
I : Le G-roup, i" Q vo,i{VM PhJ,'0 
I 

j, 11\ p'hJsk~ V'lt> slJj "sjsbe.ft\S 
11 

i:hal obe~ 

j 

slrap \e f'/\<J~e M"O tic ~l l?iw ~ J \ile, 

• ol\ e \ectrOf\ 
... -a protof\ 
• 0 h:\droJ" 21tor11 
• a V\J?iter Mo\ e c,JI~ 
• -;ii\ i c e crjS L. l 

i 

i I" t"Mt,r/'\ p'h~ics <:ac.h 5j.s\er/l is JescribeJ 

o&ii\~ i, llil berl ~~ ,· a coMple*e COM'fl lex 

111\Mr piJL(t sp.:,c.e. A ~l'/\p1ex i~r Erol.<f 
11 

5 pllc.e IS a Corl\p 1 e >( •.Jee tor sp 21 Ce t-l Wi,l h (>{' 

I I 

1 i f\V\er produ ci : a rrr~p (- J - } : \~ x \~-) C 
1, 

wii~ 

1 < o/J a qi ... b cp') =- " < \J!/e '> + b< (/;) Cfl') 

. <<YJ ,e) =- (cf //J) V<l\fJ {}' E \~ 
+ aJbt ( . 

( (//J l/J) > o vrJes~ (/I= o 



A (OMp\e~ il\Y\er producl src'!ce ' ~plet~ IS 

if ~ h," w~ ckf ,<\~ ~ (\Off'(\ bj 
I 

\I \JJ 11 L =- < Cv }/I) 

dl'\d the~ ('.) M€i()( ~j 
; 
t 

d ( q,,;cf) = [{ 'V- f ~ 

I {~ls f'f\Jl\c rs comp\e le : €Verj (1-IJ(~j S'1_ ueoce 

l l 
covwer3p s. luck J _j ev e"j .f; I\ i le - d 1rf€nS iorra J t'<l.Mf lei< 

I 

, (or rJ , or 1_vi-terf\i'Q/\ic J i/\1\er pl'oduJ .spc1ce i ~ 
j, 

CoMp\el~ ( 

Evej f;~itc- dil'l\e/\siom\ ~d bert spi(e is 

i :-,ON'Orp h k {Q ('. r\ viJh ifs S ~ ii/\ ~r J il'IM r 

11 

prod,d 
(\ 

(CV)~)~ f
1 

~if: 



: A 11 st~J/ of a phjsi ~I sy lei"\ ~ a 
+l 

I 

W?i~ il Cll<\ be. If\ 'l,_VanL,Y\ ph3sics a 

·; d11te is JesaibeJ bJ ~ ~J lfeckr In -f h.e 
l • 

Wilber* :space J th-a{ s~ Jeri\ : (/.,; £ /-1 

w, +'n n q; n = i 

j A )(jorn I ' \f 3 s~s ~e/Y\ i!. i" {~t> ~ la f ~ (/) t ~ 

-a"d ~O\l checl · fo ~ee if ih ii\ {\c sbf e ff 1~1 

1 

fhe a11s,,,ier is "'je/ wil~ prob"llbili{~ 

:! l<ce}P)l-i. :: l<CV/f'>\1-

• I 

i Noke : t~e C11u<~':r Sc~v'<Vh_ ir\i\J3liS 

t I < lJI A'. ) \ $ II tJJ ll II qi l\ 
j 

irl\p \i€'s {h1s prob b iii l"' is be-lv-Jeel\ Q &- l ) 
I I J 

S\l)CE' 4J J cf) are s~1t• .s so II ~lJ :: ll f II ::: L 

11 



If we Jo SoMJh1'5 to d sjdef'() , or jusf 

w1sii > its st ?>{es vJi!I becof'/\e new states. 

11 

\,.. t211\l\JIV\ phyics v,1e cksc-<\be {his usi'f\3 o 

J.J;/\~~r f'rr~p 

.. 

... 

