



































































































































Groapiheory.fthc.la

I Moreaboutoydic groups
Recall G is a cy p if G sa forsome11 a C GanINEZ's

Prope Every subgroup of a cyclic group is itself
a cyclic group

EI 6 2 subgroups are q3 and ME all
so an cyclic

G 214 subgroups are cozy so
subgroups

TOBEY say t
Ed ET 533 517

Proof let G sa be a cyclic group
Let AEG be a subgroup

If H is the trivial subgroup then H Ee3 ce done
otherwise I ah E H with a.k e

note a k fate is also in so w mayassume k 0

Claim HTV where m ruin k a
k 43
k 220such an m exists bythe well orderingprinciple abovenote

Proofofclaim

fz since am EH we also have Cam e H pbzfdpfaftx.me

E 4th EH Then heG Ca so team frsomenez
Write na ng tr for g re Z o Er me

Then a m9 m 9 E Lam EH






































































































































H 3am a m9 an m9 ar
I Tt

r 0 Concern is smallest Kao
SI ate C H

s N Mq

h a fam 9
C can

TWSP im.amxq.codIAbitpEfphps
G XGz i az 1 a C G A CGz

with az Cb bz b a bad
gptnopong

gpop ma tgp.op.MG

eg.az ZxZcRxR
9 this p

2.4 25 04,81 334,023
left.IE fEuBEfI 8elements male
Aft Xz
4 0 ez ED

Noten If Glen 162km then IGx6z f mins
or 191 421 191 TGI

Question Tf we know the orders of all elementsin a pair of fruit groups G and 62
how can we findthe orders of all elements
in G xGz

Proof If oca.tn and 0cal nz then

0cal au lcm myna
thatis locai.ad ecmcoca.ca






































































































































Proof Suppose bank e Leben Then
1 I eaI

Recall
locqag miu e o ad

also
go.ggEmnEmmhi4k taiaEeeTj A

Hence Inion by
oaf take and Prop lasttime

recall in general if bike and ocb n then nlm

ecmcn.i.ms kCbydefzfdfgm
oCai a4 ecmLnnn4 by y ka

E qG Z4xZ whatis of y g ecmGD 6
0CEdu 2 082161 3 063 7 2

How about 04274,5336 Ecm L2 21 2

6 22 214 212 Q
Ca 1 2

24 at 3yE37y_
0cal I I 4 2 4

21224 AQOtCE.CC3Oca I 4 2 4 2 4 2 4

Remarle The lens and god of Twintegers are

relatedbytheformalamyygcdca.bs.ecmca.sk
EEIIJEIIzThis canbe shown for instance once we know the

prime factorizations of a anudb
a p4 pink
b pR pupa

Fed b e Pfm P peminka.pe

8cmCats pmM9BD phhaxcak.pk






































































































































IRIteglah.uslets be a set w equiv relation N on it Recall
satisfies 3 properties
a reflexivity a na

Ha b CES2 symmetry anb bra
87 transitivity amb bae are

Let Ea b E S n bra be the equivalenceclass of aaed Sfu equivalences classes ofelement
Wethen have a function S t she

a 1 3 EAT

Visually s s 2 notok
it

she

Example On 21 define for every in the equiv
relation a b if n la b Then Zen
is the set of egnir classes

eg 1 0915 45 6 Z

K 1 fit
EE TH Zz

trop a Eta
G a cub Ea Eb
3 Tan 47 10 Eat151

Proof anacrelhEIithaeta
E E suppose anb Then

XE a Xna Ifan XNb xEcb
he andtransitivity






































































































































simlarly xectg IT'x'cTEa'T t Thisshows aadd
Cbysymmetry

suppose EakET Then ages 17 5 an b
by

Suppose Eid 7 0 Then 7 x cEAT ncb ie

X EEa and a Eb i.e Xna and xn b

Efmuetyan and Nb Efunsmiganb EHR

HUEY or defines a partition of s into
disjoint non empty subsets of S whose
union is all of S n

S Heat
EXTE

Here for a function f S T and a subset Act

f fA7 seSifGeA
I mp
Deflpropy let HEG be a subgroup of6 Define

au equiv relation on 6 by selling for a BEG
ants a'b e H

Verify that N is indeed an equiv rel
a aa EH since a a Eee H
2 aab b aub abt c It Caf 5 EH bra

bat
G anb bnc a abtc H bi EH






































































































































Cab D Cbc 1 c It arc
11

A T b E a e c eat

To be continued




