PROPO S \MON

Y o(GHV(X)R\)G’GH& (4 R) we
Rave  Sxp = (A T> (xol).
The opmation that we Wil gse most

i e VQ)ma‘minaé weekh Lo e P
Oduck -

THE CUP PRODLCT

[k X be a @ Fix a Ving o e
R Wl deline am oprohion

HP (X RB%SH& (%,R) > P& x R)
A D (s — o« OB

Considgn tha d\}\a%@naﬂ\ Mnap
do: XXk d ()= (%%

Dedine o(u(b::d‘((,(x@>.

tHhy sporahon by mdapendanck b The
Choice of © N Cotomalensy



Ffoo{l 0{3 9@&& QOW\W\MAU\

Kop - COPE Bon Vo\eHPCX) B eH3{x)

Py 0d = % (Bxo)= (APRY* T (o)

ToxxX —@XxX
(X\%\H %\76
Bk dfeT* = [Tod) =" becsunt
Tedh =k, 0
bod = = (DY*d¥ Cox )= (=0 wL B .

We defined thy cp fproduck Uaing e CrsS
produck
F durns ont thak the Jite Produick- also

dkoamiieas the Cres  Prodmck.



(up prodmck on Fhe Govel 6§ cochains
jvobogs tL duok- O}O( e Gomyeosihon

S, (N5 S, (xxx) 38.00@5, (%)

Any chain Mot 3. (x) =S (0D S (x)
whith natwo L ym K amde ?0’(

e  Ooviowe Maj X > X, Xo
0-chaing M called diagonal approXimanon
I can be hotyn *e\ajc any o d\}\&g{)nq\
Qyproximations 0L Chain %mdbop‘\c
Tak‘m% o OUG\gOY\OJL HPPYIX i tion With
tront R back Pactn of Fmplics (Alexandon-
U\\\(\ithw\g dia%onodl WP@X\m@ﬁorD Wonto
fo o Mot Concaetr dufinttion &4 Hu
Cup product 0 Prestinied Hatehg, .

THE WP PRODYCT MORE CONCRETEM.
ek 0<ken Regand 4, Stomdand



(\«8\«\.{3‘&/)( Ah'“t_%)) ;e'n]m Q mCLP /bd’A),\
20 do o s‘m%«&w\ Simplax B’% e

T‘(\Q %Q(\t k«%du D’(% A Lo He
Sin %J\W K -Sionplix
iﬂp )QAO")QK-15 AK—/)&Y\(
e, >, for £=0)- %,
The back K -0y 6’8 N VJTP(\L
Singrla, K- imip\ax
L&, Q) o =

Q_{ — ‘Qn‘KJr/(




Nate: Hhe font k-%aee omde e back
(h-K) - face shaw a Sw\?@ oK

Eeo )")e{:& & [e‘ﬁ 3 )Q't\’:x 2 e Snﬁx)

For o sm%quv» Siplax &0 A — X
s fonk/ back k-face 4
6o Le,, e /5"[Qn_\<)~7ﬁn\j
DEF\NITION
Geen O\eSK(x)Q)QSQ(@ e eS,.£)
lye
[d0P)(R) =t (8o Ter, 02) Pl2o ey, e
Then  Ademd, ba Q&Y&Br\lﬂ To gek
o Ve SK(x).
U maps Cooy s 1o wgﬁcﬂm amd._
ANy o produck O w%omp%g‘g
LEMMA
For de SY(X), Bes(x) we hawe

S(dop)=(5 «)up (D« uls )



PROOF
Lok 2 Serena (),

° 6Q( AP () =(aop)(92)=
K x+A

‘ A
) z ('/A'B& QO(U &B(éo tQ@)“')Q\()"QQKTQ;P(.J>
\\.10 ‘ .
N Z Q’A’)b o ( é""zeor')eh“) Q\G\]w (5(230 EQ\‘“YWQ{&®
0 K+rd : )
U + Z (Hd—> Ok ( Z)OI‘QDJ-- ‘eK,}) Pa(z ot—ek)"(el\)"le‘i“&
i =K+

