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Define notations and motivate assumptions and approximations. Present the solutions so
that they are easy to follow. Maximum number of point is 15 p. 8.0 points are required to
pass the examination. Grades 3: 8.0, 4: 10.0, 5: 12.0

1. Operators and eigenfunctions

Are the following functions ψ eigenfunctions of the given operators Â ?

(a) ψ(t) = cosωt and Â = ih̄ ∂2

∂t2
.

(b) ψ(x) = eikx and Â = ∂
∂x
.

(c) ψ(x) = e−ax2

and Â = ∂
∂x
.

(d) ψ(x) = cos kx and Â = ∂
∂x
.

(e) ψ(x) = kx and Â = ∂
∂x
.

(f) ψ(x) = sin kx and Â = P̂ = the parity operator.

(3 p)

2. Quantum rotator

The Hamiltonian (in units of eV) for a given axially symmetric quantum rotator is

H =
L2

x + L2

y

3h̄2
+
L2

z

4h̄2

What are the possible energies? (3p)

TURN PAGE!



3. Time evolution of solution

A particle of mass m, which moves freely inside a one–dimensional infinite square well
potential of length a, has the following initial wave function at time t = 0:

ψ(x, 0) =
A√
a
sin

(

πx

a

)

+
1√
5a

sin
(

5πx

a

)

where A is a real constant.

a) Find A so that ψ(x, 0) is normalised.

b) If a measurement of the energy is carried out at t = 0, what are the values that
can be found and what are the corresponding probabilities? Calculate the average
energy of the particle < E >.

c) Find the wave function ψ(x, 0) at any later time t.

(3p)

4. Expectation values of the Harmonic oscillator in 1d

For the ground state of the one dimensional Harmonic oscillator calculate:

a) the four expectation values 〈x〉, 〈p〉, 〈x2〉, 〈p2〉 by explicit integration.

b) the uncertainty ∆x ·∆p and validate that the uncertainty principle holds.

(3p)

5. Sudden change in the Harmonic oscillator potential in 1d

A particle of mass m is in the ground state of the one dimensional Harmonic oscillator
potential V1(x) = 1

2
mω2

1
x2, when the potential suddenly changes to V2(x) = 1

2
mω2

2
x2

without initially changing the wave function.

a) What is the probability that a measurement of the particle energy would yield the
result 1

2
h̄ω2 ?

b) What is the probability that a measurement of the particle energy would yield the
result 3

2
h̄ω2 ?

(3p)

GOOD LUCK !


