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R Sitfp-u( t>a Lok Sd?_, 2T 4 oidt ™

®, = |- = —_—

(+9) o o+ (e (a4 q:)'-‘" € 1+'t)'|’+i
Om the sthen _ﬂamol we bee

- - ri ~%(i+') P+g -

T(PT()= S°‘>° 3«'9 <17 ey 2 St fdw £

° /_—}-t—rf; 1< A

x—x =
Loy V3% U= ) o+t
L D _ _ oo _ 9-
= de Sclt {9% £ w3 4 gdw (,%%’F*—a l ScH: t
5 ()14 10 7 3 3 ()™

= T(P+)B(Rra) , Awe |B(PA): —% ) which bes siwple poles

ié P 2 q oo mompositive I'M_t!aub.
Kﬁwbyff Mﬁwio,us 04 TR chose 5{'6‘ -{;o'Cl.S tom be O‘D'f_ofM-dol J’loM'\- ’\-/&d_ czf 'V c&_k. 7"’5‘ 2=0.
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FEPOHAN PARAHETERS \

We wost S« prove Tle NAMTT'@ Co( >OJ '>°>
1

(14’4

T4 = _T@ S‘ﬂ"(dx 27) BT s 3w owd 0z %
SR - | 7 N (2 7:h: ) st =

T_,&.o iMT.(g’LDT.'aM Tonaloles 2. o Kyowr os ’-FCBMW '\'Dowmz:tu.s

Xt ms  stonst at.m Hbhe cose m=2, Aot will Lhim be mercded s the lMolMar-w Ap

- Ay —
JRgCLLOR Sel doy, 22 203 S (-2 %)= LA 4D g 23 ()’
T(x) (L) o (1A + 220,)+ T() T () (oesBy + (4-%) gz)oh-bolz
We mse Hbhe meow rsnielole 2= x__,_—ﬁd_ , RE€ [o,4] ) A ch soT;sgu'(/S
Zﬂ,gi‘f‘ﬂ—xll)ﬁz
4-2= (-2) Az , d2= Azhz dz, Mremee
%104+ (1-70) Bz (eePs + (1 ) .Y
4,
T (o +oz) 4 ol) -1 £2~) 4
= dz 277 (1-2)* = — .
* T T (4) thgjz LSO B34 sz
\_/_\/\/
(Ig(ohlcl;_,)z P(JI)T‘A‘Z}
T‘[d\'t'dz)

We mow ssszume Hhe \'dM.?fg to Aoty Are {az m, omd MJ[MZ) Mm=22 we stow A Aolds olss {O‘L m+H

4T Ay = A () 2O 4
Pane 4= B2 T ) (5 %)t Al

A a2
= . S —ﬁ' (Dbk' %jrvs[l—x M Sol'); QLB 'ﬂ XMT $[|_3_xm+l) -
j”") ) = TYPd,,) o (132% Bt g A )N

’S/J we st = 75\/79 4’.77- 4=,

m we love S(L-%):S(l—x’/'g)=’gg(‘g—»') ol

n - o4 | |
MOLLO 1T doe, 3’\ :[LT' d”b (%) oned b:) lM‘hgl\J\Mé om Y we a‘;
M 'ﬂ" (d% ( ) Y d')&Mﬂ %M':Tl ) (’_L—' 76’-— x,m,Q

4=l

X+ ol
< Z '&,‘; A 4 Xuw Am-n s
=l

{
whi ey is '*Lo iﬁ'\ddﬂtfoﬂk .S*'(,ta eé'{"ur_ jabba \-/\/‘3 %A" — x'; o2 Z:l/ .., M
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SYMHMETRIES