° (600 O (8): (soO(&oLQQ)_,eﬁa) BT, .., Cerend)
for L=k+d

9K 2 T 2d)o\e ey Gid

o (-O)%Caosp()=(- L\‘Ko((g Le, r,eﬂ)(%@(&" EQFY'")Q«&®

f\,v L=K
iy el ) B 8 D - Cuitn)

the, Wo xtva famg Aank am@ﬂ

coma Tho ront 5 e dome o QJXGM%
e Wme oo otloove



COROLLARY A
(1) v ZKXZQ _gz\crﬁ
(2) U (8%x2%) V(2B e 8%
(3) oup Eoduck om codnains iNAULA
oW oroduck 0 oohorrw@o%&a:

0 Hx GO xHe () =)
Thig  pProduck e ASSOCAGAT e ool
dusviloua ve. .
(M) ¥ AeR s \Mﬁ elomunt
W 1er° (1 R) » alleo mw@\%

™\ gon oA

omurde for VG weyole with Value
(Ej The Sdme A om odl Q-simplia

Pormuda dadinen oleo relatipe cup praduck.

Prood
(A £ 54=0 amd 5P=0 =2 5(x0P)=0.

(2) 1§ d=AT D oluf=(sy)up -
= 5(6"\)(‘9‘36"\)5)(5

\

0



(3) Noed, 4o verify Whax Up produck
Mo o\~ d&gp‘ma oM ggwodhmu clagsn
CarspYod =dop+ ol )
C(S%v‘\b(m\\n%
A%%oum‘m% 8 d\)s%ﬂv‘tbuﬁf\i\’% sl
om Y Quvel o4 cochairs & it pag&m
+o m%mm%%\

W) (A0 = 1(20e)) o 3)
= o (3)
(5) (X A) commdn of Gochains

vgn\g\r\m% on jzg‘\m/p@;u/a wm A
Considan V- S<(x A) X SQ’(X}Q SK*LCX\%
T e SK%(A\J S (A)
B &
Caom)(2)= \dj gL N PBCa-L- 1)
-

I\
9



Sin. up  jorodmek k3 assoate 8 diseloutie
1L m» Natwra) to )w& o meke & e
MM\OQJCQM*OD m o Ving) ShuChure oM
(ohomologly grows of & spae &

Tor e Wt define

H* (xR = %OHV‘ (=, R)

Elements o} H*Cxﬁ{\ e gimtg SUmS
Za, with %eH (R and Hhe poduct
of Ao Auch mms is defnud to be

( Z o(k(%()o) - Z 045(53‘

\

This makes H*(x'l@ Info Q \”W\c&)
Wik oty T R has ‘(o\m%
(see (W) of he pravioun Corollon ).

This ring i Calleg tHw COHOMOLOGL
RING.



Tak‘m% Scalar mw%rQAQ&UOﬂ o ACROU A
't M O\M\m\\t& oM ‘Q*O\\Cgebm.
(odiuats Moy ke n Any Ming K,
odh U wowally SuppRr o notahth

THEOREM
ok R be & commudodzine ring

Then QH\”(XlA-‘R}Juy e gradeci
CommudadRu Le. for oe le,g)
boo PHE(XA) - P =) pod,

Follows fom the generad oup produck
stajemerd

THEOREM ( NATURALIYL OF CuP
PRODUCT )

Lok {2‘«(?(,/@-%6‘1\@ e a Comlinuole
map of  pairS. Thun {*\o\\owm%
g  conmvmaits



Proof
§ .S —=S.L)  dr—otep
£ 8 (f) S (X)), K aof

$ (L aBI()= (auP)(L0d)-

= d (”F °&°YQ’OI"}Q’F—:\> P) ( ¥o 4o [QK)" )foQj}

- ) es Loy, 0 )5S (B) (20 ey, )
(§e)0e(®))38)



