments #RWRI on negative prices via arbitrage/squeezes.
I guess it's not surprising that that financiers are already using negative probabilities, given that bankers first invented
negative numbers!

May 20, 2020

Physicists have just seen 'Pauli crystals'! They're formed when a group of atoms, trapped in a potential well, repel each
other only by the Pauli exclusion principle — the rule saying that two fermions can't be in the same state. They are very
fragile and tiny.

For noninteracting fermions in the plane, trapped in a harmonic oscillator potential, you get nice Pauli crystals with 1, 3,
6, 10, 15, ... atoms. These act like 'closed shells' in chemistry. These numbers show up because they're the triangular
numbers 1, 1+2, 1+2+3, 1+2+3+4, etc.
Seeing a Pauli crystal is hard! You need to image all the atoms at once, and they keep wiggling around due to quantum
fluctuations, so you have to take repeated images to get a good picture... and you have to keep rotating these images to
get them to line up.
A team of physicists trapped lithium-6 atoms in a laser beam to create Pauli crystals. These atoms have 3 protons, 3
neutrons and 3 electrons; since the total 9 is odd they are fermions.

The experiment looks really cool!

Here's the paper on Pauli crystals:
Marvin Holten, Luca Bayha, Keerthan Subramanian, Carl Heintze, Philipp M. Preiss and Selim Jochim,
Observation of Pauli crystals.
It showed up in the 'quantum gases' section of the arXiv, which alas I'll never have a paper in. And here's a nice popular
article:
Bob Yirka, Team in Germany observes Pauli crystals for the first time, May 19, 2020.
May 28, 2020
I'm finally ready to think about Isbell duality.
'Dualities' are important because they show you two different-looking things are secretly two views of the same thing —
or at least closely linked.
I'll sketch the idea of Isbell duality; you can see if you're ready for it.
Let C be a category. Let Cop be its opposite category. Let Set be the category of sets.
Let [Cop , Set] be the category of all functors from Cop to Set. Such functors are called presheaves on C, and the
Yoneda embedding is a functor
y : C → [Cop, Set].
Let [C, Set] op be the opposite of the category of all functors from C to Set. These are less famous; they're called
copresheaves. There's a co-Yoneda embedding
z : C → [C, Set] op.
The category of presheaves [Cop , Set] is the free category with all colimits on C. It also has all limits, but its universal
property is that any functor C → D where D has all colimits extends uniquely to a functor [Cop , Set] → D that
preserves colimits.
Dually, the category of copresheaves [C, Set] op is the free category with all limits on C. It also has all colimits, but its

universal property is that any functor C → D where D has all limits extends uniquely to a functor [C, Set] op â † ′ D that
preserves limits.
Now the fun starts. Take the co-Yoneda embedding
z : C → [C, Set] op.
Since [C, Set] op has all colimits, this functor extends uniquely to a functor
[Cop, Set] → [C, Set] op.
that preserves colimits.
Dually, take the Yoneda embedding
y : C → [Cop, Set].
Since [Cop , Set] has all limits, this functor extends uniquely to a functor
[C, Set] op → [Cop, Set]
that preserves limits.
So now we have functors sending presheaves to copresheaves:
[Cop, Set] → [C, Set] op
and copresheaves to presheaves:
[C, Set] op → [Cop, Set]
Isbell duality says these are adjoint functors!
Isbell duality seems to be the "mother of all dualities"... but I haven't stated it in its most general form.
Yesterday in the ACT@UCR seminar that I'm running, Simon Willerton explained how the Legendre transform arises
from Isbell duality! Great talk!

Simon Willerton also showed how Dedekind's construction of the real line using cuts — and many other things! —
come from the general form of Isbell duality.
Here you can see his slides, his paper, and a blog article he wrote on this stuff:
The Legendre transform: a category theoretic perspective, Azimuth, May 27, 2020.
May 30, 2020
In 1946, Gödel wanted to become a U.S. citizen. He took his friend Einstein along.
Unfortunately Gödel had spent time studying the U.S. constitution and claimed to have found an "inner contradiction"
that made it possible for someone to become a dictator in a completely legal way. Einstein had tried to persuade him to
just shut up about it... but then everything went awry.

Throughout the whole thing Einstein was joking around as usual.

The story appears in a letter — fragments of which are shown above — written by Oskar Morgenstern, who also
accompanied Gödel to his citizenship hearing. This letter was lost for a while, but now you can read it here:
Jeffrey Kegler, Kurt Gödel: a contradiction in the U.S. constitution?
In the end Gödel got his citizenship and became best friends with Einstein. They were often seen walking around
together.

Gödel learned general relativity and found a solution of Einstein's equations that has closed timelike loops: in this
universe your future is your past. It's called the Gödel universe.
For my June 2020 diary, go here.
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These are paramilitary troops surrounding the Lincoln Memorial in Washington D.C. during protests of George Floyd's
murder. In explaining this strategy Defense Secretary Esper said to U.S. governors:
“We need to dominate the battle space.”
Lincoln had a different opinion:
“Those who deny freedom to others, deserve it not for themselves.”
June 6, 2020
Here's a wonderful illusion by Akiyoshi Kitaoka: the black hole appears to expand, though it does not.

This heart seems to shift, especially if you move your head a little:

June 8, 2020

Whoops! You fools can't do anything right!

Better.
The second one came from here:
Glen Wright, FX Coudert, Martin Bentley, Sylvain Deville and Graham Steel, This Study is Intentionally Left
Blank - a systematic literature review of blank pages in academic publishing.
June 10, 2020
Here Quanta explains 'group representations', where you map elements of a group to matrices, so that group
multiplication becomes matrix multiplication:
Kevin Hartnett, The 'useless' perspective that transformed mathematics, Quanta, June 9, 2020.
Let's dig into the history! Did the group theorist Burnside really think group representations were useless?
In 1897 William Burnside wrote the first book in English on finite groups. In the preface, he explained that "in the
present state of our knowledge" there weren't theorems about groups that could best be proved by representing them as
linear transformations (matrices). He wrote:
Cayley's dictum that "a group is defined by means of the laws of combination of its symbols" would imply
that, in dealing with the theory of groups, no more concrete mode of representation should be used than is
absolutely necessary. It may then be asked why, in a book that professes to leave all applications to one
side, a considerable space is devoted to substitution groups [permutation groups], but other particular
modes of representation, such as groups of linear transformations, are not even referred to. My answer to
this question is that while, in the present state of our knowledge, many results in the pure theory are arrived
at most readily by dealing with properties of substitution groups, it would be difficult to find a result that
could most directly be obtained by the consideration of groups of linear transformations.
So, Burnside didn't actually say group representations were useless! His book was a "pure" study of finite groups, which
"professes to leave all applications to one side".
But months after this book was published, he discovered the work of Georg Frobenius. Frobenius was a master of group
representations! Burnside started using them in his own work on finite groups, and by the time he wrote the second
edition of his book in 1911, he'd changed his tune completely:
Very considerable advances in the theory of groups of finite order have been made since the appearance of
the first edition of this book. In particular the theory of groups of linear substitutions has been the subject of
numerous and important investigations by several writers; and the reason given in the original preface for

