
MATH541 Lecture 04 1 Feb 2023

Group Homomorphism Emorphisms
universal term for maps btw

structured sets
<between)

&et LetG, H be groups

Amorphism 1:GHis
a map ofsets

3.t,h(x)*HY(y)
=p(x*ay),vx,yzG

Recall:v. w are vector spaces
Then a morphism (aka linear transformation

D: V- W is a map of sets s.t,D(T +q)
=y(5) +G(F), VF, jeV

and f((x) =< p(*), fxeV
x(0)=

Similarly, 4(eg)
=exfor a group morphism

u(x+ ea)
=f(x) *y(ea)

H
Sey

=y(X)
Y(x)

y
-2yy(ea)

=

yy =y(ea) =e +1

(V, +) =abelian group
Rank:V vector space

:VW is in particular a morphism

linear transformation (V. +) -> (w, +)

Similarly, 4(x
- 3) =f(x)

1

x(x-1)
=y(x)n(x

-1)

2G

Lemma Say Y:GCHis an injective group morphism
a injective

Then Xrix...... Xn
= 1 in Gholds

if and only if 4(x11....(Xn)
=1 in H

-

4(x,..... Xu)



"Only if"-dee ofmorphism

"if" - G(x1...Xn)
=2 9(1) =1 injective

=> xe.... . Xn
=1

Revisitthe
dihedral group

-E Ds
=Ant (A)Ant(243)

24] =setof vertices

An automorphism
ofAis completely determined by its induced auto

on the setof vertices

Example induces a bijection [4] ->[4]

4

sA? F'R"
2

Y(r) =
(1234)ES4

x(s) =(12)(34)
Ip7*8s
5
-

2

↓ S y(s) =(24)

31Y

1&v
- 1

↑Mn
p(r% =(4321)

-(g) =p(h)Eg
=

h = y is injective

(34) *im(27
(123) Kin(n)

↑

image

Say n =

5

u(r) =(01234)

x(s) =(14)(23)

Verify the relation is:saidia
suffices to check Y(r) G(s) =4(s) (r

- 1)

b (< c is injective



G(r)y(s)
=(01234)(14)(23)
=(01)(24)

&
Y(s)Y(r

-1) =(14)(23)(43210) 0 - 8 0 +00 -4
1-41-11 - 0

=(01)(42) 25 327325 1
3 5 2

3+33+2

4
-14-4 4 -3

works ifI replace 5by any odd number


