
FYS 4130 Statistical Mechanics

Homework 14 May 20, 2011

1) Zipper (from exam 2008)

A zipper has N links. Each link has two states: in state 1 the link is closed
and has energy 0, in state 2 the link is open with energy ε. The zipper can
only unzip from the left end and a link at position s cannot open unless all
the links to the left (1,2,...,s-1) are already open.

a) Find the partition function for the zipper.

b) In the low temperature limit ε À kT , find the mean number of open
links.

Z = 1−eβε(N+1)

1−e−βε

s ≈ e−βε for ε À kT

2) Boson gas (from exam 2009)

A gas of free bosons in three dimensions is in thermal equilibrium with tem-
perature T. The energy of a particle with momentum p has the unusual form
E = A|p|1/2 where A is a constant.

a) Calculate the chemical potential of the gas in the classical limit as a func-
tion of density and temperature.

b) What is the internal energy per particle in the gas?

c) Quantum statistics must be used when the temperature is reduced. Show
that the gas will then have a transition to a condensed phase and find the
corresponding critical temperature Tc as a function of the density.

d) What fraction of the total number of particles in the gas has condensed
when the temperature is T = Tc/2?
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3) Gas of rigid spheres

A gas of rigid, hard core particles in a volume V may be described by divid-
ing the volume into many small cells, each of volume a3. There can be 0 or
1 particles in each of these cells, in both cases the energy is zero. Assume
there are no other interactions between the particles. The total number of
particles is not fixed and the system is in equilibrium with a reservoir of
temperature T and chemical potential µ.

a) compute the mean number of particles in each cell and find the particle
density ρ of the gas as a function of T and µ

ρ =
1
a3

eβµ

1 + eβµ

b) Use the grand canonical ensemble to find the pressure P (ρ, T ) of the gas.
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