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Exercise 1 - Low temperature properties of the Fermi gas

Based on the thermodynamic potential Ω(T, V, µ) of the Fermi gas at low temperature, i.e., Eq.
4.247 in the lecture notes, derive the chemical potential µ in terms of EF and T up to O(T 2)
and the specific heat cV in terms of EF and T up to O(T ).

From thermodynamics, we know the pressure P can be calculated from the thermodynamic
potential Ω as P = −Ω/V , derive the pressure of Fermi gas in terms of EF and T up to O(T 2),
observe even at T = 0, there is residue pressure in the Fermi gas, where does this pressure come
from ?

Exercise 2 - The static structure factor
The density of a system is defined as the (thermal or quantum) average
N/V = 〈ρ(r)〉 = 〈

∑
α δ(r− rα)〉. Show that the structure factor

S(q) ≡ 1

N
〈ρ(q)ρ(−q)〉 (1)

and the pair distribution function in a homogeneous system

g(r) ≡ 〈ρ(r)[ρ(0)− δ(r)]〉
〈ρ(r)〉〈ρ(0)〉

=
V

N2
〈
∑
α 6=β

δ(r− rα + rβ)〉 (2)

are related by

S(q)− 1 =
N

V

∫
d3r eiq.r g(r). (3)

For the case of a Fermi gas at zero temperature, write expressions for S(q) and g(r) in terms of
the creation and annihilation operators, and sketch these functions.
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