The Eg—me:kr'\c AL Sw & e et of &ij'g ttions onA i!,z, 7 ws |
md 15 o grup vader (g,‘ﬁaos'\'\"\of\- Elemets of Su ere  colled
O pecamutations | Every pecmutiction adaits o cyde decomposition.

B¢ geS, oDl o@:3 #3402 o(D=5

Za g2 t 2 3 %6 |
’izi OR o = ( —_— s) oR (224D
5 —5

() ok (B) e ¢ odlugl ‘F'Lxe-el ?O‘U\J‘-S-

Def: The  yele type oFf TeS, s (IM'!‘)_M"I v\mn\ where
WM, s e wumber of cnjdes of le./\ﬁ"i'\« T oA 0.

E_ﬁ ¢=(23«)e Sg hes Cljtl( ‘hﬂ:}& (\1, '2_0, 3 ‘fot 603

“ Det- An wvolution 1« 4 Fermu'ﬁ'a‘fw;\ g sodu thed o =\ eSS, ,

C’_{E‘.__N': o ‘lg oA 'lﬂUO(UﬁOI\ k'pup M"L: D _@Dr_ i»l , l.e 0; 0/\\\1 lAen.s
fixed Po'ud's pdk ‘l‘rm&f)oé\ﬁof\f_, " s cycle deMPo'bLﬁo/\.

: % UeNLE
Def: A pertition of neZ s n woastoaically deccensing 3¢9

>\__()\lfxr_,-.-/>\13 >\L?_)\

14\

ochh st 4
sucha e _<L__—l>“z,:vx

[ 'n&-nx l:? o
Note: Eacn P‘-"Jﬁt‘\; Lo A O‘F W OLQJ@I AAANAEDS w s deterwa 1/3

= = % .
(_,jd{ 'h,]fge_ (A s,\, o ('2-3 L‘\'S, >\ ( 5\ \)

bl Tn ony qevp G, demedts g LeG o conpostt i€

C dxeG s.t.
4= !

KQMA]‘{'\ Co/\‘bug)e:.\"\w\ '\Q__ WA eclu'\\}dwt. MOCE[OA .



PR

Cor: Conjuqacy  c\asses Pw’ﬁ’doz\ G.
EX Eloments 1A S, s tonjugele F€ they Lowme tHee some cyde type
The COA303M‘1 (‘,'O\SS O'p ﬂeG\ is dtz\,o'hcp{ l<

. % |
(2 LeX "3661 The  cekeNizee  of 9 s zaj: S{‘A%G . ll\ﬂjl’\_‘:‘j% .

C‘.MM T

here  exists o E'\_'yed"\o.r\ Letioeen Hae cosets of 23 ondk Kj.

PE- - - £
- XZ% 4 21 — ‘4 X € 21 — lj—lej L‘j-"&) = cj
&2 lj"x cjx"vg =9 > chx.".-. ’-43”5-\

Cors kgl = (G‘l/lzﬁ\ Lo Faxe G

Notodion: T4 366,\ (e cujclz, type N we writte
Q./Pﬁ& Let 4eS, howe Type X:(\m',zwz,.,.,;mmﬂ) Haen \Zﬁ\
olepeds D/\lu} on N and
Zy=T 2w,
2=

: | reW — &L
DL A wukcx  wepresentotion f AT . A Liomomorplaism & A

Ex: The tovld rgpesedrXon of G s 1.2 G— GL, defined by 1(;,(@._.(‘\’\{3&@
Def: A s Hae A@Jpq_g o dlimerSion of Hae Nr:ﬁﬁ@d‘lﬂ'-lo«\ X: G— G\L,{_

EX Twe trwied wpwseﬂ'ﬁf\oh s degree L
EX: Lt Co be fhe cyclic grove of ordec wn,
Debs lex V Le o wector epaLe - The _ﬂg\.er‘o\\ liAeer  Gooup o6 V ig
GLV) = $T:V>V | Tis = sosmorplitns |
QTZ‘-&'L?—T G Le & geoop, V& vetfor  SPaLe. M Vos o~
Gi-modvle i there edsts & g4 howo raorpi WA
PG GL (V)




‘2_3_5;" Let G be « g rovp mah A o sex. Then G oscke oa A 3
£ tere © o M C-(l A — A , (q, o > 30\. suc A\
(N en= o Mat A (2) gD = (D&, 73, heG. This map > telled

Lﬂ/\e atfior of G on A

Note: Ew_m& oroup acks oa el via wd\ﬁp\lcad‘lo.'\.
Note: S, acte om £V, .., w% . SaxiL -, a8 =3 ., 0% | (7)) = (k)

M Vs o G-wwdole F£ G acks on V, te. GxV>V , (a),u\t-—‘aﬂ\}
Sudah  ae -
(D) ev=v
(2) o) = (4W)v
(2) g4 lov b\ = agqu s bguwo

B let 92 Gi— GL(v) be o geoop bomoworpiom - Define  sn  ection
(453 = P Note plOy W)= TV= v, )= plgh (pUALD) since
53 (s o lAM/\DNOFFL\]SM' ond 3(o\u*m\=,\a\,+l«3u Lecause y(q\eGL(u\ s
\'u\fp\,r, S':M'ttw\%, tA  ecKloA (g,u\\-‘! qV neLiaes L«omomw‘o{/\'\%ﬂ f(‘p(u]:ﬂq'

o

P—ej—:—i Le:t G‘ O\C—\- OA & -F'U\"HG{ St—t S—;is‘: ni zs"‘zg . Tl""e- pQ(MU'{-ﬂ:\-‘\O"\
repcesentetion s €S- %c,s,*...-\- CuSn | Cre (T.?K Cunder  formal  liness
Comloinstion, This 5 a wekor spate. Thea Fs.,... 5,5 form «
bosts hr the vector space CS | (Jld stondard  Lesis  ond dm€S=n,

G:S S5 n moglule  witla the aCXioA o'P G\ ol'we(\ \-;u.\ 3(2&.5'1\ :iC'LLSSi.\ € CS :

Ex S, acts on \,-.,0%=S, €S=%eT+. +e @&
S, x €S — €S (e Tr...+c,R) = ¢, (M) +.. ~ (R)
Consider n=3 =0 23) Tk skonderdh osis 1S %_‘;—i YL We Mo

(N=2, (=32, we(D)=T.
O \
X = X1 223)= ([x(ﬂ] [xm][xﬁ)]) 2 ( t 2 o) -
& o waotrix
“



L‘.

Def: Lot G be & jnaup.'l'm (lef+) mqu\of uje@_m/\:t'achon of (G
K 3'\0(!\ \Wl G M:h oA se\b : N mMere ok(,‘t-o\l\ e qrevp

ox.\ﬂd:ra._ o G Lormel  sums
Q[G;\:2'21?]1*_'_*(,“3,\\(‘.-16(,-% mdh G=34., .., 90k

withh
kic—i‘ii\ X (7_ Ol',,‘j-,) = 2(%*&0‘]'1 , C,LZC',}M'B: 2(“061 ,
q(‘icm\ =2 clams) (Te90)(Zdi94) = 3 (c,d)9:43)
Nete: CLG] ¢ o G~ wodole .
Ex—: Whek & the MﬂUlW NPT'ESQK\T&“\&W\ O-C Cq? C._'?- %63 (3 0] , (j - ?S
e =333 '*'s-‘ '('3‘%

w
(@5~
"
|
[~
o
(..ﬁ

R CLE L
S0 e L\ R O v OO
(P4, _ (o) o
x@)-(o O‘O‘)
I O 9 o

Rewmock: The wiguler  vepresetition of G gives o (njection G— %m.’(ms (S o

ingb(‘?\/\.\QW\ oo Xs mage . Ty Cw)\euj‘s Tage fewA
-
. A sukseXx iﬁ.,.,-,ﬂk-EC_G, S ik ‘br“MS\rU‘Sa_\ 0‘9 H &

Def: Lexr H<G
/H«""?‘B.H,---,ﬂkH?s (s & complete sex of Aigfinct coseXs of H ia

Gi. Ta HuX cese, k= EC\‘HI Hwe adex of Hun G.
Lef: Given H=G ond o ‘bmsw,rsd H of H, the cosel mpmsef\‘l'oi'w\

of G witn respect o W CH:= ich*r wc,«g,&\\c ea:?g X e
under wWkor  pddiXion ond  scder ww\Jﬁr)chd'Lb\/\ witl

wectXor sPuce
1:3«.5-15 3%—-\-:\ .. anH—ZS aIX & e G\"\Mno}w\t U/\AQF 'HA’- Os-C’(LLO“
3(zc1%m 5 ¢, (aH

Ex G=%, H=<@a»:-3 (2%, =31, 021, 0 DA
(VDA = (m_m-\ (\g\um—\ (u.\H Lta)LmH )

CH =GR~ ¢, LM = R CEW
o Q1
TLLUS X(‘?-\ ([;) 10(;)
(&W _ [ o




Def:
Pef: lex V ke o Gi-puodule . A sObowodule of V (s & subspace =

#UJ\J ol V_‘u\{mb\ S closed weler  the pction of G ie. Voeb,
weWw qw eW  \We SW‘K W s & G-iaverient SULthC?—

(&v M; A QU'O'MOOl”‘& th AVERTIN 5u‘bs€,‘\’ of V whida & & G-wmedole
wder e seme operndions

Note- G acts on V  dencted GOV .

Def: let V ke o G- module. - The vl sdhbmodules  ove -\7\1)';%-51' ook
\Js.]:\,_ W=\ s el & ENEQ( SUEU\NJOIAJ{L.

