
 

Subgroupsofcyclicgroups

Let G a We know that every subgroup
of G is cyclic Lecture 11

So if HE G then H ah for some hell
We also know the order of ah Lecture 12

In combination we get a full classification

Thy Let G a be a cyclic group

If lat o then ah al if
and only if k l

Hence a complete list of subgroups of G
is e a G Ga a2 as

positive

If lat n e IN then for each divisor
d n there is a unique subgroup of
G of order d namely an'd



Moreover these are all subgroups of
G since ah agdlh.nl for all k 2

Proof Suppose lat as and ah al
for some k lek

Then ah e al so

ah al alm

for some me 21 Since lat o this

implies k lm so l k

By identical reasoning tell also
Thus k th

Now
suppose lakh and din

Since godl'd n d we have

and an'd Fayed
proving

existence



For uniqueness suppose HE6 and
lit d Since It is cyclic H ah

for some integer k

No
d H 1am glacis

so god n h nd In particular

I divides h so x e x d

Hence
Xk E x d

Since these subgroups have the same

finite order we have x x d

Finally for any
k 21 the

equation

tall gta
shows that fall is a divisor of n

Hence by uniqueness ah anta
agedChin

On



Ey 21 is an infinite
cyclic group

so its subgroups are

03 10
21 I

221 127

321 23

LZ k
KZ Elz 11h

Lattice Z

221 321 521 72

421 621 921 102

821 i s i s
i i's



Ey 2120 Divisors of 20 are 1,24,510,20
so the subgroups are

7 4207 107 0

E 10

E 5 15

E 4 8 212 16

E 2 6 14 18

38 17 21 3 77 49
117 413 177 2197

E 18 d Id

E 1



Lattice 2120 41

2 5

Y 10

20 0

Corresponds to the diner lattice

20

10 4

5 2

I


