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Final Exam: Condensed Matter Physics

1. Einstein Model

Derive an expression for the temperature at which the thermal lattice energy is equal

to the zero point energy for an Einstein model, all modes degenerate at frequency ωE.

(HINT: What is the average energy of a harmonic oscillator?) [8 marks]

2. Brillouin zones of Square (2D) and Cubic (3D) lattices

(a) Show for a simple square lattice that the kinetic energy of a free electron at a

corner of the first Brillouin zone is higher than that of an electron at midpoint of a

side face of the Brillouin zone by a factor of 2. [5 marks]

(b) What is the corresponding factor for a simple cubic lattice? [5 marks]

3. First Brillouin zone in BCC metals

Show that for the alkali metals Na, K, Rb, etc. that the ratio of the free electron

Fermi wave vector and the edge of the first BZ is 0.88. These metals have BCC struc-

ture. [15 marks]

(HINT: Find number of atoms per unit cell. Identify the Bravais lattice of the recip-

rocal lattice.)

4. Bloch Oscillations

For a one-dimensional lattice with constant a, given that E(k) = E0 − 2Eg cos(ka).

(a) Calculate group velocity vg and effective mass m∗ as a function of wavevector

k. [6 marks]

(b) If a uniform electric field is applied at time t = 0, find time dependent expressions

for m(t)∗, vg(t) and x(t) and sketch these three quantities.What is the average current

density? [15 marks]

(HINT: Use Newton’s law for determination of momentum).

(c) The motion you calculated in part (b) is called Bloch oscillations. How strong an

electric field is required to have Bloch oscillations in less than a relaxation time of

copper at T = 0 0C? It is given that relaxation time for copper is τ = 2.7 × 10−14 s

and lattice constant is a = 3.61 A0. [6 marks]

(d) Calculate the electrical conductivity σ and thermal conductivity κ of copper

(simple cubic structure) at T = 0 0C using κ = π2
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(m= 9.11× 10−31kg, e= 1.6× 10−19C). [6 marks]
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