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)-F ~ 57 . G- .
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x Zhe c;vvcr-inj space of X with 'H;X.;-‘-‘- /?73_!‘{' ’:a-fcd; _Mbjr '
of TTX : :
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Schur ,,;.,.l+-,f,;ier.r and central extensions:

G groue: .

(E’r)ts 2 Ce.n'h-a' exteotivn & 6’ o/ -(L’ A)
e s [ s 3

and A C center of L.

(E,P) Is -2 Rnrvaﬂé/ Cwn‘rs:f extension qf G !f'ﬁrr' zny cenirzy
ex'(‘cn.nan (E’f’) 3, ]wmomorfah,m K E'-—’E st

\ /r . .C‘.omrfm*'t‘r.

Efa.srbm 1{b) If (E ) o unwﬁn/ cen'f*a/ extension f‘éan .-

Is rgrfccf‘ ! E (E E) :
(Henw T 2 unversal centra) !K'f'en.rmn exits, G— is feffch.)

(n?- An Y FechC-'t G bas  a uaiversa [ een tral exfunon
: ab '
, th E = E/(E I E)-
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unizuzncss E-_.._...,. & E TT:E"—"Eab

gues: NC:/I" S0 Ev=0 = E=(c,E).

!

f_mwa: Let (E,) (E ,) be cCertral extensions. /fEu' fzrf
'H;en 'Hufc— emS‘h‘ 21" mo st ane_mar E""*E /pvef'(r)

‘ Prvo‘)c.' [F “’a, oy ! —_—?E'; define: E -+, !rer‘(f"). ;;
'F/C)" 00(8)-4‘!’;(6)-_:' 'n;'cn .,C vy a Aomemor‘olz},fm_.
wle) = fl) @

. o (ec) = «le) « )= -F(e) d;(c') f(c)«a(e-“) ‘F(é)-‘r‘fe')w;fc')#;@
fertp”) £e)-Fle) v (ee

| wﬁ:ﬁ .

Thea F is = IOMOHOTALSM 4 =4 ebelian grovp .. f=0

A

Poctit G = Wite  G=FR, F fee. Pt E- F/(FR),
Put :
1— R/(FR) = F/(F R)—> F/l?""i

E e G

) E s 2 centel extension of G} ./
1 E map s 1+ any other czm‘raf extension E of é',

F--__) Er ; b} freenesy
111 P 1 ’

/ b sne «(FR)=0.
R/F—"’G

©. E ;= f\:rfed‘




() (E;E) has properties @),

B 15 pehet.”

Toke (ee)e (EE)  eeeles

Since (E,E)— (§4)=G. [ know & _. (eje*)a; = ehe
(e,c0) = €e/ 0%, (e e go: €,E)c (E,B),EE)

Def: (E,r) is the unwersal centea| extensim of' 2 {:e_f‘)cedf'
_ ]roup (f, _'H’c-n écf-(P) is colled Fhe Shur mu/ﬂfke.p o 6

S.dmr'(:) Aﬁ‘cmz'ﬁnj Joup A., nzx
S-dmf mu’-hf}'er- o A Z/Z.Z

| (;) SL, (E) sre @) (2%3)

Yo & « B ®  Jid -
PSL. (F,) - SL(F,)/ 1z« SEDEID g5

sty (F) =« pst,(F) = SL(R)/i3

.um;wr.raf Gu'h'af 'fem"!aﬂof PSL, (F ) Is SL (F )
Sc"mr‘* my ['f‘rffm"‘ is 7/:2

G discrete ?mﬁa

5& das.nfymj space ,_.;f dvp:fojrc-al group. (cémf}m Pﬂnﬂ‘oa,
Q “bundles). :

m  discrefe case  classihes cavcnn.j spawas with ﬁ '-"ic."(‘zrs
65 deck Hrzns{yvrmetions,
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@—8B waiversa| c:od'c"iﬂ-j o r'b : lp‘

B . BE= X —> Jr(HsX,, ,y |
' Vb
Dror construction: Bf‘/"' X;-—-) K(H Xa/‘?)
N- Ia7a+ perfect subgp of §, Bg =X,
HW& ‘F}b(’a'ﬁon: PT(H Xa ’) ¥k Xs'——'xz
l'ffN' t)
B+ mXs=FE.

|— H,BN— E— N-.-* 1

Pﬂpa:i’f‘?m: E ‘> the universz| certrzl exteasion st Af :

Proof: RcCaug‘ F— E"_’B '_'H.bfa'\'l‘on o+ ?OEatcd rf-rces;

Zhen L E acts on T, F  as -FD"vﬂw.r..l
_ p .
[oaP of: B;D'*E _ _Mar Fx [O,l]"‘"E"_’B

o]
(‘F £)- p(f‘ &)

F UEo,t]"'_"" E

Arorh

F‘I"[OII]‘-‘:[-OJHB
| SO st
| 'm:'s descnbes +he 2ctien.

Must tse hon.o-}afy x Tension PMpérTy.



H(H,x, ) =Y., = KX, ®

J .
YA— R A)
Xz_"* K(H:X;,z)

“The action Io‘f TI,X: on (K(HX l)) b5 1aduced Ly >ction
& MEP=1. . nX; ek tvially on HXi= T ond £ is
o certra| extension of N by H)Q - 4. (BN).

Lemma IF N s fcrfed‘ sT. Hz(BN) 0 Zhen N has no’
non-trivizl centrs] extensions. (ie. f E-—L)N & cedival
Ktension, sad E is perfect 'H’qu E= V.

beaf.’ fuffOS& E s cmi"’af extenston a‘f N
‘ }— A—E L, N — |

[ndy ces map: S’A—-—)E’E—& BNV Convevt Bp 7o fibrete
- I | BA=VT(AD jx Tibre.
' K@Y — ¥— k() Cq aducesr  Bp.
Obstruction ‘I'/tcaz clossifies Fibztions with Fibre H(. A,n.) 0
* 4erms of (-— A)

Fect: - Gives a  fibration h’{&,ﬁ)'——}-E"*B with 11',()
 @chng. Anvizlly  on A s induced trom:

H’(A,ﬂ) —_— x H(A;lfl).
by 4 f-r;riguc- M3 p B""""f(/ﬂt m:)'

uelon , AN = H™ (BN, )= Hom (KB, A) @ Ect(A,@N A,

5 A
S U s "hmal.

e e —— o p—— A ——————a s ars & W, bR SR i d e o s g
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_ﬂn': }mPIic.r BP has e sechon =and E is ‘h"rW?i <xtension
o NAA.

"Q (X})-'—-"'O Z <2 end Xg = BE) cue: beve #het .

@ E is pefet. C H(80)=(n(ve)"= £720)
) E  bas no noa-trivizl ceatre/ extensions & Lemmz,

Pf of Prafa,- Have shawn E is = certral extension - N, Sh.
uﬂ?n/e/y:p['ﬁ. Since E s Pe-f‘ch', it mmc—tﬁ‘ <o rbow. E mep <o
any other centrsl extension (€ :;-").

