
Condensed Matter Physics. Assignment 6

Assignment 6: Energy Bands and Semiconductor Crystals

X-Ray Diffraction

1. The Bragg angle for a certain reflection from a powder specimen of copper is

47.750 at a temperature of 293 K and 46.600 at 1273 K. Calculate the coefficient of linear

thermal expansion of copper.

Structure Factor

2. For a conventional cubic cell of the diamond lattice, the basis consists of eight

atoms.

a. Find the structure factor S of this basis.

b. Find the zeros of S and show that the allowed reflections of the diamond structure

satisfy v1 + v2 + v3 = 4n, where all indices are even and n is any integer, or else all

indices are odd.

3. (a) Show that the structure factor for a monatomic hexagonal close-packed crystal

structure can take on any of the six values 1 + einπ/3, n = 1, ..., 6, as
−→
K ranges through the

points of the simple hexagonal reciprocal lattice.

(b) Show all the reciprocal lattice points have nonvanishing structure factor in the plane

perpendicular to the c-axis containing
−→
K = 0.

(c) Show that points of zero structure factor are found in alternate planes in the family of

reciprocal lattice planes perpendicular to the c-axis.

(d) Show that in such a plane the point that is displaced from
−→
K = 0 by a vector parallel

to the c-axis has zero structure factor.

(e) Show that the removal of all points of zero structure factor from such a plane reduces

the triangular network of reciprocal lattice points to a honeycomb array.

Square lattice, free electron energies

4. (a) Show for a simple square lattice that the kinetic energy of a free electron at a
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corner of the first zone is higher than that of an electron at midpoint of a side face of the

zone by a factor of 2.

(b) What is the corresponding factor for a simple cubic lattice?

(c) What bearing might the result of (b) have on the conductivity of divalent metals?

Kronig -Penney model

5. (a) For the delta-function potential and with p << 1, find at k = 0 the energy of

the lowest energy band.

(b) For the same problem find the band gap at k = π/a.

Square lattice with a weak periodic potential

6. Consider a square lattice in two dimensions with the crystal potential,

U(x, y) = −4U cos(2πx/a) cos(2πy/a).

Apply the central equation to find approximately the energy gap at the corner point

(π/a, π/a) of the Brillouin zone. It will suffice to solve a 2× 2 determinantal equation.

Effective mass

7. The electron energy near the top of the valence band in a semiconductor is

given by,

E = −10−37k2 J,

where
−→
k is the wave vector. An electron is removed from the state,
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−→
k = 109k̂x m−1,

where k̂x is a unit vector along x-axis. Calculate,

a. the effective mass

b. energy

c. momentum

d. velocity

of resulting hole. [Each answer must include the sign (or direction).]

Intrinsic behaviour

8. A sample of silicon is purified until it contains only 1018 donors m−3. Below

what temperature does it cease to show intrinsic behaviour? (EG = 1.1 eV and the intrinsic

carrier concentration at 300 K is 2× 1016 m−3.)
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