I 
t • 
I 

~f 

th-l- mps ~tiles .\-o sUe.s : 

\\ W \\ = 1 => \l O ~ l\ = \ V C/J t l~ 
'11, {i /\emf~ 

I ( (µ l\ = C ~ II u ~ \\ ~ C \/ \JI ( l~ J ( E fK 

~ 

I\ () ~ \l ~ f ( ~ \\ 
'1l, Po \~riut,O\ 1dent +'j 

(UtvJ O<f)) =:: <1;,r) 
i d~L,r\:i()'\ of Jj oil\-l 

/.. <fJ J U* U ~) ::: < <v) J2} 
4 

U* U = 1~ 



, A \l t~es€ co"d,t,Cf\s 
I 

are dJuohj eivf\lolMf J 

obe~\) ~l\j c:,-e is cJieJ -aJ a h,wor oper11k 
I ,, . I \ 'I 
I'd/\ ISOH'£tr3. 

+ t 

Def rA1bon - Af\ iborneLj frOIY\ .i Hilk~ !poce 

-space ~ 1 
is a kl\ear VITTp 

2-J U preset'/~ {h r.o,rf\ ·. H u <v II "' I 'f) \\ 

3) U prc~rv~s {k i,v,er produ<.l : <ot)Uf >~<fA) 
4) ur u:: 1,-1 

A Uflit11rj epe,ator 1s 01'\ is.omeJJ ..,.Ah iv, 

•

1 

ff\vtrSe ) Or etuNJe"t~ -a (if\eic rmp lJ, ~ ~ ~ 1 

+j 

, v,i-l~ U* U = 1.~ > U u¥:: 1~1 . 
'. 



lhl)c:. i ir\ 1_\X.l•\{I.}/'(\ phj.si<!. i'Jr, i~\e 

{ r ft/\$ formot;Qf\ of {l.-e s.lole.s J 3 .Sj.s{<~ is 

lj ~~sd\be.l bj • lJ\i1j ~"6r U: I~ --'> 1~-

~; \be_rf sp1ic.e \~ ) t~e l,l'l\lj 

l) ' ~ ~ ~ form Q J"otf : 

U /V : ll~ l~ v(\ i +ai 
{l,, 

I\ u V ~ \ \ = \\ V 41 \\ = \lo/ ll V <f; t l~ 
$, 

U v Uf\i-h1 

lf I ::: (J1f l(. U U t "' U°l( U "' i 1--\ 

{1, 
U-¥ vn =- V',1: ut ::- 1~ 

\N~ ,al\ -t~is ~up Un-\J _ It 1-l is {11\ile-d;"" 

I UC 1-lJ i:;; U l ([") ~ U ('I)) :: { U, Nt Cc} UU*.:: if U=i] 

l So I~ is a Lie 3rovp. 



, I{\ tt\l\ l u '/'(\ p h yic s 
I 

~ ~ ~:r""''A"e s of 
i I 

\tie Silj ~ J'<> up G­

s.ome sjs {e>'Y\ V'l;th 

l~ilberl ~p-oce if {"-< rf 5 a 5roup ~ol'(\o/V\orp~isrl\ 

p: G- ~ UC~) 
i 

I\ w~,n toe;:\.)~ O'\ ih~ Ca~€ \N~€(€: 

j' . • G- is a le 3rol!fl 

. w Is ~fl\Je- d,rr.e(\sl'O'\..J ~ uJn Is ~ lie N 

• 

: \)ef;11i+1~ - A lX\ill\'j ~presefll.f;o'\ of a 

+ I L· G-- . r. , d, ' ) 
\e J"°~ /\ Qr\ c\ 11f"litQ, )('(\t()Sk1Yd 

: is a Le 5roup ~/1/'Crl'<l'fl~isvY) 

p, G- '"7 UCW) 

\--Mberi spoce ~ 

I 

I NJI! Lr ~J c G L(I~) So ~ t}{\;-k3 fef lt'.seo{a~~G'\ 

.'.f.Jl.'.S I or 
11 

is'' ; '<l repre :Wj'I!~ ion . 



