
Physics 216 Final Exam Extras Spring 2010

This sheet contains additional information to help you solve the problems of the
final exam more efficiently.

1. For β = 0, the unperturbed n = 2 energy eigenfunctions are given by:
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where a0 = ~
2/(me2).

You will also need to compute some integrals. One useful integral is:
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where n is a non-negative integer.
Finally, the following matrix elements of Lx will be needed for part (c):
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3. For the three-dimensional harmonic oscillator, the following matrix elements
will be useful:
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and two similar expressions where x is replaced by y and z, respectively.

In your calculation of the lifetime, the following numerical data should be useful:
1 Ry = 13.6 eV, mec

2 = 511 keV, α ≡ e2/(~c) ≃ 1/137, and ~ = 6.582×10−16 eV·sec.
In part (b), eq. (10) can be derived from time-dependent perturbation theory

(using the electric dipole approximation). However, you can simply assume this form
for the wave function without proof when working out the problem.



4. In this problem, you will need to perform a number of integrals. Please refer to
the following brief table of indefinite integrals.
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In addition, a brief table of definite integrals is also provided below.
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Finally, here are a couple of sums useful for the low-energy expansions:
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