fi-ﬂoﬁ««.s,

'S
“lodk hwer 4o s C. Heivng
—
Faus b-v.s
~
Hep

we cowhucked oo scliewse X = Spee A oF. K (S) = l‘fow.(Hs‘..,._a@S‘, Hag @S ).
. . 4 ~ L) .

Swee e bhae a cowpanion. SOUL:- pes: Hg;\,JQC — Hye®dC , +Hus gree

o POt G X2 C ), awd {Los a wrrhhua.

eary, A{L — c-

We alto Sluownd Huodb Xk o flu dlg,a.‘:\'a- 070 gowun.\ fe.nlbés‘ ,al\m..«. ‘t""?'
Syuaols (X,‘:l Lu,a’) coculo e relodows W byt
Y o J e
VA e N
ta Paic? /Y H““ﬂ (%, ¢)
cw Hd L)(Ii‘f_)

=) Ltumnl'y e Wy -

) PJIJ-o.:.k a.lou.g 3% —

-) Skotes! oot .

. Pevnod C‘nb(..:jg(..hll('. Ha wep ev s Cujec,l'}uc .

—_—

l
ev (Aw) oxe Hu peu 0ds . I—S ey s iujeLHre, Hue it cod\d vuaum

Yot all Hr relaont behuwesw Penodt coun Sracn Hlate relohgut ow

Koo {



jyi.CouLLuJ{'aﬁwL o.Lg;.‘ara.Cc. Srovps_aud Ext*.

" Frour wow ow , et A= O . ek G ke e colegory, f couruskalrnag, coumected
w.lﬁdnm.ic graop! /4 (note Hewod Hxy an mﬁcaﬂ, SonooHL) .

I_.a couwr ., gesy . Yrdoced proper 1’4—3[9- Scliewe
. Em‘pl_e_s-, Go., Bue A G‘.g J foc A Ouny Aviy .

-Ded. G €C sy a vechor greve iS et & (soun. Fo o povar &) @Foo, aud

Ut v e hows t'-g G Gowa. ko o pouss o) T

- Nole +uok % & wob obeliouw , stwe 4o kesual of o wworpliur & wok o-o.ce:ra-v;l;p
couuscted | For exausde ; § S/ U au elphe cune , Hua kesud of wslb by
au takegee nSd G

2
ECL] = (Z‘/u'ﬁs)

Ly cousfauut qe- Sd-muse/ﬁ_ ;

ot oou.u-n.cl-eé

D__&i'_- Hua Gogeu c.okeag_fy @ G is He cokgony Qo &\ wsed by
) do:)cchf. sawae @ G .
- Mogpluatuas @ Hou.ngm_(G: U): = Hou.».&CGI H)®,, O .

‘Rewsask: Sq s au obelion co.'cjor?.

- Auvotc Lw‘-nrfcwd- ga.d- (v tuat Yo ove ue wou—hwiol waotpliitunt befoeeu
veckor %\'O.u(ﬂ', Jow' , awd alelicus vameMer .



* Thun. (Shocduve theoceun) let G €S . Tlaw , Haan & oo caowical 2-R.%.
O— L —-G — A —0
’ ’_’LC\CA- “-“"‘.ﬂ’-og Gluw
wlbevt A G auw ale var. awd L & o Guod cou- cpu..q.udj ‘9P - Moreovex,
e s e cavowical gpliv clust exadt Seguuce
O Vv —m (L — T —9,

wleve U s el veelor 3!;\00\: ad T § e YOwWE.

Cow(lo.ufou. do)(:d‘ 03 q s riuuple :.S aisd ou.\y '\g ck 18 dwuwocplie o @a; G,
o a. swuyple obelicus vuu‘\dfy.

DR GES & oo seuunkelion vapely 1§ it (s aun edeusdon of e okelian

Varﬁlly LY o fows (eguivaleutly , ds veckor poct & mual) .

—

foc oy GCS , e couw {wd o cowouical v.e.8.

O—V —GC —2 G — o0

wieHe U ol vedroe qro-p ond G gerur —akelan. |
- Tu ofdx Yo lulredxe oo coucepl og dsals Sor éouk aud vewror 9\1:\0-.-()3 , wole.

