PHY 341/641
Thermodynamics and Statistical Physics
Lecture 34
Analysis of classical gases and liquids (STP Chapt. 8)

* Virial coefficients

¢ Radial distribution functions
¢ Equation of state for classical fluid
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Estimate of partition function for interacting gas or fluid;
virial expansion:

Free energy for interacting particles:
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For pair potential :
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"Virial" expansion of equation of state:
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Evaluation of B,(T):
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Note: A more careful derivation of the previous result takes
care to count the contributing terms in a systematic “cluster
expansion”. In the words of another textbook on this subject
(Statistical mechanics by Normand Davidson): “The derivation
given [on the previous slide] is a fraud and a hoax.”

Equation of state for a classical fluid at low density p = g:
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More properties of 2" virial coefficient:
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Alternative derivation -- radial distribution function g(r)

Previouslywe have defined the correlation
contribution to the partition function:
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This can be rewritten :
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The quantity in () is related to the “pair distribution function”
g(ry,r,) —given a particle at r, what is the probability of finding a

second particle atr,.
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Radial distribution function — continued --
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FIG. 4. Radial distribu-
= tion function gfr) for *Ar at
-a 85°K. This curve is the

Fourler transform of the
smoothed and extended S(Q)
Ul shown as a solid line in Fig.
3.
) B
L L | !
5 1o 5 20 25
(A

Experiment measures neutron scattering signal as a
function of the change in neutron wave number Q:

S(Q) :l+4§pw(g(r) —1)rsin(Qr)dr
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FIG. 3. Fully corrected
experimental values of the
Liquid strueture factor S(Q)
for ¥Ar at 85 K. The solid
line 15 @ smoothed and ex-
tended $(@) obtained from the
cxperimental data by an itera-

tive procedure described in
the text. The small dip in

the experimental data near

the top of the second peak

@=3.75 A is apparently

statistical in origin.




Formulation of equation of state in terms of pair distribution
function:
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Formulation of equation of state in terms of pair distribution
function — continued:
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Equation of state:
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Scaled coordinates :
Let r, =7,
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Summary of results for classical fluid with pair potential:

Equation of state in terms of pair correlation function :
o l—Zﬂ drr® Lu(r)g(r) =1- 2fp Jdr r Lu(r)g(r)
dr 3 dr

NKT = 3kTV
Equation of state in terms of virial expansion at low density :
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