Physics 472 Midterm Exam #2 -- Wednesday, March 24, 2010

Total points = 20. Show all your work!
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Degenerate Perturbation Theory: If an energy level is n-fold degenerate with respectto H?,
then the first order energy shifts and corresponding eigenstates of H are given by the eigenvalues

and eigenvectors of the n x n matrix with elements H, = <1//}°) ‘H ' y/§°)> , where j,k=12,..n.

Symmetries are a powerful tool to help determine which matrix elements are zero. For example,
for hydrogen eigenstates |nIm), [L,,z]=0 implies (m—m'}n’I'm’|z|nim) =0, and the parity

transformation T1zIT=—z implies (~1)"" (n'I'm’[zjnlm) = ~(n'I'm’|z|nIm).

Variational Method: If the ground state energy of H is E,, then for any normalized state |y/>

E, < (v [Hlw)
2 2 9 )
Hydrogen Atom: H =p——e— E, = F\:y where Ryzl € = h . —13.6eV
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Harmonic Oscillator: H =2|O—+%ma)2x2 E, =(n+iho
m
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Infinite Square Well for 0<x<a: y/n(x)=\/zsin(%j E, =% f;
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Integrals:
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