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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. 7.5 points are required to pass the
examination. Grades 3: 7.5, 4: 9.5, 5: 12.0

1. The specific heat of Gold

A measurement of the heat capacity Cv is performed. The results are given in the table
below:

T (K) 1.6 2.0 2.4 2.8 3.2 3.6
Cv (J /kmol K) 4.18 6.88 10.7 15.9 23.0 31.8

Use these experimental results to determine the debye temperature ΘD for Gold. (3p)

2. Electronbands

The electron energy near the top of the valence band in a semiconductor is given by
ε = −10−37k2 J, where k is the wavevector. An electron is removed from the state k =
109k̂x m−1, where k̂x is a unit vector along the x axis. Calculate for the resulting hole:
(Let h̄ = 10−34Js)

(a) The effective mass.

(b) The Energy.

(c) The momentum.

(d) The velocity.

Each answer must include the sign (or direction). (3p)
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3. Crystal structure

The crystal structure below represents a 2 dimensional crystal. It consists of 4 kinds
of atoms marked by the 4 letters q,p,d and b. The ’....’ in the figure mark a periodic
continuation.
q p d b q p d b q p d b . . .

d b q p d b q p d b q p . . .

q p d b q p d b q p d b . . .

d b q p d b q p d b q p . . .
. . .
. . .
. . .

For the shown crystal structure indicate:

(a) The rectangular unit cell.

(b) The primitive unit cell.

(c) The basis of letters associated with each lattice point.

(3p)

4. Conductivity of a semi conductor

A sample of Silicon is prepared so that the concentration of donor atoms is nd = 1018m−3.
In an experiment where the temperature is slowely lowered a temperature is reached where
the conductivity from an intrinsic behaviour to an extrinsic. Calculate the temperature
where this is expected to happen.
(Data for Silicon: Eg = 1.1eV and for pure Silicon the intrinsic charge carrier concentra-
tion at T=300 K is ni = 2.0 · 1016m−3)

(3p)

5. Bragg scattering

A powder sample of a pure mono–atomic crytaline (cubic) is analysed with a Debye–
Scherrer camera. The first four Bragg angles are θ: 21.4o , 36.6o , 44.5o och 57.5o. Show
that the sample has a diamond structure and determine the lattice constant. The wave
lenght of the X–ray light is λ = 1.50 Å. (3p)

Good Luck !
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