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1. (15 pts) At t = 0 an electron is in the | ↑〉 (up along the z axis) state, which is represented by

| ↑〉 =

(
1
0

)
.

The evolution is determined by the Hamiltonian,

H = Aσz +Bσy.

What is the probability the electron will be found in the | ↓〉 state as a function of time?
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√
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2. Consider a TWO-DIMENSIONAL world with two types of particles, an Aaron particle and a
Barbara particle. The Aaron particle in state a can decay into a Barbara particle in state b via
the interaction,

〈Barbara, b|V |Aaron, a〉 =

∫
dxdy ψ∗b(x, y)v0ψa(x, y).

The Aaron and Barbara particles have the same mass m, but Aaron particles feel a harmonic
oscillator potential,
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while the Barbara particles feel no such potential. An Aaron particle in the ground state of
the harmonic oscillator decays into a Barbara particle. Assume that v0 is sufficiently small that
Fermi’s golden rule can be applied.

(a) (5 pts) What is the magnitude of k, the outgoing momentum wave vector of the Barbara
particle?

(b) (15 pts) What is the matrix element 〈Barbara, b|V |Aaron, a〉? Barbara’s state b is a

plane wave of wave number ~k,
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.

(c) (25 pts) What is the decay rate of an Aaron? (You will be penalized if your answer is
dimensionally inconsistent)
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3. A point charge Ze is placed at a point ~r = 0, and the differential cross section is measured with
a beam of electrons of wave number k moving along the z axis. The Rutherford differential cross
section is (
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dΩ

)
point

= α =
m2Z2e4

k4(1− cos θ)2
.

Now, that same charge Ze is spread out uniformly along a line from z = −a to z = a. I.e. the
charge density is

ρ(x, y, z) =


0, z < −a

δ(x)δ(y)Ze
2a
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The cross section is measured again.

(a) (15 pts) What is the differential cross section? (Express answer in terms of α, k, and a)(
dσ
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)
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(b) (5 pts) What is (dσ/dΩ)line in the limit that a→ 0?

(c) (10 pts) At what scattering angles does the differential cross section disappear?
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Solution:
a) The form factor goes as
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