(veces 5mups ) — C Siw D - U=v-8)
Fa

< | — l-longCY/,Gc._)
Rl < i | T
L—Y——J

T Ly FL(u)CT) t= Howuw (Co , B LT)).



Ctond ——'—*(ﬁree_o.&j’asa:? Rile Tauk )
T l— X(M:= How-g (T, Gud
G (Y &—— .

N

L g ow poluls by GLLITIS) = Howr (1, Guals))

- Def-

(1) lef U Llbe o vedor grovp - Trs dual U a'u\:-eu as W= ( ﬁ(’({)\' ).

——
mt-e'_.co‘_d J(-Ucf- &al as ‘tl.-v-&‘.
. AV._ Brof: '
D Let A Le cunr abvar. Tts dual b-vere (s AV:= Pie®A) .

() Llek T be o ows ., Tlewe XLT) ik Huo clavecter DT_"P..G'P T.

(1) Let T lae a Kcee a.b.cjp,azf fiulde cauk. Tt dool ws & G (T) .

. E-ﬂ let+ U e o veckor ﬂyogf, Aau ob.var. auad T o-tows . Thaw aw catwowicedl

tsourotpisuns
vvVevw, AW A, BulxitHzT.

Fodf)

) VL Uesr algebra aud viug that Fr F, gwe au egudy. o) calegoncr.
D) A ue'wg Hie Picare bundle.
DT Hae Swerws X aud Gual(2) ow cleorly adjoiut:
Eky . Sy &l -a) % (1)
Hows (T, @il ™)) = How ( T, FulT DD & Houn CT7, LT |

avd Hur wae gt o oult T — G (X(T)) .



By wahwalik, it & euo.ﬂ/\ o cled Hof Hus uwop s ax Go. Jor T = Gua, but o

wes Har KB =% , BulZ) = Guu, ir & wundiale- =
\

*Nowr, cse diswost  exeusows o G.
- D Tha Juwaor Gxtt '.8 xg§ — (&LG[:) s catuu.u. Joe ausy Al €S as

E4L(A,R) = gi(ﬂoMS(A,—ncm-_- Q*CHouu.ﬁt—,E))CA).

-Our o vuderstaud Hua elewnbs of Ext*(AR) os extewious: teipes (C,uyr)
with- €€8, cetHoua B/, & HHour(C/A) s.F.

60 —aR-tsc A —o
¢ exack. W sas, C i aun exlession of A by B, Foctleumor,; Fuue
extemsious (€, ;) awd (Cl, U, n') of AL, R av egulalent i3

Hour exists o usop ¥YiCc—ac!lsoh,

D—:R—-&'—’C—T'-—*A—ao 3§ & an Lo bk
Nt
o — Q-—-—-C‘ —A —©°
[ \'7-‘

covastes . Our can shous Hrad Joo all AR HWan ane (Juudoneal) Gowar.
o} ot=elicun 3\,@?:

Extt(A 1) — = ( (Ciyp e datyBRY/ .
we wvile Ccl for e =quiv-closs of (<, ) . — PatBXA—A
Morovur, +he 222w elewunt cowrspowdt o C(EﬁA,iE,F;)Z-

l‘.-a'.ﬂ <, RXHA



- Awotler wwcdal puepexty, & Haoat Extt {1 addthue i Lot vauiables:
EK‘(‘itA(\‘ A;,U)

E?"‘“(A{ ,B\ %X Ext f(A';_(B))
Ext' (AR xB,)

et (p, ) xextt(a,r).

- Pop. Let A be aun . var. oawd L' Lueor couvaded couass . q_Ls e T
(1) ExtiA, Ga) =Hi(a,m4).

(2) Ext 2 (A, G = AV(4L) = Pl () () € pielay (2 =H1CA,L0&).
(2) extx (L,t") = o.