]-—-rA’ » £7 r’_‘N_._,,

T

f—r A{"" Ex< E./-'—)E =g | Fibre rrvdur.-&

N -

But E ’:, E s 2 cenatre( extension of E via (o/} ; %
(b} sbove obtaia Sechion oT ?r'a, heace » mep Trom —E
: | . t

over N.
: -$mﬂér7; Hz (3/\/)= Sclm:_’ mul‘h'f/icr hc "4 ‘E:fl‘any Fcrfect
- Griu N.
P :
| . T, Xou — 0, % . h%3

Fon  fibdion: KX, n-d—~ X, =X,

) =T X, A 023 |
- E upiversof ceitre( cxtfecgon oF A

Dﬂt: (Pror): G is super- -fccf- 'f s r} ot oud eve CMTLE/
. ‘1& cr | 3 fC e =]
extersion of & )5 'fn'uia’ . e H (BG): H (56)70-7
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.Efwrtt'.?e:n) Show thet if X is acyc!fc/ then TT,X s .wpen-fe-fccb.

(2) [awwscly T 6 Is super Fc,rFe.c‘.t o | BC)!Clic spree T}X'—’-’G.
Let K"‘ A (36') :

Problem : l/ndmfaa;wv%e Functor: ‘X_'—’X‘P,

L& G be fnife perfect ;'mf.

Fect: Hy, (BGZ) fnite zbelizn groups  Filled by s

Lok Wt Bs) , = simply-connected  space w:z.‘/, o
A, (867 = Ry (88)  ire, killed b (5]

T, (B§") fute , killed ;,3 )@p_f;

| vacff'bfﬁr +5eory=ﬂ R Bﬁ_ﬁ-: TI'X,, .

rlial

. Can yod tallr sbout X, n  terms of jwuf: shucture of G
("J' p-subgrups F &) ' :

Q2879
Lez A le an amecintive f'incj ;ui;h 1

Df: H.A = Grothendicck groep o F.g. ij‘;cﬁw, Awgayl};sQ
P= l(ASA) ¢, 50 comspond 4 idempokent mateizes.
Tuo possible dfns & Grothendieck 5WP:. |

abelien

0, .l‘l's -ch.ﬂ jrouP hav'mg one 36ncra+0r“ [P for each firi.Jco.
fmje_dw& P"and the vrelations: [P]=(Q] o Pe @,

[Pe@I=[PI+[Q]

—r— — T, T st T

dived sum@ grovp



®

. (2 Same ﬁener’a-hrs [P] uith ore r'g./a tiop . exact .rcgqencf: Gr.

[P] = [.-Pf]'i' fP#J For cao’;. s.es.

o= P'— p— P"—o0.

Z , exzct Jesuence
(2)=() easy Remark J'G'::: ;"P”)‘_‘W( q‘,oﬁ..egf_ )

. u_.,ahd f’ﬂs n‘a'P s 1so fr) our case ) Since an7 s.e.5.

O""’.R"—’E"—"P_*O of' A-medules
_uH:ln P ‘PﬂJ ective ;Ffr"é':, ' : -
EXZmpla o‘f 2 (.?‘l'e.jo-}/ af‘ A wodules where “wo 6{ vethendieck. j"""f"."

. -drFFgr_‘ [et A= Z/r’Z , take ca*e.jm{ of 'Fmit-d‘.{ Juarzf-ed
| Avrodules, (= Finide abelizn erps killed bf Fz) Call " phe M¢

M= )
| H‘"“ | (?:b;':i‘::"jr) “"' Z@Z wrl-‘{-; 3c:ner'a1‘:or;' EZ421[74)Z

S '%‘?.‘f‘&; :33;' 57 with genertor (7471
Jwse Wall-Schoccke, Tocten Helden 0 Z4Z = ZfZ — ZfZ ¢
L. jivc o st yene«:zl- result .

R | . & [247]= 2 [Z¢Z]

Puf ?(A)"_C;- or o‘f a” Fin-gen, projectve -A‘MM{‘Z/&S.
, -&j 7 ang Afmc;’dufe ;:omamoT"?wnJ
I_so (HA)) = ’!Sc. cfaﬁc: 0 7003\)
| Tlos i 1 wvava el

- L= Moaa s




@

Any abelizn roncid M jﬁ’cs rise o é.n z2belizn- /T/f— descrihed
as Follows.

M = M‘M/(m,e") =(m,s) Y

31!' 27, . mts, }z-é- s+ m,+2 (cfuifa/encc relate
+ on M i (ms)+ (m,5,)= (mtm,, s+5,)
3 map : M— M given by ;1 lme) s universel

-Far .mal?_r' of M % -3 7(1::4,:

zim:  JCA = so ()

Examphes a) A J_w.‘s.-o.; ring o ield.
W(B)e N » KA<Z.
A=PIp lra(ﬂ)-*N‘
A= [dCal'-?‘i;rj | (_e.7: Z/GZ) * every Fingen proj is dree.
@ " ? . 95&. s Leo(Fng)” To (B ko (1)
| _,'501' I1.(AxB) = H.A=H.B.
O Dedekind domsin A, Fie (A= ides] clase group of A
Ia(f)* N<Pta)  [R=(sak(P, AP,
So' FelA)=  iso classes of Pef of rank 1. i a7



@
Iro /ﬂ) - (0,0) v (N-[oyf PA) & N = Pe(A)
(P71 (reomr P, /\NHP),
= K,A= Z~ ch(A) 5-?#&: conplete description.

g (f) l’foA C-EJ;-’;'-" & h’.A j/ A f'eﬁufar, Noef’:crr’an
(eﬁ' A a ﬁz,d) (qrvf'hendfccﬁ'-fﬁfrc)

Not known if 'Fj frojcdiwez module over F(T,..T) ;:.—!‘ree
(S-errc.:s tanje.c"f‘ure,)’ s . ‘

Let  GL(A)= GLOMAY = group oF invertible @) metces.

= Aut (A'?
Eu (A)‘ Sul:»jP 9e.nerz*h:& !7 E:; = J+a ( ' )f-f".-
L i%j ; aeA. "
Observe: (1) e;- e.,: ® e;*b

= - -,-' -3 & W % . . :
| 3. b - .i :5 ‘ -z _-h
@ (gy.'egﬁ) & ¢ €5 g,

g . = ol «{ if,)i'ﬂ“,ﬂ] =}1’5! |
; 2 . 2b '
| ./( ‘35 "';w)f: c'.'k Z j,k distinet .

(el )= e GL(A)— GL,W

| - v ;=D
'/ lecs-ym E, {A) rer-'Fe.c’t, 'Fbr- hz3. E(A‘ = én E,G\)

GL(A)= L _G__L”(A)

i, e siepesmniie s med - e et Sl e g AL syt | TOSRPEEI e 4 %, Sy D, = S . Sl e 4.
aies WEOLR. CSETATIT AT N AT T SR LT R UL T T e T e T R S S S 8 il L i e



T (o”ecﬁnj

| &)
Whitehead Lemma: E(A)= (E(A), E(AY = (6UA) 6LIA) € GL(A)

To show  @GL(N), GLIN) € E(A)
Let o, Be GLIA) , roy «feGL(P) . Work b GLulh)

S

)

Enor.g'n to  Showr (« “"l ),. (F ' F-n)' e E, 6\) |
| Peoof bt () € Enl(A).

