Lecture 25 —The van dev Waals Fluid
U? onh| now, we hawe 3;'"?1'1 established the mathematical and Yngoretiul

fools Lor Conneching Hre propertics of molecoles fo their bulk 9. Haermodynamic)
?mrer-[;v'bs and behavior. Tn duis lecture, we will furn cur alfention o pure
conporents and Lry and lean something abowt purt component phase
behanier. We will first work on underethZAlj non~ideal gases , fpan we
will afso consider LZ%uiJs and Solids .

Ve wil\ firgt ook at e most é:mtalc model of @ non-ideal 905, e
van dev Waals £luid. this model is amlg{—{mlly solyable and its P-v-T
e%uah'ovl of staft is fue \sel(- knvan van der Waals e%va{ﬁov\ of state.

Recall tue sleps we need 1o go urough +o compute an cobua{'im of stale

(or any otey Huermodynavmic FWP"{U)'

1) Dedermine e Homiltnian

7) Computt e partibion fnchion

%) Use Be Hermodynamic conneetion bor mula and classical dhermodynamie
relatiors 6 compute 4 giandi ty ot injerest.

A. Detemine fa tlamilfonian
Reaall that we said fov N pardicles unerachirg widh o pair wise polendial,
twe Hamitonian is guen as

H= ZL + 22 ey (0 pi: momentom
=

B / tsd S| ss
me roic(e ma
this 'sum can also be Wy fea as: i
N 3p u;]’- Faﬁr po((ﬂ'{n'qf

|
7 2.2 wjln)
L J




Lets vemembor wmat the Pav pa-km'lw‘a[ ts
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For o van der Waals fluid, we define 4u -Qo“ow't"a goteatial
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The véW podenhal ts an “qvmaz" aokntial. This ts o “mean Gield "amy-
Yoximakion. Bach particle feels generml attrachion fom evergone, but
e purticle—pagiicle dishance flustvahions dont waller,
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B. Find &  (Canonical Ensemble)
Tn 4ne second slep we Wawve do do e Wourd werle o-("sp[v‘ma HY Y

parg&on fmchim, .
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we did e Iclne-hc cnera-j Ve will call {;1...5 2 (0T e
integral for te ideal gas conguratioal portibon fmchion.
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Now, we need do sdue the infegral 2.
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Compared 4+ Qre we hawve o vedvchon th available volume that can be

; | iy
explored: (V=6 vs. V*. e also navt alirachve tntemckons e P

C. Conned 4o thermo amd aom?wk e £.0.5.
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