Proof |

For (1) oud () ,0ue ues +Hie Jact Huad § L & o Gaar 3voup,+lﬂ.u
Ext' (G, L) = Ex+ (G, L)

—T
exlencious  eolules @duarLt
a. ahoual sechawn
Ll G = A o alliam vorehy , tban & o waop

ExtTA L)y — HL(A | RA),

wolbue Ba o Haa 2o og Gesus of reta\lo«- UAAGipS A—=B. Tl wop o iuﬂcchil{,
aud °
VLY L= Ga, Hhaw Ba = Oa ocsad Hods & aw unMurPquA

DIP L=z Gun,Huuw Ra =0x ad e woe bes as baagt Ha Gar budles
e A wludr arn algdraically cguialuct ro O (La. Pic?(alld)).

For (), Haw Shauclhne Haoruun sbwowos Hhod oll (duweor couwacted countuatt\ve

algebiore Jrovps o telit , awd Hos o ane uo vou-hual exlemtious .

<t



- Rewase. The Qeubilicahown tn () & dndxed by 4o Poiucase buvdle P ow AxAY,

§oc o. polut xe A (@), +a pollback (8., )T bo A & o lue budle :a&cj 0.
I8 cve rewwoves Mua zewo secMou ; i &4 A Gua-duwdle ;, owd i Jort a wd-cb-

vor. e Gt t(A, G -

‘Oovollewy, 1t Lek G ke o seudd-obh var. ouikle ab.past A, o8 T olvedror

3vo-.10.m e, ool wrop
Ext?(G , V) = Exttla V)

G aw Goun . T pariadec, &t1(6,U) s Jiwde dwaashoval .

9’“’3 l 'By SFliuilnow s W Coun wnle o s.e. 5.

O —W 'V —m G - A O

with T o wws, I} wa o."\y{-tmlsougw seg . foc Houn (— , 7)), we, et

v = Houw (T, T) — B4 (A = Ext'(6/V) - Ext" (T (V) — - - -
« —— —

=9, sinee Hewn =0 ‘97. Hoa, pvop -
OV WO Lagpt (PR TTEITE
oA owd vedros 3[93-

For e Almd.oma(.il'y , e xe Hod, 8 v (=25,
Ext(AIV) = ¢t T(A,Ga)” 2 HI(A, OAY .
1

- Consder o.caq}.u o~ vewwi-abelam vonick, G aud o s-e.8.
?
O— T —6 — A& 4O,

eAth. T o rouxs aaud A o aSeliaa \rOJﬁClty. A-(’Flr(:gg Ve le.s. assodalrd o
Houul — , BuL) wa %d-
JG 2"
- — Houe (T, Guu) — Tt (A, Guw)) —» EK-I-"(G,(BU_L) - -~

"

CT) Av(w)




coluida 3@: @ wiop Ext'( A\ T) — tou(%X(T),AN<))
(é) —— Jdg .

‘Dollany, 2. Tha ludied Lrop

Extt(AITY — touwn( %), A ()

¢ an isouwrpdtW.

Paoogl Swe T 2L, owd botlh des arn bkl i T | cte uveay juit contider
T=Gur. Thaw, XCT) =7 ad Hog
How (B, AV(4)) = ANV(&) = exdti(A, Gu) .

Tl Gusgr of G671 u How(HCT), AY(W) & 4l darspivg wopa) 6.

e conn Tefeo:f- o Slwloar o..fawmd' Jor wearoral exensiouc . IP wae Lave
o S.e.. c# o Porun

o ~ -6‘0'-(;-_-0

alile C o vechor gro-p aud A oun cbeliawn vadehy, Hun ue woy toke Hu (es.
assedoled & Hour(—, @a )

de .
e Hown (S, Ga) — Extt (A, Bo) L Bt (@, Bo) —s - - -

Aud wn ad o bwous . Ext(A V) — How (F ), &xtt (A, Ba) )

g2 1— é@ .

- Gor-2 . Tha wdxeed wWap

————

Et (A1) — tows(Fle), HE(A,00) .

S aw Lloua-or\plu'.stu .



Pm°8’ Ac u?oﬂ_,uu?_. LDy jq{{- ?tﬁ\ﬂ- *% be ‘D:-GG-MJ Scuce F;(G'a.)?-&)

Heue (A1, R*(A,0A)) Z H 2(A,04) = Exti(A, Ca) .
i

clastly , we Ly a.,pplr Cor.1. ho ebiace o ?ol(owd.ua‘.

