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I. MODULE 1: MANDATORY EXERCISES

A. Problem 1.3

Figure 1: Three dimensional lattice with basis vectors ~a, ~b and ~c. Origo is marked with “0”. Vector ~b is normal to the plane
and directed outwards toward the reader.

Miller indices form a notation system in crystallography for planes and directions in crystal (Bravais) lattices.
a)Explain how Miller indices are defined?
b)Consider planes A, B, C, D, E, F of the lattice shown in Fig.1. The Miller indices for plane A are (001). What are
the Miller indices for planes B, C, D, E, F?

c)Show that the diffraction pattern obtained from a crystal corresponds to reciprocal lattice points and maps hkl-
families of planes in real space. Tip: (i) use the fact that the reciprocal lattice vector G = 2π

dhkl

nhkl, where nhkl

is a normal to a hkl-plane and dhkl is a distance between hkl-planes; (ii) consider Bragg diffraction of a wave at a

hkl-plane in terms of wave vector change (∆~k) and develop Laue condition for diffraction; (iii) use Ewald construction
for clarifications.

B. Problem 2.2

Consider specifically the reciprocal lattice vector ~G corresponding to the (010) family of planes. Show that x-ray

waves having ~k-vectors smaller than 1

2

~G can not undergo diffraction at these planes. Developing the Laue equation

∆~k = ~G to the form of 2~k •
~G = ~G •

~G and considering the Bragg plane may be useful. Are there any other planes

available for the waves having ~k-vectors smaller than 1

2

~G in this particular case to undergo diffraction? Generalize to
the Brillouin zone concept.
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C. Problem 3.3

Figure 2: Classification of defects in a crystal. In this problem we will consider only vacancies, but the treatment can also be
used for other defects (with different activation energies).

Real crystals have defects, but the concentration of different kinds of possible defects in a crystal in thermal
equilibrium can be derived from basic thermodynamic considerations. Show that the minimum free energy in a
crystal having N sites is reached only when a certain number of defects (n) are available. Derive an expression for the
concentration of vacant sites (CV ) in a crystal kept at temperature T and compressive isotropic pressure P Explain
the quantities of activation energy and activation volume.
Hint: Minimize the free energy G = U − TS + PV , expressed as a function of the number of impurities. The relation
ln X ! ≈ X(ln X − 1), valid for large X , might be useful.


