Exam Statistical Mechanics
19 November 2018, 2-4pm

The total score is 20 points!

2 points

Diffusion

Consider N diffusing particles in one dimension and let D be the diffusion coefficient. Let
us suppose that at time ¢ = 0 the concentration is
2

N =
e 2a? (1)

V2aiT

where a is given. Calculate ¢(x,t) the concentration at later times.

c(x,0) =

3 points

Relativistic gas

Consider a system of N relativistic particles in a volume V' and at a temperature T". In the
limit of small masses the Hamiltonian is given by:

H = c|p]

a) Compute the canonical partition function for this system and derive the energy and
specific heat. Show that the result is consistent with the equipartition theorem.

b) Determine the pressure as a function of volume, temperature and number of particles.

5 points

Two dimensional Harmonic Trap

A particle in two dimension is in equilibrium at temperature T and subject to the following
potential

2
oz,y) =5 (2* +v°) +yay

(k,v > 0) which keeps it bound close to the origin z = y = 0. For stability we also need to
have k > v, otherwise the potential is not bounded from below.

a) Calculate the average potential energy (¢) from the analysis of the canonical partition
function.

b) Calculate (¢) using the equipartition theorem.

c¢) Calculate (xy).



5 points

Soft Spheres

In Soft Matter Physics some systems are described by “soft” potentials, which means that
the particles can fully overlap. One example is polymers which are modeled as point particles

interacting via the potential
2
,
o(r) = eexp (—;)
with € > 0.

a) Discuss the temperature behavior of the second virial coefficient by(7") for this system.
Is there a Boyle temperature?

b) Find explicitly the temperature dependence at high temperatures kg1 > ¢.

5 points

Dieterici equation of State
The Dieterici equation of state is given by:

B alN
P(V — Nb) = NkgTe VFksT.

where P, V and T are the pressure, volume and the number of particles. a and b are some
positive parameters.

(a) Show that at sufficiently low densities or high temperatures this equation of state
reduces to the ideal gas law.

At low densities a generic gas systems behaves as
P =nkgT (1 + nby(T) 4+ n’b3(T) + n’ba(T) + ...
where b;(T") are the virial coefficients

(b) Calculate the second virial coefficient by for the Dieterici equation of state and discuss
the low and high temperature behavior. Does this behavior agree with your expecta-
tions?

(c) Calculate the Boyle temperature.

(d) Calculate the third virial coefficient and discuss its temperature dependence.
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