O (et © e mu-aS., TV a veckor Group . Thate Hue odwal weap
Ett(G, V) — Houwl F (T), Ext1 (G, &a))

s auw Csoun.

Pnooa ! 'BT Comllac? 4, wa Uy ceploce
Ex+ (G, T ¥ Extf(A4 /L) auwd

Crit (G, Ga) = Tet (A, Go) ,

wlee A o Hue aleltoun PGs\'ﬁ G. Tlewm wwe apply Cnc.‘.'.l.tx

§2. St —0b. varieies cud uwiversal vechor exteusious .

"By Coc. 2, He dakoun ag a. seust-aleelian varith, G over Ao & egu..'_valml-
ho tha Sdaboua g‘ o owour . KT =AY (W .
Tw \?d,d-, Huit O a fu.n.dow'eul counthuchou! t:g &Gy — Gy N\ a wrorpldivun 63

gl —ab . veres ., Huowe F Wwdxer oo copn - éhcara.m.

J

x(p)
XLT) +— X(1,)

csG:l. _\_ \l’ dG,_
AY() « — AY(
2




Wbt Wi ove o&:v\? ok o wuorpdur o) exts. & & oj e forwn

O'—'——*T-f-——-aG.r—cA,‘—-ﬁO

le Ja L3

O — T, —2 Gy — Ay —3 O

- Bop. The ascit;)uwl-
& s Cx(T> — AT
yicds ou equivaleuce of colegovics botereemn

X free a!::apar Quwile ek >

{serni—o% vass. fe % (:__; {('X:A;‘P)\ A od.var(y
@ — AY(&) gro~p Lous.

[

Mocplu,\\p.: e Ho Gler cadtcl]o«y ave c;JLorp\aL‘mM.: cj couplexes
% —s AV()

L a |
‘S(l A"\I(&)
\p(

1

a1

NYF e ?a.t\-(.n-ﬂul'- et §:6 —6! be sk £(3) = 0. T parhoiar, o3
¢ unadieec wsop ¢ F"T S 21&—#\-' o tha powt aud ab-var., pect
respecinrtly , dben  X(p) i X(THaX(M ad 971 AV (L) — ALY vawiL..

=D P-¢g =O-

: 3
Thauw , Hee ooupoliion G=Gc'—al vaussbes, av (v Jacdkon as
G — A

2 [ Li«amuqu
G — A



3+ follovas ok SCGBQ‘\". 2, Yo souve rco.muiu; > Stwee p=0, Hau
Jl_rvmﬂi.:b-ns , awd) Hos wa Y au L= O weap f-.A-,-r‘- Bt a-llog.
Hrse vuspt mﬁdal,m}:o.

DF & Qul: leF GesGa e sl —obo -veres. of Mo Poru~
0—‘-1_'\_—96,;—*“5—50’

oud coni(Rr O. oML . éiu.?)fc.u.u

1
P

AGs J_ 1 dc’?.
A (e 4—17-A‘§_(&J.

1
\J\R wWo C,L(L:,L.cuu 'H-l-&{' dG;"A;A‘: g_‘o daz . Rl‘tﬁyl G;_\(A,a Afi 3!:\{1 aia
eleornk & Extt(Aay ,T) as-

o — ‘T',_—q G.,_xA,_A,_—_.Ai..__. o .

" L = \L q-l_,v

o —'51—2 _— Gz_

A‘_ —'%°t

Tle COW‘)POU.A:U‘% couL - aio.aw & of e [or v
)

Gex g ke
(T, ) —a A ()

n & T4
= (T — ALl
Gt.

clica 2huouss ove dadua - Tlaw, dGarpyn,= 20962 = dg, op', aud &y
G:olla.vy Z ) onae cau we Hhal
Extt ((Ae 1 T) —s Houu(%(T2), Ay (w))

