
 

THEOREM UNIVERSAL COEFFICIENT
THEOREM Hatcher
Let C be a chain complex of free abelian

groups Let G be an abelian group Then

I a split SES

O Ext HmCd G H c G homHnk G 0

Remark In general I canonical splitting
I preferred

Shout review

There exists a map
h HCC G hom Mna G tn

which is surjective
construct a rightinverse s

Put Zn'tKer 2C Cn Bn 2 Cnn
A class d f Hh c G is represented

by Y Ch G at 402 0 i.e

Y
B
IO Y descends to



T 2hpm G Define LCD P
in
Hn c

he fits into a SES

O kwh ten c G than ChulaG 0

which is split
her h is not trivial example mp3

h H2 Ct hom Halo 2 has
a kernel M we will try tounderstand this

kernel
MM

I dualize
o e Zn't ent EButeo

of Ms Po
o e ZigongBE o



This is a SES of Cochain complexes
it induces a LES of Cohomological

connecting homgroups
g
is just a

restrictionmap

BYEZn't HRC G BITEznte 0

We can split the above sequence
to

0 3 cokalint H Cia Kerlin 20

Kerlin thom Can c G and

so we have a SES

O coker int HCCG homHnkG to

the task of finding Kerk has
been

shifted to analyzing Coker int



It turns out that this mysterious

term Coker int dependsonly on

Hn c and G M notation

Coker ont Ext Mnd G

UNIVERSAL COEFFICIENT

THEOREM FOR COHOMOLOGY

i
for Ext To understand it

in more

depth we look at free resolutions

A FREE RESOLUTION of H is a

chain complex F with degrees 20

Fz f F o together with a map

Fo SH s t



Fi is free abelian t i

The sequence Fz f F EH 0

is exact i.e the ch complex has 0 homology

We'll denote it by F EH
Apply hom G to F get

ft Ft Fo 0

Cohomology groups are tenCFG

MAIN LEMMA Hh CFG depend only
on H G but not on the choice of
F proof coming soon

every abelian group
has a free

resolution of the type OFF 4 so

v e with Fi O f iz 2

the only two interesting groups
are to F G H CF G



H CF G we can compute see

it is hom H G

EXACHG H F G

RETURN TO Coker int
O Bn Zn TH e O

is a free resolution of HnCc

got be BntÉZnt nom and G to

Half G Coker int where

Fa Zhi Fa Ba Fi D tizz

Ms From the main lemma it

follows that Coker int depends only
on G Hm C



Exercises

OCompute Ext groups

Ext 214,2212 Ext Eg Eg
Ext 273 IR Ext 272 QE
Suppose that X has integral
homology groups
Ho x 27 Mr x 24022

H x 2772027

and all other groups are 0

Determinecohomology groups with

coefficients in 27 Q R 218,272,273,25

Regarding 22 as a module

over the ring 2
construct a resolution

of 272 by free modules
over By

and use this to show that Ext E 22,22
is nonzero for all n



Let X be a topologicalspace Show

that H x 2 has no torsion

Compute the singular homology

groups with 2 272 of RP

and check the UCT


