
 
Nmcyclips

Cyclic subgroups of a group are those generated by a

single element of a group but we can also look at subgroups

generated by multiple elements

Let A E G be a subset of G The subgroup generatedby A
is defined as thesmallest subgroup of G containing A More
precisely

Def Define A NH This is called the subgroup of GAEH
HEG

generatA

Recall from theHW that the intersection of a collection of
subgroups is again a subgroup so A E G

Note that this is very different from how wedefined a

for a single element a c G In fact these are the same

Denote A af an aiEA ki et nzo where the Ai are not

necessarily distinct

Chaim A A



PI If H 2A is a subgroup of G thin af ante cH since

It is closed under the binaryoperation Thus

A E A

AEAT so we just need to showA EG I c A so it's nonempty

al ankh bit bemm c A Then

a ankh bi bienm at antenbilm bilm c A
so A is a subgroup that contains A so

A E A A A D

Ex In 53 what's 12 23

I 2 I 23

I 2 2 3 I 2 3

But thin 12 23 has order at least 4 and it divides 6

so 12 23 S3

Ex What is Cs r2 in Dg

s r2 sire I E D and it contains s r

It's the smallestsuch subgroup since Sr s v2

s r s r2 sr B



For abelian groups it's usually easier to compute subgroups

generated by sets of elements since every elf of A can

be expressed as af ante the ai distinct by commuting
ai's

Lattices

Now that we know how to describe subgroups of groups in
terms of theirgenerators we show how to depict the
relationships among subgroups using a graph

We draw the atti bgwups of a group G as

follows

Each subgroup of G corresponds to a vertex l is on

the bottom G is on the top

We connect subgroups H and H by an edge if HEH
but there is no k s't K t H or H and HE KEH

Ex
128171 7 87 hassubgroups I

27 4 7 87 27

O



2 What are thesubgroups of Dg They can only have
order 1 2,4 or 8

The elts of order 2 are R2 S Sr Sr Sr3

The elts of order 4 are r r

The subgroup lattice looks lik

a
CS re r rs r2

l drafts Yasss res

is
3 Qr is more straightforward since i j K all have order 4

Qo

life
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