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Today We discuss the

simplest kind of subgroup .

These are the ones "generated"

-easibleelementa
group

-

Let XEG and n
,
meZ.

n + m

Then
,

x
*

x
*

= X

of:

Note that

xx = ex = xm = yo
+ m

n + 0

x"x = Xe = x" = X

So we can assume n,m 0.



Let a >0, b > 0.

Then,

x
* x =(x) = x

xXx
= x

a - b

XX
( - a) + (- b)

x*x"= (xx+.. x )(x-x] ..
x) = X

--
a times b times

#
-



Htheorem : Let G be a group

and XEG
.

Define :

H = 5x /n = 2)

= ( ..., Xx,
x , x,x,

x
,

x...)
= E ...,

(x), (x), X , e
,
x

,
x

,
x,,... )

Then
,

HG .

We notate I by<x
and call it the Cyclic

subgroup of G generated
--

by X . It is the "smallest" subgroup

G that contains X .

-



Iroof :

De = Xo is in H
.

② Let a
,
belt.

Then, a = X"and b = x
*

where n. R EZ.

So ,
ab = x

*
x
*

= y
,+ nz

which is in H.

③ Let Cel .

Then
,

c = X"where neX.

So
,
c = (x4) X

* H.

⑭



HConsider the group

*

IR
*

= IR-503. Then, IR

is a group
under multiplication.

Let X = 2.

Then,

=52/ne

= S ...,
23

, 22,
1
,

2
,

25 23, ... ]
= d ..., (E) at t 1

,
2
,
2
,

22, ...



[2]

R*

-itemen-

# Consider the group

Under addition .

Let X = 2
.

3

Here A means a + a + a .

Then,

(2)
=S...s

-2-2-2
,

-2 - 2
,
- 2

,
0

,
2
,

2 + 2
,
2 + 2+, ...

M-

- I "Powers"
"powers" of I of 2

- 2

identity

= S....
-6

,
- 4

,
- 2

,
0
,

2
,

4
,

6, ... Y



-hichisthesetoteveries
a

·

additive group is

3 a for a +at a .

-

In general
ini

we get

< n) = S ...,
-n -m

,

- n
,

0
,

m ,
n + n ...)

= E ...,
- 3n=

2n
,
-n

,
0

,
n

,
2n

,
3n

, ... 3

= Skn/ke2]



<n > is a subgroup of

under addition .

We call it n.

For example :

32 = (3) = 5 ...
- 9

,
- 6

,

- 3
,

0
,

3
,

6
,

9
....y

-22
= (0) = 503



↓

let : Let G be a group

and XEG .

If there exists a positive

integer m where xm = e
,

then the der of X

is defined to be the

smallest positive
integer

↳ where X
*

= e.

If no
such positive

integer m
exists,

then

we say
that X

has

order
finite



Ex: Us = [1,
9

,
5593

,
9"

, 933
245/6

and 9 : 1
.

Where S = e

Wo is a group under multiplication

with identity element 1

.

Let x = 3?

Then :

x = 5+ 1

x
= 1942 S+ 1

x3 = (94= 9= 1

Thus
,

the order of x = 92

is 3.
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entityMeeration= +

Ex:

L
&s

= [ 0
,
T

,
2

,
3

,
7

,
5
,

5
,]

X = 2

Find the orderof, of I are :

The positive

2T

2 +z = T +

z +z +z = 5 +

z + z + z + z = 5 =

-
4 times

The order of I in Eg is
4.

What is the order of



5 in Eg ?

=R-Gob is a

group under multiplication.

Identity is 1
.

What's the order of 2 ?

powersof 2 :

positive
- there is

2 + 1 40 positive

22 = 4 + 1 power of

2 that
23 = 8 + 1

& ives the

&

-

↑

I
identity

: C

So
,

I has infinite order .



Are there any elements of

1
* that have finite order ?

I has order 1 (its the identity

- 1 + 1

- I has order I since

(1)= 1
.

-