A R IR CHETEEY
: (,:-‘-.)(:«:):_(::;)_ s

(‘11 'X) ' Is o rmduct of é’: hil‘(,Jrud-f?_ .,__Cf_c
0 1. PR _

KA := GL(A)/E(A) = GL(A)

Ex: A = ska-FiedFiThn F Diewdonnd:  GL(F) /£ = F)"




)A=field F S
Tha: (QLE GLF)“ E.(F) = matrices of determinent 1. (SL,(

TNzl

(cxépf for n=2, F< ).
KFE=F", sine KF- GLE)/EE<F"

10 Dieudopne’s 'Hlemy of hon-commutative de"'mman'fr , Tor 2 streuw
field F7 .
GLIF)/E(F) =F*)™ Vos i

D A | Luclidezn domzin | EA S (A) ¥n 72
H,A .-.-A* = unifs i A |
H Z"—" Z+: {i’} | . (&cu’ rr‘r?g R[S‘a)

DJ: S{'(A g)“eﬂ?}ﬂj jr‘baP af A 15 ﬂ,e- ]rvu)o w:i-l—, encretfoy~
Xj’ ,' 35’4 C#‘J, Is 1, J SN, 2nd the =tons

.' : a+b
XJ XD xl'J' _._ ; i 3 ) (

(xJ,xu)= 1 Y i#d end gk,

30 A SN LA e/ F )
2 (A)= St(A) | - | |
. =)
Ci‘momc:' hmomurr\urm -Qn (A)"‘"’> E (A)
_ _ D — ch _
'nccrem (M;’nar_)' ?5 St{A) _’E{A) s uniucr.r?l ceatrel e;vcicuf;

f E(A) -
DF © MA= ke lg: s{(A)ﬂE(A)'} M, [E(&) G b b o

Nondhe apwd FeR e TR R EA  Ae  HRR o v - vy b S SR TSRS N S L n SRR el YL I T RTINSOV R SRR 2R L .
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+

86 5 W,H SAPMJ that one hzs "fo”awinj:
= ‘D"' B&Lﬁ)-* ..-':.f)z. iy /ﬁ»f‘ /=0 .rjo:ce. conned

77?;'5 will be our dehoition i z -
9.24.70

6 mb{ I\/ Lz et cr)ted: Sub rovp.
7 BN-——H‘TZW z)r J
u{

X,;BN"’K(H,BH,z) KI* uhiversal centre| extension of }\/

<]

X,=BG | tover af )%rati-anf. BN — PHinﬁN,22
b =AGe. - B BN,

: Xn-i-—) Xq_—’ a1 CHn%n,")
.
b

m, (67) - { : 1 m m{

X.,.,., e TT%X.."'_’ Tig (,T (Haxq,n))—"wﬁ ( x»ﬂ).

g =2

Lo {73

. & -t
TT x {HQ.N 4 Z%z Sh]

6y abol"& I"¢$'H&-I

Hfuxiﬂ ?‘7 2,

 (#6e) - {

A(36)= +\,“bm. BG— 8g” ﬁﬁér’\ BG - Bé'



.. = T Alg) = { q g j__,-, , g6™3 n., (kB&).
o f7k| 43

Hz (BN) g"'"z

m, (B4*) ={@/N g1
H; X1 g 22

Exeﬂlﬂ’-.’ .%w ?.4)6 Drar' tower fs‘l AX'”' o ."—))g_"’).{"‘-x Ts
‘H’G Postmkov +owrer 'For X""X+ ' !

Take I 6= 6L(/d\> ; E(A) ycqcmf;d bj e; ;

E(A)- €M), e(A) = (6LIR, 6LAY) . S5 ER) 15 luges
Feﬂted' .ﬂ'bjrpmp f GL (A) -

St a)-— jrm.f wl'H’l jen&fa:f'pr:r )‘9.‘ )‘4:} /s'jlj' <09, -1‘4[/

and  relztions zbove .

Bass:  HA= LR
Milnor H, A 2 fer Zr?‘ S&/A)""EO\)}
L T H(BEWZ)= H (K(EW, D Z),
m(B&L(A)+)' GL(F\)/E(A) "j shsve,
o (BELAY) < m@m 1l e deb

Def: A = TF(B&L(AW- Yl




X, %)
B st(A) —s (4 BSE(R)3) | ﬁlmmzum
| f= BGL(A)

| BTA)-——: (1, BEA =)
BaLIA) — K (H,BGLA'2) (or
: ; ' 4!} lie - Sacpavh

h.;A: HS(S":(A\):Z) ' H;Z I omM
Uoiveﬂz} Fmperfy = B&L(‘\)*}
B e X B.&ij_)_ RGL(A)
R /é”‘ | use obstruction theory .

F nG)BEER) =0, der A > heFeu.

ﬁe.ce” ' X~ XL A—B rinj homomo-?ohr'.rm ¢taduces
A T GL(A) ~ &L(8)
Xts\t Bl BaL(8)
' ) - Uy A= FCB. ¥

Hn :5- 2 ,{und?r “trom ;H'Oj.s' 2o - 2beli=n f”’”P'S. _

produ of emgs  AxA, | GL(AA) = GLIN * 6L(A]



| fact:  Blg<)~ B5x66".
BGUAXA') ~ BGLx BGL(AY),
Fact: (X))~ N
BGLIAXA) T ~ BGL (AY'x RGLIADT
Hence : Mo (A=A~ KA A/-I

T’?w’am géL(A)-r s X fwmof‘ﬂf/ 2ssoctePve ?nd pon')ma'f??{"l.b’e
H-rrace. A '

Recall | GL.,{A)‘*.GILP(A)_"GL,,'(A) -
. _
K@F r—->< 3 l‘)fmfnej Seirmi,

| o(@(f?@y) (ueﬁ)e s

{

: o(éFié F@o(’ : 'f‘{ney 2re (.on}ujaTe- /0 GL,H,//}

640635"0 N= i'*2»3 3 anJ Cﬁoo:e, I\/.CLNC")N
s E:GLAAYXGL(A) — GL(A).

S

Ex (“'f”),h,{: e B4 LIAT BN gqLn)”

f?elugﬁ-;n of  theorem to:

A MR, S O T ) SR
Yy . T T T [ Ty I ¥ e e 1T L e - g gzt szToy =
¥ et (o s 13 ol ey ki ;



N

. I
Lemma: Given zni emﬂedt{inj uN—-mM N- [5%,3 the

the nduced nap  p,: BGLOAY — BGUAT' s fomutspic 4o the
id&nﬁ’y, - '

jub}cmma[: U* s a ﬁomofo‘oy ezufit/a./cnce.
lcmma'?\: Lct M e the monoid of em!xa'd?r:;s /\/'f—-;\,\/ .
_ﬂ:cn 3ny ’oomomorl)hifm M“’ﬁ’@ with G z ;rbuf Is +rivial-

- 1
) Pmaf: Gien ?nj u,\{ eM. ) dc_'ﬁnc 2n m[:eda’r'_ﬁj V,r/lﬂ

V, (u) (vn) = V{un)
N = nd Imlv)
=2 )-v=v-u
CZ}WIG V' so that mplemm‘ﬁ' o4 Imlv) fs 0, whence JuweM
sd, Im(w)n '}m(V) *ﬁ +en %(t()"W-‘ W. . :

p (VW) -w) = plw)
BT INY -
o @hpw) 3 plydd.

bt vWar=veau, p (v ) )= peIpLad = pla)=).

