Lecture4f |

I
CANONICAL.

WHY S (@UANTU/\/\ GRAVITY  HARD 7

COﬁSfJer H\e VaCuUUn B’ns%e)}\ ecluagfong

G'/M/ = Q
W;\ere

\

S s o (comfn‘é) SMOO’U\ 3-manifold - ”SPace‘

M = R X S - ,,SP’AC(’{»‘me "
W

\
3 IS 1 Lorm“zfaf\ me%r;’(‘ Suck ‘H’\a\[

{ f= OZ <M s a (wclxj curface
R,W = Qicci lensor of 3 R.,. R’;’
6’/\/\1/ = Q*‘U B ?!\ R 3 v IS 'H\E’ E ns éei& {Pnsw

Naive]j SPQaLMj 5 L ?“Uam[um jra\/ffj we'cf /)Lf

‘éo N\'ALQ {(\e Space Q‘[ So)uxifor\s f/\'go 3 PO»‘SSO/\/
W\an{fau ae ‘H\er\ zuzyn[fz_e fg. /r\ C‘anom'ca/
?UM%\M\ 3(‘1:\/[6 we CIESCm'Ee 50[!){:'01\5 US"’ﬁ f’\?‘()"d/ c{a{?



’H\ere Are Maij ‘éfki.s 1[Qr QZUM‘(i'Zf/\j

Po{.ssoﬂ, Man)'fo/cfs_ Ej for 2 pafé'c/e
o H’\E Iff\et

T* R > %;P) 2: posi&'o/L
[ ! p = momenfuv\
Pofs:on M-mipalcl or
”p{r\ase space "

\L ?/UM%"'Z_G

2 5= M
[ = (R 1™
H;'/‘oer% space | d?“

]:or Emséem‘s @%Uaéfom H\n‘s S Aarcf !Jecause :
l) -ﬂ\e Pl'\ase space IS 1'r\ﬁ'm'ée~e{fmensfm'al 3

with Sinﬁu farities .
2) The PL\Z‘Se Space s not 2 COlMSeml é)mcl/e)
Jue {‘0 Consjrranml S .

3) Problen of #ime: the phase space el
Cansisés a)( so]ul»‘ms mocfu/o c/f{w[eoMorBlu‘sms

op space({rv\e.

N



N}

CONSTRAINED <SYSTEMS —
CLASSICAL £ QUANTOM

Ar\ QBSj exampfe: ‘g\e Par(ic{e on 2 p’ar\e)

COf\S{r'df/\e(i {o lie on 2 /fne,

(lassical ‘par{fc[e Conf-:jura#fm space = Rl 9(2:;2;>
on prane pkase space = ’]’*P\l 2 (Zn)zupu Pz>

Poissan steuchure

{ ?,J)Zkg = {pjipkg =9,

{l%pikg = c%‘L

QU&A‘EUM IOar{'iC{e H)‘Jbe(é .SPa(e = [_Z(R1>

on p{'a/\e : A l
(Uperators : _— .19
g s & M‘b’ g @ T’@z.
NOW'- /mpose Cor\s‘%rzsiml Z":O / J

QUANTIZE
TR > [F(RY)
CONSTRAIN ?,7- =9 CONSTRAIN %L W: .
(PoissoN mod oot 53 P,V P,_+colxs{.
REDUCTION)

X 2
T oownze . LR



PolsSoN REDUCTION

Cons{ rafm‘/j ciassfc’af SjS‘éeMS IS c}m V12
pofssoa f‘e(Jucéfo/\/ : S{Nliv\j '-M"U\ 2 Po,‘sgw
YV\DN'(O!CJ >< and SMoo‘H\. 7[\1)/\(‘!*»'0'\, 7[_- >< - [R)

we cfo 2 Z-—S('ep P"OCQSS:

FUNCTIONS ON...

>< = CMCX> Q)Lssm aljeé ra
50‘59%c “kinemotical phase space” /L inematical QuoTIENT
observables” ALG’EERA

[f-0t <X S (X)) [£]

\
” conséramé <urface’

Q\)@'\Em
SQ‘\QF Suppose V‘f = {'{) '? 39ner3{e§

)[’ow F;X'*X Lel
xey & x=hy HeR
[fo02/m  — {36000 lgfo/LH]

”P%sicz) pl\ase space“ PA\‘js'Q/ oEservaUes

Sfmilaf{j Lor a [:j_? aégb_ra 97C (uncé:’ong an X
wl\{ck Seneraée a 3roup actlfom.



