
Statistical Mechanics 2018, Problem set 2

Solutions to be returned to the mail box of Aleksi Vuorinen (A322) by 4pm on Tuesday,
January 30th. The problems will be discussed in the exercise session of Friday, February 2nd.

1. Determine the normalization factor ΣE of the microcanonical ensemble for a system of
N independent harmonic oscillators. (Hint: a Laplace transform with respect to energy
may turn out to be helpful.)

2. Let us continue to study the system of the previous problem. Using the results obtained
there, determine

a. the microcanonical entropy S as a function of energy,

b. the energy E as a function of temperature,

c. the (isochoric) heat capacity CV as a function of temperature.

3. Starting from the de�nition of the Helmholtz free energy F in the canonical ensemble,
show that the standard deviation of the energy of the system satis�es

(∆E)2 ≡ 〈(H − 〈H〉)2〉 = −∂2β(βF ) = T 2CV .

Use the result to argue that in the limit of a large system (large N) the canonical and
microcanonical ensembles lead to the same results for thermodynamic quantities.

4. Let us study a system that is undergoing collective rotational motion with a constant
angular velocity ω. Show that in a non-inertial coordinate system that rotates with the
system, the canonical phase space probability density becomes

ρ =
1

Z
exp

{
−β
[∑

i

1

2
m
(
v2i − (ω × ri)

2
)

+ U

]}
,

where U denotes the potential energy of the system. Note that the extra term contributes
to the potential and can be identi�ed with a �ctitious centrifugal force. (Hint: if needed,
you may consult a suitable textbook, e.g. section 6.3 of AH.)

5. Let us study ideal Maxwell-Boltzmann gas in a cylinder of radius R that rotates around
its z axis with angular velocity ω. Determine the density pro�le of the gas as a function
of the radial coordinate r as well as the pressure that the gas exerts on the walls of the
cylinder. (Hint: use classical mechanics and the canonical ensemble.)