B Defining opresdeion o S V=CIT, 2, ®]§eTe e e R |cye cl
Define W L’”S W=LT+2+. +7>_ Thea W is a wnontiwia Sn
subwmopule . Tx 15w Subspree adl ie Fed by Sa

Notodion: W ¢V

.b\)lud’ Mf"‘%(’ﬂt'ochw © W2 Wk s XD R = (V) the

bd ¥ G £ixes Qe cd o\ erment of W ,we SM G ocs "(’rwuxl\\;\ oA \'\l (€.
o R \dat—G. o EeW
- |

Def: A ponzeco Gi-wmodvle N s
coopmoddle . DHperwise , N s creeduaible .
LL i lkes o bosis B cvda s

LA repres erdedion,

reducle B X contans e Ao AXC W\

f"_"f_: A norzeco Gi-wmodole (s veducible
Vot , 3 wmekces Aly) By, Clad hee  Alg) s Seuove of  size

(ndependert of g wih Alg) 8@)
(‘o ( C(9

B: (=) Lot V be o wducible vorere G-wodile of dimW)=zd . Llet W ke o
nontvinl  sobmodule  of Am(wW)=4 D<fcd . ler W lewe Lesis

%‘ﬁw ;@7( . Defiae B i'\;’;\ ‘_,)'\j;"'\}';“ ,-.-,-G-;ls Yo 'ba 6 LkS'tS of V
with V5 eV . Then
2 )((03\ = ( %w] ﬁ_%u %\f‘l_l )

But 5w~.e\»\) since W eV Tlys, &s Coofdmoi‘u n postions $+U .., ol ee O.
(w There exists o0 nonempty b\odc wmekcx of O's. Al Bl , ok Clq) e

LHovad Lﬂj ms’cm_’(xms G\ t W. A(O)\ (s ow '@K-p WAL Cix .

(4"'_"\ Su‘DPOQL A(‘g\ &Lﬂ__
X(9) = o)

Lex U=€* i.e. X:&*GLA-N-Cgﬁr--v ey,



BC T deFiig  veprestatidion of €, s reducible. Wz 4Tt R 6

CQBV\J\/\I‘)&'!r s e COrr‘GsPo/\oL'v\j wmeXr 1k NPN,SQJL'bf'\of\ °'€ G\"'Sg? Con ue_s[m.«
‘My‘ﬂad' V=C51.2,3% (s ot eceducible 'Wl (orksfrucﬁuﬁ ~ beg's B 7

We kegin witth the besis of W= 1T+2+3F ond extend 10 abosis of V. et
B= 37+2+3,2,T% Tuea B s o lasis of V. We daim X)) vl have
the  desied  foran U@&Gn. LeX © =(3) 6%.3,\/\)8 compute AL

(N (T+ZeFYy 23T a2

- —
= ¥ Z %3

|
Lisd(3Y =72 = % a)-—( o) v ‘!“)
| @

A (B =T e lFdads a5

~ |0

Q O

The ofther peravtidions il Lkave o ciailes Lform .

Def: et b, W be subgpeces of o vechor space V. Twen Vst (ikerad)
Airect  <uan of W end W ¢ YTeV ,Bl(a'ﬁ\gu&w soicha. Hassy

—_

J=T~n. We witte V=UOW

Dl Let v ke & Gi-wodole sk N=WOW . TL L ond W ot sUswaodwles
QW Hrea e sod W snd W are cOmPl'eMeJC\'S of  enc\e  otter

EX Lt Q= C\10} Lo e group of wonzero  Complex wosdess wadker  wmiipiedion
Tuen define CROC* Ly Ay) = O, A, X6 €, (ke € Toen € e

2
'S fC '{Moolule,.
D) 100wy = Qe g = (x,u) 3) M@ +dR) = AT« dNW
2) Mulo) = () Couy = O, M) 4y WeCh, Nhel', Tel”
Let W=9(x,0) e €*% ok W= g0, ¢q) e} . Note €=Ul W, Al wile YloeW,
(.O;‘ﬂ) ew; )\ec“-; )\L*’D\ - ()uL,O\C-LL ('M-CL }\LU;“L\': LOJ)“SH QN.T\/\UQ, W e | W ot
Suswmodules  ond Compleme ats of eocle otlher. (_ﬁ-‘go—ﬁ
. 3 ond R i+ X=\0le
22_5’_' The woknx X o thae dicect suma of waockelces A
as o Wock weex |, We wrte X= A®B,
Lo¥
Ex V=C31,2,3%, L=dTATTy, WeT,To, V=Uow as wector opnces =
() =TgwW o W s wot o sulwodole. &
@How Con we find  tue LOM(’L‘*-MQ“\' & U7 We use aner fNAUL =



DeS: Aa inaer rmo(uci’ on o Wckor  space V oweer € s o faSt't’LM-alﬂ-Fiai‘\'{ 7
Heemiition form e, F (s o wmap &yt VxV = € suda X
D 0« ¢, IYeR ,¥7eV ok <T,7Y=0 & V=0 (positwe  defince)
2) <x,4y= m’ whitee T s e Q’COASU'}"'('t of - (Hermiiton SuleM'LTns\

3) ALx,uY = CA%, YUY, SX5Z, u¥=<Lx,uvLZ,u> (liager it lﬁk-éa\a‘tor\

Note - X, > = Z e, %7 = TLY/ XY = T Lx, 4> (,sesquil'u\chﬂ
X Yt2d = A, uY v 4x,2Y
EX: Le¥ V Le o vector Spoce bosts %"iﬁ-".,-.,ﬂE witha
- Y O e s N
| VEME T AT A L a B eY Wb Tk, Tr b, T e N
Define

LY, WS = ot‘-\:‘-\— B, ... % 0o,

ek A vector SpaLe 13 an \nnec  produe gpace L X corNend oW IWARE product

T[/\M‘-(Mo.,sc,hktls Theomem) Lot G be o fiacte gredp psk N e -

. 0 (&)
noazere  Grmodule . Thea T trreducble wefr\esm-t'mz‘f\m\s W, W suda

‘* \ b B Uf-\
b J=wenws &wW

Poof: We (Aduct own d= dim (_V\ Wlaga A=) ;\{ o \rned C'«&:\i’:’lm\ )
W2V Now, leX d>| and  essume tle resutt  Lolds

. v e tuea we e doae .
G\’ NUOLU[ES O‘C dllwxenswz\ éo} . 1-@ \ s \f(‘e.okUL\ _
Otwerwise X o Koans & NoATE WA sobwodwle  \A s O < dm ) & A . We

— -— — ¢
wil\ 5‘)\1‘\ \/:\'\J@WL. Debine LV VyT = S-t'-) were 5”‘,.__}\1,& S O~
basts of V. Now define L

— v S
LEEYy T Z—'“’ﬁ Eope
: 2 L=y = -<av (B> 2 LT,WY so
Note for LeG 4\:\?’,\5"3""?;&(‘5\“’:0}* S = 4V 1 9
NSPQC’(S e  action of 6. Deline
WL=§_‘\?&\I\4‘$,S";’:O,\3:§ew'&
Then {-\4:\5 s o u\oK‘(f'w'\.\k 50‘@/\/\0(‘*0\&. (_OM[)\Q,MQ)\*'M\\ -

L %
But 0< dim (W), kim (WH) <d . Tws, W o W Cen Le u:sr‘d\e,f\ nS
subwmodules . Thus, M nsdalee's Theonew

W) 5 1l V=W oW’

o~ olirect <cuma of teredvucible
holds .

Coc® Lex G loe fiite ond UE %= GGy be o St DS
d> 0. Thea 3 @ 'PU(QA AR T euc X \d%eG", X(

o
TX(q\Tﬂ: C U’\x“‘m_ 2 )

aoXion of  dlimersion
q) Wns fue Horm

0 : Y\L\c\ L"D



where xm(.‘ﬂ & o block  aad s an ereducible stk NPCQSQK\'oefLon g
of G for L T ERRIRE T ,
PS: Lex V=€ wdkh G- wiodole  sknckure quen by (.7) =47 = KT - By Maschhes

Theorem , 3 Lrceducible Shpwmodules WU\’ ‘“le\c‘\ sucw T

o V=w"e e At (W™ = o, . Thena Vooakaits o basis
of  <l2e A= i_lo\i whtoe  the  Est A, pemets orm «  Lasis of
WS ete. Debine T €2 € by Tz by e ey s tee T
Stwdord basis wctor of €4 ok by © the i bisis vedee of V.
Thws T s o 'ISDMD('r\A.-lﬁM MA s lr\\rar‘etlb\e. Thea TXU{DT-‘ wexPNSSGS

the action of Klg) in the beusis of V and  eachh WL s closed vader G.