) beojc: Sfer (Il) U.,,- jmduccs ‘ﬂma(tjj i.:anoﬂ‘/:h;fm.
_ .Shr.f ) Show 'I'& (B@-(P\r) acts 'fn'w.?ﬂy on H* ( BGLA?
_uﬂlﬂ Can apply 3 suitzble vemion of Mcﬁbezc{ neorm_
an apply , teber

Hx (BGLAY) = K. (36109 iy W, (B6LIN)



&

H, (B4L(A) — H, (BL(AY  * Fact: lomer mmofhf-,m; F &
0 j " ot 'l‘nwa?lfy on & (5¢)

L

Wse mﬁco{dm} M(&ﬂ-(/w '
Wi yend fui,. ue)  Upeidy Vo =y =,
9.30.7%

—ﬂ}éﬁfvm. BéL(A) 15 2 ltomo'f‘bj)y mmmqf'arhi/e. a.-u[ 255c0ciative H "J‘P-'

hldf Poilﬂ" n Pwaf - [T _rﬁow U.‘*” 1d on 8&1-[/5[')* forr )?‘
c-ml;eldd'-n? w:N<—N. Fa”aw.f Pem shve  [emmas

Fmaf a‘f_ lﬁ/»n;,e; F o ! | &'/;'H‘&‘)ea/ ﬂm N 1t ..fu‘H:rC-tr o Show o,
inducesyon T, (BGL(AY') - BL(A)/E(A)= H %@2),
P H, o aniverszl cover | BGLA)T = BE(A)

But:  femark: BGL(AY = BE(W)*
= B?f;(_?)* _ ]
. oy
| . E’&L—( A) "f_’ B&G L(A)L fat({lvzck ,szqare. {
ot b o ey Bl i TP ED
5;_-,: | ’T‘TBE(A). . . . _ . e
5 ﬂcychc = 4 257c(;c', S0 H_' (fj s o, =2 BE(A)T': ¥4l

EXcrtise.-: D"l’" fower: )(,! —_— )(,‘l
‘ N R KT

i it fonirn 5 spaces X; -——-? BX, :BSH_’_") X

Is 't_f:c'? Pastrileov sy stem BE(p) .—-}5%(;\)*- 2

o sgLAT SR

T ST ATETRNE T VI DRIV G e AT T O T R e ¢ LG TR ey e B s —— e TN A TR T T A R b LSt e §



3 | - (€]
El4)= UE,A. '

Lonverts map s to tdﬁﬁrﬂﬁwu w;fzz- 7ep (e

= BE(A): 4 BE(A fE > BE—RES, . | ~USB
; oo’ ma-f/wﬂj f‘t"-‘-’-"c‘oj’('.
= H (FEM)= Lo HBELM) £+ £ (A)
E, ‘-_-———; E
=

To shew u, induces M"’nhfy o H (EE) it eaaujﬁ o Show
qﬂ—z" and é" induce s2me map $om Hy fSL)'_"H (E'E)

[l 1Y — lu,. ,uf"J}*C{\/
- U,xé,, aqd ¢ are COnijz'fc: ﬁy an c/cmm‘r G‘ég Cf:rz.

., Fn

Fact: Coj»:jahoo acts 'f‘nvr:/} on H (BG)
Bé’nﬁt? —N;x-,{.mc. ffvu/o ;Caécma/‘y/_ G 7,,‘4/_,’ M Zfé‘f-—zuad“‘fc

( H, (4, M) = HlF %EGJM,] W“e_r’&'v-

£ : L Z*"o
s .2 'ﬁ'ec Z[GJ “module rc..rofufhc?h olc Z [f:vwaf 6—”“*70
Ore con tale. = C,,,(EG) ; @G ~0
C (36,M)= G (RB)EM | B,
1 (4]
One ¢an Sow that: C (54, MJ-'-‘ G {I?Z; L%'J]M
—\= H [EM

O e e prt— v - = e s oy v Lot o o~

N
—
il



o R
(X
/

flﬂfu; ﬁ':.. |., = 4.! bf?f’fc‘ »

(onsider X
. ERT 4 - )(( Z w:mcd'lﬂ‘{ besed C\v

A -
m [ix, -],,:,( = ng{x®)
] I
[-‘Z;X-]-q;)( T [ZL“I’tf XJ@& l\c:':;; (J&M\
‘!

._G—‘fj""e X‘-" 84’ )' [z! géj—"'? Hom ('ITIZ, 6) akrh‘ucf’m _f'-w'res.:

'T.f,X acts o [?}X]

[-Z-U-r&, 8.6 ]_ﬁ; Ham(w'zlr/.. ‘mJL elts of G

"\-.

ij .abwe. r&mark& " . ; —_—
An I'nner aurfz-mmfhum of C‘F iridu'c.ef Ed map ©n 85 |
which is Lemufvf:c v He :denﬁt}f, (not bzse pt preserving
T induces id oo He (8G) =r
ﬂeorcm ( Mr'/::or & Mc‘arg): jqf/mxe M 1< -a Ocvx!nc C‘f"ql H"-?.fce. {
QemMm—— ang‘H (M, @)
f2e H, (M,Q): H;(M,Q)3H (M-Mp
S ., Pz 2@l ¢ 1®F ]
. _ -l
H, (v, Q) & [sy,,@ en T (M)ow]. @ik Aly. o Ty (M=
| J;}ebgﬂgcq _‘i{ M s Ab’mnf'ty’/ Qrvnfrdve and n:.}ao‘é;'?’

Ije,é 3Fr¢nq'ix4_"v Milnzr- [Vicore peper on H‘?ff /“r{;e.bm.

-+,
Take M= BéL(A)



Conllsry: AR = Pin H,-(fs’éa'rzg, Q).
P (BGUAT S Q = pun (H BEL Q)

Hy (BGLIE)@)urtrsiem, {2

Tl.'eo""-’m :'.F 3"'?3! 4 F hitmber 'ﬁe'ftt with if ﬂ»-‘fJ v, oam/’/e,k
obsolute values. w7 ‘ N\ »
[F:Ql= v, r2n F%R ~ R »C"

Let A= r}nj o im‘cjer:r h F = w‘c/me(Z) ;

dfa(n’FAGD Q)-——"- -

A e BT
o) i
r+rn iil . k\
]"\:’,A= Z@P{CCA) _ _ _ T
cdez| '
| m?"’“f
Ex 1. = A: Z . }[:Z=Z ' . ,
- y h;Z = Z/zZ («mf;)
h’;-z = Z/:Z (N){/Mr_)
don (G Z® ®)=0=v2
do (1, Z®Q) = o
dn(lrs Z o) - |
Ex.2. |:=@[.E|] . ‘; |, 0002 ,0002, ...
=
G =
F= ql4] 1,0, ol1ol, 0101, |
r; =0 '-




Let A beahud g, GL=GLIA) ) 2 Fixed.

( ------ ¢ Gl (A)

= gaeup oF .?yrh-m.:rfah'sms o‘F exatt seauencer

3
o0—A—AT— A" — 0o
Subsfrce "
Nl'! ich td cnh'h. on gw'hmt A e

G = GL(A) K Hn (A A7) = GL.(A)

n

| G, =~ i'/IGrL.(A) st)= (; 2) \
| )

H.(G)=H, (GL) @[rerpy]
| Toosem:  dien Ho(6) = diy H(6L.)

‘ .To'oo,?ﬂf'az’ ?na'c'?‘n’e.: 'f?f?& q"Ln((D) .‘wu"t'r (1t éof:plaj]

\ as /‘\-9 mﬁw‘ﬁ.‘wmﬂm.
R(6.C) «— B§L, ©

: f0n;
HC G &/H " BH—BG

M, (€ ) y
'(l L;L(if}/ L C = Ma(C)  convecti.



