
53728 Statistical physics II Exercise 2 Spring 2012

Due to Friday 17 February 12.00.

1. Evaluate two correction terms of an ideal Fermi-Dirac gas to the density correlation
function h of the Maxwell-Boltzmann gas (for which h = 0).

2. Evaluate the pair correlation function of the photon gas.

3. Let the probability density of the density �uctuations in the wave-vector space be
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where

δn(q) =

∫
dx e−iq·xδn(x) .

The prime in the wave-vector sum means that the term with q = 0 is omitted. Note
that due to δn∗(q) = δn(−q) each term in the sum is actually calculated twice.

Calculate the Fourier transform of the density correlation function

Cnn(q, q
′) =

∫
dx e−iq·x

∫
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in this system.

4. Calculate the static response function of density n = ⟨ψ̂+(x)ψ̂(x)⟩ to the perturba-
tion ∆H = aψ̂+(x)ψ̂(x) in an ideal quantum gas.

5. Calculate the Fourier transform χnn(k, ω) of the dynamic density-density response
function of one-dimensional ideal electron gas at zero temperature. Note that in one
dimension electrons are spinless fermions. Here, it is safest to use the commutator
representation
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.

To change the order of integration a cuto� factor e−εt, ε → 0+ is needed in the
Fourier transform, wherefrom ε→ 0 remains in the result.


