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PHY 341/641 
Thermodynamics and Statistical Physics

Lecture 31

Analysis of classical gases and liquids

• Interaction potentials
• Approximations to the partition function
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‐‐ student presentations 4/30, 5/2 (need to pick topics)
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www.wfu.edu/physics/sps/spszone52012conf/welcome.html 

Part of SPS zone 5 conference
April 20‐21, 2012
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Consider a canonical ensemble of N particles moving in 3 
dimensions within a volume V at temperature T=1/k

),,(

2

!

1

21

1

2

3
2

3
1

33
2

3
1

3
3

N

N

i

i

UK
NNNN

UU

m
K

erdrdrdpdpdpd
hN

Z

rrr

p

















 

2/3

2

3
2

3
1

3
3

2

!

!

 mass of particles all with gas) ginteractin-(non idealFor 

NN

IG

K
NN

N

IG

h

mkT

N

V
Z

epdpdpd
hN

V
Z

m









 




4/16/2012 PHY 341/641 Spring 2012 ‐‐ Lecture 31 5

2/3

2

3
2

3
1

3

3
2

3
1

33
2

3
1

3
3

2

!

:where

1
     

!

1

NN

IG

CIG
U

NNIG

UK
NNNN

h

mkT

N

V
Z

ZZerdrdrd
V

Z

erdrdrdpdpdpd
hN

Z




































4/16/2012 PHY 341/641 Spring 2012 ‐‐ Lecture 31 6

 







































U
NNC

NT

C

NT

C

NT

CIG

CIGN

erdrdrd
V

Z

V

Z

N

V

NkT

PV

V

F

V

NkT

V

F
P

NVVFNVVF

ZkTZkTZkTNVTF

3
2

3
1

3

,

,,

1

ln
1

),,(),,(                  

lnlnln),,(

:energy Free





4/16/2012

3

4/16/2012 PHY 341/641 Spring 2012 ‐‐ Lecture 31 7

Model simulations of ZC
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Virial expansion for hard‐core potential
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Modified hard‐core potential – square well potential
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Virial expansion for modified hard‐core potential
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Evaluation of B2(T) for Lennard‐Jones potential ‐‐ continued
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Evaluation of B2(T) for Lennard‐Jones potential ‐‐ continued
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