omitting any account of it no longer holds good. In fact it is now more true to say that for further advances
in the abstract theory one must look largely to the representation of a group as a group of linear
transformations.
Are there results about finite groups that we only know how to prove using their representations on vector spaces? Yes!
For example, the 'odd order theorem'. A group is 'solvable' if — roughly — it's built from abelian pieces. The odd order
theorem says that group with an odd number of elements is solvable!

But be careful:
In 1904 Burnside showed that every group of order pa qb is solvable if p and q are prime. To do it he used group
representations. But then, in 1972, Helmut Bender found a proof that avoids linear algebra!
It's an interesting challenge to state precisely how group representations help us understand finite groups. For more on
this, read my imaginary dialog between Burnside and Frobenius in 'week252'. Skip past the stuff about astronomy (if
you can).
June 12, 2020
Ralf Wüsthofen claims he has a simple one-page proof of Goldbach's conjecture which "immediately leads to a proof of
the inconsistency of arithmetic."

June 14, 2020

A classical bit is 0 or 1, but if we allow probabilities we can get anything in between. A qubit takes values on the unit
sphere, but if we allow probabilistic 'mixed states' we can get anything in a 3-dimensional ball.
Then there's 'real quantum mechanics', where we use real numbers instead of complex numbers. This gives a 2d disk of
mixed states.
All these are examples of 'generalized probabilistic theories' — a broad class of theories that people study to better
understand what makes quantum mechanics and classical probability theory so special.
These theories use the math of convex sets.

A generalized probabilistic theory describes a system with a convex set of 'states'. If x and y are states, so is
px + (1 − p)y where 0 ≤ p ≤ 1 is any probability. This is the result of preparing the system in the state x with
probability p and the state y with probability 1 − p.

In ordinary complex quantum mechanics, the states of a qubit form a 3-dimensional ball. States on the surface are 'pure
states': they're not convex combinations of other states. States in the interior are 'mixed'.
In the center is the state of maximum entropy.

The pure states of a qubit form a sphere. Physicists call it the 'Bloch sphere ', but mathematicians call it the 'Riemann
sphere' or CP1. There are many ways to think about this, and I love them all. One way: take the complex numbers
together with a 'point at infinity'.

What if we use real numbers instead? In 'real quantum mechanics', the pure states of a 'real qubit' form a circle, also
called RP1 . It's the circle containing the real numbers in the above picture, like 0, 1, − 1, along with the point at infinity.
The mixed states of the real qubit form the 2d disk bounded by this circle.
Any 'formally real Jordan algebra' gives a generalized probabilistic theory. For example: the Jordan algebra of 2 × 2
self-adjoint complex matrices gives the theory of a qubit.
But you could use self-adjoint 2 × 2 real matrices instead, and get the real qubit!
For more, try my gentle introduction to formally real Jordan algebras and their connection to projective geometry and
quantum mechanics:
Octonionic projective geometry.
Now I'm writing a paper on Jordan algebras and Noether's theorem, thinking about these things a bit more deeply and
learning a lot.
June 18, 2020

When you dissolve more and more sodium in ammonia, it changes from blue to bronze. And it starts conducting
electricity just like a metal! Electrons and pairs of electrons called 'dielectrons' start moving freely through the solution.
I love condensed matter physics! I hadn't even known dielectrons were a thing: normally electrons repel. But in a
sodium-ammonia solution, electrons pair up with opposite spins. Here's a new simulation of a dielectron, lasting 2.75
picoseconds:

The wavefunction of a loose electron in ammonia is smeared out over ~12 ammonia molecules, much bigger than one in
water, which spreads out over ~5 water molecules.
This allows the formation of dielectrons, which are slightly bigger still.
As you add more sodium to ammonia, you get more of these loose electrons and dielectrons, and gradually a 'conduction

band' arises — meaning that if they have the right momentum, these particles can move freely for long distances, like
electrons in a metal!
I read about this in a new paper:
Tillmann Buttersack, Philip E. Mason, Ryan S. McMullen, H. Christian Schewe, Tomas Martinek, Krystof
Brezina1, Martin Crhan1, Axel Gomez, Dennis Hein, Garlef Wartner, Robert Seidel, Hebatallah Ali, Stephan
Thürmer, Ondrej Marsalek, Bernd Winter, Stephen E. Bradforth and Pavel Jungwirth, Photoelectron spectra of
alkali metal–ammonia microjets: from blue electrolyte to bronze metal, Science 368 (2020), 1086–1091.
June 21, 2020

Can we understand evil using evolutionary biology, or perhaps game theory?
Psychologists have latched onto 3 personality traits, the 'dark triad', and tried to measure how much they are genetically
inherited.

How are these traits defined?

Narcissism involves grandiosity, pride, and egotism.
Machiavellianism involves coldness, cynicism, and manipulation and exploitation of others.
Psychopathy involves impulsivity, thrill-seeking, lack of remorse, and aggressiveness.
But they have much in common. People with any of these traits tend to be callous, manipulative, dishonest and
disagreeable.
They also tend to be less compassionate, agreeable, empathetic, satisfied with their lives — and less likely to believe
they and other people are good.

Psychologists have tried to determine how much these traits are genetically inherited, by comparing identical vs.
fraternal twins. (If a trait has a genetic component, it should be shared more often by identical twins than fraternal twins,
even if these twins are raised the same way.)
Roughly speaking: psychopathy is 65% inherited, narcissism 60%, but Machiavellianism just 30%. (Technicaly, these
are h2 figures.)
So, some have tried to develop evolutionary explanations of the dark triad traits, and why they persist despite their
disadvantages. (Sub-clinical and clinical psychopaths form about 1% and 0.2% of the population, respectively; I know
no estimates for the others.)
One theory is these traits are connected to a 'fast life strategy' with an emphasis on mating over parenting. People with
these traits tend to have more sexual partners, but are less likely to form stable relationships. They tend to dress more
attractively. They are also more likely to commit rape:
Peter K. Jonason, Mary Girgis and Josephine Milne-Holme, The exploitive mating strategy of the dark triad traits:
tests of rape-enabling attitudes, Archives of Sexual Behavior 46 (2017), 697–706.
Dark triad traits are also advantageous in certain situations, called 'dark niches'. Narcissists are known to do well in job
interviews and first dates. Machiavellianism works well in politics and finance. Psychopathy works well in street gangs.

