
 

Lasting
4 G G homomorphism

Inge of 4 441g get

Kernel of 4 go 61 41g 1

imч с G Ker 4C G

subgroups

4 injective Ker 4 413

if G G finite G im4 key

will use this equality

today



Homomorphism

Last time we also constructed a homomurph.is

4 S 53

Let me recall the construction of 4

every element of Sy acts on the

set П П П where П 123043,43

Па 1,340 2,43

Пз 1,44042,34

do you understand why

So we get a homomorphism
indeed a homomorphism

54 sina.ms 3



For example

П 112
123

Д
12 53

Claim 4 surjective

Roof goal check that im 4 53

group

Enough to check that inl routine general

of 53 Recall that 53 generated by

121 1231

9
all ready know

that it lies in
the image



Remains to check that 123 1m14

Indeed П t Па

234 Пан П

Пнп

ТЕ
So 4 I surjective

Let's now describe the kernel of 4

kerr

Recall keru.tt u 1 и

So to describe the kernel remains to

construct elements of Su that act

trivially on ПП В



It's easy to see that these elements

work 1 1211341 131124 1141123

Ker 4 1 121134 131124 141123

9
do you recognise this group

that 2 122

Normalsubgrou

Insomesen.se one can surjective

homomorphism 4 G G as well

as A from knowing the kernel here
as с subgroups of G



We will discuss how that works

First step is the following observation

Et evers subgroup H of G can be

obtained as a kernel of some homomorphism

4

Only normal subgroups can be obtained as key

Definition HGfeaeiftge.ci hilt

we have ghg EH

Clas kerye.is a normal subgroup

ft take bakery get



У ghg 41g 414 41g

41g 1.41g 1

So ghg Iker 4 д

Examples

If G commutative then Iy subgroup of

G is normal

For G S we have 6 subgroups

451 me13

1 12 1,11313 41,123

1 123 132 As 53 has 3 normal

subgroups
53 V



Note A indeed can be realised

as her 4 where 4 S 4113

6 Нет

Idea later will become thin

if 4 G G and H ker 4 then

stent has a slap structure

1 G G Н gH get
Iso of groups

2 4 identifies with С ы С it

д дй

before proving this result let's discuss

a notion of a cost



Coe

Let Hof arbitrary subgroup get

then gH Ight hell is called

left corset

Note that H itself is a left co set

for 9 1

We can define an equivalence relation

on G a b if a b H
Й

beat



Note that has the following

properties

i if arb brc are transitive

ii if arb bra symmetric

Iii Ана reflexive

Roof
Start with i anbaa tbe.tl

bae be EH

a b Бс EH

are a c



Now part Iii anb tatbe.tl

Баен

bra

Part liii a a because a a 1 4

Lark if relation on some set

satisfies lil iii iii then it is called

exertion

Ferne equivalence relation on X is

the same as partition of into a

disjoint union of subsets



Going back to the case X G and

given by arb beath we see

that
equivalence classes for are

cost ан

we have G Watt

Example 6 53 H 1,11213
у

have the left corsets

H см млн ее ВАН

indeed planitia 1111321,1232G 53



We define

G н 9419 63

set of equivalence

left

Late G was a group but

G н may not have a group

structure it's just a set

It's tempting to say that С и

is a group with a product given

by all bH авн



The problem is that this procedure

is MI well defined in general

Example G 53 H 1,11213

123 Н 1132 И Н

1 Н 132 Н
12TH

problem

Claim if HCC is normal then

G н has a group structure given

by the formula



proof

Need to check that the product

is well defined

In other words need to check that

if air bi aan b aidan bib

Indeed b a h ba ash

I I
for some hi hr EH

Then biba a h arhr

a.ae ii
Н use that

H normal



Upshot HCG
subgroup

Can form С 11 set

becomes a groups if CG

normal

Example 6 53 H Аз 1 1231,1131

Then G H consists of the elements

Н 127th
1 12TH

15 а is of I
groups 1 1



If H СС then by definitions
normal

4
G Ст H

surjective hmm

д gin with kernel H

Exercise if 4 G and surjective

homomorphism

G G H after this identification

И becomes G n n.ci Has above

Upshot surjective homomorphisms G G
БЕ

normal subgroups HCG


