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Recap : grong 6-set
w/ associate

"multiplatication," identity element, inverses

Exi Bravers lattice=E It linearly independent12)
· -binary operatio

t

&

- Get is the identity
·Ent set

Subgroups i HSG of HIG and His also



a groug

(Note
: Every grong

has at least I subgroups
GSG - the whole group ↑SESG "trivial subgrang

H Elig : I hel

partition the group G:
Hi
S



Define :Conjugation by gi6

C .(g)
:g> g .. g

.g

We say
two grong

elements 9
, 19266 ancomugate

there's some gatG S. t-

Cg(9) = ggg In

=g
2(g) = [5.99a/ga* 6) - Conjugacy class of



g = Sall elements conjugate to go

If a -g , bg ,
" and big,g,

=> a
= 9

,
/5,19:/9,

"

= 19 ,96c /9 ,92)" a conjugate to b and
b conjugate de (=) a

Conjugate to C

Given a subgrang HSG and ges

9.Hg" = Eghg"(heh)



gHg" SG conjugate subgrand

Def HSG is a msubgroup of gig" = H
for and go G

Hg = gH
we write this as I 56

CH +G and Hnormal It DG

Example : 15 Dravers lattice #= Seaylnet an e



A -

-

H = (3nay(ne2))

H + 50, Say, tas ,--

Hay = Say ,Tay,Lay--) = [Butayle*S
H+ Zax = Slay , -af, Saty = SBmt]aYImeT

T= HU ChaUn



ConjugateIt bynay
nay +H + ha)" - [*+ 3may -Lay Inet/

- H

- Wherever a groug
is abeen

(the binary operation is commutative, all subgrays
are normal

Slightly less trivial example :

Symmetries of a square



ge
notatea

180
°

rotation =C2z
~ 2709 rotate = Cit

E
& : mirror reflection

(8,My,y ,Myy ,My+y):
Gaz , Ge/G,

Myryi A-y

pantgrog tum y ->X

Mytyi Xr] -Y
y- -X

Conjugation : CtMyC = My



Subgroups : [E, MyS < turn
not a normal subgrag

O 55, Mu,My ,CeB tum
Symmetry graf
of a rectangle

normal subgraup
-

For normal subgrays , the product of the right cosets
is also a right coset

H8G is normal



Hg ,, Hg> are right costs

Hg, Hen = Eh -gihsel , L'eH] Sh = hig,
Since Hnormal

- Ehh" 9 ,92 14,4"H3
-Ehg

,
9 elheH

- Hg ,92

HE- Hig= Hs
,

the subgray aets
like thedutityHg, Hs, = H



= For normal subgrags, the set of right cosets
& H , Is, Hg--yHgd forms a group!
The gorgegroup G/H

⑳
Hs, How 8

G 6/H



Exi 10 Bravers lattice T = EnayInet)
H + 50, Say, tas , -- -) -- Braynety
Hay = Say ,Tay,Lay--) = [Butayle*S
H+ Zax = Slay , -af, Saty = SBmt]aYImeT

H + H = H (H +a) + (H +ay) = H +2ai
(H+ay) + H = H +ai (Itaq) + (H+ 2ay) = A+3ay = H

#May+ H = H + 299 # +La + (Hay = H+tay-May
H [0]



HaY-(1)
H +La -22] #2 integers

w/addition mod 3

In quarter mechanies

0 : 6 + k
↑ ↑

group
of syneties unitaryoperatesaa

Di g-> big)e



subset of functions & compatible w/ grang multiplicate
breig)-prsydist homomorphism

GeEg-identity in 6
K7 Er-identity in K

Example: T= Sanities
K grong of unitary operators on

T
warefactors Yr
bre



: -itay momentum egerator

Given y :GtK

In() = 54rg) /ge6)CK image of &

Ker( = 591419) =EKS CG Kernel of a
Ker Y

⑳J

G k



① Iny <K is a subgrag y(s) 499;%=yes
EK = Y(E) e Inse - Ek

of Keiuld KeimY
↓ ↳greeKi = er9,

Kik-gr3 4132) = gre .94 e In fe
↳ = e(3) + K, = 419)"= 419,) e Eure



② Kery -G is a mmmalsubgency of 6

Pfi Kery 56 9
1,9ekery

essi9 = erg) 449-EEk
S .2Kery
EgeKery
Erg :Er Pret[yEr

② gekerp ge6

gigg't Ker &



Prggg"y = y59 %494597 = Ek
Ek

isomorphismtheorem : let 6 , K be groups,
g : 6-k a homomorphism

%Kery is somorphic toIn Sep
↑

there exists a I-to-, Invertible homomorphism
between them


