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PHY 741 Quantum Mechanics 
12-12:50 AM  MWF  Olin 103

Plan for Lecture 36:

General Review
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Please refer to Lecture 15 for review of material from 
first portion of the course
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Approximation methods for finding eigenstates of the 
Hamiltonian (or stationary states of the Schödinger
equation)

1. Variational methods
2. Perturbation expansions

0

0

Variational methods are based on  the following:

For any function   it can be shown

that the lowest eigenvalue   can be estimate from:
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Non-degenerate perturbation theory
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Non-degenerate perturbation theory continued:
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Due to 
normalization

12/01/2017 PHY 741  Fall 2017 -- Lecture 36 9

0 0 0 0 0 0

1 0

1

Degenerate perturbation theory,

considering the effects on the -fold degenerate states:

, ,....  where ...

For 1,2,... ,  assume 

The  first-order wavefunctions wil
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Degenerate perturbation theory example for effects of a 
constant magnetic field B on an atom – including the effects 
of spin-orbit interaction
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Perturbation theory treatment of uniform and constant 
magnetic fields on atomic states -- continued
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For the effects on a H atom in the 2 states:
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Often the degenerate states are related by symmetry, and we 
can use the properties of appropriate operators to prepare the 
eigenstates.    For example,   the notion of “addition” of 
angular momentum is related to this idea.
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In the absence of external magnetic fields, the internal 
magnetic dipoles cause spin interactions within each 
system, however, the total angular momentum of the 
system should be conserved.

Finding the total angular momentum – “addition” of angular 
momentum.
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Finding the Clebsch-Gordan coefficients in general 
follows the equations:
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Details for a simple case:
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Spin-orbit interaction due to spin alignment in magnetic 
field generated by orbital motion
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Scattering theory
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Determination of phase shifts:
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Consideration of effects of a static magnetic field on 
quantum states of a charged  free particle.    First 
consider the spatial degrees of freedom (ignoring 
intrinsic spin).
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