Recently a fourth trait has been considered: 'everyday sadism'. For example, those bullies and internet trolls who enjoy
making people suffer.
Separating out evil into distinct traits is a challenging job!

But to fight evil, we must understand it!
Here's an easy way to learn more:
Delroy Paulhus, Toward a taxonomy of dark personalities, Current Directions in Psychological Science 23
(2014), 421–426.
Also:
Wikipedia, Dark triad.
June 22, 2020

This is the Bridge of Immortals, in Huangshan, in southern Anhui province. Like a hard theorem in mathematics that
bridges two fields of mathematics, the view from the top is your reward for the difficult climb.

June 24, 2020

A Lie algebra is one of the more scary gadgets one meets as one first starts learning algebra, because the Jacobi identity
looks unfamiliar. But it's secretly the product rule:
[x, [y, z]] = [[x, y], z] + [y, [x, z]]
is like
D(fg) = D(f)g + fD(g)
The easiest way to get a Lie algebra is to take square matrices, with the usual matrix multiplication, and define
[x, y] = xy − yx
Then it's obvious that [x, x] = 0, and the Jacobi identity follows from this 'product rule'
[x, yz] = [x, y]z + y[x, z]

which is easy to check.
The inventors of quantum mechanics noticed that you can treat functions as infinite-sized square matrices, and then the
derivative Df of a function f can be written
Df = [∂, f] = ∂f − f∂
for some matrix ∂, so the usual product rule follows from the product rule for matrices.
So, there's a Lie algebra where functions and the matrix ∂ coexist, and these days it's called the 'Heisenberg algebra'.
Basically it turns a bunch of calculus into the algebra of infinite square matrices!
There's an infinite amount to say about this, but I want to talk about something else. There are also gadgets with
trilinear operations: operations that need 3 inputs, that are linear in each input. These are a bit scary at first, since the
most familiar operations in math just take 2 inputs.
An example is a 'Lie triple system'.

Any Lie algebra gives a Lie triple system if we define [u, v, w] = [[u, v], w] The first rule in the definition of Lie triple
system then follows from the antisymmetry of the Lie bracket, [u, v] = − [u, v]. The second rule is just the Jacobi
identity in disguise. And the third, most complicated rule says each operation [u, v, − ] acts like 'differentiation', since it
obeys a product rule similar to
D(wxy) = D(w)xy + wD(x)y + wxD(y)
Namely:
[u, v, [w, x, y]] = [[u, v, w], x, y] + [w, [u, v, x], y] + [w, x, [u, v, y]]
It's not so hard to remember if you keep this in mind.
But the really interesting Lie triple systems come from Z/2-graded Lie algebras. These are Lie algebras split into an
'even part' g0 and an "odd part" g1 with
[g0, g0 ]

g0

[g0, g1 ]

g1

[g1, g0 ]

g1

[g1, g1 ]

g0

Think "even plus even is even", etc.
In case you know about Lie superalgebras: Z/2-graded Lie algebras are not those! They're just plain old Lie algebras

chopped into an even and odd part obeying the rules above.
These rules imply the bracket of three odd things is odd:
[[g1, g1 ], g1 ]

g1

So, if we take a Z/2-graded Lie algebra and only keep the odd part g0, it becomes a Lie triple system if we define
[x, y, z] = [[x, y], z]
All this becomes a lot more exciting when you see how Z/2-graded Lie algebras show up in geometry.
If you take a Lie group, its tangent space at the identity is a Lie algebra. But more generally, the tangent space at any
point of a 'symmetric space' is a Lie triple system.
For example, the tangent space at any point of a sphere is a Lie triple system!
There's a Lie group SO(n) of rotations in n dimensions. Its tangent space at the identity is a Lie algebra called so(n).
SO(n) /SO(n − 1) is an n-sphere, which is a symmetric space.
so(n) /so(n − 1) is the tangent space of the n-sphere at the north pole, which is a Lie triple system!
In other words, we can make so(n) into a Z/2-graded Lie algebra by splitting it into two parts:
even part: the infinitesimal rotations so(n − 1) that fix some point on the n-sphere
odd part: the tangent space of that point on the n-sphere, which looks like so(n) /so(n − 1)
The odd part is a Lie triple system!
June 25, 2020

Rn .

In 2018, three white dwarf stars were seen zipping across the Milky Way at over 1000 kilometers per second —
thousands of times faster than a speeding bullet, fast enough to escape the galaxy. It was one of several clues that we
were wrong about what causes many supernovae.
Type II supernovae happen when a big star collapses. But type Ia supernovae happen when a white dwarf explodes for
some reason. We thought most of did this when they stole gas from a red giant companion. But no!
It now seems most type Ia supernovae happen when two white dwarfs spiral into each other and nearly collide. This is
called — get ready for it! — a "dynamically driven double-degenerate double detonation".
Astronomers estimate about half a billion white dwarf binaries have merged in the Milky Way since its formation! If
one-sixth of these mergers led to a type Ia supernova, there would be one supernova every 200 years — which is what
we see.
And if type Ia supernovae work differently than we thought, that affects our understanding of the expansion of the
Universe, since they're used as a 'standard candle' to measure the distance of faraway galaxies. Maybe we've got some
things a bit wrong.

For more, read this:
Daniel Clery, The galaxy’s brightest explosions go nuclear with an unexpected trigger: pairs of dead stars,
Science, June 4, 2020.
June 26, 2020
Mathematicians sometimes disagree about arbitrary conventions, like whether 0 is a natural number.
Luckily we have ways of settling these disputes.

