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Cyclic Groups

G=<a>={

a" if () ex: U(10) =< 3 = {3" nez} = {3°,3'323" }
na if (+) ex: Z, =<1>= {nl : neZ} = {O, 1,2, 3}

Puapeities ef a Cyclic Groups

Propenties

Examples
ex:In(Z,+)V 0 #ac€Z:|a|l=0
Sofor23=2 < j=3

la| = n,then

{e,a,.., a1} for ()
<a>=

{e,2a,..,(n—1)a} for (+)

ex1:(U(10),.),|9] = 2,then
<9>={eal'}={1,9}

ex2:(Zg +) 12| = 3 then
<2>={e,a,2a} ={0,2,4}

laj=n = a'=ad < nli—j

(Z6' +) |2| = 3'
2(2) =4,202) =4
then 3|2 — 20

lal = |<a>|

(Zg,+) |2| =3 then
<2>={ea2a}=1{024}
|<2>|=3

lal =nanda*=e = |a| | k

(Zg,+) |2] = 3 then
6(2)=0,12(2) =0
= 3]6,3]12

Let |a| = n,then < ak >=< q9¢4®b >

‘| And |a¥| = - d’(‘n’k)

la] = 30,
then < a%® >=< a? >
since gcd(30,26) =2

And |a?%| = 32—0= 15

Let |a| = n,then < a' >=< d/ > & gcd(n,i)

- =ged(n,j)
"|And |@'| = |d/| & ged(n, i) = ged(n,j)

From ex.6 above,
la| = 30,
then < a%® >=<a? > =

gcd(30,26) = gcd(30,2) =2
And |a?®| = |a?| = % =15
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8. |Letlal=n<a>=<d >< ged(n,j) =1
And |a |=|<d >| © ged(n,j) =1

KAU

Examples
(U(10),.),19| = 2, then
<9 >={1,9}
ged(2,3) =1 =< 93><9>
<93 >={9%,9%"} = (1,9}
9 [=]<9°>]
ged(2,5) =1 =< 95 >=<9 >

the number of elements of order d
is divisible by ¢(d)

9. | kisageneratorof Z, © gcd(n, k) =1 Find the all generators of Z,,?
Zip=<1>=<3>=<7>=<9>
10. | Every subgroup of a cyclic group is cyclic Clearly
11. | |G| =n,VH < G, |H| | |G| Lagrange's Theorem
12. | |G| = |< a >| = n, for each divisor k|n U(10) =<3 >,|U(10)| = 4,2|4
G has a subgroup Hs.t.|H| =k so 3 asubgroup H of order 2
and H=<a'k> and H =< 34/2 >=<9 >={1,9}
13. Special Case of 12 for G = Z,: 1Z1p] = 1<1>|=10
as 2|10, and 5|10
|1Z,| =1<1>|=n,for each divisor k|ln, |3 asubgroup H of order 2
Z, has asubgroup Hs.t.|H| =k which is
and H=<m/ > H=<10/,>=<5>=1{0,5}
3 a subgroup K of order 5
which is
K=<10/.>=<2>={0,2,4,6,8)
14.| ¢$p(n) = |U(n)| _ _
= number of + ve integers $(10) = [U(10)] = 4
less than n and relatively prime to n.
15. Gl =|<a>|=nifd|n, then Ex: Find.the number of elements of
order9in Z-g, Zs056 ?
the number of elements of order d = $(9)=6
= ¢(d)
16. | For arbitrary group G, |G| = n,




