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Plan for Lecture 3
Approximate solutions for stationary states 

Perturbation theory  (Chap. 12 C)

1. Summary of results for non-degenerate problem
2. Perturbation theory for the case of degenerate zero order

eigenvalues
3. Examples



1/14/2022 PHY 742 -- Lecture 3 2



1/14/2022 PHY 742 -- Lecture 3 3



1/14/2022 PHY 742 -- Lecture 3 4

Methods for finding approximate solutions to the time-independent 
Schrödinger equation

Review of non-degenerate perturbation formalism --
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First order formula --
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Qualitative behavior of non-degenerate perturbation theory
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Perturbation theory in the case that the zero states are degenerate

Cannot use non-degenerate formalism because even in first order, the expressions
diverge.

First order formula --
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Approximation schemes for solving the time-independent Schrödinger equation
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In general, we approach the problem using the
complete basis set of :
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Degenerate perturbation theory,
considering the effects on the -fold degenerate states:

, ,....  where ...

For 1,2,... ,  assume 
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H0                                                                                               H0+H1

For the moment, we will focus on 
one degenerate zero order state 
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Example of degenerate perturbation theory for a H atom in the degenerate states 
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In this case, consider a perturbation caused by an electrostatic field 
directed along the -axis causing polarization of the electron
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Degenerate perturbation theory example for the Stark effect --
continued
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Degenerate perturbation theory example for the Stark effect -- continued
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Degenerate perturbation theory example for effects of a constant magnetic field B on an atom
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Keeping only terms to linear order in :
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Degenerate perturbation theory example for effects of a constant magnetic field B on an 
atom -- continued
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For atoms with total orbital momentum  and total spin :
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Example of degenerate perturbation theory in the treatment of the 
effects of spin-orbit interaction:
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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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