June 27, 2020

Tired of nothing burgers? Try Keith Peterson's new nothing burger burger! It's twice as satisfying, and still vegetarian.
Or if that's not enough for you, try the nothing burger and nothing burger burger burger.
No matter how hungry you are, ZFC has a burger for you.
June 28, 2020

Jordan algebras are fascinating to me — but annoying. The usual definition uses the 'Jordan identity', which looks
completely random. With help from David Madore, I found an equivalent definition that says more about what's good
about Jordan algebras.
While they're weird, Jordan algebras come from physics. Jordan invented his algebras to study quantum mechanics.
In quantum mechanics, self-adjoint n × n complex matrices are 'observables'. The product of observables is not an
observable but
x

y = (xy + yx) /2

is, and this gives a Jordan algebra.
There's also a Jordan algebra of self-adjoint n × n real matrices, which works the same way. And there's also a Jordan
algebra of self-adjoint n × n quaternionic matrices! So, we can compare real and quaternionic quantum mechanics to
ordinary complex quantum mechanics using Jordan algebras.
Working with Wigner and von Neumann, Jordan discovered a weirder fact. Self-adjoint n × n octonionic matrices form
a Jordan algebra... but only for n ≤ 3.
The Jordan algebra of self-adjoint 2 × 2 octonionic matrices is 10-dimensional and connected to superstring theory.
The Jordan algebra of self-adjoint 3 × 3 octonionic matrices is 27-dimensional. It's called the 'Albert algebra' or
'exceptional Jordan algebra'. Its connection to physics, if any, remains quite obscure. I've been puzzling over this for
years.
But in math, the exceptional Jordan algebra is great! Let me tell you just one reason why.
There's a systematic way to get three Lie algebras from a Jordan algebra: a little one, a medium-sized one and a big one.
See the intro here for details:
Jakov Palmkvist, A generalization of the Kantor–Koecher–Tits construction.
If you apply this construction to the Jordan algebra of 2 × 2 self-adjoint complex matrices, you get the Lie algebras of
these three groups:
1. the group of rotations in 3d space
2. the Lorentz group of 4d Minkowski spacetime
3. the group of conformal transformations of 4d Minkowski spacetime.

Applying the same construction to the Jordan algebra of 2 × 2 self-adjoint octonionic matrices, you get the Lie algebras
of these groups:
the group of rotations in 9d space
the Lorentz group of 10d Minkowski spacetime
the group of conformal transformations of 10d Minkowski spacetime.
Then for the really exciting case: applying this construction to the Jordan algebra of 3 × 3 self-adjoint octonionic
matrices, you get the Lie algebras of these groups:
the exceptional group F4
the exceptional group E6
the exceptional group E7.
There are five exceptional simple Lie groups, and here we get three. (More precisely we get certain real forms of these
groups.)
Where is this going? Nobody knows yet. Jordan started by trying to understand and generalize quantum mechanics. But
his algebras are also connected to the geometry of spacetime, and generalizations of that!
These mathematical ideas springing from physics could be clues leading us to better theories. Or, they could be leading
us to dead ends. By now, I doubt I'll ever know.
The world offers us many mysteries; only a few will be solved during our lifetime.
To avoid frustration with cosmic questions I spend most of my time trying to solve little puzzles, like:
How exactly do Jordan algebras generalize quantum mechanics? What makes complex quantum mechanics 'better' than
the real or quaternionic versions? Etc.
Tomorrow I'll have a new paper on the arXiv:
Getting to the bottom of Noether's theorem.
It wound up being largely about Jordan algebras! It has very little new math — but it has a new physical interpretation
of some of this math, which leads to some new insights and also new questions.
Meanwhile COVID-19 continues to spiral out of control in many US states:
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In this wonderful illusion by Akiyoshi Kitaoka the black hole appears to expand, though it does not.
This heart seems to shift, especially if you move your head a little:

Processing math: 73%

July 2, 2020
I just learned a shocking theorem!
A bounded operator N on a Hilbert space is normal iff NN
normal and

= N N. Putnam's theorem says that if M and N are

MT = TN
for some bounded operator T, then
M T = TN
It's shocking because it's all just equations but you can't prove it just by fiddling around with equations. Rosenblum gave
a nice proof. First note that MT = TN implies
M nT = TNn
for all n. Then use power series to show
e cMT = Te cN
for all complex c, so
cM

− cN

e

Te

=T

(†)

Then the magic starts. Let
F(z) = e zM Te − zN
for complex z. If we can show this is constant we're done, since differentiating with respect to z and setting z = 0 gives
M T − TN

=0

which shows M T = TN .
But how can we show it's constant?
Well, 'obviously' we use Liouville's theorem: a bounded analytic function is constant. This is true even for analytic
functions taking values in the space of bounded linear operators!
Now
F(z) = e zM Te − zN
is clearly analytic — but why is it bounded as a function of z?
We fiendishly note that
F(z)

=

e zM Te − zN

=

e zM e − z MTe z Ne − zN

since e − z MTe z N = T by ( † ). We then get
F(z) = e zM − ( zM ) Te z N − ( z N )
since M commutes with M

and N commutes with N .

But zM − (zM) and z N − (z N) are skew-adjoint: that is, minus their own adjoint. So when you exponentiate
them you get unitary operators, which have norm 1! So
‖F(z)‖ ≤ ‖T‖
so F(z) is bounded analytic and we're done.

July 3, 2020
In the Standard Model, the symmetry group of the forces other than gravity is SU(3) × SU(2) × U(1): SU(3) for the
strong force and SU(2) × U(1) for weak and electromagnetic forces combined.
Why this group? Can we derive it from beautiful math?
Yes! But I don't know if it helps.
First, the true symmetry group is not SU(3) × SU(2) × U(1), it's S(U(3) × U(2)): the group of 5 × 5 unitary matrices
with determinant 1 that are block diagonal with a 3 × 3 block and a 2 × 2 block.
This group is SU(3) × SU(2) × U(1) mod a certain Z6 subgroup, and it explains why quarks have charges 2/3 and − 1/3
. For details, try Section 5 here:
John Baez and John Huerta, The algebra of grand unified theories, Bull. Amer. Math. Soc. 47 (2010), 483–552.
So how can we get S(U(3) × U(2)) to fall out of beautiful pure math?
Take the Jordan algebra of 3 × 3 self-adjoint octonionic matrices. Take the group of automorphisms that preserve a copy
of the 2 × 2 self-adjoint complex matrices sitting inside it. It's S(U(3) × U(2)).
This is intriguing because we know the Jordan algebras that can describe observables in finite quantum systems. They
come in 4 infinite families, the most famous being the n × n self-adjoint complex matrices.
Then there's one exception: 3 × 3 self-adjoint octonionic matrices! This is called the 'exceptional Jordan algebra'.
The 2 × 2 self-adjoint complex matrices are observables for a 'qubit'. They sit inside the 3 × 3 self-adjoint octonionic
matrices in many ways. The symmetries of this larger Jordan algebra that map the smaller one to itself are the
symmetries of the Standard Model!
This was discovered by Michel Dubois-Violette and Ivan Todorov in 2018, and I explained it here:
Exceptional quantum geometry and the Standard Model, August 27, 2018.
But it's a long way from an observation like this to a theory of particle physics! It could even be a red herring. We don't
know. It's frustrating.
Here's a new paper that tries to go further:
Latham Boyle, The Standard Model, the exceptional Jordan algebra, and triality.
It's not the answer to all our questions... but I'm glad to see someone gnawing on this bone.
July 4, 2020

