THEOREM ( POINCARE DUALITY)
Lo M oo G dosed, R-oriomied
n-manibedd with Jwndamordol clora
LM € X, (M',R} (corie %pow\dA\no}( Yo
Yhe %\N’fh ovigntatron ) - Then the

mop
D b (MG)Q> 7 Hn-\a(ﬁ‘\ﬂ\

A \ > an ™M)
s o wgomokpw G& R-modulen
~ prenio '*E&D'Q/Wl
Tor all K. P %\\ogg from
s

The Moy HR MR = M, (MK
i colled the Cop producks & TG
in whok W take o fook ok naxk

CAP PRODLCT
(Po\r am Q/\\Oiwaru(\ %PQ& % ama



RPN vm% R ddane on

R-bilinean, Cap  Produck
m:SKO@,R\xso“(x-,RﬁﬁSK%(x‘,@

for k2L by Sekting

P2l e, ,%d) L6, &)

Por &6:48 % omd e (% R).

LEMMA

3 (8 c\\ﬂ:(-/_\.)Q (9¢aY —é05f>

PROOF OF LEMMA

ddnY = é( O (e, € G )Alew, 0]

J\—i(‘ﬂ “(’(23?0 QLK)%BL) A&y teﬁ}

U= +\
eyt

6 Y+ 2( AJ«\V(&?QO Lo %Dai%ﬂ \Q‘X

a(3oY)- im‘ “P0ete, o )ele 8 e
= (-\) (D&Nf 2N 5% =



K \ A
(A 202,60 ¢ ete, & e Delew, 20) gy (3a9)
5 (-ﬂl N L E@o,».e«ﬂ) 024 - L) 2|

COROLLARY [ WO
(A) N ZKXZQ —3 k.
(2)n (%szq 0 ( ZKXB% ¢ By-g
(3) cap pEroduct on the el o} chains [cochaing
INAUWLA (Y oro dunck
N - HK(X R)xHE(x'R) —9*—\k_\(7<;R\ |

Wuda 18 R-linuar v @y vaaaldg. .
PROOF
(1) From the relakisy 3(3np)=x@60P-¢nst)
it follows Fhok e Cap produck 5,3 o
oyl & g lowmd € is a de
Bt %=0 Hhun olcnd)=tl306¢) so
the wp pw&mk«ﬁ};&%&m&
CD\OOW\@Q 1S & \oot/w\c&ad-

= 9%=0 ,’a(?;n‘?\=t 360 <o
the wp prduck of & undeny omde @



oude n o boumd@vbt.
®) s o COnSLP WAL oy DO, %
Relaoe forms of the cap poduct
oo exisk
e (o R)IAHE (0 R) SsH__ (KA R)
He O A R) x HE (x A R) Dom, (R

PROPOSIMO N (NATURAITL. 0F N0)
N W nadureld Wik Maps i
e st Hak ¥ spaans X4 x4

GeH (W) dell () we nawe
P ()0 =2, (o n B 09))
H(0) x11e() s K, (%)
fe | TF* L5
H LD XU O j ()

Exoxuse .



EXAMPLE: SURFACES

Foy n-manifolde Yok hast. the
Arugture & o N-comyplix - U haue

o explicit covutruckion fpr o fundementa)
class Conside, T 3% W Z- caf%&icwv\‘i:

comboinahion 2 Ki6: of the 0-Simpites
6. of M, Bec\@w e undament o\ ahasd
mops o o Qunerster o} WM Z)
for points Im Y Imierior of e 68
Poch ooedident muk oe L. The K()S
muot 0doo e Audh Yok 2KS; 1S
O (CA&C)&Q-. =S\L & 8@'\5 (e é’d S
o ommon [(n-1)-aim M,MMQ

5, alwesp

Ki dutormines K, & Vi vevsau. © ks,
X@M%&m QJ\QI‘(‘



DR\ENTARLE SURFACES

X=nT
X:LM‘%UY\/N Oz
\TQ/\’\'\U/B : DANPZN P‘—k ) A Pg
b
7 J 1
P 33‘«> P
AITRAL v ay

PD-H (%) =H (0 () oD o
Lx1-[T], T4+ 8,68,
Q/\\r\@ah‘rg
Tod, - 3L(\o<,\ - (2, 168)416 01 = L b,

A ()3'\ i\ B Z’.’)D (b/\: B hwsU’o \P@> ésu)m?s\: ~1-ay

Lingari
T-)D \“6 %Q;ormdﬂ&s\\a ;
PD(; 1) -Lb ) e loops d; 20

L/ e homoopic &

?D ([b\]) :—[.QJ Ao o Yy Loops

> xa,



NON-ORIENTABLE SURFACES
(Z,- orientebe)

X¥mP mz24

X admits & shuchure of A-@mpﬁu
with  2m 2-simptits, Xzzm'%}n/’\)'

G} A Qg
P
3762 *Q,
TR ) s
d O(/' a4
Xy, ¢ >
Q, g >
A T A ’

ek : @ VO,V .~ Blap,
Z, ~ ot 51 cond [ ChLon 6or -+ 6am).
TAdy= ;00 = dy (2,12,3:1)8,(8, Qs
= 1.0,

tnd\l -‘—1-(“ (\J\"‘)Qt IS Q ?Oh \
Cral Gg o, %e&m@*f\c&\\j)
e o \DOPS WYUB owmo’ﬁDpic 19 O‘Z)



(Prmpanimg - ddfinitions 64 N amd.
Ut e Tak the comyposition
SO S  0) 900 TS0, ) =R

is He Aome o0
XA\
[ 85(5) x SUX)) XSy W= 558 (DR

Hona PO ndwms a Pairing

Hh&(x) xHk(x) =R
(B ) B(Exdaon) LR



