
 

Groups andHomomorphism
Dept Let G be a set A binary operation

composition

notation to
on G is a map G x G G

a b a b a b

Examples 2 2 I GLn IR x Gluck Gluckl
a b atb A B in AB

Fundamental Definition

A group is a set G together with a binary operation

such that

a b c a b c t a b Ce G Associating
Jet G such that ex a axe a Hae G Identity
Given at G F b E G such that a b b a e Inverses

We say G is pin it in addition

a b but a tf a be G

Introduced
groups

in 1832

Examples
Galois Abel

Abelian Groups I t C Q it C Qi 03 x fMu R 1

Ramzi V t

vector spaceVon Abelian Group Gluck x

Remark IF he satisfies associative and identity properties
we say it is a monoid

Example 7C x C Mu IR X

Group Monoid Inverse property

Prop n It G is a group the identity and

inverses are e



P Assume e e e G such that

and e a axe g ta t G
e a axe g

e exe e

let a E G and B C E G such that

a b b a e and a c c a e Then

a

Associativelyb e Cx l at b e

Identity
ex a b

c c
Inverses

e b
b a

Identity
II

Remarky Any deduction about an abstract group G

can only use the three defining axioms

1µm Given a E G a inverse at a and given ez

ar
a Cr times 7 zoo

a at C times if 0

Cancellation Law Fu Groups Given a b c E G

a c b c a b

1 at c b c c E b c c I

a excl b c c

Need a e b x e

alations a b II

Definition Let Git CH o be two groups

Tin From G to H is a map

1 G H such that t a b F a o 1C b Ha BEG



Examples i V W vector spaces 7 w linear

homomorphism 7rem V t to w x

T
z q Rank groups under Abelian groupsat Ca

Remax The composition of two homomorphism is again a

homomorphism The identity map is a homomorphism

Pmp n Let Git Hoo be groups with identities eat eat

If 1 G H is a homomorphism then

flee ex
765 x f x EG

Pryot
Flee e flee I leg eat Flee often
Flee e

C L

et X E G
e fleet Flax E 7640745

76 1 1
1 1e Flee ICE x 7 st o Hx II

Definition
1 a homomorphism and

F G H an isomorphism 1 a bijection

G H isomorphic Z F G 7 It an isomorphism
T

G E H

Intuition G EH
same essential group with

relabelled elements

tProblem
classify all groups up to isomorphism

Analogous to A Finite dimensional real vector spaces admit

a linear isomorphism to 12 n deinCV

coordinate mapping
after fixing basis