y A poupes X MFMMToZ' oms

Gromp : set O with o mmsle GrG—= G which sohisfies
D 24(2:2)= (913:)B3 7 MY D, 9,1 G (esociclinidy)
3) CEG A sueh Aol ge= £y=9o for awy 9E G (eeistence of the ideutiTy elemeniT)
D oo omy geb om slement Faxists such tual  g5'- S'g=e  (wisTene of e imvense).
o 257 22, dn oy 8,8 EG Mo G sod dr e on Abelion guaup.
Kiv_growp : o group Aot a3 olis & C momifold , im which tleseudorny opurslioms (producds
omd Ampose) o € waps. Tohe dimigusion of The group 7S Kbe olimension of Hhe monnidold,
A e A muwbir of poromilos Aot ore muded A< wmivecolly dudify o goup et
The group <5 said Te be wafoct if the womifoled is compad
EXAHPLES
D GLw €) : ouwp of iwvetible Limeon Fomsformedioms am €, o gnoup o mxm imwatille
miilrices witdy complex eatzies. The dffimimg wuotion 4s  dd HF o, owl ddH=0
apusent o codimention 4 hypasmfon m € liwe Gl €) &3 om chem
subsdd oy C* poromddnized by 247 mumdbess.
) O(w) otnegomsl guoup: greup of isometnies of RY with scolon predudt <o, y>z Sotiys , < 2
swup of mem sol mahzies with SFo=4  (mete: deto=%x1)
Simee COJCo)t -ofo tue comToiat Ot0=4 s quiolesd 1€ m ‘%" quetions,
owel Hhe dlimensiomolihy of o) <5 Fhus M- (m+ Bz Pl ol W) s
o combail gwoub
D so(m) speciol orthogomol mroup : gnowp of prpu dsowetrics of RY, e mxm ol
macAa leey sﬁti;g,,aima ro'to=4 omol 4D =4 . Sk dMa=24d m OW) , we Lfrove
dim (W)= dim SO(H) omel oplsc SOW) is o compact eub.
D UMm) wmitornr) oowp  goup of isowmedaies of " with scobon preclut <°‘/'Q>:Z”f@,;/ <.e
gioup of mxm complox mokaics  suck Thet UD=4 (e |ddU]=4)
Simee (u+0)+= Ot0 Ale comtzoint U024 o cquivelent e p+ 2,"4_::’5’ Aol
cquolions, owd dim U)= 2M—w=ab. Alss Ulw) is o compat goup-
D SU(W) speciol wmitony gpovp : mea complx mettrices with UTU=4 oud dot D=4 . From
The  futbo comtzoimt o0s4 we gt dim 50(wy= dim Ol) -4 = =1 ond

olse  30(m) s comtmo‘t‘.
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%'mu‘a lemmnts  close As Ale A':J-WT{X"Q o oo J(yp»om.d'z.iabd a5

a:{', - é’]‘q’de“‘ witt Q/=4/.../ dlM/lCGr>
smoll ‘amm&fm welacth
A‘olm'h{'é +lue a)orv-tb demedt
yemodns of Ahe groub (bass of the Aomgedd spoce of &iu e,)

Sime ié gomd g, aw close As Ate iolw'f'.f'g olss 5%4% is close As Zte l‘dwﬁf'g we bove

Aot Ahe awmfo-z.s 5o7t{541g Ae commmrtoliom mnudes

ITA'/T\DJ': énbcTo Zie oloyelora of ‘e geup

whur {‘\”

e The sAwuiAwe comtonds of e guoup, which wmiquety dentidy tue Lie otglora
ovd ol the group.  Nole Abot the dfimtiomg o the gemerlns omd  of Hhe sTzudine
comsloils  fave somy degris of Lradow: fo compler spoups Hhe dgfiniToms as g - '%A',T“‘olem

oud [T*/Tbjzké“)""’r‘ one "\’gp\'cd/@g useol, ovd Ahe  munnicol oluns of the Frndune comsTo sits

é{‘Pw\a om Ahe menmelLzAlom edokd‘(d aﬂn Hee De,MMJ'us.
EXANPRLE

D VL) 9=€Cv4-i0  omd T4
D) s0(2) - 3= ;jf,z~§:s?9> ~v 4 - 9 +1>e Aemee T ( —I‘Z = Q,l‘)
D So3)y: SO(3\ «s BLM-(MTLO‘ LZ) ndorion D‘eoMg The axes (( Eulon omgLes ‘FOMM/\.&T’ZL-%OZ-\:OM)

omal o AMJ;‘mC;\'Lsf rmusl m'g&\’f«ﬁamollb) netoliom. % cmg)»&, & ool ;\/\ a$ 8\"0’% log

X —x —6/1‘\;; Aemee 5764::—@5,;(51"'49'79)(3—6‘5 (&égxk Aiame we (o wsC
(Twﬁ.‘-\: EA-‘V") P 4104\/‘4 wlns ca