E)_gil A NPpgsz-ta:ﬁ.A s comglcl'd,u\ Mdveible it Con e wrdten o5 e AirteX  sum
O'G b (*necluc‘(k\t N[)N_’SU(tﬂ-ﬁo S,

Def: Lot v, W L G- wnodules . A lineer  treastoromedtion €3NV ="W s o
GI'LA.OMD&MOFF‘/\‘SM or o ‘AONGMOFPL"“SM o'F G‘l"m.oalv((ﬁ ("a Vﬁ&G,

veV, €(q7) = q€()

Remeck' (ot B:37. . %% Lo & Mosis foc V el €257, Wit & basis Hc W, Lex
o Hleac. Then T o fxd. Let K, Y Lo waskrix sepresentations of
Verd W, repectindy. Sinee ¥ is o G- homowmocplisma , ¥oeG, T eV |
T X (3) = Y() T()
Stince s holds NIV e buwe TX() = YT, Heace

X9 ol
¢t — ¢

Ty & LT

+ > 3
¢ Y(q) ¢
E.)..(..: W = £%T:/'ﬁ} GLQ'F‘U\'ULq &Prtsuctoi‘w\ oF Sv\ onh o' wech)c,'('ole.
T+ > Liced by S, Define V= C33% (2C) ad ©:V—=W sy
VI Ta 2 R® L Thas yleldes o lingar  trpugormoXion . Note VoeS,
YN =¥ (V) =T+, +R
o @) = (T 2aw)= T
THUSI X s A Sn" l/\.oMO morPLCLSM.
Nek: .
"'i%‘ Lex V,W ke (= modoles . A Gr- (somorplisma o tgo,uoquulSM o Gi-wodiles

;O an equivalence of  Gi-modules & byective G- laomoms rplaism . We say
LW\I ond W are Gn*'\SomorPl&xc o equiveleak . We wrtte VW,

... n




Ex let Gi=%9,94:e%=C,=Z(2Z . Let V=CLG1 = Tc.q+ ek padd
W=¢€¥: ¢e Sy . We ﬂ""’f- W the of o G-wmodile L
22 e e g V¥ W. Dedine ©: VAW by
€ "-%"‘e‘l,‘ﬁ L 4% 7S - We dam

b@(‘éf)'*?. ook @(?3'5:'&_-:_,\:\)&

Olya) = © () = &,
20(3) = 92, = T,

. ttrucure
3
e,

e <

Def - £ A- s o 0.0‘({"\‘\'13;& of W ; A= (‘\l,“-,)\f)’A‘?— \f.)\l . Then o
‘l'ow\ﬂ alio\_ﬂ rewma of  shape N Les Ay boxes in w
Ex-

2xs n= (&3 ,0) \E—j

D_Q_&“ A \(mmﬂ tobleaw of gbmfe X s o Nou
eatries

oL'l«ﬁr‘w\A of SlAbf’\’_ N wita
eoclh  Lox frowa tae X l;--‘,"\%.

Ded: Two Noung telbleaux ere  (ow equ'wa.\oc‘f o taey Lowe the seme edteres
(A eo\c\/\_ oW Pbﬁs.\g\l‘\ A dx&@em“\' Orol.'e-(‘.

Ge g

[_>_€£_: A Ytumﬂ_ Tebloid & o row equ'tUal'U\L& closs 0‘@ \(‘W“-j tobleaux .
- Ex: Uz w Gz
e T e

y
Ex:

2, CATTEY wd M=y it Wz I, 0DH, ()T el

Coset -f‘e.;oftSm{'e:l"loJL of S% wita NSfed‘ to 'H,, Ck"%ﬁﬁ*&zm*cgc;\‘\'\_@,
Let S deacte the set of Yowui tobloide of SL\a.Pe a5y

$=38 = T
S MM‘l't'S hA 53 p\c.‘\"\u% wWhaere Hr 0’655/ 0’(;“‘)'— g;'('(iT«'@" We datan
€S = CH . Debine CH2 LS 1y —

o) = 2 oW i T =

T e =0T =

Thig Meps Lesc & Lusts vl leacte s o« wvector Spece -‘SUWFFL\‘\SW\
AlSo/ Q ;.S S3- iﬂUN\M“- Siﬂ(.l

"Il

CUHM=6(IN= & = (DX = 12\ O(R)
Thvs | €S CH. We olgo clotaa € |

K €S C%512,3%. befine € CiT1,T35¢S
(W% T FE e@): T w3 &
Thea ¥ g Siiverion T (12N = (12 & = —?; =(Z) =¥ (tiz23)T)
Theehre CITZT, T3z CH, -




T__LM_: (Sdz\ur's LQ.MM&) Lot Vo osd W be G—WMLules,lﬁ N aadd W lO

o0t retducihle ond OV e e G\’lAMomrPKDM(Mr\

9 (s ether ﬁ/\{ 2¢rv V\AKP o A G‘( = {E—,o Mo(flz\:LEM =
“
i Nste ker @2V, Byt v

) ¢S Lrredveille So kﬂ‘@ S 'f‘r'tu'uxs ond
tther ke © = §3%

or kee O =V, Aso me =30% or MmO =W, TL ker © =V

°C mBO:58t then O is Hhe 2000 waap. Otheriise, ker © =508% Juh MmO =W
Then © s Lijer:t"u.u ook Lieace oA ic..omor{a(/CtSM.

R % .

M s PWO‘F works £ M‘L‘\Trhw& fields o | if\(}lr\'t’(e 4rups ,

Cor -

teredvei bl wedeix represetadions. TL T e
TX‘YT , Hea T s avertible or

Cort Lex %

o melrix st
e  2ero MaTrx .

weedveible Suppose  TX(e) = X(DT £

i TE TR =X
T-cl | T then Tr-ex *XT-eX sd (T-eBIX = ¥T -1 Tls,
‘ e e 2¢r0 mokrix  on e avertible . BuY 'l'o\k'wl ¢ to e an
ekﬂ‘nglube. shiows T ~eX. s wot™ tavertible Heace TeeT = .

Co %
=L let v, w k.e- Gr-modules | Let V' Le (raeduciBle . Tlga dinm \"\GMG\(.\!;W\ =0
oaly iF W Contains o  submodules lsoavuorFLCLc. t V.

all 1€G. Thea T=cT,ceC.

“if .

Def® Lot R ke o commvtative ring wita dediby . A (o) R-wmedole
5 s skelien group M tosetues wetlh a0 () sckion (e
R-wmudule  stevcture on M) Rx M — M , Cr, x) > ex such sy

() elex) = (re)x Cmued  assocudivity)
(2) vlx+ty) = rx = 4, e+ = ret sx ( A-‘g«'cr‘tLu‘(‘w'c\'%\
() L x = x (wnctal )

fc ol X ueM eseR .
Ex If K i o Ldd, o uAER) K- wodule 6 o wvector 5(9%",::[‘;:::““\“_
Nete- IF A (s an ~belion anouf, ¥s r'uus of w"wrf’mw‘swi\-\dd
Eidgy (A) where  fie o, ¥v: A= A, () (D=
(8 o) () = (VY
Note: Tlhere s « one-to-one Correspondtace
(&/(-FI!QA\ oA ruey homowaorpirsma$ .

Y mowaorPlal :' T2 ¥ MM
lefx  R-wodules g o prses ) ) ] X X
ReM — M R— E'v\al_l(.H\ :

Letwreen lebt R-wiodules over ™M



‘2&5’_‘: Let M, N be R- modules . An R- lf\vf\-oMorPl/\:\‘:'nM or lhom of R-medoles l\

iS o~ bhona O'F a_'t,e_,\lm oamues wl,{u‘.l/\ v‘especl‘s Hae o«c‘\"un of- R ,'.‘e. '1.‘\‘
RN Mo M= N <o HaoX

(Qy N (xxy) =‘f(“~\*‘f('ﬂ , Wlirdy = el YeeR xeM

Def: et AR, C Le R-wodles. A Ll map BT AB—=C is a anp
Sudw'ﬁao:\' - -

(Y Blasa L) = Bla ) 2 gL,

() (s, bc) = g lo, D £ Lo, b))
D plen, = cpln,6) = pla, Fod
Vo, weh ,LUER, reR

% TL\L sex G'P A“ R.‘vw:mlu\e, l/u:.ﬂ-ru:m-\.‘d?"'f"'l’\.ls'u\"“‘5 H=N s dCAdt'LA ROMR(MIN\

Lo’ (e A,®, C e R-wedules. LeX p: AxRB—>C Le w wanp of s€s. Tle
-po\\o\n)'t,‘\s ane equwdefdr'-
(OB (s biliaear
() &Hﬁtk,"’) & A R—-laomcm*’rl‘\"-““ A—b HO‘MRLQ.C\
(3) bHP(—, bY s an K"L\.DMONOPPLA-lsM B""HOMp\U\,C\
Def: Let A end B Le R-wwdvles. The fensor poodveX of A ond B is an
o R-module A 0. B 't'oﬁg,w wita o Bllaesr v
T A%R—> AGB
sucdha Hoex He -&\(ogl,\,} VAWM ESo) me)e;"ﬁ,} Lo\ds . For every R-modle C
md Slineor wanp B:A*B— C fhre exsts & uA\que R lomomorplaswm
Ao B — C sucn thaX

AB g
L =
f‘\gae“"’;' C

Has G\'mﬂmm Commutes .

fop* For any  R-modules A aadh cy A®: B exists ond s valgue vp o 15omrphlsu«.
Broof Svppose. (A9, RY ) T AR o LAEDQ%Y (s ansther  teaser ?NAUC'(. Then
,:“B \’L’; A*R BT Thea V=" 0 heace
L2 SN PN A%B ¥ (A RY
Ao R — U\@g@ﬁ (A@RPQ)' — AR . - " .
o AP Thos, £ A®aR exists, X (s unque
e Pt TeWoT' up to somorplite M . We now coastrect
- = Yo = YN it

% T te e Pewmadite qenereaied by o\ poirs (2, W)€ AXR sulject to fle
veleXions

Caxrod, L) = (o, O x 8 (o, bt )= (o, W\ x (6 (eo, )= (&, e\
Thea e map AR =V 16 Liliaear (o,b) =2 [, ),



\ 2
Note: T 5 colled Hw Teawe mmap "‘t’(&,‘s):: 9%

Remowk= T2 ADR o 3U\aro¢‘ul L.j dements of the Lorm a0l and
Qav () ® \o- 0®b % W@\, 6@+ = a0k » pob'
C®L = clael) = oo (V)

A®R = Ladb | acA L,LE RS or sums  of Ao\l sl nvecses .
A®R% Cofttﬁ\:lf\s PNP{(‘ SUNAY ’,(/\.br (7&\ Q,\M‘U\.*'S o DF e 'G’Pf"\ ﬂm@g .

