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2008 THIRD YEAR STATISTICAL MECHANICS TEST A

THE FOLLOWING INFORMATION MAY BE USEFUL

fi=105x107" 1s=066xI10" eVs, leV=1L60x10" T
electron mass m_ =9 11x 10731 kg , neutron mass m,_= .67 x 1027 ke
ko= 1381 x 1072 J/K, Ny = 6.022 x 10°° mot”
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There are two guestions.
Shew all your working and attach extra sheets if needed.
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1. {8) I one dimensional diffusion, the flux across an arez is given by

&
Hux,iy=— D—nlx,t},
oy

where n(x,1) 1s the concentration of particles at a position x at time £. Derive the diffusion eguation

relating the time rate of change of » to the gradient of J. Justify youor reasoning
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(b} The total smltermg cToss section for an electron-air Hmfecule collision is abuut&ﬂ m. At
what gas pressure will 90% of the elecirons emitied from a cathode reach an anode 26=gm away?
{Assume that any electron scattered out of the beam does not reach the anode.)} Sl
el R T

fury

g shea o CLAM .

ot g
N L el SVD, Y |
e e ‘.:m_,.:__ \ '\jw 1 Eity
T J e

Loy il‘?
L

2/4



NAME

STUDENT NO.

(c) The solution s} (representing the number of molecules within a slice between x and xr+dv at
time #) for a semi-infinite cylinder of air with cross section A and N molecules initially located ai
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;{ ] Use this to write down an integral expression {or the

=0 is a(xt) = ex
A~z D¢ 4D
average posilion <x> at time t. Show, without solving the integral, that <x> is proportional to ¢1/2.
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2. The Bolizmann equation without collisions is given by
i'i" Ll £+ xi =0
& oY

(a) i/se the Bolizmann equation lo derive the conservation of mass law,

where g7 is the number of particles at position r at time f.
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{b) Consider the Langevin cquation
L
¢t T
where F{1) is a rapidly varying, random, foree.
i) Derive the expression
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ii) Starting with the equation given in i), show thﬂt{v{r)} = v{0)e™ ’* Derive an expression for

(v{r}z ) Explain what is meant by ‘memory” in the resulting equation.
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