This is a fun article:
Sam Sweet, A dangerous and evil piano piece, The New Yorker, September 9, 2013.
Here are some excerpts that give the flavor:
Though Erik Satieâ€™s "Vexations" (1893) consisted of only a half sheet of notation, its recital had
previously been deemed impossible, as the French composer had suggested at the top of his original
manuscript that the motif be repeated eight hundred and forty times.
Even before repetition, the piano line is unnerving: mild but menacing, exquisite but skewed, modest but
exacting. Above the music, Satie included an author's note, as much a warning as direction: â€œIt would be
advisable to prepare oneself beforehand...."
The American composer John Cage was the first to insist that staging "Vexations" was not only possible but
essential. No one knew what exactly would occur, which is part of what enticed Cage, who had a lust for
unknown outcomes.
The performance commenced at 6 P.M. that Monday and continued to the following dayâ€™s lunch hour.
To complete the full eight hundred and forty repetitions of "Vexations" took eighteen hours and forty
minutes.
The New York Times sent its own relay team of critics to cover the event in its entirety... In the aftermath,
some onlookers were bemused; others were agitated. Cage was elated. "I had changed and the world had
changed," he later said.
In the years that followed its début, "Vexations" outgrew its status as a curiosity. It became a rite of
passage. As performances flourished, its legend intensified... Recitals were part endurance trial, part vision
quest.
Even after hundreds of repetitions, players are forced to sight-read from the beginning, as if learning for the
first time. Witnesses have reported a similar effect. Listeners that subject themselves to the unnerving
melody for several hours still find themselves incapable of humming it.
Those who sit for all eight hundred and forty repetitions tend to agree on a common sequence of reactive
stages: fascination morphs into agitation, which gradually morphs into all-encompassing agony. But
listeners who withstand that phase enter a state of deep tranquility.
An Australian pianist named Peter Evans abandoned a 1970 solo performance after five hundred and
ninety-five repetitions because he claimed he was being overtaken by evil thoughts and noticed strange
creatures emerging from the sheet music.
Igor Levit did a live-streamed performance of "Vexations"; a small portion is here:

July 5, 2020

Roughly speaking, Tarski proved that truth within a system of math can't be defined within that system. Why not? If it
could, you could create a statement in that system that means "this statement isn't true".
But there are some loopholes you should know about.
For one, you can define truth within some system of math using a more powerful system. Tarski actually constructed an
infinite hierarchy of systems, each more powerful than the ones before, where truth in each system could be defined in
all the more powerful ones!
But you can also do this: within Peano arithmetic, you can define truth for sentences that have at most n quantifiers!
Sorta like: "Nobody can give you all the money you might ask for, but for any n someone can give you up to n dollars."
This shocked me at first. Michael Weiss explained it to me on his blog.
Michael Weiss, Non-standard models of arithmetic 13, Diagonal Argument, September 22, 2019.
Skip down to where I say "let me think about this a while as I catch my breath."

The reason there's no paradox is that when you try to build the sentence that says "this sentence is false", it has one more
quantifier. But Michael explains how you can define truth for sentences with at most n quantifiers. It's an inductive
construction, based on ideas of Tarski's. For more on his ideas, go here:
Stanford Encyclopedia of Philosophy, Tarski's truth definitions.
I think the moral is that while you can define mathematical truth in stages, you can never finish.
July 11, 2020

A 'Riemannian manifold' is, roughly speaking, a space in which we can measure lengths and angles. The most
symmetrical of these are called 'symmetric spaces'. In 2 dimensions there are 3 kinds, but in higher dimensions there are
more.
An 'isometry' of a Riemannian manifold M is a one-one and onto function f: M → M that preserves distances (and thus,
it turns out, angles). Isometries form a group. You should think of this as the group of symmetries of M.
For M to be very symmetrical, we want this group to be big.
The group of isometries of a Riemannian manifold is a manifold in its own right! So it has a dimension.
For example the isometry group of the plane, sphere or hyperbolic plane is 3-dimensional. This is biggest possible for
the isometry group of a 2d Riemannian manifold!
For an n-dimensional Riemannian manifold, how big can the dimension of its isometry group be? It turns out the
maximum is n(n + 1) /2. And this happens in just 3 cases:
n-dimensional Euclidean space,
the n-dimensional sphere, and
n-dimensional hyperbolic space.
So, whatever definition of 'highly symmetrical Riemannian manifold' we choose, these 3 cases deserve to be included.
(And maybe others if we allow disconnected manifolds, or non-simply connected ones — but we usually don't, in this
game.)
Another great bunch of examples come from 'Lie groups': manifolds that are also groups, such that multiplication is a
smooth map.
The best Lie groups are the 'compact' ones. These can be made into Riemannian manifolds in such a way that both left
and right multiplication by any element is an isometry!

We can completely classify compact Lie groups, and study them endlessly.
So, any decent definition of 'symmetric space' should include Euclidean spaces, spheres, hyperbolic spaces and compact
Lie groups — like the rotation groups SO(n), or the unitary groups U(n). And there's a very nice definition that includes
all these — and more!
A Riemannian manifold M is a symmetric space if it's connected and for each point x there's an isometry f: M → M
called "reflection through x" that maps x to itself and reverses the direction of any tangent vector at x:
f(x) = x
and
dfx = − 1
For example, take Euclidean space. For any point x, reflection through x maps each point x + v to x − v. So it maps x to
itself, and reverses directions!
To understand symmetric spaces better, it's good to draw or mentally visualize 'reflection around x' for a sphere.
We can completely classify compact symmetric spaces — and spend the rest of our lives happily studying them. Besides
the compact Lie groups, there are 7 infinite families and 12 exceptions, which are all connected to the octonions:
Wikipedia, Symmetric space: classification result.
Symmetric spaces are great if you like geometry, because here's an almost equivalent definition: they are the
Riemannian manifolds whose curvature tensor is preserved by parallel translation!
(Some fine print is required for a complete match of definitions.)
Symmetric space are also great if you like algebra! Just as Lie groups can be studied using Lie algebras, symmetric
spaces can be studied using 'Z/2-graded Lie algebras', or equivalently 'Lie triple systems'. I explained that approach here
on June 24th.
Even better, the 7 + 3 = 10 infinite series of compact symmetric spaces (the seven I mentioned plus the three infinite
series of compact Lie groups) are fundamental in condensed matter physics! They appear in the something called the
'10-fold way', which classifies states of matter:
The tenfold way.
So, our search for the most symmetrical spaces leads us to a meeting-ground of algebra and geometry that generalizes
the theory of Lie groups and Lie algebras and has surprising applications to physics! What more could you want?
Oh yeah, you might want to learn this stuff.
Wikipedia is good if you have the math background for it:
Wikipedia, Symmetric space.
These notes are nice, and they have lots of examples:
J.-H. Eschenburg, Lecture notes on symmetric spaces.
Then try Sigurdur Helgason's Differential Geometry, Lie Groups and Symmetric Spaces — I learned Lie groups from
him, and this book of his, when I was a grad student at MIT.