L.
- "

Bemarks : gL, x GL, - GLP"",‘ B

“'*r"«- IL' (6 ) jj"" 'U/‘?"")r ‘-'I..‘i ””! "h—‘('f’ K oCr /\ ’/ [‘r*

®

&'V!I:‘Jodft" to statement in vectvr /,qu'/c. 7‘7{.::07 +hat .

tese R Erhorn 2

short exact - Ié’g‘fﬁ"!cer o‘F vectr- Lu"d'/c-f' -f'f/rf'
metrc n stasdard way .

'E).faﬂ'flc:. 4 =Ff' 5Ll = Fl;* r (l i ) - q;

o F?,

(F ’) }"c?." ho ~torsion
¥ P

Ho (6,) has r-f'vr;'ian for oo r?'\a-ny n.

Show +11earcm needs Im  2beve.

e

& Whitne y v
o ) (2 F) Py

associstive,* commutative up to oonjuf?c’y

ERYICRY SRy

@ induces rmducr.f: H, (E{L )@ H (G'L‘)ﬁ H. (G‘[ 52)

Crtricet
smmtatre . ) ‘ le‘
Hy (x\=Kd ™ A). . .
. /‘("r /‘{rr%
i (GL,)&lH,. L), (fLm) e (Gl
| ¢ ”l {B“{!) H (qL'") @ FJ (GL }—_' H,x 6-_?1‘5“) . (X, }
o e ’E onc drmch en C lon uyq: .
.tfz,'ﬁ 4 Ore- 901'.\‘ & paccle wet othes, alt, g A
v c""-’"-'tr

D L e FICET TR TR Y S A B P T A R T U S A B - P PR R

sr— ——



@

gc*un {0 ﬂccmm: (A.n.q,c‘”. vl t.u’?:'ch.ﬁ wm A )

Proof: Reduce.to case whcra A= f‘; , (l)
(On:dcr 'H'e C'ﬂ'é)afy af zbelizn ﬂ/); -ﬁ:w which 'Mm oa’ﬁ)

o2 AN—A— A"—o

Q’f two are n C so s the 'H-m-d Use 40&9/&7}7 exact Jeguem
43;. fruervef eK:c-he.rr anq‘ 5 Lemmz

{

2 T is closed under Hilteced inductive —

Le,mm'a; /fny Z‘: with rfb}oer‘ﬁdf () and @) oon'!'af'niﬂﬁ ﬁ, @
must be 2ll  abelian ?mwps‘. -

Ta-kt any zbelizn 7@«}) A O "")tA-—-D /( —-P/\/f-/l o il
O — /\/f:/\ ""*/\1@@ "’mjf—’ o
from now on H,--'*' H, (-, A) y A Feld h’&}m&/; fomal=: |
He (x) @ H,(¥)= H,,_(XxY).

; @ lun'!'/ for an Ipace X | H,\, {X) s 2 coalgebrn
ol /4 7
| aofmafud' induced b} dtajona! A:X— X=X _

He(X) ) == H (XAX) = 4, (X)eoH ()

hc XU' mnned-uf H(X) /\ so. 3 df.rﬁnjuf.rﬁao{ jc-nerm‘vr
Of H(X) olenoi'd I '

ane. a/yebm Studures on H, (G{L)‘=££g H{ (GL,,) hd wred

| Lo



D)

Ea;i/c seen that 4! ér/-,—’é'/-r"éf_, are m}azﬁ!’/e with &: 6Lr“6t

- d'.”_z N l.e.

GLinGly—"—> 6L

- |

T e

« f y < ‘ (ar-ra” (-r.f) Commudes

Hence: 4 : H,(@GL)— H, (GxGL)=HGL)® He (GL) is 2n slpebre
‘n’omonurfh&_fm e H; ( é{L.) s & Harf afjdbﬂr. -

Define —L’,qr"c’i_"'éfffz (; :)J—(cj’ (:)? (!:f:)

C}vcclr thzt this r-'l;efa'h'vn induees on Hhese qr-mrfn“c-e.r 2nduces an -
af?e.lm ruchure on H{(G.o) = ,_&_:. H* (4,) @, " UG.

p G.— GL, i ij:aﬁblc w;da .-.L
G r* ! H. (Gn)—_’ H, (GL.) Xy abcb;p iaw,;maTHr;m;
s H 6L A6 o

Hcacc‘ P‘ "l * 1 wantf S, 'Pa * JH,(&-) "

: ' Iy ) y _- ) oy
Lg,rnmz: '(d «)_L(Q ‘) l:vaor\}ujaf?."'b (o o() ..L(: ;j.




lemmz shows these two ﬁomomor,ohi:ms are wn_)ujﬂt, sfo' 1

pap ' e
H(6)— Hil6-6)= K(GoH§)S HE)a Hi4)

o . H, (&),
are ‘Hve, S&me maps. Tz/rc. Aﬂfl"/ rcP)ace_ P E'J o0 .

Naw we Czn preve S‘-F’=| on H., (G.ﬂ) % thdu ction on M.
Assume +rue Hor dcyme; < n/‘ Aet xe H,, (6..)

ADx= 1ex+ 2 X ox"
dfjd‘,"jfﬂ.

l./’l (ded)(Lx)= X+ zf""x"’ ACH
Agti)en by e

A lidosp) (AX) = Spx v 2 xpx”

2=3 , 5o X=S.pX,  comletts induction.  @eb

Gencﬂtl fact zboat /—/apf nygbmx; /f’ C ir & Hféa/jefbm and

A Ts an afjcbm , 9ne cen meke  [Hom CC,/‘\) inte 2 moneid.,
- éwen . u v C=A defive. wavolution:
uxv: C— C® C—= AOA—A .
F Cis tomected A then the ﬂff ebez C has an inverslea , s this

'.Yhoncid'fr 2 7,—pu}>
/éd’ﬁld ~ digp . F gmpen crace |



Lt B={(:emat=(*)  O®

GL,B =~ (GLA:_' Mf)

TeLA

A ssertion: HR « M Ao IA,

Gl M) e 1)
Corollry (ML) f(oél

mo{uccd( B; mchu-fon 'y UOMD(/J;JU'MI in the Limit 25 N—eo.

