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I. PROBLEM SESSION 2, WEEK 3

A. Problem 2.1

Figure 1: The fcc-conventional unit cell. The primitive cell is drawed within the figure.

The reciprocal lattice is useful in crystallography, in determining the symmetries of a crystal and in defining
potentials, wavefunctions and Hamiltonians in advanced condensed matter theory.

Write down the primitive translation vectors of the simple cubic lattice. The reciprocal lattice is defined as the set

of all wave vectors ~K that yields plane waves with the periodicity of the given Bravais lattice(i.e ei ~K(~r+~R) = ei ~K~r,

where ~r is an arbitrary vector and ~R is a lattice vector). Find the reciprocal lattice vectors of the cubic cell and check
that the definition holds.

A symmetric set of primitive vectors for the FCC primitive cell is

~a1 =
a

2
(ŷ + ẑ), ~a2 =

a

2
(ẑ + x̂), â3 =

a

2
(x̂ + ŷ). (1)

-Show that the primitive translation vectors of the reciprocal lattice is:

~b1 =
2π

a
(ŷ + ẑ − x̂), ~b2 =

2π

a
(ẑ + x̂ − ŷ), b̂3 =

2π

a
(x̂ + ŷ − ẑ). (2)

-What Bravais lattice does these vectors describe?
-Describe and sketch the first Brilloin zone (reciprocal Wigner-Seitz) of this real space FCC lattice.

B. Problem 2.2

Figure 2: Scattering of electromagnetic waves in a crystal might be visualised by Bragg scattering from all families of hkl planes

in the lattice.

Consider the plane hkl in a crystal lattice.

a) Prove that the reciprocal lattice vector ~G = h~b1 + k~b2 + l ~b3 is perpendicular to this plane.
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b) Prove that the distance between two adjacent planes of the lattice is dhkl = 2π

|~G|
.

c) Show that for a simple cubic lattice that d2 = a2/(h2 + k2 + l2).

C. Problem 2.3

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.