E;!E_\I € - vector SW,&S\S‘-EW'T,___ VA L, W besie 37, -, P

VOW = (To W \TeV,TeWS = (o W) | 1eic d, 123285

T WWOWE s n busis e VBM So dim (V6 T dnd  dimvOu) g s
EX For waakrices Yo e Hessse Product 15

A %, ---
LOY = (v, ¢) = k""lf" )

m (Aes\ va\ AX © BY
» (D) (Ae8Y(XeY) = AY ® BY

Def: Tl/\e, cOmmu’cudc alqdbm or Commot—aror doeson  of A wakeix represedodion
X:G6~> GlLg (s

Comn X = 3T My [ TG =X(DT, Ve trk
Oef: The  endowmorplucn doelora.  or  commutpdor  daehcon of He  G-modie V
s EIAO\ V = 51‘9\/—*\/ le (s o G1—!,\9Mo Mor(l/{tsuz\?g

Thnt Lox “ h Grwodde such thut VE m V' om, vV e @m\/
where v e 1neguiveleaX ad irreolucitle owdd m, (s te “’W&'f\tu‘h& Q.FV 4

e m Ve (g g g 0 (vvw vw- edic,
D dim V2 Zmidi e g (VD) =
) End (V)= :é Mer
2 din(EnA W) = FwnZ
4) Tl

b§ ole;et&f\.w -ZM\
8) dim Z

s l%OMo"?\'uc' o thwe olﬁelofu O'G dlw.]of\ml wieketces o-F

Enalsy K



P5: (V) Eacn Lopu of Vﬁ\ Was dy basis demends . The valon s o busiy of V. 13
(2) This Hllows Homn Scuue's \leammon.

(_3\ Hod‘__,‘ig C'Mi.z
(&) OJ\\U'\ otm.njo A  wankrices conmmvnte,
@(G) Ikxk d'mﬁoe\m_\ wekrices & E Ck

Def: Lo X: G —> GLy be a wudcm cepreseteion . The cherncter of X s
Xt G—= € wlhere KA = TR

I€L V s o Gt'wodul.e,m choracter of V s the  dhnracter of oA
WMoXe sepre seaXudion of /.

Rk T# A= (04) € M, Huea TrLAF-i\&la.‘- At ¥ o The daacter of Vs

(leperdent of  Lacts becavse T t\g\ = Tr(BAY so TelTXT'Y = Te(TTX) = Tr (X |
Nﬁo, T (X = o ol e,"au velues  couated  wita wu\'f\?\'\dt‘h,&.

Eli DeFlr{l.—wj Mpuﬁefd'a-:t'wz\ 33'- X ) =\ , x(y:= 3 , %Q23d= 0o

QNG = el A : Y AT = # Liced po Lals o 7
_?-f'_:_ %(_75) R 1“3 oA "H/\e.- (}L.\O\Sol\al / (X(’m\\ :l-'!.: \ P TLL:‘-\ - ‘1

é}_&_: CaMf)UhL /X’mi NANS oA wL{d'ran@ Fndke. grovp . G\'—S(,ﬂl, -
represetoXion . Recall o waeXrix mfrese:\.‘tc-fuor\ of CL&

/ waoXetces. We caMPu‘('& X(ﬁ\’- Tr I,\: w = \G\ . Now lex ﬁ?&ﬂ - ')(_,(c]\‘- Tr'(\((‘)“ = Si““‘
991 :9, = 4%€ ., 9°9:29; L N 3 A X9\=0, Tlws,

- 40, q%e
x(a) 2 %a.\

# %-:e'

19+%  CL6l=V x wglas

coasisYs of r-\ﬁrmuﬁ'dfwf\

P_f"ﬁ IS gl Gl .
(@) Xley=Q
(2) Q= khk™ = 'x.(-ﬂ =X L)
(3) Ler K,Y lhewe thergeters X end VY, Hsftd‘mdxs._n«-m XEY = U9 =Y Vqe&
‘2_8£ A closs Fonaction

oh % Yreop G ois o wAap £:6—> C suw O o -g-LoD:.g-LLL\ e 9 -
e n ﬂ/\l Stwae COf\lUﬂoLc(,x clogs . The <eX O‘G Clo&% 'clM.C’d.mG oA G\ © d@\b{-‘&ﬂl
RLGY .

Cleda R(GD s oA laner preduck Spoce .

P F R RGO i@ = 41 4,(9) . Bor e, (eh) (e dSla) . Then RIG) is o wector
space over C. Defire for o (.or\'_“oﬁuvs deass K w &

- §1,9€K
Sla)= {O,eﬂk
Then fi'g'k?{ ‘c\-,rms o ‘aag’\s b-(: R(G\\. 'n,ws, olim R(G) = & distiact Co-\iusc._ai casses a G, leX
(W ('9‘,413: -

—_—

16 g¢ -§-‘(_3)—-€‘__(;).1-\— sotisties tae axioms for on \naer poduct.
NoTaction %K'-’X-(‘j\ LS



DeS: The dracker tthe of G s

c olvanc l L\-

Ly-1%

tndegxed by
Cocrt ‘Sf-'uul to co.a"!uoju-b\
vreedueitle lnsses
n_rfut.d’d"lus €

Note: KX & XK=V (fw wavtese s *roel)

EX: The C%t_\-m qroup of order n, Co. There e w CORVoRLY clossee becowse C, s
AR TL\US, 3«\ lnectulumlu* wrreducetble Nf"‘s"—’\'rﬂ‘w'ks o'c CA' EM‘A of M V\‘H&
ooty of uvAy gques o Uinear  hence  imedvedle  vepresettoion. These e ek o

tereducible -‘tfmg@{‘tb:ﬁu&b of C“. Consider w=l,
Cyle 9 9> o

eﬁ T
'lh H -1 =1
O AN U S \K K K
S . 7' NS A RalEE -
.El‘._ 53 ConJug]mu\ dnsses (A 33 Corbesfao,\‘i 5 % , E , (WA ?\_M \ \ \

! EEUERAN
.ol BT B

l\;l‘f"_t_'_\,lt will Use (aner rf‘boluc."fs te 'F'MA He .M'\SS'LA.S tertducible (tcr{,&(ft\'c.-‘k"m_

Remowc: Tine ;
it d o g -'ch.ﬁm SPA[_Q_ P\}F:i.g-_ G,l_.-, Q?S € oA Anes P“’OLUC\— Sf“% vades (_,.,'um_:'\se
MOL\*‘LD’\ , Sc,i;..r Mdl":"tfucnfton’ («,\,\_‘,l ‘H,._,(_ ‘u\n.e,(* Pr\cldt:"
L85 [ Z STl

Pop? Lt #a
—f—‘ !'\F ke CL\-&N’&L*’US of G . Then

\

. XY = T DY

B ler ¥ e tle dasracter of V. Then V adadiks  on orfsnormad Lesis. Thea the

'ﬁ“““’d";‘x m?_“_‘_sru‘\'ﬁ\"tm Y of N los these cdumas. Hae N (s vakery, e UY=L ’
e N2 Thea MO =T (X)) = Tr (™) = Te (UG ) = Te (M) =Y () .

T (( Chacoctec Relokians f te Fust Kiad) Let ’K,,’\[’ e cherocters of &N

veredocible . Thea
l ’ NNy 2 S = 3 XY
%Y~ Vo, xew

P‘F: =ir =
Lolet X=TeA W=Te B, AcMary, BeMary . Lot Y= (i) eMat, . Le o wockein of
Vorobles . Define L o e
Y= el G A X ey
We cedm ALY =Y R(L) , Yhe Gy, Note

ol
AWDY B = T Ea AlNALY) XBLy ) B

s

* T Zg ALY X B (L)
e * ol Z A XBE)

F=hy
=Y



les} Luj Schwr's lemma 2

\{_%o, A?B L
~lely AwR

Cuse X7V Then AZB 4. X=0, ie. U= ¥ .