¥ rb b - . . . - _ s o . _ . - 5. )
(TETT5TY) = Buan Eiloy = Exb Exa) = BLlFa) - Bup&ah - Siow Sy + 5l -
[
= é&n}b &C,")A-l = éabcc-r )4'5
Aome  nsing these az,um%"ozs the staucTuwe comsfouts one | = Cahe
.> SUCZ> ; ié we u(/n\"h/ 8 '6/LT xd4d-4 leew é’LoM 5{-;:4 e {t’Md CTS“S“:TQ’/ mioL © VL
deteM - (fi&/z e M e defy=d  inmlplics t2(T*)=o-
Powls motrices comsTitiAs o bases 401, H o meiteom Tioceless 252 pnglacces ol
i\)DTC_

W& com uUse TQ"—' %51@ [‘T—&o 42_.) is CoM—v’_uihbwé)) K emce E‘F"‘,TL’J =

oml Al  sThuchur comstostts aj S0(Z) omd SO(3) ene Fle Sonue .

NOTE : Hhe foit Mok 7tws gpoups slore the sowme Azudine comshouds meoms HoA Fhe Fwc
spoups  ane Locolly (<.b. close Hs Fhe Adedlily) Hthe some. The Tws opoups com diffnr outy
by sobar Proprifics: So(3) 4s mal simbly commestsd (M(30(3))= 22) while s0(2)
is simbly commedded (it s the dodole wming o S0()).
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D) .SU(M) 'que,al\ma imThe  some W03 as dome oz SUR) we se Al TV Lws te be
o bosis oz PBomitwn tiaceless motices . Note Tlok The dimz.m&'ow&"rg °d
the .Sl'mfb oﬁ Homiteom ')T"Lo.ca&,ss wmighzices s
2
2 m - + M - m=4 c.ouzisfanfd.'bg witth e Pruvious  coadpilyAiom
] /vi, ) diw 50(
i O
,.:;T\kf; ml\% Myl muwdons witl Hm M’>

the conctroiat =0

%(,Mmoﬂ’.'o'lé oé SU(N) e ﬁ‘g{otm&rg mozmmolized v suweh o Wog FhAnct T?»(TQT‘O): %5"\9

) so(m) \xmﬁ",Ma oze T 6,},4_1 o~ Jrom % o4 we Jimd (Ta,> e T™

) whict l'm}:e\'l.s
ﬂ'»{/\bx 12 (T&') =0 onmo) ’)’AMS oleTB =4 .

For om oM‘\"i.sZ)mmd"z.'c, mdliix we Aove
Yo ()= - 4o (FR)= - (@F )i = z (A <O

s The DLMWT°"’S one f'a-‘:\cdeg Mozmﬂ/\'t.w\ \o% U\-S\MB '\'L(TA'T\D)_.—Q‘EAB

me ‘e Decslon {ulw‘h"ha IET ,’rl"],'\—r’j - [[Tb,TcJ//wJ + LLT;/——% /T‘D:l =0 ‘e 60-(_0\01 \d-(,M-t"

©

dol tle stanchtune (_oMﬂ'aAZtS -eas.si‘eq(,) ém’/(auvs

abd pd bed )dov cad pdbe
IV AL LT =
Fou COAMPQCT .sami_sf,w.}g»&, 3104@5 (r_o/wt]ocud' Soups  w-tase o@below does mat luwve Albelion imvoniond
.Su\o—o@a(,lbl&S) it s -l;ossilo&, #s J,{,;Mb Hle am.uw%'o'zs s Such @ wo-y I 4

A’/n(xg sd.‘sé-a F( TA’T\QD = k’gab ,%

o See 2.9 SU[M,) erd  So/m) cbove
0= Lt (TTTPAT)

omol it is imemediohe A stow thed Hhe shzuifine cousTowls ol commplel ely wi'ia"g{mm::hfa 2.9
C c o, - b
4 A (T T TTT) = £ (T T T T )= - 4 1 (CT9TATY) = - §°

For mm}:a&f 810»»‘};,; o 'wuul.'a'w, /{L{‘l’ omol mgl,d' )'Mv'bJu'oM"L' MealUre 'bd.sxs, vibai cha SJ'SJ:‘!S

do= d(aie)= d@y)  wha g, B o ficd slmed of &

Tois meoswae is colled the HOAR messue ovd A (s moranelized Am such o wey tuok y dy<d
R achasaitstion of rouk N of the goup G s » C° mwop pows G T GL(W, @) (o2 GL(MR) im
el eose) which soRisfies

D RE) = dpen

) R (%4-) R(22)= K213 z)

dr gy, e b (in porficutor R(ZH= RGY )
omol AL s  Ahus

om  Isomozpli Sm belweem G amd o  sulosdd 95 GL(N, L) .

