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Examination date 2017-06-02
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Examination in: Fasta tillst̊andets fysik / Solid State Physics
Total number of problems: 5
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Allowed aids: Fysika(lia), Physics Handbook, Beta, calculator, Collection of formulae
for Solid state physics and Collection of formulae for Quantum Physics.

Define notations and motivate assumptions and approximations. Present the solutions so that
they are easy to follow. Maximum number of point is 15 p. 7.5 points are required to pass the
examination. Grades 3: 7.5, 4: 9.5, 5: 12.0

1. Crystal structure and the reciprocal lattice

Three two-dimensional structures (A, B and C) are shown in Figure 1 (you may assume
that in each case the pattern is repeated to in- finity).

(a) For each structure write down a set of primitive lattice vectors, and briefly describe
the primitive basis.
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Figure 1: Three structures A, B and C. The markings • and ◦ represent different kinds of
atoms.

(b) Write down the reciprocal lattice vectors for structure A.

(c) For structure A show that Bragg reflection can occur when k − k′ = n(2π/a)̂i +
m(2π/b)ĵ, where n and m are integers. The wavevectors of the incoming and out-
going beams are k and k′. (3p)

TURN PAGE!
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2. Heat capacity

The figure 2 shows the temperature dependence of the heat capacity Cv for Potassium
(K).

Figure 2: The specific heat of Potassium at low temperatures. The figure shows Cv/T (in
mJ/(mole K2) as a function of T 2.

(a) What are the theories that explain a plot of Cv/T as a function of T 2 is linear.

(b) Use the data from the figure and crystal data to determine the Debye temperature
θD.

(c) Use the data from the figure and crystal data to determine the efective mass of the
electrons expressed in terms of the free electron mass m0. The Fermi energy is given
by EF = kBTF .

(3p)

3. Bragg analysis

The powders of three different substances, all mono atmic cubic crystals, are analysed
with a Debye–Scherrer camera. We also know that one of the powders has fcc, one ha
bcc and one has diamond structure. The angular positions (φ in degrees) of the first
four diffraction rings are given in the table below. In figure 3 a principle drawing of a
Debye-Scherrer camera is shown.

A B C
42.2 28.8 42.8
49.2 41.0 73.2
72.2 50.8 89.0
87.3 59.6 115.0

(a) Identify the crystal structures for samples A, B and C.

(b) If the wavelength of X–rays is λ = 1.50Å, what would the lattice constant be for the
3 different samples?
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Figure 3: A principle figure of the geometry of a Debye-Scherrer camera.

(3p)

4. Diamagnetism

In benzene the carbon atoms form a regular hexagon of side 1.4Å. One outer electron
from each atom has a wavefunction that extends round the whole ring of atoms (the
other three outer electrons from each atom are in sp2 atomic orbitals). Estimate roughly
the contribution of these electrons to the diamagnetic susceptibility of liquid benzene

(density = 880 kg m−3, molecular weight = 78 (C6H6)).

(3p)

5. Semiconductor p–doped

A thin layer of p-doped Silicon is irradiated by light. We measure the intensity of the
transmitted light and we observe a strong absorption of the light at a wavelength of
λ = 59.1µm.

(a) Make a figure and calculate the energy it takes to ionise the acceptor level.

(b) Can this experiment be performed at room temperature? If not, what temperature
would be needed?

(c) Quarts is transparent to ultra violet light of a wavelength λ = 1700Å, but ordi-
nary window glass is not. What does this tell us about the band gap of these two
materials?

(3p)

Good Luck !
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