N Yy = m:zzﬁ

Zk(oj\ KkibLJ(q-l) =D

2ecs lﬂO[uJuwmlp& so e‘\d’l Cﬂ?p‘&cluﬁ' S 0wl
O o

= Tal &= &
el R ¢ -t
gec, 2k ‘ou(q )
1:£. <“ik,'o£;> = 0. Lt k=2

Thea tthis 1s He

V1,5 kL

ond l'—k, Then 4&11,bi3‘;=0 V3 \ Thus
O-= E Sap, ey m L% WY

CASQ.’L'-'-'Y'. Wlocj A:B.MA \t’-

¢y b Some CEC . Then Usj = cs‘- . Vo iy
<

k., ﬂlj) =0 . For 2=,5
Tf'Y: cd";

ik,!,,j‘? =L o

P XL T L AGYK B T,
= ;Lm (Al X B(51Y)

C i'ch QZG_G\Tr ( KB(4™") A(q\\

Q 2 lel gGGTr(*Al LY (ﬂ_ﬂ\
= Te =Te X
= \r X
Bns o b
‘ A TrX = u:.\ % %ec‘&zk(cj\ et 0, 7)) = e+ ..+ Xda)
Thus | <a:
US, S™ik, 040 = (G.i ZE-& 2k (9) Og; (g
s X St.1
d
Thes, <X, X% = = Chzi, Ay = '—Z“"ziz"\a},'? = %S =1,
l_'j 1.-"'
Gor: let X Le o e ix fep resectadion of G withh  cheractes X . S"PF"SL .
X=E u\n)(m@ @M }(“‘\ w{/\m )("‘\ o ] \agquwklu&{' eneducitle NPPCSﬁd’n.‘hO'\S oF
Gj. T'uctr\
D Xz, KVt

2 <X, xS o whe  NAZ T ek
W DK, = ME P

IK s eceducible & X, %> =

‘5) Le¥ Y Le oacther repe s entation of G with clecacter ¥ . Then
XEL A=Y (U =YY Vg6



x k , :
) X=TX = Tr (B X 2 Tl k™) = £ 2 6
= A | 1z

) D G ; i
2) LN il ZN{"'\(‘,'X.(‘\‘D = éMiCKL‘\, xy = WAy
)=t

= : |
(@ ) <EX> = LTMKE, Zu X Eamg

4) We W slowed X rreducile D X, XY D) gup‘oosQ <K, xX>=\ = l;-_ w® | Tlen

Flie iy, K J €GN
1 Y cidn M=, w; = O 5\521 1.e X=X wlide s eredvadle.

5) We kaow XEVY = Y- \
¢ Kao K,\(‘S'X—\\’~ Su”)o:_ag, K=Y Acsorme \{’g"nt)(ua_'_@ﬂkxm

o;u_e_-\_;[nj_ -G_)r V\t_:o g nj = (\W{‘\P(}\)___(%,xcj)» = ]

~ 0y K
M.\ . T'AUS,Y: I.Mtx 9__,®kat \a:..\’( .

: - oy 2\ \
wp: Lot G e Fidke . Lex V ,V"'  Le Hre Complete. ik F 'lnequ'\uslm’\'

[

nr‘reolu:ttidn represetelions, guﬂ:osg_ Clale wm l\Im@ w\,_\fm@ Then
dim V =My 0\/\.0( lG\\: z—(diMV‘“)‘z ; - .

PE: Let X=X"™ |, #e tlerocter of CLGT\ and A Lo e cheratker ofF

(€A

£

V7. Then o
/}(:Z.H-xi N\A VV\"(’K (Eh) \ 3
e S A AT
- " Gl gz, A XY
_C\Gl, 9=¢ g s . 2
S =45 Jare T w =Gl KO (ey = X = din V' 1

Thos, My = dim VL Then, Lz Zmd = T (dm VE)* o5 desiced .
lwws: Lot 6 be finite. As vector spaces, €[617% End (€I&1) .

PS: Define - €L — End (Cla1) by (@) =¥, Clal— Cl6) whee (@) TV,
We show ¥ is lineer ead  bijective. Note  Hok e +d@)(E) = (ce@DN+de (@)
S0 is \{neer. Suppse X0 (e €@z 0, VS Q] Thea YENE) = &)
=ev: Q. Thos , v = 0. Hence | ker¥ = §0% <o ¢ s neckive - leX ©cEn(TIEY).
Then J7e €[61 st. B(@):=T. Tlen Nge G, ©@): B(5-2): 7 OE) =33 =¥2(®) . Thes,

@) -5 13) Mqe6r. Tuos, © =%(3). Heae € (5 suryective.

Def ‘,’Q’f A ok B .l'& dgehras over €. Tler AR & oA onXi-(somorplaicm
e s en Somorpuism of  ector 5rc.u.s ond. ‘E(m.az\-‘e(%‘)‘cun\.
ML@* G- ﬁ_%,’_' 76,\2‘ . Twen €LGTN MTl-‘tSowor(J\,\\c to End (@.E&'ﬂ .
-

PS¢ Clel— End(€LaTY (s o vectoe Spoce \sowwp\uswx . Also, NU, 3, ¢ Clal )

— b

RETN =2 @) =TI, 2, (2) 7, =g 0g () = (@)@ (D)



Tam: Ler G ke finke ok CTEL = ® m N

;f\“('o iﬂequ-\uh\'ll\* l’“"&du(:t%\l
to

P We haw reen ok my® dim Z(Ewd (LIGTY) . X Eud (ET) s Mﬁ-i':omorpum
to Cle]. Thus Z(nd(cteny

L l
e o olQCOMPUSLJ('lon 7
N‘)“ﬂﬁh—fu‘f\a&ﬁ . e aAvaler oG \’ti\ is Q‘(ur..l
ﬂ«t t‘lUMknlﬂ.f o-(: Cw\lqﬁkcw Q_LLSSG.‘E) oc G{,

'lS W\'lsomorp\a(tt 'f'o 2(%1\- T\A_US,
dirt Z(End(LTGIN = flim Z (CL6TY . Let Ko, o Ky e o complete st of

Aot act Cw\:sugo\cw clesses  (n G\ . Deline
Ly = ;LK?{ ¢ C[G\-X
We slguw §1'r---,zki I8 a Lasis for 7_((‘,[({_\\_ Flrsx, we slow ‘Z;‘_EZ((LCGJ).
Bor e, e Love Tz T - WZAK = Tl T9 = 2. . Heace hz:\s2,
iK,-‘ ijK.-l B'GK"

e o

o R '2.‘_ 21‘4\. ,V‘AGG\ "’\0{ i('{'w:ﬁ lt'\.tn-\rlcj 5\@35 '216'7_(¢Cc\1\ _S"ﬁnse-
VTG0 e L(CY) , Then To2vTs, Vinen o

VWL W(ZAR) X = 2l

Thus, all plements of e <eane
%/ Colllicieny C3 -

b 3

"
- i'%'(’-:‘_%
CO’\S”%““‘S doce Lt e seme

So p C,O&Ak-\r\..ll\ﬂ) ke +ecms , V= f—dtz'«. Lor  some al;_&ffl.

=1

Coc” The irmd.ur.'l(c\ﬁ; c't-‘\ovo-:_‘\‘;a‘-rg
¥ clags Fuactions R(G)

E’f_" 'L"Nl‘iufl\l(. CL\.n.rﬁ\g:i'u.s ere
e

“g G\ (:orfv\ A Or'&»\ov\DFMG—\ L:msis ok Hie S(’Mﬁ—

orthonoramel  ond Hyus unlepuie_rd'. MU& f:‘,fm R(G\B siace e
as Moy enedotitle clieracters as tuerne  pre Conpugacy  clesses of G,
wiidh 6 e dimeasion of RIGY .

T (Cheractes reletions of Hue Second lKtad ) LeX K ond L Le (of\-y-")“:‘g classes
o€ 6. Then foy_mtg
y B
kL

’x.irr\ﬂl. K lK‘
Note: This shows Hot e

tolumnsg  of He Cheracter talle  are o\so or{'b\oﬂonn.i.
®: Let = Tia7im

& Mal ConstrueX  wnew C.L\n-ro\.d"ef ‘t‘oJa\é. U\/@S& (7-.\\ U\tﬁ'ﬁ is
)\%kj . Note X cloracter rl&ions of Hag £uex kind shade
G A GY 0N
G aud, L T TK—‘X.K XD k)| = g.t.}
%VTMS doesn't 'tMPlll o;{'\.\m\oer\'\\’u\ of e ~us
arthmetic

of " e telde . Howewer, 05.‘\“%‘
o )\’X‘K we Lot 8-1.1 =< )vxﬁ:.\’ )\'X(j)> Siace s &UﬁMQ‘d"‘-‘A waeXe i

ZIX t(iL_ = gkl. )\1



: el Al e W resenfotions | \%
Ex: S, et %O ik A2 Cocrespond T The Ervidl N wep

3 ) % &
We solue &r ZBY, 1o 4- deg X We have (Gl = i V7 = Lo Lo g 5o

A=2. Thos, XN = 2.
%. - bl o ™ -
O= 2% (YU 2y = \'\*\'(*\\*?,"X (2 = A aaN=zi0
&' y (3
0 = T K (2R t-lx -1+ 2. X1 = X (2= -
13!

S ’x“‘-('z,o,o,o,ﬂ,-w.
PR Ve & Grmedie sd W b on Hovodide . Thea VO is o GrH-module
PIS N (D (VoW = (Mo (m) wd  extend linesrly .
Def: Lot WD Ly assp teaeherudon of vector Spaces  and St =mud Le
e well. Tlea T@S:\l@w—"a\ﬂbw' (s g]'wf;f\ \:u;
iy (Te N (Feod) =T ® A=)
\S 3 . » .
~  linenr “__'f'rms-c;rm'hﬂﬁ b"& exctending lt"-ﬂ‘-{ltﬁ.

—

&EP—l'F T: Vv’ 15 & G\'fﬁamoWa'f’th.SM e STWa W s an H,(,\,wmi‘(at‘.‘&"j'/

wen To S 5 o G\"H = L\OMOMDrPL\-.lsM‘

T_"‘_"‘"_". et X G v G‘Ld oad N — G‘LS- be  waakrix ﬂa()fYSﬂx'l‘a'.floAs . Then

Q., Xey . GxH — G\Lo\.; ; AOY La,18 = Ag) @ Y (W) s a\so o pmedrix
epresentation. Moregver, (4 KY, sad X oY Lo (lusacters X, ¥ snsd

EOY, respectivedy |, taea KOV (W = Xy YO .
& We sliow X®Y &« w yrevp Mowvmorpldsw&. Let (‘j,‘«\‘,(ﬁ',u) e GxH .