A Ax.\'DMWTo#\'oM AS  collenl danclg4e r{ o mositriviol Limeon amlos\nace, oi C,N s »&d"{’ Yavoaiot

Lbb Yhue actiom :é-‘udc, %’muh (A.",L. " %@N 2e03hs such Fhot E[B)"D’év dozozu’g SEV omd 36 G—)
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A sdue e Mhus(,um%l'om com oo waAllen (A block oz o5 R:(éﬁ—'-’ <x(‘b) lf(%)> omd
8 \ 209)

neprusentodions Hhofl one md seducilote ane colled smrdacilode.
w,'fonz\ o2 b’fh&la‘g‘o/um.e, WM}-&ATOT{QMS e tloge 407_ wlich E,(B)é()(k)’) o R/CB)&D(}JB

Tom Ahese coses AX 3 siammble Ae q;—u»f{'g Alust 44 VE P 2RY i om  imuoniond sulospoce,

Alhen olse \/J_,f.s imvaniost, omd wn‘fmg/ oz't&og)omoe e ble apresestoTioms one Alus

com\-.a(,.,T—c»&g JuA-moclp—&l A2 j‘i(u.g com b wnillew Am lolock d.io%amo& ;fcn,m-
A nsgful Jot sloout ived mcilode AdpresedoTion 45 SCHUR Lowmma : a4 R € 4L, (I;) A5 ©m

ipeelucille M*.au.sw'[af;cna omd M s & AXN mdkaix, Ylem ER(Q))/H,]:O Joz oL %é@'

impLies Atk Mzd4l Fr deC
dimn A'é = Is om C‘Z)Luvadfoz 04 K, Mo = A’%/ Them MRLD)%=R(3\>H'%= ’LR@)% , Henca

the sigemsoce \/) comespordivg t6 A is em imvoriot suospece for he inn- nep,
bece o2 Vp=fol or A= & Sime Vy #§05 by bypsthesis we dove M= XAl
As o comsequemer  [ud ucible nepresedtslions oé Roel iom ot ore  ome-dimeusiormal .
Tor o tlose s The dedtiTy we bave
Riyx 4, ~ TP e~ (or Aoy AT inthe compLox tase)
whue TR o Ahe oemmotons of The adpresudtolion B .

Tle é’wdnmwfaé, o c\'ﬁ(u(ms, Apassitclion s Ahe oue  wmsd s defme Ale awuta: 2.y

gtn sv(m) The c.\%imi/t% 76‘bwsw'ﬁaf.'om oy om (]:M’, omd fhe acumi‘n'zs oNe MYM

HUWiT—tOM T‘Lmb'—eb.gs MAJ?;'aS- Rb\aubw_t‘oiy'ams ‘Iﬁ A‘a‘e‘m Wk Mi'cx\s/ T whicly Tcmg) O

NxN Romiteon tracelis motiics, with N>w.
SV(Z):  Acpmsestedioms 95 SV are \wmamduua \og ‘oo Spin . THalegu spim agpassedtolions
f Su(z) one olse rdpaesestolioms of s0(2)

_(;A%—B“’/z q—{:

Spim 4/2 : "—{"etll T —
— - STV

5\[.>CM 4 ’L[)e'fk} (simw “he ’\"’Lous{g—;mf'fom rmnodaix Qs on-@) , ’l(f - £,
with (Ta')bc: ~ E\OA;/. sTzuctune comstorts ef Su(2)
= é.w-ﬂolohm.-btif'o-& Z.a)tbmw'ro]'.'om oé SO(R) -
“LO%TV
R(§)= £ s ou SUN) mastrix omd Lt us