'(9() \Ji ll =(~nar ( 1=b~::~bb {aiiw ,b} : 
I 

-::: ( <;Jo S ;o Vo! sn\ ,v! ~t TS(\\' 5 ! 'f !~M ! 
. ~ I 

Cf J) n :=a (£J() 4-C ~:;o s = r:d .] 
\JO 1r· f>qS~JdaJ ~J'2tl\.i) 
-~ l 

~ bv!sn ,;!'1t oF ar-11 '"f it12d 1 -v ! ds ~ ><j J 

ens ;:::, (£ Jl'!ds J~I\Cl) 3\~(\01 "f JO 

JtioJb a,1t bv1sn ;fird ~t :irtOJ 

~1 
(<t:JOS I 

. d)~ds t )~~,!~) {-e.vo~suaw~F-dfV!J-Q \J! ljbrc)/\ 

W1 dtr 'G 1 r:i~!~>~dr ,, "Ids J)')'-\.L iJ 

I I • 

I 
f .- 1 

· v,ds 1 
\\ . // 

()1111.i ins ~1 "'fll.Ci ( b1110~ a,iz, (~"\t 3)3~11\ 

}' cjJ'l ~t <U"[f'I ~JO\J{;! ON\ J/ ; d\ dw~')(3 I 



~( 

\ _.L p21rtic\e we use t~~ a sp\1\- 'l.. 
~ aa.. 

I 

1 

t lJf\ibJ fer re S.</\~oii<l/\ 

- sue~_) Uh) ::: uccz.) I p_1 . ~ . 
I 

1... I 
V'4hkh . jv-sl t(€ ii\ c\usiOJ\ Qt Sl,(1-J U(-z_), IS l"I 

11 
{ <i\/iol 

11 Ul\i·hrj fepresrniJ.iOI\ 

Po , soez,) ~ UC1) = U Cc') 

[ def '"eJ bj pJ:) ::: 1 V j t S.O(:s). 

Oefo1i{i<r1 - 1he to~~al IXli~ rep of o 

. ! Le ~roup G- is {~ rep 

i , Po : G- ~ UC,) :: U C ([ ) 
; 3 ~ i 

+ I 

! , se<1di"5 eve::'.l Jr<lf e\ei'{\e/\\ lo {k ident;.~ 

I i )( 1 ~())( ) i E: ()( l ') • 



Rot 11 ti"~ ~ Sp;/\- 1 P11,tic.1 ( 

T'c\6 {ln,s stle of {~ sp!r,-t paA1c\t: 

tv~(~) €(3 

-a"J 1,p'f>lj p, [~) : ( 3 ~ ( 1 
wkre 3 ~ $0fa) 

is roh-l:ton bj e if\ {k ?<j pl"llf\e: 
r,, ( I I co.se -sirB Q ) ( l 

pJ~) 'Y =- 3 'V = si~ co;e ~ . : = 

!) V/ j 5cJI 
~ 

')( 

1.r we che,l to see if t~e rr*ick ;~ Ris 
l')l'V'l s1-J.e is if\ {k orf~?\J st le tf.! , {k prob1ib iii, 
i:h1>l we Jl {k MSWer 

11 
~eJ '' is 1... 

l<\Jl)3tJI/I~= l<U\(~t))):: cos~e 

0 



If t~it SeeNI.S Weird) G ( 
If 1:J°" rot~to a ~pi(l-1 f><"hc\e '" tk A.ate 

<v = ( ~ ) lM0 

ii\ *k Aj plii\Q ~ ckeJ ~o 

Set if it'$ i" \k .~ti~ <J}) fk dl\S~r ~ 

~ 1s1i-lh pro'hbiliS \00 °/., Mt\ t~v.f r(}.J 

ih 3 r.J;:. Ci ). '" 3ei\l!ql fo- Mj Wilb11A 

spic~ \~ if JI (/1 \\-=- I {ke" J ( c CV J If)\\= I 

wk/\ cf; (L is -a ~~s~ = le\= 1. So reoh5 

\Nf s~ould c(II\ .i Ul'li{ ve,,b,. 'V d~ 'I! slot~ 'JeJor J 

a"l call Of\ ez_uwJel'l.f c\o.ss of .s~~f e ve<l.s \r,J~ere 

C ({; rv CV vl~f\ \c.\ ~ \ -a sl~te . ~r [~~ ([ (\ 
) 

s hte s .f .,r'rn -1:\.w ~ro~ e c bve spoee 

c[ P ll-'-I ~ { fil'.es fhrov_f i~~ or~il\ if\ (Y'l J 
S t \ff\i { ve,k s ii\ ((\ ] I C (jJ rv </J 



t 

I 

I. 
I 

{f\ f\at\)re J 

e \e<frof)S 
p f'O.\: o I\ s g, 
ne utrO'\S 

p~fiic\e , 

-= hjd"°-3~"' JolYI 

rrot()I'\ ~ ~Jr(){\ -=. de\ller()/\. 

