
29:5742 Homework 8
Due 3/29

1. Consider a three-dimensional scattering problem for two particles of mass
m scattering with a potential

⟨P′,k′|V |P,k⟩ = −λδ(P′ −P)
1

a2 + k′2
1

a2 + k2
.

Solve the Lippmann Schwinger equation exactly to find the scattering
wave function in momentum space

⟨P′,k′|P,k−⟩ = δ(P−P′)⟨k′|k−⟩

2. For the potential of problem 1 find ⟨r′|V |r⟩. Write down the Lippmann
Schwinger equation in coordinate space for this potential. Do not solve.

3. For the potential of problem 1 find the scattering amplitude F (k′,k) and
the differential cross section in the center of mass frame.

4. For the potential of problem 1 calculate the total cross section.

5. For the potential of problem 1 the Born approximation can be obtained
from the exact solution by keeping only the term in the scattering ampli-
tude that is linear in the coupling constant λ. Compute the differential
cross section in the Born approximation and compare your result to the
exact cross section.

6. Verify that the Born approximation in 5.) approaches the exact cross
section in the high-energy limit.

General remarks - If we expand a general potential in a basis and truncate
the expansion to N terms we get the approximation

V ≈
N∑

m,n=1

|m⟩⟨m|V |n⟩⟨n|

Potentials of this form are called separable potentials. The potential of
problem 1, which has this form for N = 1, is the simplest example of a
separable potential. A better approximate separable potential is

V ≈
N∑

m,n=1

V |m⟩⟨m|V |n⟩−1⟨n|V

where ⟨m|V |n⟩−1 is the inverse of the matrix ⟨m|V |n⟩.


