KX (4w (W)Y = Yoy (G N = X(99') ® Y (W)
= XX ® Yy 1) = (a0 000 () &Y
= X6V (9. KoY (4 ,u)
S0 X®Y is A™Vp Leamomorplism . Note B oy wakces A od B

Trlaee) Telay @) - {_—-o‘ﬁTr% = TrA T B
=1

Thvs, X0 W (4,4 = Te(RU) @YW = Tr X TeY () = XNV .

Thm: CYorg ¥ oaid ¥ e rsedueilies vffgrum'i'“:‘""”"s of G end W F Nsrtcﬁ\:‘dﬂfw
XOY s an tecedocitle representation of GixH
(3)1¢ X4 .., x® and YU v e omplete  lists of  intquivaleat (nneducible
@, rtpetsetotions of @ g H, respectively, then
TXMeYN | 12304 ,145¢4 %

(S o Complete ek of (nequivedest tereducible 1ep M SerXeNlons of GxH .



PE () We check  theX

the nner r.vrbo\ucf of Hwe clwrocter it lq
eeld s\,

]

<XOW KoYy = —— 2= XOV¥(g,W)XeVY(q' L")

laxH\ (oearr

-

L T T W K )

9e6 LeH

(e B 200 2 ) (o Z YO

= l -\ = \
(2 x - - ) '
Y We see Hwt ¢ ¥®4|,t¢\,,x£m®,\{,n\, -5 . ¢ “_'n,\us,x“e'\r"‘
e P‘k-.\f'l-'\j\ se fﬁe? viveleaX | ~redv We 3

f"?"ﬂﬁ'ﬁ!\‘i‘d’\oms Aan complete lisX
0-€ l«ealuwoleh'\_ (rﬁeaLUCt&lQ NP(!SO\TBCK_LD/\ﬁ LLOL“;, eﬁﬂ.\{,\ M /\umkf,'.‘ oP

Cw\.\"’ﬂ’xﬂj clagses ch G H whidh ki Thic & e sz of te

set of 'tnequ'iuu.\u'*( Lrcedue (e &fncsmfa:‘cw\-‘v So X 5 o~
CoMPlC‘h’. List,

Def: Lex U<G and X be o wetAx n,f.-a.-_,c’!rv:\"iw of G . The westction ofF
X % H ¢ defined Ly

X1m (W) = X(W , Ve W .
L—l‘c X' has  clhuracter K, ten Xli hes clhanracter /Xl(_,

Note _ﬂ,\ls & e warlXTrix Nﬁ)h{ﬁ,{/\'\'ﬂr\a/\ 0‘(: H-

R&Mar‘k‘- j.-; N s & G\" W\Dolu\e. 4 M-f\ \! Ls on \"\’ l.NLOd\\J\Q. .

- NS 1 <1
Bed: Lot WG, ond t.,. ,t, Lo o feorswerse) so GF gALTAU. L

Y e NPPLSU\JG'—\."(\M\. of \—-\ e nduee A rgppegyd'dﬂof\ cjwu\ s
Treasversal s defincd v Yrgt) Y(Eit,) - .. N (£ %‘tD
a - .

YT‘_‘(."}):'(Y(T.:L ata\):

...... \_‘ Y(‘t}_‘a’tﬂ
and Y(9)=0 for q€H.
Remack' T# W s an H-modole, Taafy 2 €L61 O W

S T Z G F G W | S = WE (), Ve B

6= S, K- A, G=HLUOEDOH W), Let Y=1 be the trvid representelion.
Lex X 1T CFid X2,
- 1(eliye) 1(e'G)liny) L) © \ 0
X (12) - 1002 e) L (02) U |1 0 O
1 (O ' D e) L't 02)) 103 (1 2)(13)) o o |1




20
Peop* 1Ti: CH

Rererk: The claian here i o i the loasts sz‘t_.a,...
'Gbl“ CIR 4..-'3( 1Tf11 e Qquc.\_‘,

(e
PE: Let ><=1'rﬁ ad et Z Lo e modix pmepresedotion of CH in tHud

basis. We  glhow X () =2(q) Mg € G .
o, ‘C{la]'tsel‘\

/Kl)(%\ - % Ve ti'gt, e H
A\5°,Zis("]\€§°,‘§ Leceuse 2("3\ (s pecautidion wekenk . Nete  tod
. - & - -
X3(9) = | & T (t'9t;) = | St eH @ gt et H & qtt,m'-tiH@zﬂ(q\: L.
*o X(QS:ZL‘Q NVael s desired .

/-E;"_T-% ) e nokcices

Fﬁfi\(ﬁ (s o cepresentotion of 6.

B We wust show YTRIR) &5 tnvectitle, ok Y1 G =YL YT . To st
tvertibility , note YTt:(‘_\) s o Block pormtation et e eackh e andh
clomn ! norzen (Yo ety T )= (Y(2]4t))) end Y(tat)+0 e
Liqtie H & gt; €LH. So in mw Iy o4 9T €, as S, Tk e
(,.y n Yraasvecse) £ H. Compu‘\'le ‘(Ti(.\h\ Complekes g ijvw:.t\'\‘ .’

PE&T\A.L_ L kueed W Presentapn s iz\depfnd-u\.'\' of  Hae clolee  of Troasrere s t
fqvw‘o\\u\(& of representeticas . Ta more ole,"n;\\J et K G, s X t(t 5:_ ’:P
:«ccm ve\pmmmﬁm € H. (et Tt el 3. Sg% be twe
v;:\sve.rsh T of H ﬂ'\ulaﬁ rise *to ‘l’\p!ucw u[w\esu-t'-:k:mns/ X oend Z,

P@C\‘w{t.j. Thea V A 2 are €quluﬂ\\c_f(t,

PE: Lex ANLZ lowe  Chamety e TN, We sbew K=, We peravte e trmswerse)
A 7AN —:H«h-'\' t'zH‘-‘-S-ZH So BL\:LGH s.t. -ti_:s'zlA;l,T('\LA f{‘nj'tiGH@lesT‘qS-h-eH
& %iqSiGH . Whea Lot ‘t-;'c)‘t.l , 3‘;‘%5‘1 eH , 'Hu.j ~ve  Conpaede o H | %«lﬁA ot
F\ktti-'q't‘l\="f’($i"gs-) ‘at(‘w%t '\f’ s o (IthS -Fw\t.'ﬁ.'f\ TN H- Then we RN}L

k3

- . 4 i
K= ET ey - St | i‘f’(f{ﬁsi\ = Te X (s5'ysy) =€ (q) .
Lo L=

Lemant N1 () = i Z (90

- & -1 i -1, =\
- PEYT (g) = 2 Y T,). BT, Yhen VoV, Eo "FT::(Q) : Til«"\?_-‘ PR LINY

As s i H and t; ote Fom | to L,ti_h Cwges  OWer all of & s
G=tHL Ut Thes, wyi(q\zmx%lnﬂflqﬂ



Thm® (Frkenios Rcc':‘omc.'\*'vs\ Lot He G and Svppese oA N are cliaracters 2.1

of G wd W cespectordyy Then,
G &
41\{“\.\-\,%5&: <N ,'X.LH)H
_w I'l‘
R 44 LK = “(c—‘\ "{’T WX = o T 27; (igx\%(ﬁ"\ We let y= Kﬁ’&

%éCn XEb

So fﬂ_ =) Ugh,( w\d - l/u\\ﬁe_ o fg—a— :{—c, ):-'\(’(lq\'X(& u\-\y‘l) = IH\ '1‘:61 (nj\')((tg 3

s lH‘i"‘c’(u,\X(q) =LY ’)L,L > oLS ALS\ned .

Nfdion: T € 1w tebleaw, 13 s tae  torrespording toblotd
2R = slope A\t ~tX

ec t= [ atn-

Note: | 4 \- n.mm\: 3T e ALEALNL XN
be:f’_ LP.JT A= L)\.,--- j\-y\ Le fue Coms‘»omrvu: YW'\{'\J é!‘ﬂﬁﬂug of Sv\ (s

S,\'i S‘jl,t, A2 X S%)\;’l,. ’)\(Ql?‘&___ X 65“-)\1*1‘,.../“75
Nite: -
Wit teh alg= 3 s s NG ey Rt R, Wtn Sq® By T

Ex: (2,0 v i S(z,q: gi\,m's‘* g‘l“’;
<. .
Def: let %, .., %, be a treasvecsal for Sx . Then 1‘"‘3; fs: e, i
rpresenttion  of VA= Cirsy, ., 7.5 %

bu‘/lel‘t ‘FOr- U-E'S,\’ 0"(‘7{&5‘)\) = (0“'7[_135; .

Nefe: €. ocks on fle set of Youny telloids of sluge A Fwn Ly iR Stk
wmodule &SS'OClG:td -l_D >\ i&

C%it; ﬁzhi%
wL\u‘e 3’6.1, -__,5'*{‘_; (s & c,owfal(’:'cl l\%‘\' O'c X'tmk‘n'\als.

st , M= CIH3L. For meS, w3 =943,

be,s. LQI_‘— }\ — . -[\,\g' PQ(MUt'N:tla"‘

Ex: A=(n) , étzsz_l.ﬁ 1S o CAMPKU'L \
This s the fAvd 0ep e Senketion

: . there
B }\"'Ll“) = (\, \, .. l) each  tllean of S‘M-pe. s s owa e1ulu-;!{/\.1,e cless OV(A
S e ki:&ed'tun " Letincen peemvbickions  and tolleans . Thes, M™ s the regulas

HP&SM‘(‘.’&T’&on o Sa



&z N2 (a-1, ) F w , :‘ bpoo ba o o i&"\'i /HA”‘:@iT,---,-:—g whicw 1 ’2?_‘

“\

e clt.-Fuimq mp;ef\‘b&\"\on.

