
Condensed Matter Physics. Assignment 2

Assignment 2: Sommerfeld Theory of Metals

The Free and Independent Electron Gas in One dimension

1. For a one-dimensional fermi gas,

a. What is the relation between n and kf in one dimension?

b. What is the relation between kf and rs in one dimension?

c. Derive a relation for free electron density of levels g(E) and explain how g(E) depend

on E for E > 0 and E < 0?

d. Calculate the pressure exerted by electron gas.

Two Dimensional Fermi Gas

2. At low temperatures, 3He atoms injected into liquid 4He form a monolayer on

the liquid surface. We can consider this monolayer to be a two-dimensional fermi gas; we

neglect any motion perpendicular to the surface.

a. Show that the density of states g(E) is independent of E for this gas.

b. Compute the value of Ef for an 3He surface density of 6× 1014 atoms/cm2.

A Neutron Star as a Fermi Gas

3. A neutron star is a star that is compressed into such a small volume that charged

particles cannot remain inside. It has been speculated that Ef for the remaining neutrons

could be so high that some neutrons could be transformed into lambda (
∧

) particles,

whose rest energy is 176.0 Mev greater than the rest energy of a neutron. If Ef were

greater than 176.0 Mev, a neutron in one of the highest energy levels could become a

lambda. Since it would no longer be excluded from the lower states, it could fall to a low

energy level, converting some of its kinetic energy into the required rest energy. Calculate

the neutron density (N/V ) that would be required for lambdas to be stable in a neutron star.

Due date: Feb. 18, 2011, 11:00am 1



Condensed Matter Physics. Assignment 2

Fermi Temperature

4. Calculate the fermi temperature TF for Cu and Na. Also calculate the ratio T/TF in

each case for T = 300 K. The electrical conductivities of Cu, Na are 5.88× 107 ohm−1m−1

and 2.11 × 107 ohm−1m−1 and relaxation time τ for Cu is 2.7 × 10−14 s and for Na is

3.1× 10−14 s. The masses of Cu and Na are 1.0 and 1.2 times me.

Fermi Energy

5. Calculate the value of the fermi energy for Mg. The density of Mg is 1.74 gcm−3. Also

prepare a plot of the density of levels for Mg against energy. What is the temperature

dependence?
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