
PHYS 531 8th HWA
This is a problem I was considering assigning for a while. I do not have the

full analysis finished myself...
1. Assume a particle of mass m is bound in a box of length 2L. Take the
boundaries of the box to be at |x| = L. Now let an attractive Dirac delta
potential be present in the box in the form

V (x) = −ε L δ(x) ε > 0

1.1 Find the equations describing the energy eigenvalues. (Note that you can
divide them into even and odd states under the parity operation because the
potential (and the box) are symmetric. Remember that the derivative of the
wavefunction will be discontinuous at x = 0 via the effect of the singularity.)
1.2 Discuss the conditions above carefully. In particular see that conditions for
odd functions and for even functions are very different. For odds positive energy
eigenvalues should be possible. For evens. Well... How many can you count? I
presume there are no even states with positive energies and there can be only
one with negative energy depending on ε. Do you agree?

2. Consider a particle of mass m and charge q in a constant magnetic field
~B = Bok̂. Find the energy eigenvalues and their degeneracies unambiguously.
(Do not forget this is in essence a 3D problem, justify if you confine to a plane).

3. Hyperfine structure for the H atom (which we have so far neglected) in-
volves the contributions of the spin of the proton. Neglection was not unjustified
because the proton is heavy and so its magnetic dipole moment’s strength (in-
versely proportional to mass). Now discuss the possible additions to the hamil-
tonian because of proton spin and their strengths relative to the fine structure.

4. Consider the positronium, the bound state of an electron and a positron
(note that they are not identical particles). The main aspect is that there are
no ”heavy” particles lying around. In particular it is not possible to neglect
hyperfine structure from the outset. Apply everything you know to this model
to find the energy eigenvalues but remain perturbative and qualitative (well not
so much) in your analysis.
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