CG;XA.( A—Zl l-—D écio?l

C Gy K-rz_/_l__i"l — ‘56101’\



click waoaws Humb Gyxa, A1 =TT 1 wWe Riwadly stbetiv o wsap

G: —Gr vien

Guelp!) | ~ L U

S — Ty —-;G‘xTa-/- —_—) A., —_s Q

P

Sh 4
[[ (¥ Xa, AL l %'I\'
L

auwd W Gou.polil;ou. cdlm Lock

DF & Yol ow dojects: lek (XA, ®) be a bigle ar befor, aud (eb g, e
be o loascs o3 X.Tlaw, eack ‘€(eid € AV = extt (Ar Bl &las
xfensivoung
©— Gu —Gg — A — O,
ovd we Alwra
G:=Gyx, Gz% -~ ¥4,6uw -

By wondwehow, F(6)= (¢, A,e). =

‘Rewsnirk .

(O X(TY — A1) & = Y G = AxT.

(i) G wapt  S¢t Xty —=AY(L) t=21,2 aovmpanIuj bo seii—oks.
var. Ge) Gy ,we Cawr consthuck Hao soun S @S2 X(TH® X(TL) — AV,
woluicl. s astovated ho o seusl —ob. vac G 3\v~e.u o Pull\so.u:

G ‘_'_'56-(\(61_
b
d L
A — AxA
P J

aud s dows pask G Ty xTa . I Qe =0, Hsew Hea waopt



G — G,,

aium. as do. G T, xG=2 .

- Ded: Heo colegory, of sl —abeliow vase. op ho Gvogtmy. Las Muo s ddjeds

as Hoa cop 0.3 sepi —alo v, Lk el usaocpluliuns femiowa \-)p . .

* Rewwarice 117 Lo PrLuCouL prop - He car o£ seten=ab . vace . vy ho L'.\oga.u.y

s equivadeut  Hw calegon, wikl diects

Xo: v . dwe. Br—v.5,

{C‘XQ/'A,‘?) R/& : ab.vas. >

Q. <o — A(a, > QAL -usap

aud WOTPlUL LIS CoUML - a&s.caw as befor . We clfan wte oljectr ar
* —AV(Wa , ol X a foee a..L.%\o. 08 Nude taur .

- Goc et G Ge o seui-abivac., Tabows aud G =T o sur - weosplaiiua g QL?I'-:I‘C:.CC
3u=e.>los witih Eegnel G . T G= Txé' op o i.so?u_r,

f’voe?,! Quee row aun -k.tut—s}.u.p\c, Roowe ety omw u..!l_‘m"l'—-nG ot wﬁﬂ.
we Hoe Fows Fo“d-% G. By e Oude prQP.cy_ Has Sivect product

«aQ %d-au. o, G Tx6'. &

* Ju Hue ceusaiudes oj +ua cechonn we Aiscuss ow auaLujut ho Hua. pruocus
equialewte og ca.icjor':er e 4o case 08 vedoriol exleusdous. Rsote Hiok

we coNldRs wtlzad +Ha Asal wasp



) 2 (T ~ St1(G, GodV
. ng. Tlha Q.SCLa\Au.u:.l— dsol wee 93 - '

G —— [6¢*(6,62) — F(TY ]
vields du quiv. befuvese Hae calegosy %E vesior extessiour of seui —alo. vaidic
ows & (Lo, G' ¢ o vehor edesion of G) aud +ue cslegory ciltle
o‘,jeciS ‘ae.w.a toples Clo, A,Le) Qa.ﬁs?yiuﬁ '

V0 & oo Y diun s U-vs.

D A & aw obs.vac. fg_ .

) e €t A BGa)Y —W & a &-lmar waop .

Tis woplburs ave Wpu.{,u_.g ﬂ couplexes CE.x{"CA/@)“—b'Co].

PmoS( Sawe as efor , Lot uxiug Cx.X.
Recall ok i§ @ is o gewy-ab. vos. wikle o peat Os,
Extf( G, Ga) = Ext (A & .