Prvot - I-—-)G"—-’( ")-——; gL, =}
o ] GL.
T v |
9—6L, — (GL— )———r 6L, —}
© Gl

, Wrﬂ'c dovrn 7rm1,o co’vvmofolyy J‘re,c‘h'a/rcﬁuenae |

< H, (6L Hz(é) = H, (6(;1_&)
H (GL,,H (QL» )= Hf[o ) A”’.”,Q’,,,.,,“""f“

=

lSOrno? h::m a(:.nr'cﬂf b; C"fnf?ﬂ.fp.; Thm.

| Comﬂanj ¢ Now Let r—oo, H, U GL. Mr.. poy Hi 4t o
> | 1 L] GL. o GL .
- j t. ' RreY '
o | | "GL(8)
—nll.u we obtein ﬂhb&dofmgi g :) (& ((': 2): = %ﬂd»hc}o IS



-
of  H(6L(AA) wth He(6L(8)

BéL(A*A) —s BQL(BD.'. Is 2 m2p ot H-ffs-c«cﬁ
(=# fl:h{:lC) which 5 a [norho(ajcf uomo?"m‘m hence. a ‘Imaﬁfg

giq‘walcncc QE'D- 'f‘Dr assertion.
10/6/14

A, r fixed

| Thm MaA '\ - |
apl) -

Conllary: /GLA |
") —oH[ e
0 &L, A ¥ GL.A

H, G GLA A, A
GL@J o GHA)
Corolla
L o A ‘
GLA M, A
. mam) ., )(0 Rad)
Swan's uunferei;anf,e_:
Ret’.a” Ml-{nor'_r _né;rcn: l-f : D—_ﬁﬂc s & Ca:rf‘c.r;aq
S | 1y (fu//z,ack)
J'zuare o)c rin 24d (f U‘H'lef 'f o j iy e’-fuc e Iaarc

2 Mayc.r- ;e-hvr-r: .rejwevce.

KD—-—*kAeKC—vﬂ?—-—e h‘D"-*h:A@rr,c-’h:
H’ ];o‘i") fj are ef’lc., -élcn: can wrile m ff-ne.{’r; tems,
mD“’h’AGH C"-*h'\S—-—;’rTD

s dsrs a2 g s g ey vy o ..,-..—.. - + ——— —-'-—----.— m--n—-n..u--.- '—---—-n-u-
R o i . yreey



ot

ad
S'wzn's' ﬂeorm; Z tonclysion is 'fa/.re. Jf ar;/; one is _sw/*ed/m

—

There 18 po  Foactor '
(,!rn\_qic

5% I )cof cfar7 Car?'z.r/:m -S‘gwa'ra su:t/-;
; qu& V€ one Aaf:

H.D— ;A @?F C — H.B—HD-KAéKCHK

act, x;\) (= B 1)
A[E]“"' A

{Xﬁmrzﬂ : \l j: ‘f’mjccﬁvn

()

ere ALE]l= A+Ae £z=0 - rinj oquzl anLCr-:'/A .

Jts ¢ @+ be 5
* f/(a+bs)= )

g (=+be)= 2
Beczufe 4 has = ;ech'qn = EC—""” R’:B, herce:

o — I (A1) = r, A6 K[ 2)'-3 K, (f;)-—) 0.

|s exact:

= K(aE) = KA (1)

b
Reell #° A s sommustive then  H A= A" 0 b ldetthp
oﬂsm_{rﬁ?y_w s Ao SK(PD
o AT = A but Hhis is Talse

I+eA . ==

Qre uwrits



. R — L S — ¢ ] gt L —— A —

Lt pi G— GLA= A () |
H.G— H,gL,A— H,qUA)
u

i
Cor: § o [ ""-~) koo - N
J

GL" Mn B TS GL—.;»
o GL BA M4

cnouyl-, ko Shoiw 2 -‘j, zs maps e baﬂbm;f.rgum-e_
Buf' wWe Rnow;

&l © - L. M
—=25 H, (6L M
Ha(o GL) -<o GL)

g = 6L 0 |
i (=) on (0 af-) . QeD.

nﬁmm;' ,—_1 = finike 'Edd k.‘ri't‘L ‘g"Pd elne.q-ts‘, P < ’n'rmc_'
| H(GLR, Z240)=0 7y

B e & o e nR T



' ®
Frwf Enouj)a +0 show : @'L,,(IF? GL (F) indy ces-

2o mzp oA Zr homplojy V7 . ﬁ“a” ‘H:‘af H (P)""*’H (ﬁ')
 Tarbe G ot meet),

and S"fow P-Julajr of GL (F) b" . ) '

(% _
fﬂouf‘r to show H, (f”.'*) —_— H, (&Ld!:;)) * 7o
¥ ' Is Zerp '”’f‘- -
T U ’I |
T ( - ,'_*f) = (_C'f L.'."_f.f)
I \-' ‘Gl
‘III 1') ij jj{-—-‘flﬂc:e.'mduu:ancmapm H"/ By
_ con”z-.y. '
GL(F,)

“"f a‘)C G[L hzs S2me cffect bes ‘e"“fnj last List celurnn,

‘-f | }este 'ﬂﬁ.fj yse above Tzcts.

\

Lei‘ @r be 2 jmur, [Pe exll 30,\

By = r&rmsmﬁ‘hond{ G{ over A we mezn 2 -f’afy- (\br)
‘Ze {JA J _]b A'-"f ({D) w2 merrl”srn

Let Rcr (P A) denste the iso clagres of P‘erre.rmi‘a-baa:
O'F E{ oveé— A ) una‘cr ~f= 2]:6'(??1 nﬁonotd

Lct S= I;o(ﬁOA) , ‘Ps representetive o'f PR

Hom (G" At )A ‘@ = lso clasresdl cep resey Fatrons F -
G’ on YFO)QLﬁv(.J' P;v P_r . (P( ﬂ)

‘TWO rcrrc,sc.quhon.r /0 are egw;va'&r& f O 'Oj) 8 f‘,{j)
ef CG A) MHDM (G A\.d P))g d{P’l ‘

e — LT, 4 ——" A T e e 1T PN PRI Y T gt a e e e g e e SRR R RN g S 4




E)’eruse;

@
603[; To an7 rcf;rcrmf-;-h'oa t= (P,/’).F‘F __Zwanf‘ = map (cenoa; ceﬂ)_

[E]: BG— BGLA™,
(?5 b&‘fed I}pma+0f?7 class 9{ maf)

. e .

[€ G — At (P Pe @ =A

3 ‘ |
g l—?{og)fﬁ lq o eAdt (A)ﬂ GL,N
'Cho.:as?n; Q{_@ we je-t 2 )‘omonof?ohi:m'.
BG — BgL, A — BGLA — BGLA"

* \/Cﬂ'ry }nde_F&lG{ell—t c:+ chorce.s/ we."-cfa'ﬁl?éff-

PD'lnf'- T, (Bé‘l.(f\)j" h‘;/)l ac;f'f‘ tht'éllﬁ 0N BéL(A)t because
Bé[LPl+ Is @4 H-:r,)acc; hence simple . p

Ropedies of :  Rep (GA) = [BG, BGUA")]

E - [e]. '
H T is ’ 4nvial e rf.ren'f‘arﬁ'on/ 9)-1‘51 b&_& §. .
Chen T=Cp J [ ¢
[(P f)] = "I"'H:[J.

@ [E-] ‘$(E,] L_E@E += operstion oo [[35 E‘T'LA+J

deduce o 'an - space shyctune
4 BeLAT

€] \‘F O""E,"""'E"'"E-"""O 152 s.e.s ‘Frcf’rumfa-b‘ou_.

Ahen:
- (E1= (7 ]4{E"].

Prvdf' af @




@

By adding trveal represertahonstod EEVE " we can supposa uinder
lying A-module of  E,EE" are & AL AT ATE

-

0— A'—-—» AP"‘I_,A?__?O'

Cah VLPL?% C‘;' bj Auto jrpMP ofF +his ex=ct .rcﬁu.cace;'

e G = ( (;L% M”) Ham yas) :Low:
6L,

Enoujfﬂ to shew LE]=[E® "] ?-"-"“minj e.

