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Recall subgroups HCG

G H set of c sets

Example HC Sn H She
1

isomorphic
re Sn rink my

1 X2 Xh

G H X X2 Xn

sign to we.mn a
normal

subgroup if LEG LEH
ghg E H

Defn Abelian group commutative
group



G is abelian iff g.hc G.gh
hg.fk.tl21h21 1 Q 112

Example Normal subgroups If G is abelian
all the subgroups are normal subgroups

If G is abelian then

gh hg

multiply g l on the right ghg hgg I

4 ghg ish
G

Nonexample Perm
Hehe 17

H is not a normal subgroup

htt eu g fi D.es
ghg g sci D



g tis't h II
g I d

ghg
i

1,71 GH

H is not a normal subgroup

Prop T FA E The following are equivalent
ft H is a normal subgroup

II Define Hg fhg HEH left H reset
Hg gH kg EG

Pf II ft
Step 1 Hg Cag H

thy c
Hg he't

hy gg i.hg g.ly4g



911 11 9

Step 2 9H C Hg

ghtgH.net
gh ghgIgEHg

I I

get he H

ghg 9h gH Hg

So h EH sit gh big

ghgt hig.gt h.gg 1 h
EH

whatisgoodfornormalshbgroup.fi



Defn Quotient
group If H is a normal subgroup

of G G H has a natural group structure

defined by G H G H G H

GH HH gig H 1

When we write gH gH as a set does

j.fi

n.fi.ate

We need to verify A is well defined
For any input we get a

unique output

Pf of Efird
We need to prove

If gilt gilt 924 914



then gig H gig H

Example

t.int

ie

e
i

If we prove if g H g H
then g gzH gigot

and
if g H gift then

9.9.4
9,9inthen we can use

9,92h gig.tl 9 gun



Stop 1 9,4 9 t

g e g H g e girl
g g hi hi EH

compare Gigi and 9,92

qegihig gigugih.ge

gig gih.gr
Tin H because

itis
normal

gig H
gig H

Step 924 9214 gig EH
impure gigit SH 19 9,9 1



gitg
Then

g h g It because
it is

normal

g gin 9 9 H

2 n2 has h elements

4h2 14h21 24h2 in 1 nay
Itn t ith litj nz

Q what are the normal
subgroups of SgThere is a complete answer for all Sn

Ex UID EG 121 19
UN x is a

group



2C 1112.1 subgroup

112 2 V11

112 2 V11

0 0512710

Fisin 270

use e
b ed.es

A nature source of normal subgroup is

twin group homomorphism

Def homomorphism P G Gz

satisfies p ab Pla Plb
Php plea pleen

Php play pay

check



Def trip a Pla early

Php her f is normal surgroupof G

Imp is a
subgroup of

7hm I f Gi harp Imp
grompisom.ph

sit F atarp p a

Pf f well defined

a burp a harp verify

Pla plat

f surjective

f injective

I preserves group structure



for P injective if her p sey

Ex P IR Ex
a is e'Tifa

harp 2

1h V11


