
 

warmUp List the elements of 4112

Find the order of each element

Draw the subgroup lattice

Def The
gyersotientfunction

is defined by

0 n a c IN 1 a en and godla n 1

Iucn

Facts If p is prime then 0 p p 1

If god m n l then

0 mn 0 m n



The Subgroup criterion

Let G be a
group

A subset H EG is a subgroup of G
if and only if both

H 0
and

For all g he It we have ghtelt

Proof F Suppose HEG Then eat so It 0

If g
halt then K Elt closure

under inverses so gh e It also
closure under

group operation

E Conversely suppose the two
conditions

in the theorem hold

Since H 0 there is some xelt
Then xx ee H Identity



For all he It since eett we

get eh ah s It Closure underinverses

Lastly suppose hi heh By
above hi c It Thus

hithi't hike It
closure under

group operation

So H EG Ba



CyclicGroups
Then Let G be a

group Then

a ah I kez

is a subgroup of G called the

cyasubgrup generated by a

Moreover it is the smallest
subgroup of G containing a in

that if HE 6 and a c It then
a E H

Proof We use the subgroup criterion

a I 0 since i e e a

If g h e a then g ah and
h al for some k l e21 Thus

gh ah at and e a



So a EG

Now suppose at It for some

subgroup H EG Then

a e e It Identity
ah e It for all heIN closure
a EH Inverses

a
k theH for all Ken closure

So a E H
B

Note In an additive
group

like Zork

a ha I kez

Ex In 21 n nk f n

Ex In 21,0 17 21.0 427 0,2 4 6,8
5 0,5 etc



Ex In U 12 217 13
157 11,5
7 1,2
117 1 11


