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9.5 Consider the grand partition function

2(z,V)=(Q1+ z)V(l + z°)
where «a is a positive constant.
(a) Write down the equation of state in a parametric form, eliminate z graphically, and
show that there is a first-order phase transition. Find the specific volumes of the two
phases.
(b) Find the roots of 2(z,¥) =0 in the complex z plane, at fixed V. Show that as
V' — oo the roots converge toward the real axis at z = 1.
(¢) Find the equation of state in the “gas” phase. Show that a continuation of this
equation beyond the phase-transition density fails to show any sign of the transition. This

will demonstrate that the order of the operations z(d/dz) and V — o« can be inter-
changed only within a single-phase region.

:Cjb Lg«l.‘..u—

10.3 Calculate the second virial coefficients for a spinless hard-sphere Bose gas and a
spinless hard-sphere Fermi gas to the two lowest nonvanishing orders in a/A, where a is
the hard sphere diameter and A is the thermal wavelength.

o tlins —

Problem 9.1. Compute the second virial coefficient for a gas which interacts via the
potential

00 if g <R,
V(q) = R(,\E_l) (q - ’\R) if REG<AR,
0 if g > AR.
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Prove one of the Yang-Lee theorems.
v.’u,g Chn—
Consider a gas of particles subject to a Hamiltonian
N ﬁ 1
H=) ——+=> V(F—F), inavolume V.
o 2m 2 —
(a) Show that the grand partition function E can be written as
- o 1 eBF’ 3
:=Z—’ /ndrexp ——ZV(r )
N=0 1Y+

(b) The volume V is now subdivided into N = V/a® cells of volume a?, with

the spacing a chosen small enough so that each cell a is either empty or

occupied by one particle; i.e. the cell occupation number n,, is restricted to O or

1 (e=1,2,---,N). After approximating the integrals f d37 by sums a Za r

show that
_ eBrgd Yo Na :B
= ( e ) exp| —= Z n ngV(7, —7g) | .
{nq=0,1} a,B=1

r&& S hn—
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The Viasov equation is obtained in the limit of high particle density n = N/V, or large
interparticle interaction range A, such that nA* >> 1. In this limit, the collision terms are
dropped from the left-hand side of the equations in the BBGKY hierarchy.

The BBGKY hierarchy

d ‘ p, U S [oU V(q,—q d
[_Jrz&.__z(é_JrZw). }fs

at n=1 m aqn n=1 1 qn ﬁn

d WV (q,—q, 0
— Z/dvs+1 (Qn_) QH»]) X fs+l
n=1

4, ap,

has the characteristic time scales

1 U 4 v
R A A
1 v a0 v

| = @ %
Lo e 1
Ty 9 pJfi T

where nA? is the number of particles within the interaction range A, and v is a typical
velocity. The Boltzmann equation is obtained in the dilute limit, nA* < 1, by disregarding
terms of order 1/7, « 1/7.. The Vlasov equation is obtained in the dense limit of
nA® > 1 by ignoring terms of order 1/7, < 1/7,,.

(a) Assume that the N-body density is a product of one-particle densities, that is, p =
1Y, pi(x;, t), where x, = (P;» ¢;)- Calculate the densities f,, and their normalizations.

(b) Show that once the collision terms are eliminated, all the equations in the BBGKY

hierarchy are equivalent to the single equation

d p 9 Iy 9 Lo
PRI e ey ,q,1) =0,
|:8t+m Py FY Bp]fl(p g, 1)

where

Uar(@.0) = U@) + [ dX'V(@G—3)/1(x. 1),




