
Condensed Matter Physics. PSS 1

Problem Solving Section 1

Ashcroft Chapter 1, 2, 3

(1). Copper has a mass density ρm = 8.95 gmcm−3 and an electrical resistivity ρ =

1.55× 10−8 ohm−m at room temperature. Calculate,

a. The concentration of the conduction electrons.

b. The mean free time τ .

c. The Fermi energy EF .

d. The Fermi velocity vF and the mean free path at Fermi level.

(2). Find the Hall coefficient for germanium if for a given sample (length 1 cm, breadth

5 mm. thickness 1 mm) a current of 5 milliamperes flown from a 1.35 volts supply develops

a Hall voltage of 20 millivolts across the specimen in a magnetic field of 0.45 Wbm−2.

(3) Use the equation,
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for the electron drift velocity −→v to show that the conductivity at frequency ω is
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where σ(0) = ne2τ/m.

(4)

a. Calculate the mean free energy for Mg at 0 K. The density of Mg is 1.74 gcm−3.

b. How does EF compare to kT for Mg at room temperature? What is the value of the

Fermi temperature?
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(5) Estimate the electronic contribution of specific heat kmol of copper at 4 K and 300 K.

The Fermi energy of copper is 7.05 ev and is assumed to be temperature independent.

(6) A uniform copper wire of length 0.5 m and diameter 0.3 mm has a resistance of

0.12 Ω at 293 K. If the thermal conductivity of the specimen at the same temperature is

390 Wm−1K−1, calculate the Lorentz number. Compare this value with the theoretical value.

(7) Calculate the Hall coefficient of sodium based on free electron model. Sodium has bcc

structure and the side of the cube is 4.28 A0.

Issue date: Feb. 23, 2011, 4:00pm 2


