
ele2 Announcements: Office his Wednesdays
↑ Se (starting 9/11)
-

Recap : introduced groups 6-set w/ associative
↑multiplication's identity element, inverses

Exi Bravais lattice T= &Ent: /Ei linearly independent
Nie2)

- closed under +"

- GeT is the identity
- Kit) = Ef1 Ei



Subgroups : HSG is a subgroup of
HCG and His grand

Note: Every group
G has at least two subgroups↑ · GSG - thewhole group ↑

· SECG "trivial subgroup "

We saw that the right cosets Hg = Shgi/helt
partition the group
Gittg vil6 : H/ nex of An G
i = &



Define cenjugation by 9: 6 Cg :

C(g) = g . 9g.
We say that the elements 91 , 96 Gave

alugate of there exists some gi s . t.

Gigi = 9 : 9 ,9 = 92

=>Gg(9) = g/919 : +91
#asof g : Call elements of CE(g)-conjugacy

Conjugate to ge



Conjugacy classes also partition the grong
& = g

,
bg;

1 b = g
,
(g;

a = 15
,92) c (9,96

(Note : not all conjugacy classes are
the somesize

Given a subgrang HSG , we can conjugate

Hbyge6 He gHg Sighglhehs
gHg" is also a subgrog - Conjugate subgreg



ef: Hisamsubgroup of 6 if

HEG
,
and gig" - H for all go 6
I

Hg = gH
gregorIt is a normal subgrey of 6 : H46

gHg = Eghg/hel
#86 ghg" = Let



Example: T = Eragnets a - lattice
constant

H = (3nay)ney)
&
HOT 3maye H

nic

hiy"-Brahe)-smayuny-ny
=3may



Cez-900 rotation about

I
Slightly less trivial example :

the originSimi
1800 rotate

Ciz-270
: retation

pt group Imm

[Cz
, My , my ,

ES Imm

CerGe =Ge



GmChemy

↳Gue ,Meye ,Stu
H & G 6- HUHg

,
UHS--- UHgn

↳ [H , Hsi , HS- Agnes forms a grong !

To see thes: (H9)/g ; ) = Eliging; /hi



Ho6 gihg With
ha= gihigi

IHs)(aj) = Ehihigis ; /h ,hi H)
- H9 :9;

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

CH(Hg) : Hg
CHs)/ =/Hsi) = Hei do I is an identity



elementun theSet of
cosets

for each 9 : 9: EHgj for exactly ene
9j

Hg = Hgj

CHg)(Hg) = Hsing= I
-> for anormal subgrag Elg : live, ..-

forms a group guarentgroup G/



H

6 ⑨HSs⑮
HS
,

HS2

6/17
G



Example: T = Eragnets a - lattice
constant

H = (3nay)ney)
-
HOT

cosets : # Soap , bay , "Gai
Hay-day,tai , Fax, as , -Sap,-
H+2a= [lay, Say, -- -ai, -tay,--



H + (Haw) = H +ap H- [e]
H + (H +2aπ) = H +zair Atay- (1)

(H +an + (H +ai) = H +2aπ HHLays [2]

(H+ au+ +2ax) = H + 3ay = H

u
addition module * - V the

grapfintgers w/additie
Mod3



In quarter mechanics :

d : G + K
↑ unitaryoperatorsgroug
of symmetries on space of states

dige drck

Special subset of functions compatible w/greug
multiplication

org ,9) = dis)big omorphism



EgtG identity i 6
Evek identity in K

homomorphismi D ) = Ek
ersf = [arg/)

-

Example: T bravas latter [51 :/ nee
K group of motary operators on warefunctions

Ysty



Printensiti unitary operation↑
on warefunctions

Given 4 :+k a homomorphism,

Furq) = 54(8)/ge) CK mage of y

Kerre) = Sg(49) :EKCG Kennel of y



Eng
f

&..J
①

&

6 K

① hySk picking , being
K = 459 K = Y/92)

Kik = 499,9992) = 4/9,9) e Any
· Ev = y(Es) e Ind



· K = yrs) , k" =(1)"-prg) my

② Kery G is a normal subgrang
if a Kery sog,geterg

e(91) = 4192) = Ek
ers ,9) = ergiGrg) = Ek
=> 9
,n keif

· Gres) =En Egekord
· 49) =Ek (p(9)"=Ek



- erg) : Ek
=> gekert

To show its normal : getery
ge 6

y/ggg"y = 4997y(944197 4197499)
+

= Ek
ggg"skery - here 26



somorphismtheorem : G
, k are gregs,

: Gtk is a homomorphism
then Iny-Gerg

↑
there is a I-tool homomorphism

between right cosets of Kery and

In&



Examplei IR' : EBaYIBERS Tart

Establ nees

- aro
Tax tap-ap

o ar lat day

It' = U Star
Gett

Claimi R = USD whiches the
unit cirche



of Y(pay)-eig , ur
zipitatzipwrit spea↳, ap +Bar)-e

Kery :Sale- B =T

Imp =Ur

RY-Ur - unt cell of the

Bravers latticeT



Host
↓

/H : Hs :- As
p(g) = the right coset containing

9