So we want: G = (6[.3 le'r) 1 <7 GL
o . —_—
Glog

+that Efzj* : Bg — BéfLA+. '
gﬂﬁh o shew'! -I-_,—-d'h GL“ [\}&m - G‘L_
' o 4L, | I

But i,) w'mcfdg 2 gubjr ! (GLz @)
6 &Gl

: J &L PR
a'nd we. now 'fkﬁt L- E ﬁ?‘
' e . Ei/éf ’ d') / ; s — p¢lH)

s fwmo}?/ fl.ro_l

Ja Eo€E”

: +
induce some maft:' B&LA .

LCMM'Rt Xi"}Y Lwolojy IS0 =7 M H"Jfarcc wnncdccf,
D¢ MI=> XM,

Proof < Furfez@*D(IM}H\{,M}é‘“f(;‘M]@' [EX, M <. .

SLOIW [C{u Y ] =0 . . but  CF s RCchh'cj So there ere

. }IMN ey HQI'W'Z‘{
AO «ho:n-'bmnc.' m2ps

g A e st 8

Lf-} I él'f'h iy '-me 4t @hy If e Pt ™ gt T,

————— — L G— ey g .
e R T e

T RIS



®

kA= m (BGLA))

Problem (vadjwe): Desaite  elemsents o'f [X,BG L(A)+] asx some
Sort of 9com¢.h’io S'f'md'urer\‘ over X (analojour <o E'PL e-h:)

(X) [-X BUJ ﬂu»: D( Bu ] = lso classes a'f g d:me.n.r.oral

wmplcx vector bandles ove

X 2 fuite Lomf,lcx.

Abampt: X—BGL(AY"

2"1:‘"" no«,clic FH” baclz
X'—BGL(A)
U 4hus induces map X—_")( chC. e'H-,e_r- with

s celomenb coohat: TN BGL(A)luHom(rr GL(A))
I X is Finite oomflex “hen:

[X, BeL(W') = fip [X, BGL{N)']

{

Assection: X Faite . Then 20 element of [XBEGLA)] pives vise 4

X’-—-—P X aaich"c-

LB you bove XX acgelie them X, raL(A)*}czx B¢L(A)"]

USC ‘H)f_ ‘FRC[‘ 'Hu‘t 1T, (EéL(A)+) Ty eLe,len .
& wuniverza |l pre per h7 o1 20y clic maps. /on kr//mf fer’tcc-'t' '7“;’]#_’)-

Lon W sion : (ﬁ’r X ‘F:mre) C\fsn1 ralr (X 5 -n-X/"'? G(L A)
"Wﬂ) 1 aa,dcc dchl‘mmef an elemeui of Ex BéL(A)+J
H: 'ﬁ'ﬂr ““efv Qlcmen‘t O'F grvur, ]; 9 bf-?!ﬂe. 4 'H);.S‘ bvac# 5



Temble~ 1 don% koo when 4o pairs give the same element
of EX,B&L(A)*.] Care. of S '
xt/
| 7y RoT
FM”L?C’Z X X 0”0W s One +v 2STume l 1]:, X: GLNA
N/ ' s

’TL:,S reduces 4o 7‘7;8. westion O'F Mgcn "'W”‘glﬂmomaqohf:mrﬂ\(—'é%\(‘
detrermine the same rap as [‘y BéL{A)T]

We, have seen +his 1s the case ;F ‘V,ﬁ are I’f"d?n-}'ﬁ'/ er
].samor?h:c. (77115 15 tThe theorem: O—*E“'E —E£‘—o0 IS s.es.
of vepresentations of & =*/EJ zms*:u <[B§, 8G4A)].

Prob/c;m: tonyerse .

Rcc:” ﬁer (6 A) = HW' (é At (P »,Wr)
R (Grfﬁ)= %endrech .ji’butP F rcrrerenhhon: with:
[E]= [E/] @[E#J ]{ O'*E""' E— EL> 0 s.e.s,
R,(q, A) = .oeamjcr Grotheq dieck with relations-
bdh'l" aotaton, |
Re (6,A). [E'e E"]- [E] +‘[_E0J; w we dueek Sume
=E|oe.‘iaq jmur 9&-15@{'&91 Lg f\’ep (G', A)

R”(6,A) —» R(G,A).
R'(6,4) f";' Re A)=InA

m‘.;-l“h“



P Y

Gives splithag - RG,A)= kA ORG, f.\)
 Similery: . - R(GA) =t A 6 R(G,A),
Mo boe o Rep (6, A)— [86, BGL(A)"]
| | et

O tawvisl repr. 4o ‘v © ® 0-E—E—E"S = [E)=[€"] LE’I"J

Lcmmz: M  onnected H—:,mcc.(»vcw ggﬂ-j)[c)r)' Then M bLas =
Iqomo'i'vfy inverse (0 [X,M] i = jmup.]).

(m; ) p—— ("‘u ""p”‘.t).

NE Mx*xM g R MM”M

P, ’ l , Siace ‘!.esm'r on
™ . fbre 2nd bosc cpace

9. T a Mmap of fbations , se Bj {onj exact Jnoma’fvpy
Sequence: g s wezk hmo'ﬁury cﬁuiuz’:ﬂc’e = 3 hom. I(:y

o 3',:&,&0{)(.,.1\/\] —> [X,M] x [X,MJ‘ Jives inaverte.

i Bj oimr_er:al prpecty of R(G,f\) Qe. get:

60 RGAVEA = R(6,A) — 0§, BeL(n) ']

G'iven any X f:lae,n we have: ' X'—_’BW)o

50 ou geb 3 comonical wapr R (1X,A) (80X, beL)’]
| - — (X, BgL(A)]
—n:e.orem : ch X ranjc over ‘Ffi?'lt-e bom')l(:)(ve& (r't?'{ C.onnt—cl“ui)



-n)en 2ny natural trenshrmathon; ’cﬁ -fé- (TTX A)“""‘D( Z])
Ni‘f‘lj % l«avm7 no ﬂ-:’n-'h"luml ref“Fec:i‘ :ubjﬁf f Tf? extends

unizmﬂtf 4 .z wet. tzas:
7 [X, BLAT— [ Z).

a% A—'r'mj ;‘fﬂcfﬂfe. Or). E(T;X,A) induces ajae.-ehoq_g-
p !
[X,B&L(AY] — [X,B6 L(AY].
A reortsentation ”{ TrX over A m},_z be identted wizh =
A

Libre bundle  with Fibre u: P 5

10.16.7%

Theoems as above

Let X range over the Czl"ejr)ry of fo}nfcd hnite Comflexe.r, m*rfhim
2 éofﬂo_?bry c’af-l’e—_r o‘)c f;a.re Fc'mf Fr?!.serwnj mavf:,

&msfdcr 2 hature/ Henstormation ¥ F(—D_’) 6(2) F, G map
o ,37&'. Szj ¥ has fmperJ?r () it

| g FOOIX2]

'wl':r.re. < £ 2 Srscc- J':é.” Tf,Z‘ hzs 4o nOn‘f‘ﬂUIak‘fOér‘Fect

.S‘-|b fbufl.s", thn; .
- F(X)—'—"I;X,Z]

7MJ ////g‘fe_
G(x)”




Em,zm: Tl)f» cancnicel aatur=l 'f'fZ?ﬂJ‘F??mﬁ“r'C"'l

- [X,B6UA — [X, BgLA)"]
has raFcr‘fy €
bod:  fact: B N is 2 CWiomplex ond R EY, xed s
a direcled J’yrfvm of fnite .Sumer/CX&J‘ 2. UE=Y, then;

