
Physics 472 Midterm Exam #2 -- Monday, March 30, 2009 
 

Total points = 20.  Show all your work!  
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Degenerate Perturbation Theory:  If an energy level is n-fold degenerate with respect to 0H , 
then the first order energy shifts and corresponding eigenstates of H are given by the eigenvalues 
and eigenvectors of the n × n matrix with elements ))0(

jjk HH ψ=′ 0(
kψ′ , where . nkj ,...,2,1, =

 
Symmetries are a powerful tool to help determine which matrix elements are zero.  For example, 
for hydrogen eigenstates nlm , [ ] 0, =zLz  implies ( ) 0=′′′′− nlmzmlnmm , and the parity 

transformation zz −=ΠΠ  implies ( ) nlmzmlnnlmzmlnll ′′′−=′′′− ′+1 . 
 
Variational Method: If the ground state energy of H  is , then for any normalized state 0E ψ , 

      ψψ HE ≤0  
 

Hydrogen Atom: 
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Harmonic Oscillator: 22
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Integrals: 
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