
FYS 4130 Statistical Mechanics

Homework 12 May 2, 2011

1) Diffusion (exam problem from 2009)

Diffusion of a local particle density C(x, t) in one dimension is governed by
the equation

∂C

∂t
= D

∂2C

∂x2

a) At time t = 0 the concentration is given as C0(x) = Ke−x2/L2
Where L

is a fixed length. Find the constant K from the requirement that there are
in total N diffusing particles.

b) What is the current of the particles for x = L at this time (t = 0)?

c) Calculate the concentration of particles, C(x, t) at a later time t > 0.

2) Random walk in d dimensions

A random walk in d dimensions has equal probability of left and right steps
in each dimension, p = q = 1/2. The probability of starting a walk at ~x = 0,
t = 0 and travelling to a point ~x in time t is given by

P (~x, t) =
1

(4πdt)d/2
e−x2/4Dt

a) Write down the probability of travelling to point (~x, t) and returning to
the origin at time t′

b) What is the probability of travelling away from the origin and then re-
turning to the origin at a time t = t′ ?

c) What is this probability as t′ →∞ in 1, 2 and 3 dimensions?
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3) Brownian Motion

Drops of oil of mass m are allowed to fall to the floor in still air at temper-
ature T . Each drop is released at rest from the same point, at a height h
above the floor.

Estimate the radius r(h) of the patch of oil formed on the floor, using the
following assumptions:

i) that the radius is determined by the Brownian motion of the falling drops

ii) that the time a drop takes to reach terminal velocity is much smaller
than the time it takes to reach the floor. Assume it travels at the terminal
velocity.
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