NAME

STUDENT NO.

2008 THIRD YEAR STATISTICAL MECHANICS TEST B

THE FOLLOWING INFORMATION MAY BE USEFUL

n=105x10" Js=6.6x10"" eVs, 1 eV =1.60x10"" ]
electron mass M, =9.11x 10731 kg , neutron mass m, =1.67 x 10727 kg

ke=1381x 102> J/K, Na= 6.022 x 10> mol’!
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There are two questions.
Show all your working and attach extra sheets if needed.
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1. (a) In one dimensional diffusion, the flux across an area is given by
d
J(x,t)=— D—n(x,1),
ox

where n(x,?) is the concentration of particles at a position x at time z. Derive the diffusion equation
relating the time rate of change of n to the gradient of J. Justify your reasoning.

(b) The probability that a molecule with velocity between v; and v, +dv is scattered by a molecule
with velocity v is given by

[T V) 1=Sff [|vi-V]|][0o][D(v)dvydv,dv,]

where D(v) is the Maxwell velocity distribution. Explain the physical meaning of each bracketed
term.
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(¢) The solution n(x,t) (representing the number of molecules within a slice between x and x+dx at
time ¢) for a semi-infinite cylinder of air with cross section 4 and N molecules initially located at

2
x=01s n(x,t) = N exp al
AANm Dt 4Dt

average position <x> at time t. Show, without solving the integral, that <x> is proportional to ¢!/2.

. Use this to write down an integral expression for the

2. The Boltzmann equation in the relaxation time approximation is given by
i"'V'iﬁ'V'i:—M.
ot ar av T
(a) Show that this equation is satisfied by the equilibrium distribution of velocities given by
3/2 m[vx2+vy2+v22]
m 2kgT
Ve, Vy,V,) =1 e
Jo(xovyv2) (ZJrkBT)
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(b) Consider the Langevin equation
s L@
dt m
where F(?) is a rapidly varying, random, force. Write F'(¢) and v in terms of Fourier integrals, and
show how their Fourier coefficients must be related to satisfy the Langevin equation. Use the result
1 f<v(0)v(s)>e_iwsds = kpT 3 Y 3
27 o Jim Y +w

to derive a form of the Nyquist theorem relating fluctuations in F to temperature.

4/4



