


































































Time-Independent Perturbation Theory 
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Degenerate states diagonalize the perturbation in 
each state’s degeneracy subspaces, one by one. If the 
Operator of the degeneracy commutes with the 
perturbation than the perturbation is diagonal & 
Perturbation theory gives exact results. 

Scattering Theory 
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Time Dependent Perturbation Theory 

Transition probability ( )
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Adiabatic Theorem short perturbations are felt like 

delta functions, while slowly changing 
perturbation will not follow with transition. 

Sinusoidal Perturbation 
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Selection Rules  
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Useful Relations for field polarization calculus 
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Angular Momentum 
Rotation Operator ( ) ( )ˆ

ˆ ˆexp i
nR L nα α= − ⋅=

G
 

Orbital Angular Momentum L r p= ×
G G G  

       x z y y x z z y xL yp p z L zp p x L xp p y= − = − = −  
cos

sin
tanxL

i

ϕ
ϕ

θ θ ϕ

∂ ∂
= − −

∂ ∂

 
  

= sin
cos

tanyL
i

ϕ
ϕ

θ θ ϕ

∂ ∂
= −

∂ ∂

 
  

=

zL
i ϕ

∂
=

∂

=  
2 2

2 2

2 2 2

1 1

tan sin
L

θ θ θ θ ϕ

∂ ∂ ∂
= − + +

∂ ∂ ∂

 
  

=  

Spin operator  2S σ= =
G G  

Pauli matrices  
0 1 0 1 0

    
1 0 0 0 1x y z

i

i
σ σ σ

−
= = =

−

     
     
     

 prop. , 2i j ijk kiσ σ ε σ  =   { }, 2i j ijσ σ δ=  

   kijkijji i σεδσσ +=  

 Rotation. prop. 2 ˆ
2 2ˆcos sini ne i n

ασ α ασ− ⋅ = − ⋅
G G  

Ladder Operators x yJ J iJ± = ±  

2 2
z zJ J J J J− += + + =  

, ( 1) ( 1) , 1J j m j j m m j m± = + − ± ±=  

Commutation relations  

,i j ijk kJ J i Jε  = ⋅  =   2, 0J J  = 
G

 

[ ],zJ J J± ±= ±=   2 , 0J J±  =   

Spin addition  1 2J J J= +
G G G

 

 ( )1 2 1 2 1 2      J j j j j M m m= − + = +…  

 relations 2 2 2
1 2 1 22J J J J J= + +

G G
 

  2 2 2
1 2 1 2 1 2 1 22 z zJ J J J J J J J J+ − − += + + + +  

  ( )1
1 2 1 2 1 2 1 22z zJ J J J J J J J+ − − +⋅ = + +
G G

 

Spin states representation 
1 1 1 1 1 1 1 1
2 2 2 2 2 2 22 1

1 1 1 1 1 1 1 1
2 2 2 2 2 2 22 1

, , ,

, , ,

l

l

l m l m m l m m

l m l m m l m m

+

+

+ = + + − + − + + −

− = + + + − − − + −

  
  

Spinors   

( )

( )

1
2

1
2

1
2

1
2

1
2

1
2

1
2 ,

, ,
1
2 ,

1
2 ,

, ,
1
2 ,

 1
2 1  

 1
2 1  

l m

klk l m

l m

l m

klk l m

l m

l m Y
R r

l l m Y

l m Y
R r

l l m Y

−

+

+

−

+

+

+ +
Ψ =

+ − +

− − +
Ψ =

+ + +








 

Interaction Hamiltonians + Corrections 
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Identical Particles 
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32. Clebsch-Gordan coefficients 1

32. CLEBSCH-GORDAN COEFFICIENTS, SPHERICAL HARMONICS,

AND d FUNCTIONS

Note: A square-root sign is to be understood over every coefficient, e.g., for −8/15 read −
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Figure 32.1: The sign convention is that of Wigner (Group Theory, Academic Press, New York, 1959), also used by Condon and Shortley (The
Theory of Atomic Spectra, Cambridge Univ. Press, New York, 1953), Rose (Elementary Theory of Angular Momentum, Wiley, New York, 1957),
and Cohen (Tables of the Clebsch-Gordan Coefficients, North American Rockwell Science Center, Thousand Oaks, Calif., 1974). The coefficients
here have been calculated using computer programs written independently by Cohen and at LBNL.




