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1) For a system of non-interacting indistinguishable particles obeying Bose-Einstein, Fermi-Dirac 
or Maxwell-Boltzmann statistics, obtain the probability Pi(ni , T ,μ) for finding ni particles in 
a given single-particle state, labelled by i, when the system is in equilibrium with a particle 
reservoir with temperature T and chemical potential .  Making use of this distribution, find the 
average occupation number ⟨ni⟩ . Compute the relative fluctuation in the occupation number

Δn i

⟨ni⟩
, where Δni=√⟨(ni−⟨ni⟩)⟩

2 .

2) Show that the entropy of an ideal quantum gas may be written as

where the upper (lower) sign refers to fermions (bosons), and 

is the Fermi-Dirac (Bose-Einstein) distribution. 

3) Show that the equation of state pV=(2/3)U holds for both free bosons and fermions. Show that an
ideal ultrarelativistic gas, given by energy spectrum ϵ=c ℏ k , still obeys the same equation of 
state.

4) An electron in a magnetic field H has energy ε∓μB H , where ε is its kinetic energy and μB

is the Bohr magneton, depending on whether its magnetic moment is parallel or antiparallel to the 
field. Find the zero field paramagnetic susceptibility of a gas of electrons, including the leading 
correction to the zero-temperature value.

5) Show that the chemical potential of an ideal classical gas of N monoatomic particles, in a 
container of volume V, at temperature T, may be written as

where v=V/N is the volume per particle, and
is the thermal wavelength. Obtain the first
quantum correction to this result. That is, show that the chemical potential of a ideal quantum gas 



may be written as the expansion

and obtain
explicit expressions for the prefactor A for fermions and bosons. Sketch a graph of
 
μ/kBT versus λ2 for fermions, bosons, and classical particles.




