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Recapi Groups , subgroubs , cosets -> First Isomorphan Theorem

b:6 tk a homomorphism /g .94 =disers
for 9, 1966

Then : InySk
Kery G

there exists an
invertible

Gerp/homomorphism to Tery*Try



One last general point about quetent groups

let H&G be a normal subgroup

6= %: Es

6/ = EH, Hg,, HSzl--Hgt is a group quotient grong

In some cases we can relate elements of /
-

to elements in 6 : there exists a homomorphism

::St G

: (Hg) =getg :
: (H) = E



f : exists thenImi = Se, --- G SG
&

and from the Istisomaighism theorem, Imis 6/

furthermore: Gets Hg. =H
so we can use <gi) as caset representatives

n- 1

6-UH = H(Ini) c everyelement of
isa

G ca be written uniquely as gihk
helt keInik

when thises possible , we say G is a semidirect
-



Ginduct 6 = HXK H & G

KSG

Example: The groug of rigid transformations of 30 space
Euclidean group

ES3) : - translatin
- rotation

- reflecte

ER =ge B)
"Seitz symbol for g ReOB) retation ar reflective

Ve/R3 a translation

Action on gants in space



ERIVS * =[R]+ V (e)-343 matrix

that implects Reor

multiplication in For
9: ERIV
SER

(9 , 92)* = 9 ,(9)
= [R,s(Criti
- [Ris(Rti+
- Chil++(Ritin)



- ERif/VitRin

shelvesScr
- inversesigeERIV

% Selus"-ER-Rvs
check 99" : ERIVISR-Riv

-[5/85 - dentity in

① Or Ste



obssages /reos

② EB
-↳Ter by Selle

to see that its normal, we need to show

g=Sea giftug"-Selv

Grier"-r)-Ertresses
-SERESER I



Finally: Se =SER
= #B)= 13 X Or

tomake H= [Sels Kee
contact w/
earlier notation?
= Share) I ros

:Cheries) = Eri

Non example : Ge <Eas ,[a] E



J ...) - the grang generated by---
Cz-1800 retation about z-axis

State(i)
Tr6 T-S3Elnae) Inee]

EGzle) SElnaz][Gel]= Eazy

but note : EGeley-Selazy



G = TUTEGzle
: (+) = 3010)
: (TEz]) = SGelh+g

but Self-Selenae)fold
So Gisex a cemidirect product

of this were a
semidrest product,

I cond write 6 :TUT fgwith E (E,g)56/



How do wer use groups in
condenced matter physics

He group
G of synctives geo

Yty = gy
i-p =g
Y'(f) + 4(g")
It'= H

Gege prot e Uru V-QM Hibbert space
14tV

UW-grap of unitwy operators



operator ar

P* Prg) = Y
It) gers= I should be a group homomorphism

It' = Prg) 14 essis-ersiers

Define : asanitary resentation of a gray Grsi
- a vector space V
- a homomorphism 9 : 6- UN

↑ group of witery :
V is called the representation operators/matrices onV
Space



erg) is called the representati of 9

Examplei representation of R3 (translation ground on the

Libert space V = &square integrable marefunctions
&

-ig/Rupiv-e
evir)-e-pe

Expe
= X+Y

Less trivial example : So()



Sur -(a ,e Dece,4) excidentity restor of Pauli
natures

↑ b ↓
amitrector (a)+ cost isine 5 :8
in Id

Pi

! -
Ker Pi =E

defining In P Sur
Entidutt, representation
= of sure ↑

Other representations
: det (" -y = +1

Spin l
=] representation

:

Unstag

↳



↳
↳ (d
->L fe

Prin
inte

SUR is the

Inr soft
double cover of Sefa)"

Ker = [2,S ↑

Ist Isomorphism theoremi use



Two representations : G+Urr

diG UN

are equivalent 900 of there is some

unitary mater A sot.

AprsA"-org) for all g

Sidek
Of vout


