
1st isomorphism Th .

Let fi G → G
' be a gp horn . and He Ker 9

Then f : Glu → fecal
.
GH i-7 @ Cg)

is an isomorphism .

Rule . We have the factorization
G → Gay Es goG)↳ G

'

Pf. D E is well-defined
If all-- a 'll , then a'= ah for some h .

9 Ca
'

1=9 call = gca , geht BCal.
② 8 is a gp horn

@(Cahl (but I = 9 Cab 111=9 cab)=@calf Cb)

Cattle cloth
#

③ E is injective .
kerf = fate I flat La ' 3 = fly }

④ f is swj . follow from definition II
.

This result is very useful in establishing isomorphisms.



Examples . D Z → In ,
ktkwrdn

.

Her = na.

So 242 I Zn
.

② IR → UCI) =fZ C- 6×112-1=23
t ↳ ezait .

Ker =3
.

So MIZ E UCH

③ Ex → IR
"

.

Z t> HI .

Ker -- UCH. linage = IR>o .

So

G×/ucz ) E IR>e
.

④ Glu# E
.

Ats data.

Ker-
- staff

.
So Gluck Ishi FIE F .

Direct product
Def let H , k be gps. Define Hxk direct pundit .

( h
. let - Ch

'

,
lil := Chh

'

, Kk
'

)
.

Prop. Let G= Hxk . Set It fch.es/hc-H3aG.

The

Gini Ek .

Pf. G - Hxk → K
,
Chik ) ↳k .

swj . Ker = LT. So GATE K
.



In general II Gi divert product .

If Gi abelian
,

then one may also write

II. Gi instead of ÷
,

Gi

this is direct sum .

④ There is a big difference between divert sum and

divert product when co - many factors involved

Example .

The Klein 4-gp VE ZzX Zz
-
abelian

,
not cyclic .

InXZz E 26 hey chic

Prop . let G= Bmx 2n .

Then the order of CI
.
D E G has

order Lcm cnn.nl
.

Pf . let k be the order . Then k is the smallest positive
integer St . h CI

,
2K le. 07

,

le
.

h Im =D in 2cm

and k - In = O in Zen
.

So m Ik , ul k .

Thus he Lcm cnn.nl I
.



Cor
. Im X Zn is cyclic riff cm

, n 1=1.

Pf . ⇐ CL
, 2) has order Lcm cm

, nk mu .

Se it generates the whole gp .

⇒ tf ca
, b) C- Bmx Zu

,

Ccm cm
,
n) (a.D= 6,07.

So cyclic ⇒ (concur , n) = run .

I

In general .
Prop . let Cai

,

"

; an) C- II
,
Gi

. Suppose that tail - ri .
Then ( Ca. . " ; and I = Ccm cm ,

-- -

, rut .

Pf. leaves as an exercise

Structure of f. gen abelian gps
The Fundamental Th of f. g . abelian gps)
Every f. g -

abelian
gp G is is . to a direct product of cyclic

gps of the form I ×Zpieixrnxtkpnknfreefinfiuitetorsion / finite
part part

where pi are primes (wt nec. distinct ) and Ki C- Bye
.

Pf. Later ( as a special case of f. gen nod of PID)



Rink
.

r EIN is called the rank of G.
m=p ,

K '
.
. . pnkn is the order of the torsion part of G

.

The above theorem implies that for m=p,

"
. . . Pett prime

{ finite abelian gp of order in} / iso factorization
I with pi distinct

.

{ partitions of Li for each i 3
to = lo ,

t - - - + Li ji k→ It
,

CZ
p! " X - r - X Z polio: )

Example .
.

Ah abelian gps ( up to isomorphism) of order 60=22-3.5
are

24×23×25 and 22×22×23×25
22

22%60ZzXZzo
Another classification result .

G E Z
"

x Zd ,
× Z da x - -. × 21 die

.

where d , Ida I - . . Idk
.



The correspondence between 2 formulations

¥ DID
30 2

.


