
PHY-420, Fall ’17
Thermal & Statistical Physics

Homework 6. Due by Thursday, December 7,
12:30 p.m. No extension!

Name: _________________________________________________
1. a) Make numerical estimate for the Fermi energy, Fermi momentum, and

the Fermi wave length of electrons in a typical metal.
b) How could you guess the orders of magnitude of the results without

doing any calculations?
2. Show that heat capacity of degenerate Bose gas at temperatures T below

the temperature of Bose condensation T0, T < T0, is proportional to T
3/2. Do

not calculate the proportionality coefficient!
3. Show that for a system in thermal and diffusive equilibrium with a reser-

voir the average number of particles in the system is

N =
1

βZ

∂Z

∂µ

where Z is the grand partition function
4. A quantum harmonic oscillator has equidistant energy levels, ǫn = nǫ0

where n = 1, 2, 3, ... and ǫ0 is assumed to be known.
a) Find an expression for the Helmholtz free energy for a single oscillator at

temperature T .
b) Find the free energy of a system of N identical oscillators
c) Find the heat capacity of the system
5. Sometimes, real gases are described not by the van der Waals equation,

but by the following equation of state suggested by Clausius:

[

P +
a

T (V + c)
2

]

(V − b) = RT.

where a, b, c are some constants.
Find the critical volume, temperature, and pressure of such gases Vc, Tc, Pc.
6. Consider a particle which has a singlet ground state with the energy

E0 and a triplet state (three degenerate states) with the energy E1. Find the
partition function Z, free energy F , and the entropy S of an ideal gas of N such
particles as a function of temperature T .
7. Assuming that the Sun and the Earth are perfect blackbodies, estimate

the change in Sun’s surface temperature sufficient to raise the temperature of
the Earth by 1 K.
What does this result tell you?
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