
Physics 661 Homework 10 Due Friday May 5, 2023

Reading assignment: sections 20.7 through 20.12

Problem 1. Consider the scattering of particles of mass m and incident energy E on a

spherical potential

V (r) =

{
V0 (for r < a)
0 (for r > a)

Here V0 is a constant (negative for an attractive potential and positive for a repulsive

one) and a is the radial size of the potential. In the following, use E = h̄2k2/2m for

the incident particles moving in the positive ẑ direction, and apply the first-order Born

approximation.

(a) Find the differential scattering cross-section for small |V0|. Write your answer in

terms of q = 2k sin(θ/2), the magnitude of the momentum transfer from the incident to

the scattered particles. (Check that your answer has units of area!)

(b) Show that in the limit of small ka, the differential cross-section you found in part (a)

is constant with respect to the scattering angle, and evaluate the total cross section. You

should find σ = AV 2

0
a6 where A is a quantity that you will evaluate. (Check the units!)

(c) Working now to the next-to-leading order in an expansion in small ka, show that the

differential cross-section has the form
dσ

dΩ
= B + C cos(θ), and determine the quantities

B and C. (Check the units!)

Problem 2. Consider an experiment in which slow neutrons of momentum h̄kẑ are scat-

tered by a diatomic molecule; suppose that the molecule is aligned along the y axis,

with one atom at y = b and the other at y = −b. The beam of neutrons is directed

in the ẑ direction. Assume the atoms to be infinitely heavy so that they remain fixed

throughout the experiment. The potential due to the atoms as seen by the neutrons can

be represented by a delta function, so:

V (~r) = a[δ(x)δ(y − b)δ(z) + δ(x)δ(y + b)δ(z)]

(a) Calculate the scattering amplitude and the differential cross section dσ/dΩ, as a

function in simplest form of θ, φ, and the parameter a, b, k, and m, in the first-order

Born approximation. (Note that this potential is not spherically symmetric!)

(b) Suppose that there is a small detector that is located far from the target, along the y



axis. For what values of the deBroglie wavelength of the incident neutrons is the observed

flux of scattered particles minimized? (This is a very non-classical phenomenon.)

Problem 3. Consider a Hydrogen atom in its ground state. Suppose an incident beam

of electrons with E = h̄2k2/2m scatters off of the classical potential V (r) produced by

the atom, which (according to Gauss’ law) can be determined from the equation:

dV

dr
=
Q2

e

r2

[
1−

∫ r

0

dr′4πr′2|ψ1,0,0(r
′)|2

]
.

Here, the charge of the electron is denoted by Qe, to distinguish it from the base of the

natural logarithms, e = 2.71828 . . ..

(a) Obtain dV/dr from the above equation by doing the integral.

(b) Deduce that

V (r) = −
Q2

e

r
(1 + Ar/a0)e

−Br/a0 ,

where A and B are certain constants that you will determine. [Hint: you can take the

derivative of the given form of V (r) to determine the constants A and B by matching to

the dV/dr that you found. This is easier than anti-differentiating dV/dr.]

(c) Find the differential cross section in the Born approximation. (Ignore spin, and also

ignore the fact that the electrons within the target atom are identical particles to the

electrons within the incident beam, and neglect the recoil of the Hydrogen atom.) There

are various ways to write the final answer: one is

dσ

dΩ
= N1

(n2 + a2
0
q2)2

(n3 + a20q
2)4
,

where N1 is a quantity that you will determine, and n2 and n3 are certain positive integers

larger than 1, and as usual in spherically symmetric problems, q = 2k sin(θ/2).

(d) In the low energy limit, what is the differential cross section, and how does it depend

on θ?

(e) In the high energy limit, show that the differential cross section approaches the

Rutherford (Coulomb) differential cross section. (Can you explain why this is true, even

though the atom is neutral?)

(f) For any given fixed energy, find the total cross section. Does the total cross section

diverge, as it does for Rutherford scattering?


