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2008 THIRD YEAR STATISTICAL MECHANICS TEST B

THE FOLLOWING INFORMATION MAY BE USEFUL
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There are two qucstions.
Show all your working and attach extra sheets if needed.
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1. (2} In one dimensionral diffusion, the flux across an area is given by
)
Hut)=— D~uix,f,
o

where #(x,7} is the concentration of particles at a position x at time . Derive the diffusion equation
relating the time rate of change of » to the gradient of J. Justify your reasoning.
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with velocity v is given by

U000 T1v - ¥11 105 11D dv dvy dv, |

where D(v) is the Maxwell velocity distribution. Explain the physical meaning of each bracketed
term.
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(c) The solution sy, £} (represenling the number of molecules within a slice between x and x+dv at
time #) for a semi-infinite cylinder of air with cross section A4 and N molecules initially located at

. N —xz
=0is n{x,f) = , ex

. tise this to write down an integrai expression for the
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average position <x> at time t. Show, without solving the integral, that <x> is proportional to /12,
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2. The Boltzmann equation in the relaxation time approximation is given by
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(b) Consider the Langevin equation
el 1
—— ==y + —F(t)
et » m .
where Fy1) is a rapidly varying, random, force. Wrile F¢#) and v in terms of Fourier integrals, and

show how Lheir Fourier coeffi cienb; must be related to satisfy the Langevin eguation. Use the resuit

~ia kp
(O (s)he s = _1.’_...2_
LU T
to derive a form of the N}-‘quist ihenrem.
5 o
[ - Bl
~
&J o b ,L"L%:”' F# Irn" 5 ,."! y 1
T !.! Ll‘} T {C__?,. f L) 1]
1 PR i
=S
Lo . f-.f’tu}
A > - ’;UF} "l.fJ i IS t"’f L L i

i FERRLE e he P < = f iy ] 'I!l;JJ /\,, /

- > < a,.,_% fﬂ.r.é & ‘kli‘_:r Eifi |

. - — '"_”:W"J -
o ? ™y P L e
we T (YT W) A Yo b
N — o e PPN iy
£ N M —
— o SR S
- J ("j = TM Ty S f"a iy
!

444