Finally, to really sink into the glorious details of symmetric spaces, I recommend Arthur Besse's Einstein Manifolds.
Besse is a relative of the famous Nicolas Bourbaki. His book has lots of great tables. It's lots of fun to browse!
July 12, 2020
A topos is a universe in which you can do mathematics, with its own internal logic, which may differ from classical
logic.
On the category theory mailing list, Vaughan Pratt once doubted that anyone could really think using this internal logic,
calling this locker-room boasting.
Steve Vickers replied as follows:

Here's my very quick intro to topos theory:
Topos theory in a nutshell.
Here's the full exchange between Pratt and Vickers, which adds useful detail:
Learning to love topos theory.
July 14, 2020
Duality is a big theme in mathematics. Triality is more exotic. Any vector space has a dual. But a triality can happen
only in certain special dimensions!

For example, take all three vector spaces to be C, the complex numbers, and define t(v 1 , v 2 , v 3 ) = Re(v 1 v 2 v 3 ). This is a
triality!
The same trick works if we start with the real numbers, the quaternions, or the octonions.
But wait! The octonions aren't associative! So what do I mean by Re(v 1 v 2 v 3 ) then? Well, luckily
Re((v 1 v 2 )v 3 ) = Re(v 1 (v 2 v 3 ))
even when v 1 , v 2 , v 3 are octonions. The proof that finite-dimensional trialities can happen only in dimensions 1,2,4 or 8
is quite deep. It's easy to show any triality gives a 'division algebra', and I explain that here:
Spinors and trialities.
But then we need to use a hard topological theorem! It's pretty easy to show that if there's an n-dimensional division
algebra, the (n − 1)-sphere is 'parallelizable': we can find n − 1 continuous vector fields on this sphere that are linearly
independent at each point.
In 1958, Kervaire, Milnor and Bott showed this only happens when n = 1, 2, 4, or 8.
So, trialities are rare. But once you have one, you can do lots of stuff.
Even better, the 'magic square' lets you take two trialities and build a Lie algebra. If you take them both to be the
octonions, you get E8.

Details here:
The magic square.

And what's better than two trialities? Well, duh — three!!!
Starting from three trialities — but not just any three — you can build a theory of supergravity. This gives the 'magic
pyramid of supergravities':

For more, read this:
A. Anastasiou, L. Borsten, M. J. Duff, L. J. Hughes and S. Nagy, A magic pyramid of supergravities.
I don't understand the magic pyramid of supergravities yet, but I'm hoping to learn about it from Mia Hughes' thesis:
Mia Hughes, Octonions and supergravity, Ph.D. Thesis, Imperial College London, 2016.
She explains everything in a systematic way that I really dig.
July 15, 2020
Catriona Shearer creates great geometry puzzles. Here's one:
Five congruent rectangles. Whatâ€™s the angle?

We can solve this in two ways. First, the rectangles must be twice as long as they are wide, so if we chop the mystery
angle into two parts as below, we see it's
arctan2 + arctan3.

But Vincent Pantaloni chopped the mystery angle into two parts a different way, which makes it clear the angle is
π π
3π
+ =
.
2 4
4

Equating these results, we get
arctan2 + arctan3 =

3π
.
4

But arctan(1) = π /4, so we get
arctan1 + arctan2 + arctan3 = π.
This is nice because arctan2 and arctan3 aren't rational multiples of π; they're sort of complicated. For example
∞

( − 1) n
π
.
arctan2 = − ∑ 2n + 1
2 n=0 2
(2n + 1)
Someone pointed out another way to show that
arctan1 + arctan2 + arctan3 = π.
It follows straightaway from
(1 + i)(1 + 2i)(1 + 3i) = − 10
since angles in the complex plane add when we multiply complex numbers, and − 10 is at an angle π from the positive x
axis.
July 16, 2020

Take a sphere and set it on the plane. You can match up almost every point on the sphere with one on the plane, by
drawing lines through the north pole.
There's just one exception: the north pole itself! So, the sphere is like a plane with one extra point added.
The interesting thing about this trick is that angles on the plane equal angles on the sphere!

So if you use this trick to draw a map of the Earth, distances get messed up but angles are preserved at each point.
Antarctica would stretch on forever:

Some useful jargon: an angle-preserving mapping is called 'conformal'.
Mathematicians often call the plane 'the complex numbers', where a point (x, y) is written as the number x + iy. Then
the sphere is called the 'Riemann sphere': the complex numbers plus one extra point, called ∞. It lets us think of infinity
as a number!
And here's a wonderful thing: any differentiable function from the complex numbers to the complex numbers preserves
angles — except where its derivative is zero. So it's a conformal mapping!

The Riemann sphere is not some abstract thing, either. It's the sky! More precisely, if you're in outer space and can look
in every direction, the 'celestial sphere' you see is the Riemann sphere.

Now suppose you're moving near the speed of light. Thanks to special relativity effects, the constellations will look
warped. But all the angles will be the same. Your view will be changed by a conformal transformation of the Riemann
sphere!

A math book may summarize all this as follows:
SO0 (3, 1)

PSL(2, C).

In other words: the group of Lorentz transformations is isomorphic to the group of conformal transformations of the
Riemann sphere!
So: when reading math, it's often your job to bring it to life.
July 18, 2020
There's a lot of depressing news these days. Pictures of animals help me stay happy. Here are some of my faves. First:
an insanely cute Cuban flower bat, Phyllonycteris poeyi, photographed by Merlin Tuttle.

Second: a devilishly handsome Dracula parrot, Psittrichas fulgidus, photographed by Ondrej Prosicky. It lives in New
Guinea. It subsists almost entirely on figs. It's also called Pesquet's parrot.

