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Exercise 12 (3 points): Impurity scattering

Consider a gas of non-interacting particles colliding elastically with a set of fixed scatterers of density
n0. With no external forces and the collision term written in the following manner (see Lecture),
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show that, for this special case, the Boltzmann equation reduces to
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with f(q,p, t) the distribution function of the gas particles.

Exercise 13 (3 points): Lorentz gas cross section

Consider a two-dimensional gas with impurity scatterers modelled as hard circles of radius a. Show
that for scattering through an angle θ, the impact parameter b, differential cross-section dσ, and total
cross-section σtot are given by
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dθ; and σtot = 2a.

Exercise 14 (4 points): Diffusion Equation

Defining the density n(q, t) ≡
∫

d3pf(q,p, t) and current density j(q, t) ≡
∫

d3p p

m
f(q,p, t), show

that Eq. (1) implies
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n(q, t) + ∇q · j(q, t) = 0.

With Fick’s law j(q, t) = −D · ∇qn(q, t) where D is the diffusion coefficient, we obtain the diffusion
equation
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n(q, t).

Show that the dispersion relation for these diffusive modes is

ω = −iDk2,

and interpret the result. Bitte Rückseite beachten!−→
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