
Lecture 3 Announcements : · Office His start tomorrow-
TransSqu, Zoom link on
contact into page of course
website

· AWA will be posted this every,
due 9/12
-

Last two leckres
: Groups, subgrangs , cosets ,

quebrent grongs, Ist Isomorphism theorem

One last port about quebent groups
HG

,
Ha normal subgremp of 6



6 = Hung , UHg-U - -
- UHg
-

quotient grong G/H= [H, As , Asesin Here
In sam cases

,
there exists a homomorphism

8 : 6/A + 6

: (Ag : )
=

9: 6

: (H) = e6

of : exists and is a group homomorphism then

-That kil, 9 ,, 92 , --Smit forms a grang,
subgrap of G , isomorphic to /A



then every goo can be written as ht hell

6 = HK
kek

of this is gessible , we say 6= AXK Gis

He directproduct of H with K

Example : The grong of rigid transformations
of 3D

space - relations
- reflections
-translations

#(3) fuclidean grang

Erg = ER/V) Sertz symbol forg



Re&/ rotation er reflection
Action on points in space Va translation

gi = Ry + v

Multiplicaten : 9, ER , /Vi
9
:
ERate

9 , 94 : 9 ,/94) = 9/Br
-

,
/Rest V,

=R + /V , +Riz)
9
,9=Sin/ , i



=- Sin : Els
flo s the identity .

- the grong of translations [SE/Y(Ve3=
is a normal subgrampof

-
Check ERId3[E(ER/I

-El-Rd RIV+
- EE/R"(v)(e



R /
ERI) = 3e/31 [R[Or

so (3) = IRX0
If

Silk -SinLCDirect greduc (a
,
b)(

,
d)= fac,b)

sem direct groduct /ac, badaf



How do we use grongs - solid state physics .

Hankwan It -= V/Y) invervent under a grany
of

transformations 6
(191 : it

x- 1= 9/
q - q= g-q
4 = 4(g+ y)

We can look for unitary egerabers Ug for each I
that implement these transformations

14 = Ugl4



0xUg = Y
Us9Ug = /

we want 4 : g+ Ug to be a grong homomorphism

wewant U = UU We define : a untary9
,92 9

, 92
representation of a grang Gust

U
-
= a vector space V and a homomorphism
: 6 - UV)

Ug-- ut q q
g eurgreug unitary egerators/matrices

on V



prg) is the representative of 9

Example : SU every element g of Sur us specified
by awaars I an an angte -30,2,

↑,- cost isin

8 = 2+2 pauli matrices
50 2x2 Identity

Dregretutatren or Suz

But me also have the spin requentation
-,-

tri



↳ :fi
↳ (e

Suppose we have a representation & a grong 6 an

space V. We say that WCV is an i subspace

= ergr/wew for all IwW and get

Since prgt are untary, of Wisen invariant subspace,
then sars Wt=S IreV /[Vw=&r for all Iwewe



Since V = WOW! then of we write

ers : Jet -- we can choose

a basis for V such that

ps- (g) are re
Ow and Owi are also representations of G

Ow is a represention of Gen W



V =WOW Nisargresentation of 6
on W

&(9) = w59)w+g

We say I us a lable representation

A representation that is not reducible scalledversible

a represention is rureduable if the only inverrant subspaces↑ ↑are 30 and the entire space

Note: Every grong 6 has a special /A irreducible
representation

2(g) =1



ratrepresentation

Example : Consider two spine particles , with Hilbert
Space V=[14, 14/:/ 16

these transform in a representation>
- Don -its -Drpr,er)= e ⑧e

the ID subspace W= /lib-1bi
is on invarrant subspace - spin-o singlet



· the
wew 14, sett,h

ercetJer t
Clebsch-Garden coefficients-bases for invervent

subspaces


