
 

AUGMENTATION

Let X path connection Xe X Then the

augmentation is the map
Ey S x S x defined by

Ex 0 on Si x ti o and

Ex E M X Efx Xo

Ex is a chain map

LEMMA CONE CONSTRUCTION
Assume X is contractible Fix X E X

Then F a chain homotopy

D Dx x S x 75 x 1

Sit Do 2D nil Ex in particular

Hi x O ti o

NOTATION
for a chain complex C denote by Ed
the same complex but with a shift in degree



CEA Citd and the same

boundary map
If D is cohomologically graded Dea Dtd

PROOF
is constructed using a cone construction

and a homotopy

F Xx 0,7 x with F lx O x

FG 1 x TX EX D8

Recall that one canonical construction

of the n simplex On is as the set of

points

on Enotieil Eti 1 ti lo ti

ERM

where G en is the standard basis

in Rna With this description we can



regard It t tn as coordinates

Dn In particular the faces of On are

given by ti o i o n and the

vertices are given by tix

Given a singular n simplex Gion x
we define
DC to Anti F ZHILI to Onn X

Observe that the face On too Conti

is mapped onto 2Con and the vertex

to I is mapped onto the contraction

point X If 6 has degree 21
one can check that

20127 6 D 22

and if 2 has degree 0 then
2DC G Xo

where we identify X and the O simplex
with image X E X thus



2D D2 l d E
where E is 0 in nonzero degrees
and ECE ni bi Enix can be

identified with the augmentation

map in degree 0

THEOREM B

F chain map Q S xx 1 5 x S.CI

defined bspaces X I which is natural

in X I and Sit in degree D we have

Axe X yet O x y xox g
Naturality means t maps X X

I Y we have a commutative diagram

S xx S x as 7

fig I f fro ga
S x'x7 s x 5.111

Additionally Ja 00 02



y
LEMMA
Let X Y be contractible spaces X EX YEI

then F a chainhomotopy
E S x as 7 Sfx aSLIDE

between Ex Ey and idoxied In particular

Hn Sfx 08.1771 0 An 21

and t O chain Inx y xoxy
we have

EnxyExoxy Eng xoxogo

EXERCISE

Let A A A A B B B B

be graded home Consider homomorphisms

of lo g og f og flag AOBAaB

show that

of lox g og
C 1

f 19
f og flag



PROOF

We'll use the chain homotopies

Dx Dy between rosy Ex and

libs y Ey Coming from the
fact that

X I are contractible

E Dy aid Ex Dy Recall the diff

d on S x ox s 7

d 2 0 id tidaisy we use the Kostal
sign convention

Edt de DxQ to Ex ODy 2 0 id tide

2x 0 lot ed o Fy D O id Ex ODy

Dx 2x Q id Dx02g Ex 2 ODy
Ex Ox Dye2y 2x Dx Quiet faxEx ODy

Dxday Ex Ox yoDy id Ey aid

Ex Ok Ey it o id Ey id

Ex Oil Ex O Ey



it out E Eg

It follows hat id aid and Ex Ey induce

the same maps on homologygroups Since

Ex is 0 in all degrees but O Hi S Dos1770

to o In degree 0 we get ExoEy lid so

DM


