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5. Quantum Mechanics (Fall 2005)

In this problem, neglect spin and relativistic effects, and use the Born approximation.

(a) Suppose an electron scatters off a spherically symmetric potential V(r). Write down (or compute if you don’t
remember) the formula for the Born approximation to the scattering amplitude f(6,¢), in the form of a one-
dimensional radial integral:

£(6,6) = [;~ (some function of r) x V(r)dr

(b) Now suppose that the electron scatters elastically off a spherically symmetric charge distribution, with charge
density p(r) centered at the origin. (This is not a local potential, but the answer to part (a) may still be useful.)
Calculate, in the Born approximation (that is, to first order in the potential), the scattering amplitude f(6,¢)
and write it as

f(6,9) = fr(¢®>)F(q?)
where q is the momentum transferred between the incident and the scattered electron, and fgr(g?) is the
Rutherford amplitude for scattering off a point charge:

Ir(¢?) = BpZe

Here a is the fine-structure constant. The function F(g?) is called the “form factor”. Write an explicit formula
for F(g?) in terms of p(r).

(c) Now specialize to an electron scattering elastically off a uniformly charged sphere, centered at the origin, with
radius R and total charge Ze. What is F(¢?) as a function of ¢ and R?

Hint: You might want the definite integral JoZ e+ sin(gr) dr = 15 and the indefinite integrals
[zsinzdr =sinz —zcosz and  [zcoszdr = cosz +zsinz
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