e le,t~~f\ ct) d~~terOA ::: d~ulQr \ lN'(\ atOM 
l1D I \\ · 

€utcn\.>-r{\ I~ 

~J ro.'.) ~{) deu{ eri VY\"\ 

( ~l li,k -l~ese pi'c{Vfe~ ~ litero\lj _{) 



+ 

I. w~~I\ ~V'IO s.pir1-l parli<:le~ I( dicl 
J . I 11 \\ 11 r 11 

tos-\:1-\er , 11'\~ COi\ iOfY'(\ e itV'lff -a 
l l 

1 spi11- O er c\ spil\- l p<1rti<]e ( \JIJhj ? 

V"le CaA t~il\l of i\l thre~ a.s f'e.p~ J 

SU(2-) ~ 

SUL<.) ~o 

LlTi, ~ 
soG) -Po> UC,) 

SUC2.) ~ U(i.") 
rx '/2- := Py2. 

. SUL2.) ---.._ o<, 
+ 1T ~ ~ 
:· SOC3) - p, ~ U(-~) 
I • 
I 

, . 
.. 



I 

~ I 
I 

I 

, I 
1h.eoreM- dS represcohbns of SU(z) 

we h~ve 

AJ --

I 

, i~' s 011 tJE. shiviri usi1 So'V\e{~;) we've see/\: 

+ <t' 1 
@ <C 1. ~ A '2_ f 1. ffi S'- <[ -i 

+ 
~ <f~l-!@t)~ 

+ 
<1'~1' i~i 1@i,-'1,@1') 

) ) 

+ 

+ lo prove it \Ne\J 

t 
I 

I 

I 
+ I 

11 

. I 
lj vfhic~ 

I 

o( I ~ s<- o(_ '/2_ 

i '., jlJ.S l ~ COIV\f V l ~ {; O'\ J 

: 

1 

l-iri113 S\C\ce we . Jo,;{ ~z,ve e11ou-3h f'll{)<h;"'"') /\ClW· 

11 



; has t~15 IY\eMij 
I 

' s-kL to~J~~r 1""° spil\ -{ P"rk le~ jou 
j 

CM s* -a spit\ -0 pl>ft i c\e Or Q sp1V)- I pt1rlcl / 

+ 

II 

® - '\{;,k -\:o~e-ll,w/ 
ffi I/ \\ 
\:77 - 0( 

Pro\ol\S .{ l\eol:rOI\S 21r~ spll\-{ porLc\es. 

{Id \ \, A (Ute ro" is i prol OI\ & o rwu{ ro" 

spW\-1 p<1rkk 

c<' ~ ex Yi.. ® cxv1.. 

: <'l'Ci91' J l ~-1) f ili>l +J,®t) ~ ( 1
0 (

2 

I A (Id I \' 1 I I t 11 
+ i()E\Jt(O() IS 2-. l'\eutrQ/'\s .stvc~ tQ3rt~r. 

I 

I. ~ falls "r~* so {,iJ ;f, s vej ~"llf d -lo 5ee I 
I 
~+ 

I 
I 



I w~ Is tke deuterof\ Sri" -I ) while ~he 

I d,"eJrO'\ g diprof a" are spil'\-o ? l'h.-s '(iest.OI' 
' J 

3o~"s bejord whelt "'le CM: 0/\SV-.Jer us,·1\3 jvsi 

· {ke ~~ we hl)'Je So ~ ( 8J L,~e 
I 

I 

3rou19 represe11U{Of\ tke1 lells \)~ fk rossibk 

9 p+•O'\S 1 \/\jhic\ is <1lreadj O~<lZ.il'lj f 
I. 

1.-


	lie_groups_10
	spinning_particles

