PHY 341/641
Thermodynamics and Statistical Physics

Lecture 33

Analysis of classical gases and liquids (STP Chapt. 8)

* Virial coefficients
¢ Radial distribution functions
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24 | 3/26/2012 | Bose and Fermi panticles 65611
25 | 3282012 | Phase transformations 7173 HW 21 033012012
26 | 330/2012 | Vian der Waals Equation T4
21 | 440272012 | Equilibium constants. T4T5 HW 22 0410412012
28 | 4/04/2012 | Equilibrium constants 75
20672012 | Good Frcay Hobiday
29 | 410972012 | Review - begin take-home exam 5T
A1172012 [ No class — work on exam 5T
30 | 411312012 | Simulation of chemical patential | 7.2 f:;:w "
a1 [snenore | Gasseslmmmant st genss g5, exam due
32 | 4/18/2012 | Review exam; Virial expansion 8384
’JJ 472012012 | Radial distribution function B85
34 | 472372012 | More topics on classical fluds B689
35 [ 4252012 | Review
36 | 42772012 | Review
413012012 | Student presentations |
50272012 | Student presertations I
51032012 | 8 AM Final exam

- student presentations 4/30, 5/2 (need to pick topics)
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Time, Einstein, and the
Coolest Stuff in the Universe

A free public lecture by Nobel Laureate

Dr. William Phillips

National Institute of Standards and Technology
8:00 PM Friday, April 20

Brendle Recital Hall
‘Wake Forest University

www.wfu.edu/physics/sps/spszone52012conf/welcome.html
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Part of SPS zone 5 conference
April 20-21, 2012

Received 1997 Nobel Prize
with Steven Chu and Claude
Cohen-Tannoudji “for
development of methods to
cool and trap atoms with
laser light”
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Estimate of partition function for interacting gas or fluid;
virial expansion:

Free energy for interacting particles:
F(T,V,N)=—kTInZ,=—kTInZ,; —kTInZ,
=F,,(T,V,N)+F.(T,V,N)
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Model simulations of Z,
Isotropic pairwise interaction potentials:

U(r,r, 1) = Zuer - rz\)

Lennard - Jones potelnfial :

o) L
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Hard - core potential :
o forr<o
e (r) = {O forr>o I
o r
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Upc(r)

For pair potential :
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"Virial" expansion of equation of state:
by 1+K[M]
T.N

NkT ~~ N\ ov
z:L"'sz(T)"'sz3(T)+'"
N
where p=—
L 14

Evaluation of B,(T):

N(N-1 . N(V-1 i
(2V2 )J.dsrlaﬁrzflz: (ZV )J.dgrlz(e’“ )_l)

_ 2
[%(N(;\; 1)J'd3r12(eflfu(azJ_])jlw z_%jd%lz(efﬂu(ﬁﬁ_l)

-2

541 Spring 2012

4/20/2012

Evaluation of B,(T):
1 ~pul
B,(T)= 75.[613}"12(6 pule) 71)

3
For hard sphere: B,(T) = 279”

3
Forsquare well:  B,(T) = 2%03 (1— (eﬁ” —1XR3 —l))

Lennard - Jones potential :

oz {7]]
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B,(T)= _z,zo.aj‘xzdx{e“‘b/’[xu Xf,) _1]
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1/(4¢p)
Note: Correlates well with experimental measurements on
N,, Ne, Ar, and He (less well)
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Radial distribution function g(r)

Previouslywe have defined the correlation
contribution to the partition function:

1 -
Z =Wj.d3r1d3r2---d3r]ve n

This can be rewritten :

Z.= jd3qd3rz[l/];vjd3r3~--d3rNeﬂUj

Z: :jdsrldsrz[V];vjdgrg---dere_ﬂUj

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,.

Z. =Id3r1d3r2(;v“-d3r3-~-d3r,veﬂUj

N(N-1) _
ng(rl'rz) =7J‘d3rg"'d3r]\,e pU

where _N
a7
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Radial distribution function — continued --

N(N -1

2 _ ) 3, 3. _-pU
pg(r,r,)= ZCVN jd ryeeedrye

If g(r,,r,) =g(r,—r,)) then
pJ-47zr2drg(r) =N-1=N

Measurement of g(r) by neutron scattering:
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PHYSICAL REVIEW A VOLUME 7, NUMBER 6 JUNE 1973
Structure Factor and Radial Distribution Function for Liquid Argon at 85°K "

J. L. Yamell, M. J. Katz, and R. G. Wenzel
Los Alamas Scienrific Leboratory, Universty af Calfornia, Los Alamas, New Mexico 87544

S. H. Koenig
IBM Thomas J. Watson Rescorch Cnter, Yorkiown Heights, New Yook 10504
T T T
3
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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)
' shown as a solid line in Fig.
3.
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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

0

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.
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Estimate of g(r) from theory:

For systems described by pair potentials in the dilute limit:

g(r) = e
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