Third: the aptly named 'elegant sea snake', Hydrophis elegans.
It's elegant, but it's poisonous.

Fourth, a kitten of a Canada lynx, Lynx canadensis.

July 20, 2020

The beauty of quaternion multiplication is that it combines all ways of multiplying scalars and vectors in a single
package, with a concept of absolute value that obeys | ab | = | a | | b | .
Last week I realized that octonion multiplication works almost the same way — but with complex scalars and vectors!
An octonion combines a complex number (or 'scalar') and a complex vector in a single package. You multiply them like
quaternions, but with some complex conjugation sprinkled in. We need that to get | ab | = | a | | b | for octonions.

I figured out this formula for octonion multiplication when trying to explain the connection between octonions and the
group SU(3), which governs the strong nuclear force. You can see details here:
Octonions and the Standard Model (part 1).
The octonions are to SU(3) as the quaternions are to SO(3)! The ordinary dot and cross product are invariant under
rotations, SO(3), so the automorphism group of the quaternions is SO(3). For octonions we use complex vectors, and
dot and cross products adjusted to be invariant under SU(3), so the group of octonion automorphisms fixing i is SU(3).
July 22, 2020

In geometry and topology dimensions 0-4 tend to hog the limelight because each one is so radically different than the
ones before, and so much amazing stuff happens in these 'low dimensions'. I don't know enough about dimensions 5-7,
but... the even part Cliff 0 (n) of the Clifford algebra generated by n anticommuting square roots of − 1 follows a cute
pattern for n =5,6,7:
Cliff 0 (5) = H[2] (2×2 quaternionic matrices)
Cliff 0 (6) = C[4] (4×4 complex matrices)
Cliff 0 (7) = R[8] (8×8 real matrices)
See it? The dimension of Cliff 0 (n + 1) is always twice that of Cliff 0 (n). But for n = 5,6,7 this happens by making
square matrices that are twice as big — so, with 4 times as many entries — having entries in a division algebra whose
dimension is half as big:
H[2], C[4], R[8].
The obvious representations of these matrix algebras are called 'real spinor representations'. So:
in 5d space, real spinors are elements of H2
in 6d space, they're elements of C4
in 7d space, they're elements of R8
Notice: R8 , C4 , and H2 are very similar things!
Real spinors in dimensions 5,6,7 form an 8-dimensional real vector space with extra structure — and more structure as
the dimension goes down:
In 7d it's just a real vector space.
In 6d it's a complex vector space.
In 5d it's a 'quaternionic vector space'.
This has nice spinoffs! The double cover of the rotation group SO(n) is called the 'spin group' Spin(n). We can show:
Spin(6) = SU(4) consists of 4×4 unitary complex matrices with determinant 1.
Spin(5) = Sp(2) consists of 2×2 unitary quaternionic matrices.
All this sets up a lot cross-talk between geometry and topology in dimensions 5, 6, 7... and, yes, 8, where the octonions
become important! 'Calabi-Yau manifolds' are part of this story.
I explain this in a lot more detail in week195 of This Week's Finds:

July 25, 2020

The 3-sphere S3 can be seen as R3 plus a point at infinity. But here London Tsai shows the 'Hopf fibration': S3 as a
bundle of circles over the 2-sphere. Each point in S3 lies on one circle. The set of all these circles forms a 2-sphere.
S3 is an S1 bundle over S2.
But the 3-sphere S3 is also a group! It's called SU(2): the group of 2 × 2 unitary matrices with determinant 1.
So we can see the group SU(2) as an S1 bundle over S2 . But in fact we can build many groups from spheres.
Let's try SU(3). This acts on the unit sphere in C3 . C3 is 6-dimensional as a real space, so this sphere has dimension one
5

less: it's S . Take your favorite point in here; each element of SU(3) maps it to some other point. Using this we can see
SU(3) is a bundle over S5.
Many elements of SU(3) map your favorite point in S5 to the same other point. What are they like? They form a copy of
SU(2), the subgroup of SU(3) that leaves some unit vector in C3 fixed.
So SU(3) is an SU(2) bundle over S5.
But SU(2) is itself a sphere, S3. So SU(3) is an S3 bundle over S5 .
In other words, you can slice SU(3) into a bunch of 3-spheres, one for each point on the 5-sphere. It's kind of like a
higher-dimensional version of the Hopf fibration shown above.
How about SU(4), the 4 × 4 unitary matrices with determinant 1? We can copy everything we just did: this group acts
on C4 so it acts on the unit sphere in there, which is S7 . The elements mapping your favorite point to some other form a
copy of SU(3).
So, SU(4) is an SU(3) bundle over S7.
Note: we've seen that SU(4) is an SU(3) bundle over S7 , while SU(3) is an S3 bundle over S5.
So SU(4) is a S3 bundle over an S5 bundle over S7.
Maybe you see the pattern now. We can build the groups SU(n) as 'iterated sphere bundles'.
For example, SU(5) is an S3 bundle over an S5 bundle over an S7 bundle over S9 .
As a check, you can compute the dimension of SU(5) in some other way and show that yes, indeed
dim(SU(5)) = 3 + 5 + 7 + 9
Even better, the group U(5) of all unitary 5 × 5 matrices is an S1 bundle over an S^3 bundle over an S^5 bundle over an
S^7 bundle over S^9. The S^1 here comes from the choice of determinant.
So: \dim(U(5)) = 1 + 3 + 5 + 7 + 9 = 5^2 and this pattern works in general.
It's easy to see that the sum of the first n odd numbers is n^2. But we've found a subtler incarnation of the same fact!
We've built \mathrm{U}(n) out of the first n odd-dimensional spheres, as an iterated bundle.

image by Vincent Pantaloni

Puzzle. Can you describe \mathrm{O}(n), the group of orthogonal n \times n matrices, as an iterated sphere bundle in a
similar way?
July 26, 2020

The matter you see is made of up and down quarks, electrons... and then there are electron neutrinos, hard to see. These
are the 'first generation' of quarks and leptons.
There are three generations, each with 2 quarks and 2 leptons. Why this pattern?
Short answer: nobody knows.