[X Y1 <= pin [X FJ. X Balk i
b

C?ufH “p ‘nsome E

Take E ode the z-skeletn f Bot, < BeL (A
87 CL"OS'H?? gﬂzs mffably (N’ffnor mo:{af), oH’:I«n '5;0;{?_ a’ml

m (Fo): , (BW,)-‘ uczs- Poﬂccd‘ geeup-

('97 7ﬂaclq'mj ;) 55!::7{:{: 2z &£ 5’-w“- “ .’T‘: we. obtzin EC—?E‘*
jo over Frao ; m:

BaLA U F," = BGIAY

-F" A—%.‘ E* v-aa I‘ranl’cn.' I
| k / Fo ' ﬁ" b7 ’m‘;’—
B4L(K)— BGL(A)E B thr iy EW)

Jydic

.gccﬂq;e i+ coateins ,(}Y,;, Lcaoo_. 3!\/34 maty7ces d}ﬁe GL___(A) a od
'.}-lﬁs ﬂ.l’ﬂﬂ?l S‘lbjl:?, G‘,F commute |

Mpu with -\,/;_- B6L (A) , tske Fﬂ, ‘= 2|l Fnite sub -’;mplcxe: of Y
ooﬂf‘einidj E . ‘
- - BGLA)= UK.

= [xBsLM]- b [X K]

=7

B S IR .. i e T e L L




5"

= (N BGLA)]= ,_Zg., L% E gﬁ*l

Hence: BGL(A) = U(E:

an C

.Nat Ta,,}. (x, B&L(A)*I'FO())'— )a;n Net Tonuf (DX, T)
| J&m T Yonedz's Lemma.
_S\mil'arbj Mot Tans {036 E’&L(/\YJ T ) = L TUE 4 =)
Tohe T=L[,Z] s. |
ot Tews (X, BN, [X.2]) ShE v 2
Nt Tros (DX B6L08D). T%, 204, [F, 2]
We ron 1(Z) has to noatria? perfect subgmups =

[F, 2] «2—[Ruf®, 2] 4 ac,cf,dyafmp
E,{_"‘) F;( UF

| We 2ssume 'E”H'& CW&ome/c/c&_s Since ao~.

X Fate = ﬂ;’x 7[}0. j.m. 9P D(, BGL(A)] = Hom (W,X GL{A))
' = oy Ko (X, 6L, 4)

R(nX A) —» R@X A)

sy 5«% encoted by bt monsid of i clrsres of rep. of
(A)

ﬁq (qu; IM LT\'/GXIA)/R/@,‘A) m'ﬂ:./\



Exam!c Show R (Tr>< A) = abelizn 7:‘:&&’}) yan:reh':( 67 c‘/e. PN (¢
Yo bor(m X, 5L, A A
130 c(e.r.re.r n'F rz:r o‘F_ TI'X, on A

Qi BbmlX, GLA) = [X, 861(A)T— [X, BGL(AY"]

—rJTCOf!mi ‘e,% heve r.-pfgrv é;‘(:]
J“ﬂ;df t shoew 1T or {q/ l».- diaTmm chzu"uy.

F:nch Suﬁo!& M s zp abelizy mmoudf Me ;fre/mn g roup c?e.q
b Y M. Grothendieck constaction:
a, b b— - {

M #MXM“:" Mx M — M

Cm,my My ) —>(m, iy rar'":.) | exact,
b (rn m)
Mgy
(m,” m;) ~ (mhm,) &9 I3 i M/ 4,4 £ = m,” 4 m, +71 .

C)(RC'L' means . i?v}cq ?5 M M —> S ‘Pa--: P . f‘l;n @ 7%‘20"”’3‘

'-ﬂitt*ely +Hhru M
. N x PVQNM‘_‘—}A"‘GM—-.,M

\\\, g‘f A

T T L AN R T e




ProF that 6 seticties X).
Rt s M(X)= ks Hom (1 X, Gl Adgi
MO()?';—a"v M(X) "= fR"(‘r,)(; A\

NS

£X, 2L ()] = [X BeLn)'] ’] 5 IX, BaL)T~=. -,,E 1 _,5

qce

f" = - .--"

QOH mws exact.
uV  lhave Pﬂpf-f"r} &) (ﬁnﬁy Frewou.s Hm\ -tn A<A AxA A,

£ e i o ﬂ[x BGL (h; >J-—JTT Ix, BG L (A, )*J

Aome. r\.ow b7 d'lcﬁraav\ chases

10.24. 7%
?IL(X,A): [X, BQL(A)F.\ an:’ojaus ~to | ’F(J(X) .""'" [X,BU]
D A’“"_u"’ B ﬂnﬁ -}nmomgrrhism: | |
u*: P}\ 3 . *(P = Pﬁ B. 20,

R X, A)— R (X B

Lo

T (X:A)--->F (%,8)
A """T{{X,«A) i vzagnt Fincrer, R“’-ﬁ’ __Pd!'.
4@ én;’bnsfa'f : U: A—RB s > ﬂrj 15 omarmrrhr:m £E. Bﬁ z{ﬂ

’rj,.m oac l—_.au" r‘c’J’}ﬂc{tc."n 'r JC"{A(’

-r! i?ﬂ e 3.. . U. (Q)= Q'A\ '




Yoo gt KX B)— R XA)

l

,‘:\;(Xf By X, B

Ih Pa:‘flicular: X:‘-Sh: Uy : K,,B_" h’,. A
| | ezncd the 'f‘?'?n.FFEr' '

@ R’Odbld‘ﬁi h:A & ’I'\/\J(X;A)H %J(XI‘A) 3 A commutative,

Prr:ro;'rtfan; (Pfcjccﬁag f:‘::‘mul.a): Swrfa»‘e- u:A—*B as in (-?), Be¢ 7

Hhen .
U, u' E(X,A)—** K(X,A). forget this.

Bdméréé bc 8 bas a Finite praj'ecﬁuc reselution .
0——75#..,"‘“’&"—’}2—-’3—90 w‘tl,fl?e?ﬁ

'HTC"? eng Con J:-'ﬁn.t- 2 'f‘r’i‘n.s‘Fér T”Eﬂg——-fgk,@).
(usia) other mf'huf:}. |

|® Products again: E ﬂxﬁs—*_’ fl\ﬂgs

- BQ—T BEG

R X, A@ R (1X,8) — R{pX , Ao B)
e] [ > [E8F],

Lct '81 R(W)(,A)“’ITA ‘fLel map to Wﬂ&’ef‘!y}‘?j medide

\'Fn’d: -ﬂh;' 4} w",t‘l; v i 9’ dcCion s,

v

Rl X A

/

T’:)E’.n.' ’fé‘ (T'ﬂx, ﬂ\@} K(T,X, B) — ﬁ (T‘I,X) A @jg)




®

( I [E E] Pf'lc e emgnt. GE""-:'EE) hf lilF}-I‘F'-F)) 5 LE@ f ] < [E;J C(j ')- ) C;gé:
I + (¢ et
6 «F

) [F] — [taF] {EesF]-(iECF] +leEwe]  (x)

_ F‘”‘! vis [37 ;e_nAnj = rcpmrehra\ﬂt, A E p‘f_ T[:X ov e >< ene‘ = reP.
F oF TI}X over B w1 ohae (x) ;
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