E_S’ .OU"‘ ﬂ/\r-te Q\(MF\QS 5\#\‘.’. e —Co“og,;t/\p) ‘i'o&ﬂ 'cbf g-’.&
- Sal Ky K

i (2,1 K (€3]
&
it ( \
(1,0
o 3 \ )
(*)
‘e 6 o) O

M___?_’:A G- module M (S

cfﬂc,\lc. * 3T e <t M= CG6T, vhax

Thm® Lot A n. T peravtition vedule W s Ctjc\'tc,ojmroi‘d kaus oy
A-toblold of  dimeasion wU/AU

P Mk'- @iﬁ,‘ ,‘5;3% where %?;t,_?zzg R Y con«(a\c’Ce lgX of )\"{"k'b"-‘n'uk
So dim M 2 WU/AL . Now leX 1 ek £ Le A-tabloids. Tuen they dklec
(i fhelr  eatries {)t\lu‘ <o I st rltN= ¢, 'TCU-‘;,) =t;, . Tws,
S, %] = $intt \ e,k = ﬁt?; itﬁg Tuus, M csnsgd

Tam: et AN, Tuwea Vk = Mh RS S - wnaodvules . .
PL: We cdaim v s ujc\'xc . Tadeed vAs (RS SX (C%TC S .,"Ekgx% , Let
O(F;5)= 762 wd exted linearly . For S, O(6T ) =§ 503 .

I}E& lex /\})A I"'/\’ )\Z(X.,.-,, )\-ﬂ\;)&:(}l';---lﬂm\--r(/\-ﬂa“ X JO.N\:LM/J—QS }‘-,

densted ABM b Ao x k= a0, Vi) (Mico Lr 134, P20
e 1P m).

Remarle- L%}\\—n-ﬂ , EB S o r’?DSL’t.

T R RN S
Def: Let a,be(A,2), Tuen o (s Covercd by \ofo\w‘t'e_ alh, E <k
ool Ace A suc X a<c<h,
Def: Tue Hasse dingram of  the poset (A,2) i the directed graph [ defined
QVLM Vez=A=3alaeAL o Erz3lal) | ndbl .
B n=3
T e R (3) € (2,1) e— (1)

—




I?_E_‘&__Tl/\e l'&ﬁlt,oqrapl,(lc. order own Pu"fl'ﬁons 1S de@lne,d lqvk >\‘}L < 2?)
dz st xs"‘)*d,‘)‘-:t oA 7\'1‘*}‘(;_-

Note: Tlhis s o Total  ocdec.

Def: Let S ok ‘:—_1 L:-Q, B NI [)o-r*'m.\ orders own 'ﬁ.-& set A.N@- Stxu& £

- 3 \5

n celinement of < E ST N =N <, o .

Ff-”—'f’—:' The lﬁXiQOﬂ‘\P‘A‘lcu\ otdec s a refinement of tre dominence order,

PL Lex )\,/L{L—ﬂ.Sop{,oga A2 . We show A2 . Ecther NT ot X,
I8 dap Hua Az u. Othervise , A2k and A ;. Clhoose 'f'b_% sM:._l(:.?’\’
T s )\k#}"‘k- /\""-J* = Lo AL , Zj-,,kj ?—Z-:.,‘}*j- But 25-_‘>\i :ZJ-_‘)A'J
ok 'Zsk--n)\j >Z?—-.)*j = A S Thes, A2

]}L_;: Let + be. & -{'hlo\'{,hbl, Wity i Rl 5o Kk. MA Co \lumas Cr‘ ;= Cl.»
Tl’\l. o Q{'G\'b-l “.LU odk Co (UM/I S‘i’g\b.\\-t Téer Dc g ¢ el
—— " RO\

Rt—' Sg‘xsglx . X% Q‘R

k
Ct."'gcxscx__)(g
l * — Ci
Nt These. e the  subgnups  of Sa fixing s ond columas of ¢,
ms‘)ed‘nw_l%. E
Remonre: Ry = S/\ ot Sla.mft A
Remevde - 3t% = Ret = gfr(:tlmegt?;
Notedion: (ot Hc Sﬂ be o subset.
R eCls] W Do e €5

- b &
'\-J-UB; (E(Sn]OM ° H ok H™ e wat  wectors.

RQM-\gl Rt+: ZTL € C[Sn] W sk on M>: @iit_fi‘:; ﬁ:;s% -

Tee R‘l

?&E Let € e » tlbleaun of Sb\mpc_ AL Tle &‘jt""hl";‘é of t s
Q::: Z sqa(7c) 2;-?:{- € M)‘

reC,

Pﬁf Let Aba The Speddt  pmodule S* s Hae sbrodole  of M* Spenaed 5\1 the
Polytablids of shepe X, e g, t shape ).

e



-
Bet: LexX G ack on the set AL let BCA, BHeG, 4
(N The oot of oA uader Helb s Haz Thaluent
(2} The staslaer of bEeR ¢ stub(®) = ficje&\gez 5?, , sn_kta\-.gmo(;@) |
(3) Te altion of G on A s treasive F Here (s or\\ul oAl @ -ovK a

A}.'.-C. Nae A | Gz A , .. V“,OMIGA ,'aalEG\ st. (jk_'&—' :
(D The action of G on A

s Leee (£ s’rode(o»\=‘i?-§,‘dou&A,i.e,.Vai'A,
48t 8= qee. T

Def: Lot PG ALY Le o ppresentation of 6. Then Pois e Loddol  vepeesentadion
£ P s injective.

Def: let V Lo g R-wodule . Lex UeV, Tue anihilor of UL ic

Am(mzérerzlmzo,wetﬁ
S Ll Ropogle i€ Aan(V) = §03
Note: T 3. S YUEV, r2¢. fn Lr—s\%"—o,\dv
Remads’ Lex W L¢ o G-

Def: v

N DV (s ast o Lo\ R-wodule

‘o o €l6N-wedve. TH V s o
'F&l'“'\'GU\ mc&]'mo.aldle) then f’" G — Gil—(.\f)/ f(ﬁ\'“q'\"', s o Lol “ﬁfrcsmaf('w\'

Wole' Tle converse 15 not +eve . Consides C[S41 ond Hee defining  representation,

P Su= Gl | V- CEULE T 3% . s i Citbul s eackh  peramvtadion Las oo
3 U(\(qm Permu{';.;ﬁ,on M‘d'!‘.(x_ Consldec V= CET’

dim(@[sﬂ\ 224, Aa(WD= 5 e s,

wodu\e %v& liater f.‘k‘tﬁf\'a.l.ov'\! v

LB, GLONE € oy o €OS41- weodile

Tl T Y G e ek B Kl
ZGTVE0, Sine we cont have 2% linterly (ndeperdint  Wetors n 16 dlimensions,
The solotion g Trivial .

Ex: ; - [4]2]

2 Consider ¢ - , We went o €4 [

€ = Sogn(e) fe?; * cqu(3uN] Gt }
= et - Gty - TEL

where C; * ‘Ec Sgn(m) e ,
Reamack: CE‘Q-{;} - 'E; ‘

w
™~

NOfAi-loa'- Lﬂ’.‘\" Kt: C;

|+

Prop? K.¢=L4c't<cl__,KcL
s o telleaw ., H’C-: ?E San(ﬁc)n: Tz_g:ojn['rr,\'n;_ C._L: .

ey
P Tndoction. Lot H, yeg

Note : C‘;

witlh Aisyeiat suppert, (svpplmd=$iedy, . nE | la) #13})
E___ Sqn (Y7 = ) 5l S%ﬂ[.c')o' : 'E_Hsfn[’t'\'t

TCEN M, cen,

Ex: Qyt - | AL

2]

’ E: =K..j;.§, Kt: H‘CnH‘C;KC“ =; (E.-' La""\»(tﬂ Le.\ - e.'(’-.tﬂ
K'f.iti: (&"L% ““m = 42\ 3 2\

T -—

i+



Ex: \= () @ 3t% = T'y___m CTwes s the unique tellleld of  ghupe M. 25
Co=%ek Zsajnucmita—aﬁ Tws, S CHR ond wi= @

", T
ST vepresestadion on Sa

b e

Recall: (ot o, €<

n. Suppese ?‘c.'-(a Ao )by b)) Thea

oo = () 0(ay) O @) (b)Y ofby) . oe)
PE* Ko show LHE RHS . Choste me$t,. L, n% . Twen as reSa, o s bigechwe AR A
perticuler  sucjective | Wieg a2k, Ciacider e (88 . oM = gt (o)

= OTE(a) = o) . Consider the RHS. im = = () = o) .
MT‘/\& acXion of S, on Mc>~

is gtw,a ‘\w‘ cor\juqo&\'\.or\.
Ex: (1 2) - ;ﬂ 2|2l

T = ) sy = oy
Let A\+n ‘BLLA.P&‘t A ;&S

(\)tht TR, 'n:

(33 I‘Lﬂ'-t - ?C.K. ?C-l

) T = e,
N é:o—eRﬁt & ointy - frt} & il = 2ith & o ttd= HFEDTOW RS ey
(@) ad (3) onee

stmiles, (‘r) e?ct@l{-—c-t,i"ﬂ't—?lﬁ K 1 1:{7; & W, (2.t§ & 'rtt-r. .

