Physics 741 — Graduate Quantum Mechanics 1
Solutions to Chapter 14

3. [15] A particle of mass x impacts a stationary weak potential given by V(r) = Aze 7,
(a) [4] Find the Fourier transform J-d rV (r)e”™" for this potential for arbitrary K.

Note that this potential is not rotationally symmetric, so you do not have freedom to
pick K to be any axis you want. I found it easiest to work in Cartesian coordinates.
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The three separate integrals in the three coordinate directions were accomplished with the help of
equation (A.29) from the notes.

(b) [5] A particle with wave number &k comes in along the z-axis. Find the differential
cross section and the total cross section.

From the notes, K =k (sin 6 cos¢,sin@sin¢@,cos# —1) and K* =2k (1-cos6).
Therefore, the differential cross-section is
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The total cross-section is obtained by integrating this over the relevant angles, which yields
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(¢) [6] The same particle comes in along the x-axis. Find the differential cross section
and the total cross section. You might find it useful to rotate the problem to make it
easier.

We want to define the scattering problem with the angle @ describing the final angle
compared to the initial angle. It is easiest to do this by rotating the problem so the incoming
wave is still along the z-axis. The factor of z in the potential will then turn into a factor of x, or
perhaps, - x, depending on which way we rotate it (you can also get it along y if you prefer, but
why borrow trouble?). Hence the Fourier transform will be exactly the same, except that K- will
get replaced by K, or perhaps — K. Since the Fourier transform gets squared anyway, it won’t



make a difference which way we do it. The only change in the cross section is that the factor of
k(cos@—1) will become ksinfcosg, so
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The ¢ integral is pretty easy, but we have to completely redo the fintegral. We find
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