‘Sluce Hae vedor spee Ext (B, ®od &« l’c:elf Prucle dloartlousl, s cwm
Siw o f-ol.lou.du% &l hon -

. 93‘- Llef G e a sewl-abeian vapely . The vuiresial vedor axlensiow °3 G
s He exbailown
0 — §(Ext1(6,800) — G -G — o

associoled ho E‘.é: Extt (G, God~ — Ext1CG,0a) ™ J via 4ba pridoas PO Q-

m—

I Recoll tuat cue dtoud . woodl
Ext2 (G, V) = Houn (A (S), 6xt2 (6. 6oD) | co

we F(O)Y = &l16,6a) = VETRLELL)) = K (Ex* (G, Go)) .

~ 1

cFoun Ml defihion i fo\lows Huod GY salifies :]b&ou.ﬁ.ug ouseseal

propedy -



-R"OP- leF G Le & s ~a5. vas. For oy vedor g\dcu&zougog G,

o —T —g! — 6 — 0,
Heew < a uuu!gp.m_ uwrphbm 6‘7—96" cow‘:dr“)\e onltle Ha PVOJQLFMM.
o G.

P8 | Onler Haa prev . 2quiv. of calegodes, @' cowapoudt b0 Ha luple
(F(L)VY,G, P Ext (G, 6a)’ — F2(WV) , aud G? wwupoudL ho
(Ext2CG, 60>, A, 10 EL(G, @D ~ Ext'(6.,60" ) .

Aqoie Vioe i cowdpoudece , o cauxpWliun 6'— G ¢ asccuialed waite
o Guear wop V! Ex*(G,Gad” — R ()Y st So\loudugy c‘gio\tjmuu.
Goussautes
&Et(G, Bad —a T (XY
i T %
E41(G,Ga) = Ext'(6,60" ,

aud Hug Hue eul, ophio e W
w L. oghiow foc G =

" Reuark. (et G Lo ol seui—ab.vac., 4 s aklliau posts We cour wrile
explicitly,

o— /£ (HY (A, 0)) — AT — A —0.
Morover, by Goc- 21, G (G. ®a) T Ex+ (A, G, i-v\-?Lyl‘.@j Muok

G9 = AS X, 6 .

- Gor: Hie wuun. vechoe ex~ Gbag a.szu.n.;.—a&:.vq.r)d}. G ato saisPes fu wude.

)am?cxl'y 6} o ~ehos ex b un 4ba &D%L\Lr cak: Sa. -



o | Hourg (Gt aud G G,V an dwody b-vs. ;e Huy, do wot
ouge i oua reploces g 4y Ga.-

Jgg' 1 - Monwer _

“Tlis dlspussion wuphvales Heg -fol(ouﬁ.ug ashou -

‘el A 1-worve M= (L —~G67 over o U Hao dohwnn UM 0

a St -ab. Growp G /e, & §iee odelain grooe L < fiwdle cowk , aund
o grvp howe: L —G(€D). Morpbiiud 0] 2 —undmes aue wusspulrace

o‘j couplexes L—6.
We el Ha cofegory cj 00 —4 —Lushwes  1-Moky a.sb.a.wg Hhe Souue

oljecte bt wwocplius dewtomd by, O. .

- Rewsask ». g ca c'.&eu.ii-gT S —ad - voMeRe) coikh 4 —uasMal Vol

G — CO——OGI,

"Ag it bocus o, flase A-uudimae o celoled bask ko Nowvi uasnses,

-DR: for wao, let M MR € MM be Ho Hilck olseliaw S&A—co..\eaoo?o
Ct-e. 3ol oud clowd uades exfeuctous owd :d\-qudr‘:el.d's) opuasated by Ha objecte
Hiow (XiD) with X o B-vmritly , DEX o dowd sdovanehy, aud < tu.



*Thut . (Aposlo, tsodm:-\da!e)@
( 1y The walxiow
Bt MMpg e — MM o
kas o ledt odipuat.
(2) Thaw & o ambi—equiralese of cabegones
- Mo, — d/ 1M £y, -
(3) Tha obeliown calegorty o MMrov & egoal Jo Hoe diagau. adlegony
'E(‘oi, H;Nsl s oo Dy ¢ e dia%fcu,.. . “eshceg sw-s L;. polee Cc, DD,
e € & a cuwootih o cove cud D a @llechon oiP\aniyds- In C,qu

cotble cdoyec sin.u. by wiocpltiuns ¢ ?cu‘.rs.



