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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. 7.0 points are required to pass the
examination. Grades 3: 7.0, 4: 9.5, 5: 12.0

1. Entropy

Considering some simple arguments regarding the specific heat Cv answer to following ques-
tions.

a) By how large factor will the entropy of the conduction electrons of metal change as the
temperature is raised from 100K to 400K?

b) By how large factor will the entropy of the electromagnetic radiation field in a cavity
change as the temperature is raised from 500K to 1500K?

(3p)

2. Operators and eigenfunctions

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

(a) ψ(t) = sinωt and Â = ih̄ ∂2

∂t2
.

(b) ψ(z) = C(1 + z2) and Â = −ih̄ ∂
∂z

.

(c) ψ(z) = C1e
ikz + C2e

−ikz and Â = −h̄2 ∂2

∂z2 .

(d) ψ(z) = Ce−3z and Â = −i h̄
2

∂
∂z

.

(e) ψ(z) = Cze−
1

2
z2

and Â = 1

2
(z2

−
∂2

∂z2 ).

(f) ψ(z) = Ce−
1

2
z2

and Â = 1

2
(z2

−
∂2

∂z2 ).

(3 p)

TURN PAGE!



3. Wave functions and eigenfunctions

Consider a free particle with mass m in one dimension. The wave function of the particle at
t = 0 is given by

ψ(x, 0) = sin3 kx.

(a) Show that the state function ψ(x, 0) can be written as a superposition of eigenfunctions
of the free-particle Hamiltonian.

(b) Determine the energy of each plane wave in the superposition.

(c) Give the wave function ψ(x, t) at an arbitrary time t.

(3 p)

4. Misc.

a) Evaluate the commutator [y2, p2
y] .

b) The ion Be3+ has the nuclear charge +4 but only one electron. How much energy does
it take to excite the electron from the ground state to the level 2s? Give a numerical
value in electron Volts (eV)!

c) The wave function of a hydrogen atom in an eigenstate to the Hamilton operator is:

Ψ(r, θ, φ) =
1

81
√

6π
(1/aµ)

3/2(r2/a2

µ)e−r/3aµ [3 cos2 θ − 1],

where aµ is the Bohr radius (with the reduced mass). Determine the quantum numbers
n, l och ml.

(3p)

5. Harmonic oscillator

A system consists ofN identical one dimensional harmonic oscillators. Evaluate the fractions
of oscillators nj/N that are in the 3 lowest ((j = 0, 1 och 2) energy states at the characteristic
temperature τch. The energies of the oscillators are given by ǫj = (j + 1/2)h̄ω and the
characteristic temperature τch is given by τch = h̄ω.

(3p)

GOOD LUCK !


