



































































































































La
Lecture Basic Isomorphism Theorems

thine Defined normal subgroups generatedby aset

Left outs G L xH xEG xmy x get
Right HG I Hx xEG xn y e xg EH

Im If H A G then is a gyp under gH gH gg H
G is sp him with Ker G H

Cyclic groups their classification
Yingfinite 2

2
first counting lemma

TODAY nDiscuss 3 Isomorphisms in GroupTheory

sscfirstIsomophismthuum.Thiou
m.li Let G G be two groups and Y G G be a group

homomorphism Write K Ker Y A G H Im 4 G

Then we have a commutativediagram

Ii Yik 9 gk 41g

n man men mn
Moreover T is an isomorphism

Proof Define Y GK G by Y g K 41g
Claims Y is well defined g K gak 96 4192

Pf g K Sak es si's Ek so 4 gig ligaj41g je
Theis Yes 4192






































































































































Claire Y is a group homomorphism U E

BY Y Is K Sak 41gga k 41gga 418,141521 415 K 4192k

Claims 4 is injective

PY Y Sk e Yegg e e ge k e gk k

Claim 5 4 with range
restricted to HI Im 19

Bydefinition F is surjective injection so it is a bijection

Exercise Bijective grouphomomorphisms are isomorphisms Hwi
p

The other two isomorphism theorems will follow fun this one

I EthTm Tere Ime

ma
poop and N so a normal subspthen

i The assignment H e Hn is a bijection between

subgroupsof
GantainingN

SubgroupsofGn

ii Let H G be a subgroup containing N Then

H is normal Handily if Hln is normal inGN
Furthermore we have I 94 SH 9th

Prodof Let IT G Gnbe the natural surjection pick tKG

Claim If NE H then I H 3 h N HEH GIN

PH eg identityofGIN EN E IT H






































































































































K N han hah n thhath so law ofcompositionholds forIT H

hN s h N the H so I Al is closedunder inverses D

For the amuse pick IT Gn a subgroup let It It H

Claim H G is a subgroup of G containingN IT H IT

PH N IT'TCan Ker IT a I F Ight
Bydef H 3g EG I g Et Wata HCG

eett is dear since ee NCH

9,192 EH I g ga IT Is Tig E F HI
so 9,9 EH

get Tig's Tig e I I g eh

Finally IT H IT bythe surjectisity of IT D

Roof HI Fix Hsubgroupof G with NCH set I Ily tyn

HAG ghg E H UgEG then a ghg Nett tgt6
af I NEH they

GNINH NI et tget theH e FA Gn
To finish assume N C H N A 6 HAG Then

G 5 G F
My

Thot
Y is composition ofsp homomorphisms so it is also a gp.him

Y is surjective ampofsurjection

RIH 4 g e it g etynegnetyn






































































































































29

gN hN for smh e gehn EH
NIH

Now by 1st Is morphism Thin G F Mirin p

Asides frm the proofs of both 4 ii

Irl For any grouphomomorphism 4 6 762 if H G is asubgp

then 4 H Ga is a subgroup

Inopz For any grouphomomorphism 4 G 762 Nat Ga
then Y Nz A Gi

BT hidIsmophismthm

I Let G be a group HCG a'subgroup NAG Then
i Hh N C H is a normal subgroup

ID HN thx heh XEN CG Then HN NH
HN is a subgroupofG
iii N C HN is a normal subgroup

in Han HY is an ismorphism

h HAN hN G

Iv
Cartoon encoding C in H NINH

HCG
NAG

me In
HANI



Roofof Wantto show HAN AH Pickh EH xe HAN

Then hxh EH because HCG

hxh e N Nya
heh e HAN p

ProofofI We first show IN E NH Pick hx E HN heh Xen

Haine hx E NH Pt hx KEELENH r

Proofof NHCHN is similar xh high e HN
Claim HN is a subgroupofG

PH e e ee HN
Mix heXz hihahhaX E HN

EN CNAG

hx x'h E NH HN byClaim for all HEH XEN A

RoofofLEI NAG NaN C HN CG NA HN

droolof lis consider the compositionofgroup homomorphisms

H y.ms tjegHN N

Y is a group homomorphism

Chain Y is surjective

PH hx N th N b heh XEN 4th hxN
But LN ith

Chainz Ker Y HAN

PH he Kerl 4th é f identityof Hun Ghett
HEH e kN N heh he HAN

Then by First Isomorphism Thru weget Ign Hog