63 T ore tae mxm abmwﬂtazs oé’ sSo(v) ,
M= ‘]’Q—}(Q)TQ'R[a) : e/&_o)pefg H+=\"l ornd TiH= -h,’]'q':o/ Lremee we corm le'bo.ma’

R‘L(B)le’ﬁ(g): HO,L,Cg)Tb, whee Halp is

comsid

H om the basis {1"“{:: omd waite

o (& l)X(M?'—l) ek ix.
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_\-
We otss bove  R(35,)Ta R(2:%) = [R()R (m)]+T~ RGJR()= R & R+(f9,) Ta REIR ()=

_!.
= R Ha®)THRE) = Hap (o) il(o) TS, moreorun R (33) TaR(22r)= Hac(22) T,
emee  M(,9,)= HC?)\)H,(S);)/ omd  dovioncly H(e)=4 . Femee H@) is o 2pressdoTion

bé‘\vho goup SUN), whick is colled The ad;\oiu't‘ e prssoiohiom - Te &'md T %-@.MU\JMS of

The M\adw\-t JlL\'.)MbJM't'onM we, com nSe TJA(, fM{iM\—I'Q;M 4o'uwu Oé R (g))
RUDTYR(Y = (444 TP T (4 i TOY) « T4 [75T*10%: T4k 3“““‘{—)%% -
= TV -4 (24¥)e.Th

b
Aemee (dea >o\°: A é% (cnm\'ooM with stb.'u. 4 Mlan.- o& Su(z) )

\Q\Lo\ool; SMMET"LMS omd  shbosmlomeous symamedsn breokiimo
I [~}

We  comsider aloko-e COM_TI-'MWO’M.S initermot Samm(j'-uxs ( ALaitermol = rmalr,fawznlw'r 94 s"bau—‘h'/wu—

aL omb‘bz,'\(/)) Foz Lwomple thre N C.omkmmw‘f ol scolen qi:L‘ %An.ozy with Euelioleom fo%'l.o/uacou- ole,UClT'g

<=4z (3+8) GuP) + $2131 2\BV = $22 (b Y+ 42785+ 2,(T82)

~Ss |',.41.rol\u'oM+ mndan +/¢A0 (X/\J) +zoMS»Jo1aMJiw ?@)_—;oggfw)/ with The NN ik 2 (% O LOLL‘MQ
A'Mdl_’(a endeut s&?t- T,&y I'Mdiui*bs\'mvw@ -da'wa

oé om  antanaol  comtipmuons 84(.0[»0& sbmml:r“é o
be  wadttua

59 )= 7T i) |

e = »FDMMA elons ,,5 +hre troms 4ozm7t‘w

’-Sj £ is imvoniout amda e éfutd woncokiom ${;<)-—b $/,<)+;§Z we Lot in clossiel d.-,,e_d —1;(,[4‘,,,,4
The Notlthon Comsuranl covwuaid SR . .

Aoud:) &E>

-2 gﬂ( pLS ) . , _9K LY

S = A S % 3G _ 5 4 .,
25.8)° SE™ o)™ oev T 2k FEY T Azuy) BEY FE

omol Hhe ossoccohed  comiapabl clonrses \@/q': gd-”x, ’52 (est)

(u‘m welsich we ossuame  povURls

+5 pounicd .s»mdA'\ u.uau-\(j /&a&f ot 'lmd;mft"g é"" e \'MTJ_%’),OL Ae be cem’v-uxaw‘\')

_di_ Q’q,: Sdgx 3'052’= 30\3»(’3/’\6::_ 94’5","&) - _ &%w-o\i =0 A‘d Thue oe Mo cuearlt 4 I-MJ.'MI'T_Q
z

Wtroh lroploems imn  omomitivns fretol Fhsoy T Thine ore Twe possilole ,\Dmhaws

Poes & 3140»'{'«»“ CaWA-t(/h\aonT ué Yue Comtnared Nosthor cumtnt w:r?