Lemwm

'P—QL Speclt l““'“‘"J'ﬂ'-ﬁ S e c‘jc.hc. Pov\ 30\::0:&.9\ by oy ?o\ug*do\mék o€ slmpe .

P We have P Cic 1€ shape A3 = = €3, e, 3 = Cine, | mesa = €sS.3g.% ¢t shape A .
e A=) Fn. Fid $* EH. Cloonse 4+ of

shape A, T = Ll g ‘Ej‘:r%(sgnr)c'ﬁ?i So
Ere = G -1?:(.%("3*"35'?!‘-?) Z Uq“ ) ne 33 = E(Sn}n m*t)'t‘gti =
was Ce =

(sqn 'rc\;%;(sgn T)T{a = (.‘3""‘)5_; .
ne = (sga ) & = 12

and S d:S ig} d:%et:t So SA s o«e-—ol.tmet\slou& POV

s tle 313(\ Mfmsmt'.:hm.

S
Wh
Note: (et E bte #ae 5‘39\ Mpﬂfufod'\e(\ Qs Ha Udl‘[UL tretdvcible  Sammodule  svda tuX :Lsa\sgl’

e, = (590 VE | Tuws,

3\ Fd
X Sa <
EStC SJ’ where ’\ X‘ €y ‘-""'t , 18 the (on'_s‘u%a.i't of M. Froa the P{%P{d—wg o€

« Y A by
M"l”"h‘”\ H lTSA ’ ET = M ®t8ﬂ , ol'lM‘..H.oms“(M‘\, M)‘@E“: \ . S'= IMnﬂe. MM @E,
&R0 _

Lcmma'- (_‘S]ﬁn Ltmmn_\ Let H '-‘—Sﬂ.
O weH, wH =1 *(saa )H, i 2CH = H™.
( Oz ey CHR, 5 =<R, WS
(3) (mh\eH"S , thea H™ = cle-(a b)) ,  €€[sa]
Y IE b ore i e <Some row e{-‘ thleaw t, oandd (a) eH, then H iﬂ O




26
F.Qﬁ: lex €t Le o tibleaw of J‘k&fe AL The oction of C?& on twe set

of  A-tablsids 15 Fremsitwve . TE G5t ad 4% oce slage A, tuen
dm e Coz st. Rs% = nie}.

Ltmma: (bowrxmce, Lemamn & Pc-r‘t'\'l'iw\‘SA Lex ‘tk sudh st be tublean of ‘;L‘L\Pt N

M)AX‘G Gr taclh :Lf Hre elements of w1 of s e
d\l'('a,{*&t\-—'r Columns of 't,’ -{‘L\‘Qh )\E}L

Ef.-:-we- Cen <Soct the eatries (A eacla Columa oC 'tx SO HoX AL o‘G the eatries
OL ows lfzi"',i O'F SJ& 0\“ Apre,a.r‘ tn thae ‘P;'.fS'\" i. owig O'G t'\. A\\ enfewes

e n different  columas of t., So B columnas of £ = B
tolumns of ¢ bk )\;"L

o0 S0 we G sort tee glements of t so R elemeds
of nw | of g appeas n o | of . We Han repesX . Thos, ‘)‘1*"‘*)‘1"'

# olements A cweg |\ -H’\"‘le{a. '-L ok + = ¥ elements ian oows | t ER ok s :}Lt“' ..T}l
Z.'EMMI\.'- (910" LE“"\M&) LQ:* Hegn
(Y 22H2 o = (o U7, (e, wH=H"

() vy g eMd (uw

(.3\ (o k\éH:% H--.- C—L@."Lmk‘h for some Cec[Sﬂ]
Q(q) I‘F’ OL,‘D (a2 SN

The See vou of tbleaw €, wd (2D W, tea W3 =T .
P_‘E:(‘\WH—:qt(Z

o-ﬁmwlan

15
;TC%H;%‘-: (%ﬂl‘\"n'.\?c ~

,T?'>:<E’H'-¢)

req(sﬁ" o) 0‘) = a%(-:an 0‘)700‘ - r’%—l (sgq ) (554 o)y = (sﬁ.. n)%&%nftﬂfcﬁ' = (sgn ) H—
L'Z) <H-ﬁ,_‘;> = (c:é-l-[“ﬁ" e

£ > -o'%{((sﬁ" )&,V =0§H<¢’(53“ )Yy = <ﬁ',6§e+‘(=5ﬂu"}s'"7> =W, HWD
S H, ClLeose a +rmt\rersgl iﬁ."t% of K in “ P H= %TCQK.
= (zf'jt;)(t." (_k'o\) .

= (f©-f7y) = O

(3) Let K=<(at)y = Ye, ()}
Thea, Wl Bate v

Y MR- clein W) 5%
Cor:

A pn Lt Luw shept X, respectively. TE K553 #0, ten A s
A= p, Kt‘is%‘—:ltta?é:*_a.
t.{'_:Fi'ST, we  show My To  elements in the some cow of <H wusY be n ol iflereat

Columns of ¢, I T R T ORI of SP,"MA fuctler h"b'l
e (A _*m Soame  columa of 't’ Twea (& V) eCt.ThM H-t:C;'—C.(t*(mL\\ Lu‘ (3)
Md KeTR=T Ly (%), Tows,

coluata . "k-&&f—ﬂ.,

i@ 5k, 5% = it}

& sad & oere ot At  Seane
)\E‘_},L Lc.} He Dominance Leammn . Now svppose A=)u.3fmec

o Then, K T53 2K, T7tt = K 5T8 = Lagn m) K, 525 = +Z, .

— o —— ————— il et el



N , , . 277
That (Keened Tatesection Tutonem) S = Q keet  Whee the (atecsection (s
over all Sa-wmatole  bhomomorplisms € MY P lene A < M.

Nute - M 0~ Aualers Cf“dld Kost ko vaL'e_.f‘ﬁ i.-rLN.lC.L\ Couat e wav H«'l()ltc‘.h-l

(wro\c irreducifles (a MAZ}:@R.}K}AS%- Tt tuens oo™ KN #F O f and o“\'ﬁ [Le >‘\‘E“.)*-.

M(WEMEP‘W”\\J Let G be o finte o coup - Thea €LY\ < tsormerpllc to a direct suma of

hmeXric f"tnﬁs over @
di=dy

el ot e

F'-Ul‘ﬁ\?-fmwﬂe./'ﬂae di's  sve unigre  up B permotation. Any isemerpliisia
DEOLAl O L itk w i Boter trnsen, TF DYDS. 8%

1=1

thea the b; Hirm corplete  setr of aredueible represeatoctions for G
T8 68, ten ClST2 0 e o
EX T4 655, fuen €08:12C70 €™, By iersDl ) (a) e [ 0, e Dl () e

Cort Lot shope ()=, Tem . Tien KoV is a mutipe of 2,
PE: Lex WE, LY L e distinct A tallotds . Tlen ‘\?=_§j‘ci‘iti§ B seldors ¢, € C, Tlog

W M7 (26 T3) - ¥ ok 10 = Teued) (Z e .
That: (Sbwwdule Theoren) Lot U < MY G & Slredile, Tith SMeil o¢ wsle®y .

P§ - 2
0 let “eu,ctufe(t):)k_"‘['hm Fee € cuclh Hut he W =cB . Syppose czo e, At Rew
STL‘ Hex Kew#0, Neote wew, u suLmodul&%Ktﬁ.eu,Thus -S#QE:_ ey = E‘eu /BJ\.
! X A b . 18]
S _ftg'clm,guam;l‘u( Yy &, ie. € =Cs.g s Ste . Suppose Haerwtse Hk
“eW=0, VR eU, + shupe . CR,E>:=¢R,4

gA Thus Ke(sﬁ)"‘ +3t8y = ¢ K&, ey = <o, Q?{\ = o, Bur P.—;' Spans

Cor! Tt Speddt waodule © s creducible over € .
E‘S_:.i_ There Ve A powntAvial Stbmodiles k“& e Shwmodule .

Prop: L't' P : -
=f Lot Ot (MY 14 O s wonzero, then A=, If /\3}4,_:%&@ Suel Hot
9(_3):6\_;’ VVGSA‘
P22 Note MA-gQhg et oeod
i 5 S Q(S) So We ey exted O ¢, B- M’\_.-.,M}" L é(‘{\:{aj\’ieSAL
5 nonzers , 7 Lusis yectoe B svdx Hho élé‘;\-;.‘ﬁ ) j(b\g,\ -~ el
¢ i P _ N - P e -‘ #‘-
0 Be0) - Bua ity - k, (770 =K (ZG5T) fe TH3EMA So Tsp seds tk KA53¥0
(O SAZp. Sypose hap. Then (7 FOUTR) <K (0TR) = K, TeM. So Ly corollery,
FC st WD=CE Then for oy TES,, ©(Bue)z (&) = g g(el) T e, TCnE, = Chy
Tum: The ot iSAIAPn‘E S o complete set of (reducible Simuoolules pver C,



Ps- By fhe Solwodule Theoresm , S is tenedvcible . The  nualer of Spect  wnodules is 2%
e vvaber of irw:qu'wd-led' trecolycible mfrc:u‘l‘c:ﬁans of S, se He pesolt Allows
£ the  Speck wodules  ae priewst agguivelent. TE S2 ¥ 64 fon T 0 € Hom (€Y, HF) tuk s
noazere os STeM#, O: Sx-%:-) Syc_.:, MJ‘_ P }\h_r_%. Bt He scame c_rgum\' sbiows
(O HBA 0 A=p. Twuvs, o Azp ten sheo¥




