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Note Runk IRak Run d Ry L Abelian around common axis

But Rak RaK It Runk RaulL 1 Non abelian ingeneral

Rotation of quantum State spinless

Dir F RF
initial state x F LF 14
final state YCF LF II UCF rigid rotation of function

x RF HLF N F UCR F like Tax exi Xcx al
r e
dummyvariable rename

Let 12be operator in ft s t R 14 14 R147
LF1 Rly LR F 147 linear unitary

Relation to angular momentum take small d x

Riddim F F RF F da Ix F
x'c VCR F UCF dx iex F

special case inez y µcf f I
H X tydd Y Xda 2
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Commutation

Ryl da Rf Dx Ry dd Rfdx It dada Lx Ly

acts as Racdada on F Lx Ly it Lz

Rotationofspin 5 HE

Define Ralf e O cos EI isin E ie 8

Howdoes 12 act on spin state 1217

Consider IX It z IX RIX

Let it Cas ft Th Sin ft Th O p

ii F since a cover I
tire ice reich

R It z Cos91that 95in I L Recall HW 3
ei9 It p R IET IT t



Applications

1 H LIM t VART is a scalar

II HI o Ft J t HI HI o

Conservation of angular momentum

2 Let 1kgm be an eigenstateof H eigenvalue Ehjm

III HI o HI 1kgm T.tt kjm7 Ehjmlkjm

Ekjm Ehjm Ehjm Ekg indepent of m degeneracy 2J t I

3 Scalarobservable A commutes with F Jt and J

can label eigenstates of A as Ijm
matrix elements Lh j n'IAlkjm Lk'jjlAlkjjsjjsm.mn
Exampleof Wigner Eckart theorem Lindepof m


