
cele1 Announcements : HW2 is due Thursday
3/6 @ 11 :59p

Recalli electrons have spirit , under a For

rotation, spines get a

For rotations introduce double groups
- subgroups of SUC)
EESUR] represents a zo rotate

18) = - Id for spir-i



- to construct double groups use

Sure Sob
- d Y

) = E

Exi Dr whose double group Dr = @ fromHis

50 * Spin(s) - transformations of spiners
-3D space

For rotations & reflectors Sors)-rotates
< OB) Ors)-rotationsreflectors



Spi/seeSob
we need an extensionPursued Ors) oor) satisfig
this

Two possibilities : Pruit Pro
physical spin- carries a magnetic moment, and so

spin's should transfor like magnetic moment under inversie

symmetry &2 E on sonns
1 Pin

,

(3) as
the physical grand



Pin() = 50SE, is Piny(3) :

↓ Y ( ·f
E=See E

Is

( ThG
T
For any group

6

EPine[Ge , I,S=y define ZC6

Z Center of G

Hro-sac
identity en z(ze6)zgizgVgeb

Wasde Spuns
-

For sein- particles Wise



Asae is synctive under double space grangs
↑GR * Pi. (3)

Exi Da =O 2222

& EE,Gi ,Grie, Elegge
- =E

Gizj =EGjGi
of 1 is anrep

of a double groug od



& hasSayugacy YE(
+(2) Y has herkes -

classe Yes are of 6:
Se -y() - Spin-t or "doubleshoth

S Representations

IG,Ge
[GEGD-Sirreducible representations Pe
EGz ,Ele

# : -GoH - - 1 + 1
B2 I · - I 47 - 1 + 1 Pfif-ie
->



Elections w/sew can only transformin wregs when
et) =- pres S

in +32

T : 1 :I

double groups : FNotation Herman-Magie symbol for -Ed

Cordinary symbol I Sule
double
valud

- E
& Time-reversal symmetry Strs) T

an operatorsa Hilbert space



TXT-X ->T canot be unitary
TgT"=- If it preserves [i, itsij

T(,/"- [TAT" TpT =-EntI

Trust >eihSj

Resolution
:T has to be an anntaryoperate

artiunitary operators ①Diw]-Kriw*<
satisfyi
&TColu +Blu=T +B

*Th



<Tu=St
To see how antiuitary operators we represented let

Elvis be a basus

Bij-[vilTris =With
for any state(v) : Sailvi)
T =TEailvi

-EaTI_
- a
*Ni)iTu



=j]Bia
We can say T is represented by Bijfl

↑
complex conjugation

Note Bitt is unitary on scalars

Bestbejert
· <Tvilvi](VilTr
= <TrilTu =Willi : Sig



Exi Isolated Spin's particle $100 , 16)
T = -1)

T = 1%

Boat): Colto :(
on son ! "T is represented by jol"

Let T be antimatory -> Th is a unitary operator
↑ Th lupiny = aTh+BR
untay / <TTW) - <Tuliu -Sulu



Bit-BrikBIK For TRS in

- particular
= BB)

↑ should commute with all sentral symmetires

BSTY =XId

XId= B(t)b
+(T) - XB(y) =Br
. Bri) = But

X=
↓ for integer spins

Spins statistics theoremi singher-valued representating



* = - 1 for halfernteger spins
I double valued representations

- T2-E

We watTgigT for allgetw
spatial symetis

let 9:G-ON be an irrep of G

of T can ber represented on the Hilbert space V

Bike() = erg)Brik
↳



① p
*

rg)- Bit ers) Bett

⑨ BB* =Pe

Its y always possible to satisfyAnd on

the Hilbert space V

Example part grang 28:EE, Gaze, Go

-
# 1 -1 ii doublevalued1



- i - i

Its 14)

on a spirt Gees
T -V = (10)
Fo-Vegls

Forget Fire)+

tif-t 10 way to represent
TRS on

v or Ve glone



To maker a T-invenient representation

=Th
↳Get :-in

t
representations w/ both unitary & antimitary elements

corepresentations

It is reducible as a representation of Id



u as acorepresentation-reducereducible
Herman-Mangin symbel for TRS

20% or 2


