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Section 7.3

SubgroupstsfnA subset HE G ( G is a group) is called a subgroup if H is a group
Goith the same operation)

Gx GE G
,

he5 E G - trivial all other subgroups
are called prepay
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**

C IR
't

(multiplication of reals)
B C E ( addition)
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,
- is a IR
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(multiplication ) hi
, -13=2- is

Th7.11 ( analogue of Th 3.6 for subrings) - esiteriou for a subset to be
a subgroup

A subset H of a group G is a subgroup if and only if
the 2 conditions are satisfied

(1) if a.LEH then ab E H ( the subset is closed under the operation)
Gi) if ae- H then a-

' EH

÷

A family of " minimalistic" examples of subgroups
Let G be a group . and

let ae- G

Tf tl is a subgroup of G such that a H
,
then



byThall 4) a
"

E H h -
any positive integer

by Thall µ a-
'
E H

,
and

, byTh 7. 114) ,

a-
"

E H

Also a. = e E H

Th7.14 For a group G and any element aE G

La> = ha" I he%) is a subgroup of G

Pf - immediate from Thall

Terminology ; La> ⇐ G -cyeliesubgroup-T.fithere is ae- G such that La> = G then

G is referred to as acyeliegrouptdeueakLa> E G
,

the subgroup may be finite as infinite.

L2 S C 'Z cyclic subgroup
< is = 'Z seyelic group

For a e- G
,
the order of a denoted by Lal

is the smallest integer k such that ate e EG



Th7.15 / La> I = lat for aug aE G ( G is a group)

The order of the cyclic subgroup Eas E G is equal to the
order of the element a E G

Remark It may trappen that Las = Lbs while a # b

q× 12¥ - group of order 6
222=2 (mod7) 4=4 Cluett)

L2> = h 2
.

4
,
I b = 4 Cured7) 42=2 (weed 7)

23 = , Cueoott ) sp = I Cued7)24> =3 4,2 , lb 24=2 Cueodt)
( 23=245 - same cyclic subgroup 25=4 (head7 )

(of order 3) ' ' '

233=43
, 2,6 , 4,5 , I b = BI - is a cyclic group
-

A generalization of cyclic subgroups as minimal subgroups containing
an element

Let s be a subset of a group G

TL7.18 Let Ss > be the set of all possible products 2in every order)
of elements of S and their inverses

.



TY;" zs > is a subgroup of G
(2) If H is a subgroup of G such that Hos

then H2 Ls >

Terminology: Ls > is the subgroup generated by the subset 5

Remark 5 -- ha, by

(s> - the set of all " words
"

a word : ab a-Absa- b-?
. .

of finite length