But we know some stuff.
To get a consistent theory of physics, we need 'anomaly cancellation'. If one generation had just one quark, or a lepton
with the wrong charge — and everything else the same — the laws of physics wouldn't work!
Some 'grand unified theories' fit the observed pattern of quarks and leptons quite beautifully. For example, in the
\mathrm{Spin}(10) theory all the quarks and leptons in each generation, and their antiparticles, fit into a neat package:
an 'irreducible representation' of this group. This theory forces there to be a quark of electric charge +2/3, a quark of
charge -1/3, a lepton of charge 0 and a lepton of charge -1 in each generation — which is exactly what we see!
But this theory predicts that protons decay, which we haven't seen (yet?).
A more quirky line of attack, much less well developed, uses octonions. The octonions contain lots of square roots of -1.
If you pick one and call it i, the octonions start looking like a quark and a lepton! But only as far as the strong force is
concerned.
The strong force has symmetry group \mathrm{SU}(3). Each quark comes in three 'colors': red, green and blue. This is
just a colorful way of saying the quark's quantum states, as far as the strong force is concerned, transform according to
the usual representation of \mathrm{SU}(3) on \mathbb{C}^3.
Each lepton, on the other hand, is 'white'. It doesn't feel the strong force at all. As far as the strong force is concerned, its
quantum states transform according to the trivial representation of \mathrm{SU}(3) on \mathbb{C}.
What does all this have to do with octonions?
Choosing a square root of -1 in the octonions and calling it i makes them into a complex vector space. The group of
symmetries of the octonions that preserve i is \mathrm{SU}(3). As a representation of SU(3), the octonions are
\mathbb{C} \oplus \mathbb{C}^3. Just right for a quark and a lepton!
This is not a theory of physics; this is just a small mathematical observation. It could be a clue. It could also be a
coincidence. But it's kind of cute.
To give a clear proof of this fact, I came up with a new construction of the octonions using complex numbers:
Octonions and the Standard Model (part 2).
Then I used that here to get the job done:
Octonions and the Standard Model (part 3)
So, read those if you're curious about this stuff!
July 28, 2020

A permutation \sigma \colon \{1,\dots,n\} \to \{1,...,n\} is alternating if \sigma(1) < \sigma(2) > \sigma(3) < \sigma(4)
> \cdots The number of alternating permutations of \{1,\dots,n\} is called the nth zigzag number, A_n. For example, the
picture above shows A_5 = 16.
The nth zigzag number equals the nth coefficient of the Taylor series of \sec x or \tan x, depending on whether n is even
or odd. This remarkable fact is called André's theorem. You can see one proof here.
Since \sec x is an even function while \tan x is odd, we can summarize André's theorem by saying \sum_{n = 0}^\infty
\frac{A_n}{n!} x^n = \sec x + \tan x
Nice! Trig meets zig.
But here's the weird thing. Take an alternating permutation of \{1,\dots,n\} and count the triples i < j < k with \sigma(i)
< \sigma(j) < \sigma(k). The maximum possible value of this count is 0 when n<4, but then it goes like this: 2, 4, 12, 20,
38, 56, 88, \dots Can you spot these numbers in the periodic table?

Yes! These numbers, starting with 4, equal the number of electrons in the alkali earth elements: beryllium, magnesium,
calcium, strontium, barium, radium,....
Coincidence? No! I don't understand it yet, but it's explained in the new issue of the Notices of the American

Mathematical Society — which like any good professional notices, are free to all:
Lara Pudwell, From permutation patterns to the periodic table, Notices of the American Mathematical Society 67
(2020), 994–1001.
July 30, 2020
One job of mathematicians is to shield the rest of the human race from insanity by discovering paradoxes and figuring
out how to deal with them before anyone else even notices.
July 31, 2020

One of the great things about category theory is how it "eats its own tail". Concepts become so general they subsume
themselves!
Let me explain with an example: every Grothendieck topos is equivalent to a category of sheaves on itself.
What do all these words mean?
The story starts with complex analysis. Liouville's theorem says every bounded analytic function on the whole complex
plane is constant. It follows that every analytic function defined on the whole Riemann sphere is constant.

The interesting analytic functions on the Riemann sphere are just partially defined: for example, they may have poles at
certain points. So we need a rigorous formalism to work with partially defined functions.
That's one reason we need sheaves.
There's a 'sheaf' of analytic functions on the Riemann sphere. Call it \mathcal{O}. For any open subset U of the sphere,
\mathcal{O}(U) is the set of all analytic functions defined on U.
Note if V \subseteq U we can restrict analytic functions from U to V, so we get a map \mathcal{O}(U) \to \mathcal{O}
(V).
Even better, we can tell if a function is analytic on an open set U by looking to see if it's analytic on a bunch of open
subsets U_i that cover U. This says that being analytic is a 'local' property.
Technically: if we have a open set U covered by open subsets U_i and analytic functions f_i on the sets U_i that agree
when restricted to their intersections U_i \cap U_j, there's a unique analytic function on all of U that restricts to each of
these f_i. This is a mouthful, but this is the sheaf condition: the key idea in the definition of a sheaf.
If you understand this example — the sheaf of analytic functions on the Riemann sphere — you can understand the
definition of a sheaf on a topological space.
Roughly: for a topological space X, a 'sheaf' S gives you a set S(U) for any open U \subseteq X. There's a 'restriction'
map S(U) \to S(V) whenever V \subseteq U is a smaller open set. And a couple of conditions hold — most notably the
sheaf condition!
So, sheaves give a rigorous way to study partially defined functions — and more interesting partially defined things —
on a topological space. They let us work 'locally' with these entities.
All this was known by the late 1950s. Then Grothendieck came along....

He noticed the open sets of a topological space are the objects of a category. And he showed you could define sheaves
on other categories, too!
But to do this you need to choose a 'coverage' (or 'Grothendieck topology') for your category, which says what it means
for a bunch of objects to cover another object.
A category with a coverage is called a 'site'. He figured out how to define sheaves on any site. This lets you do math
locally... but where the concept of 'location' is no longer an open set, but an object in a category!
The category of all sheaves on a site is called a 'Grothendieck topos'. An example would be the category of all sheaves
on the Riemann sphere. Or even simpler: the category of all sheaves on a point! This is just the category of sets.
Grothendieck invented this stuff to help prove some conjectures in algebraic geometry. But Grothendieck topoi took on
a life of their own — and in fact, they 'eat their own tail', like the mythical ouroboros.
Notice that categories are showing up in two ways so far:
A site is a category with a coverage.
A Grothendieck topos is also a category: the category of all sheaves on a site.
So any category theorist worth their salt will wonder: could you make a Grothendieck topos into a site?
And the answer is yes! Any Grothendieck topos T has a god-given coverage making it into a site... and the category of
sheaves on this site is equivalent to T itself.
So it's equivalent to the category of sheaves on itself!
For details go here:
nLab, Canonical topology.
For my August 2020 diary, go here.
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