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Question: 1 Suppose a particle is described by the wave function

ψ(x, 0) =
N

x2 + a2
.

i. Normalize ψ(x, 0). That is determine N in terms of a.
ii. Sketch |ψ(x, 0)|2 as a function of x.
iii. Where is the particle most likely to be found?
vi. What is the probability of finding the particle somewhere along the

positive x-axis?
v. Calculate the expectation values < x >, < x2 > and < p >.

Question: 2 Consider a particle held in a one-dimensional, complex poten-
tial V (x)(1+ iξ) where V (x) is a real function of x and ξ is a real parameter.

Show that the probability density function p(x, t) = |ψ(x, t)|2 and the
probability current j(x, t) = h̄

2mi(ψ
∗ ∂

∂xψ − ∂
∂xψ∗ψ) satisfy the probability

continuity equation
∂

∂t
p +

∂

∂x
j =

2ξ

h̄
V (x)p.

Question: 3 The quantum state of a simple harmonic oscillator at time
t = 0 is given by the following superposition of stationary wave functions:

ψ(x, 0) = Nu1(x) +
1√
2
u2(x)− 1√

3
u3(x).

i. Find the constant N so that ψ(x, 0) is normalized. (Make use of the
orthonormality of the stationary wave functions.)

ii. Determine ψ(x, t) for any t > 0.
iii. If the energy E is measured, write down the possible outcomes of

this measurement together with their corresponding probabilities.
iv. Calculate the expectation value < E >.


