
Statistical Mechanics 2018, Problem set 5

Solutions to be returned to the mail box of Aleksi Vuorinen (A322) by 4pm on Tuesday,
February 20th. The problems will be discussed in the exercise session of Friday, February 23rd.

1. (6 points) Let us study classical gas in thermal equilibrium inside a sphere of radius R,
where its density is a constant n0. At time t = 0, the walls of the sphere suddenly vanish
and the gas is able to move to the outside region, where its density initially vanishes.

a.Choose a suitable coordinate system and write the di�usion equation in it. Also write
down the boundary conditions that n(r, t) should satisfy.

b. Solving a partial di�erential equation is typically challenging. Let us, however, ap-
proximate R ≈ 0 and try the ansatz n(r, t) = tαf(y), where α is a constant and
y ≡ r/

√
4Dt. Try to �nd a closed form for the density function.

(Hint: to �nd the physical value of α, use the fact that the integrated number of particles
in the system is a constant.)

2. The particle density and associated current density can be expressed in terms of the reduced
single particle density f(r,v, t) in the forms

n(r, t) =

∫
d3v f(r,v, t) ,

j(r, t) =

∫
d3v vf(r,v, t) .

Show that

a. the following results hold:∫
d3v∇vf = 0 =

∫
d3v

(
∂f

∂t

)
coll

,

b. the above implies that when integrated over v, the Boltzmann equation leads to the
continuity equation

∂n

∂t
+∇ · j = 0 .

3. Show that Boltzmann's H theorem holds also in the case where the particles are subjected
to a Lorentz force

F = q
(
E+ v ×B

)
.

4. Let us study two particles of masses m1 and m2, the velocities of which independently obey
the Maxwell-Boltzmann distribution at the same temperature T . What is the probability
that the relative velocity v ≡ |v1 − v2| is between v and v + dv? Determine also 〈v〉.