I.SM Some costs .s—gmm‘me/s a6 mo‘{' SunV L qm,ﬂ’itJ\'om (cNtoMAD-LL'—LS>. T,&t'.s i3 'f"-gﬂm‘cyub

nelotd *e¢ The ‘\wa—él'oni'tiu ed Ao mami.oni’bofiam/wo'LMl'%oTCoM *,nouo\w Poeny. (flawo?« SFM&-‘LT)
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ol 5vémmo'\'15 omd Tue imvorniome avudan rescolime nuquize ma mess Scwles o he
pressal im The Theory, bl in The reg)nem. process moass scoles ene iafreduced . TSu
these cwses we bove D M'SK =0) FO omd Ale 53mm£fz,<,) is bntblfufol‘g lbrokems imthe
quonTwun Tuiary.
Whem DSt lickds es o Locol  ayustion, is K esocidted comsorved chorge well defimed
omd e  spymamitry associold A& o wmitony gustor i the Hitbut 5\50«47.
Poh the coses w2 JPos.sfloa . ,:é e amswar 15 positi e te. s%mme;tag is sstd te be realizad

Wk WIGNER -WEYL (o7 sométimes s Sotd to e nolized im The speclum), sthawise The sywmumdly

4s Seid Y& be .s\bou‘\bmmwse% ok

et us ol comsiclanimg e Yvo;-amm—\)(/egal cose: Ahe chonge cpudtsus o well defimad omd
omuwbiilote  the vacmumsn QD=0  (we will see Lo ok if Ais dots mal boppeu we Love
sportomeous s yuweliy \iokiong ) - The chonge dhaotons geasrte Hhe MME\“oma Froms for smuctioms
U(B)= 4p (-4 EYQY) , which commte whith e Homri Llomion omd Leowe the vecunme
imvoniant,  Chongy puckic com ke wnitfun e foun @F: (d% T TE 309, wheu
T one The ecompaite momidter of ¢ omd we Love (of Jined fime)
La®, ¢%cy))= (o Eﬂx(xy\’% 6y, dEm))= &d%” Wﬂ—r;‘; )= — ,L--r,::-) $(z)
==i%” ks(x—y)

Lo, )]s §o% [T6TS 4969, T ) = (o 60Ty TR0, T )} =+ Ty Tl

[&" &= (o [ T 6 TJ‘% ?36) = (o= 7T“-/><)Tﬂ%j [ 4% + § ol'x EQ’“/_IT'C(*)]TE,)' %)

vl

— & STITE TS $69 + 4 Sex T T TR
ST T #0m = 447w
Deme Atre Ww“f’oua +zomsdoz

R LT TR 4T

3]

L oS U(é) comsA Al o w,.."hzy\,a M\Mz,.y,ﬁszomw sé—{:&& S%MMEBEj
bwuﬁn im e Hitloet Skt oél"ﬂu_ ‘\5&407.9. Tle Stboo‘[zm (maus) cf{.-bo-b ’h&uzy s Thawms

oLgomized A daawuwfo wwM’f-lw&Ts CQVLwt»A«:LiMa ‘e tlue imeducilote m,\nu;w‘t'ofious o} +lre

s QMMMJ/T"-B .

Xt us mow considen thae case in wliithe \shou‘t‘omwus Sﬂwb’ﬁn Bzeo-ki%J (SS'B) LppLms ; w ptrermo s tarom

assoccottd s Ale -law(,/wz, o) o\tgwmoﬁb ovoney . “om this ose ome coundd guess Aot tte

%u‘t’ma o\>Mh7rO'L M\a}\maﬂ'i% e sgmﬁm&t'ﬂg Com be usd 1 \:»ss wj’uwm o stuan State
te omsttn ome, but the situdbiom ¢ more COAMMMAA
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and Lt ms o[bdiM\'/ Yo=@ley. We +/(4MA. Aoase (usl'f-ﬂa Q= So\%xjo () omdl Froms Lokiom mio iw'an-ﬂc)

Lt 10> b o vmomum sAAL  whlich s mSY  imvonriopd amder tle &amm‘h%/ +hem Qled#o

>z <addions (o <daimlbz (o <@ P T oyl Pley=
= So{sx <o\ gj"\s"Q,jo(@lo): &Dﬁo <ol@ZH\e> which is o\ivm,aw‘\’.

Fenae et @\0d>=0 o2 Q\D> is w3 well defimed (FRBRI-PIASI0 Thesrem) omd The

S‘laww[t'n com M3 e implemeddul os o Wﬁmﬁ) ‘h,ouséolmoﬁfom amTlie Hillpat show,
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