CINSTEIN'S  EQUATIONS :
THE INITIAL VALUE PROBLEM

n - ‘Eimelilz.e

unit norew S
‘JJ - 'Jz)3

nzxs{

|

Kl’f\ema%ical Com(igura{')bn, SP’ACE’ = Me( (S> > CZ}

(space of Riemannion melrics o S)
Cremalical phose space = TFCME(S) 2 g,p)
where pY = aeklyy (KY - K g?)
K3 = Vol = extrinsic cunvature
kK = K

PQI‘SSOIL S(ruciure:

{ pY (x), 74 @} - S,i 52 é(%ﬁ)

U7



4 0)( Efns{eir\‘s |0 ezuaél‘ons are

(ons{raiﬁ%s O ‘{L\e {/\i%ia] ché% (%)P)

+ DIFFEOMORPHISM CONSTRAINT :
=0 whee (5= — 2D, PJ .
These 3enemle acbion. of Diff,(S) on
THWMA(S) = [, vy vl querskes

’ac%fom of 1( /ow CorfespoanAj %o VQc{or ﬂelcf V.

e HAMILTONIAN CONSTRAINT :
Goo =0 wheee (oo = ~Tdllg) R +

[ . Ny
g (P = L),

_ﬂxis 3€neraies ac{fon Q-[ fime {'ranslal{fom
in n dicection : L { 6—00 Vol Seneraées
2(%)’0/\, O\f ﬂow Correslooncfffﬁ %@ 'Fr\,,

ON



Jf\, SL\or% TN SeY\eer f“ﬁ’/’a{f\/f%)
(ml{Le mos{ ‘(\EH %L\eon'ej Seé an 3
Mar\imfolc( wiu'\ 2 1fz'><€c{ N\e%rfc #e

COAS ram{s :

o’gr\aw’cs Is ggnEra J E%

-
TL\E? Fur\c{’om

j(v o+ f Godwo

oNn T*((W\QHSM 38'\‘3(3 QS %W\e e\/o}uiior\,
pusL\ir\j S 7COf\N‘afcl,S N ‘u'\e Aifeml;‘o/\, ‘(n,+\/‘

fa+V
fo

v




So: éo (orrvx %L\e ptsﬂsf@] prase space,
We éb[ﬁf ‘H\e kfnemaéfcaj p‘\ase space
& c{o Poissm, reclu<jtfo/\/ {Wice :

Ki e Jn' )
PA’“SPC T Met (S))
WH{”J&{ roniold

diffeo. cos{micfl( Sj
Difeomeghisn= st TH0el(S)/ DAR(S)
Pkase Space (
not a mam'fo}efj bol 2 Hilberd
me‘”fmm/\, mam'FolJ on an OFEV\ Jensc Seg j
Cmsfrm'/rjc Awa -rrom. ME%n'CS W, Sﬂmme%nj/
R itk (S)!

pkﬂs{ca] Phase Space X = {maxima]/ﬂ extended
solas of Einstein's

G’Ctuaéfo'\, W. Cauch ofa{a

f\ml 3 Nmin@ld)
but = Sjmp[ec%fc H;lbcr% on Sz / O(I {\[eoMorp)m'sn
manifold a an open dense set,
awaj ﬂom so}uéx'ons W. SﬂMme@ﬁ



DIFFICULTIES
QA JE W‘\aé

TE (Mt (S)) - “( (me%(s» measure ¢

CONSTRAIN commufes ? cowmzAlN . & AOW .

T Ml ()] DI (S o <wcs>/9 009
K Wl\a{ measyre ?

CONS'TQAIN COMM\J#QS ? CONSTRAIN : PR AOW?

QUANTIZE

¢ QPera{ors H<€
' A A A 2
- wp R P02 )
J”cu(% Lo define.

i Proue/v\ olc \(z'/v\e : S{a(es in (HPAJS wi” [)e
o(ia(feoMorQLn'sm —im/arim‘ , So c{jﬂaMiCS is A)'JJén.



A ROUTE TO PROGRESS

74

/oop 2uan(>wv\ Srav{@j "

) Desm‘loe ;’r\iliaf data USMS new Vam'aéfes.—
o SUQ) comecion on spin bundle P=S
and 2 Ad (P) -valued 2-form.  Kinematical
pL\ase space becomes  T7(3) where A

(S ch\e space Op Cormecéions . P

2> Use New %eckr\oijj if\vo’viz\g SFaPLs

Jto Jetrine COMp[ejchfL 8\ af\oi Mmeasure on.

i

d.

3> Trﬁ aSaw |
TR ———— L)
(rauss constraint C \C—* )
T (a/ap) — L (3/%)
Ji”eo. COf\s‘raf')% \C \ﬁ
TH(A[ARP) = > (HA;N 0
Hamilfonian \C ! — Co/hlroversaa .

Ccr\slfamjr >< e e e C]"lpkjs



