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Exercise 19 (3 points): Phase space volume for noninteracting particles
Compute (U), the number of states with energy less than or equal to U for a gas of NV noninteracting
particles in a box of volume V.

Exercise 20 (1 points): Saddle-point approximation
Show that for twice-differentiable function f(z) with a unique global maximum at 2, we may approx-
imate
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as N — oo limit with a < ¢ < b.

Exercise 21 (2 points): Microcanonical Entropy
The total number of configurations with total energy U of an isolated box divided in two compartments
can be written as

g(U)=/dUlexp [51(1]1)1;52((]2) ,

with U; and S; the internal energy and entropy of compartment ¢ = 1,2 such that U = Uy + Us. Use
the result of Ex. 20 to show that, in the thermodynamic limit, the total entropy of the system is

S(U) = 51(U7) + S2(U = Uy),
where Uy is the value of U; that maximises the sum of individual entropies S1(Uy) + S2(U — Uy).

Exercise 22 (3 points): Equipartition theorem
Prove the equipartition theorem
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for the canonical ensemble with Hamiltonian H.
Given that the Hamiltonian of a non-ideal gas may be written as

H= Z (21711312 + Vwalls(qi)> + Vins({@i}),

with Vs the confining potential of the walls and V;,; describing interactions between the particles,
use the equipartition theorem to derive the Virial equation of state:
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Bitte Riickseite beachten!—
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