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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. 
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Time Dependent Perturbation Theory 

Transition probability ( )
2

2
0

1 fi

t
i t

fi fiP V t e dtω ′′ ′= ∫=
 

 where ( ) ( )1     | , |fi f i fi f iE E V V r tω ϕ ϕ= − ==
G  

 Conditions fi f iV E E−�     I-order: 1fiP �
Adiabatic Theorem short perturbations are felt like 

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

Sinusoidal Perturbation 
( )

( )
22

2

22

2

sin

4

fi

fi

fi
fi

tV
P

ω ω

ω ω

−

−
≅

=
 

 Conditions 1       
fi

fit V t
ω

� � =  

Fermi’s Golden Rule ( )22
fi fi fR V Eπ ρ= =  

 where ( )fEρ  is energy density of final state 
Atomic Transitions 
 Electric Dipole  sine

DE zmV p tε
ω ω= −  

 Magnetic Dipole       ( )2 2 cose
DM x xmcV L S tε ω= − +  

 Electric Quadrupole ( )2 cose
QE z ymcV yp zp tε ω= − +

Selection Rules  
 The Integral 

1 1 2 2 3 3
0l m l m l mY Y Y d∗ Ω ≠∫  only if 

 1) 1 2 3m m m= +  
 2) triangle can be created from 1 2 3, ,l l l  
 3) parity:  1 2 3l l l even+ − =  
Useful Relations for field polarization calculus 

[ ] [ ]8 81 1
11 1 1 11 1 12 3 2 3    ix Y Y r y Y Y rπ π

− −= − − = − +  

  4
103z r Yπ= ⋅   [ ],mip H r= =

G G  

Useful Relations 
( ) ( ) ( )
( ) ( ) ( )

( )
( ) ( ) ( )

,

, 1 ,

, 1 ,

1

, 1 ,

l
lm lm

l m
lm lm

m
l m lm

m
lm lm

Y Y

Y Y

Y Y

Y Y

π θ φ π θ φ

π θ φ θ φ

θ φ π θ φ

+

∗
−

− + = −

− = −

= −

+ = −

 

( )2 2 2 3 1
0 0 2

1 1 1 1| |             | |  r a n r a n l
klm klm klm klm

+
= =  

( )( )3 3 3 1
0 2

1 1
1

| |
r a n l l l

klm klm
+ +

=  

2

00 20

11 21

2 2

10 22

 

1 5 3 1
cos

4 2 24

3 15
sin   sin cos       

8 8

3 1 15
cos               sin   

4 4 2

                   

      i i

i

Y Y

Y e Y e

Y Y e

φ φ

φ

θ
ππ

θ θ θ
π π

θ θ
π π

= = −

= − = −

= =

 
 
 

 



 

Angular Momentum 
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Interaction Hamiltonians + Corrections 
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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.
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1-D Fourier Transform 
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3-D Fourier Transform 
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x- and p- Representations 
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Coupling Between Energy-States 
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Oscillations Between States (Rabi’s Formula) 
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1-D Simple Harmonic Oscillator 
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Stationary States of 1-D SHO in x- Representation 
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Hermite Polynomials 
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Angular Momentum (J) 
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Orbital Angular Momentum (L) 
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Angular Momentum Matrices 
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Associated Legendre Polynomials & Spherical Harmonics 
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Central Potential 

 

Hamiltonian in Spherical Coordinates: ψ
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Free Particle : 
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The Hydrogen Atom 
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Non-degenerate Time-Independent Perturbation Theory 
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Vector Formulas 
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Vector Calculus Theorems 
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Explicit Forms of Vector Operations (from Jackson) 

 

 



The Postulates of Quantum Mechanics 

 

1. The state of the system is represented by a vector in a Hilbert space.8 

2. A physical quantity is represented by an observable (e.g. a Hermitian operator that its 

eigenvectors form a complete set) 

3. The possible outcomes of a measurement of A are only eigenvalues of A. 

4. When measuring A in a normalized state ψ , the probability of measuring the value 

“a” is ∑
i

i
a

2
)( ψψ , where )(i

aψ is an orthonormal basis to the space of A’s 

eigenstates with the eigenvalue “a”. 

5. After a measurement of A, which yields the value “a”, the system is left in an 

eigenstates of A with the eigenvalue “a”. 

6. The state’s time-development: )(ˆ)( tHt
dt
d

i ψψ =h  

(H is the system’s classical Hamiltonian) 

7. [ ] ijii ipq δh=,  

 
 

 
 
 

 

† 


