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1. Redlich-Kwong gas (3 Points)
Consider a gas which satisfies the following equation of state

P =
NT

V − b
− a√

TV (V + b)
, (1)

with a, b being constants. Suppose that at low densities V/N � b the specific heat is temperature
independent, i.e., CV (T ) ≈ const. Use this information to compute the free energy F (T, V ).

2. Barometric formula (3 Points)

(a) Consider an ideal gas in a generic potential Φ(~x) and express the particle density n(~x) =
〈
∑

i δ(~xi − ~x)〉 as a function of Φ(~x).

(b) Compute the particle density n(~x) for a linear potential of the form Φ(~x) = ~g · ~x, where ~g is
a constant vector. Combine this with the equation of state for the ideal gas to finally express
the pressure P (~x).

3. Tonks gas (5 Points)
Consider a one-dimensional system of N particles, each of which having a fixed length l. Those
particles can occupy at most a length L (in analogy to a gas that can at most take a volume V ).
The particles cannot penetrate each other but otherwise there is no interaction between them.
Compute the partition function and from that the free energy, the equation of state and the inner
energy of this “gas”.

Hint: Note that the particles cannot change its order. In order to compute the partition function
as a function of N it might help to consider the case N = 2 first, and then using induction.

4. Stirling’s formula *
There are many ways to derive Stirling’s approximation for log(n!). Here we take the following
approach:

(a) Via the Gamma function the factorial can expressed as

n! =

∫

∞

0

tne−tdt. (2)

Prove this identity, for instance by looking at (−∂/∂β)n
∫

∞

0
e−βtdt

∣

∣

β=1
.

(b) Use a convenient substitution for t to show that

n! = nn e−nRn, with Rn = n

∫

∞

−1

e−n[t−log(1+t)] dt. (3)

(c) Decompose the integrand of Rn into a product of the form e−t2n/2e... and expand the second
term up t4 (Taylor expansion around t = 0). Then solve the integral by approximating it over
the whole line ]−∞,∞[.

(d) The resulting terms of the Stirling’s formula read

log(n!) = n logn− n+ 1
2 log(2πn) +O(nx).

Verify this and determine the parameter x.


