
Statistical Mechanics 2018, Problem set 6

Solutions to be returned to the mail box of Aleksi Vuorinen (A322) by 4pm on Wednesday,
February 28th. The problems will be discussed in the exercise session of Friday, March 2nd.

1. Let us model the �directed random walk� of a particle in three dimensions as a series of
independent steps of length l. Each step makes an angle θ with the z axis, with a probability
density p(θ) = 2/π cos2(θ/2), while the angle φ is uniformly distributed between 0 and 2π.
(Note that the solid angle factor of sin θ is already included in the de�nition of p(θ), which
is correctly normalized to unity.) The particle starts at the origin and makes a large
number of steps N . Calculate the expectation values 〈z〉, 〈x〉, 〈y〉, 〈z2〉, 〈x2〉, 〈y2〉, and the
covariances 〈xy〉, 〈xz〉, 〈yz〉.

2. Complete the derivation of the thermal conductivity of Maxwell-Boltzmann gas performed
in the lecture notes by carefully determining the expectation values 〈v4〉 and 〈v6〉 for the
system. How about a general 〈v2n〉?

3. (6 points) Determine the shear viscosity of Maxwell-Boltzmann gas in the relaxation time
approximation. If needed, you may consult a text book (e.g. section 14.3.3 of AH) but be
sure to �ll in all the details.

4. Let us study the virial expansion of a gas of interacting particles (AH 10.1).

a. Show that the coe�cients of the virial expansion satisfy

B3 = 4b22 − 2b3,

B4 = −20b32 + 18b2b3 − 3b4,

b. Determine the second virial coe�cient B2 for the potential

V (r) =


∞, r < σ,

−ε, σ < r < R,

0, r > R.

Note that material concerning this last problem will only be covered in class on Monday,
February 26th. To this end, this problem set needs to be returned one day later than
usually, i.e. on Wednesday, February 28th.


