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3 RIGOROUS TREATMENT OF SYSTEMS WITH LONG-RANGE POTENTIALS

i} Equilibrium States

Rigorous upper and lover bounds were o'n‘cainedl for the thermo=-
dynamic free-energy density a(p,'/) of a classical system of particles
with two-body interaction potential qlr) + yuqo(yz) where V is the nwuber
of space dimensions and P the density, in terms of the free-energy
density ‘.5\9(0) for the corresponding system (reference system) with
o(x) = 0. When ¢(x) pelongs to a class of functions, which includes
those which are non-positive and those whose Y-dimensional Fourier
+ransforms are non-negative, the upper and lower bounds coincide in
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the maximal convex function of p not exceeding a (o) +
o= ‘I}p(i}dg_c. The corresponding eugation of state is given by Maxwell's

equal-area rule applied ToO the function po(p) + -‘50:,02 wnere pO(p)

is the pressure of the reference system for which <p(3c_} 20, &




a(p) + éape is not convex the benavior of the limiting free energy

indicatves a first-order pnase transition.

. These results are easily generalized TO lattice gases and thus apply

- ! g = 5 : o
also to Ising spin systems. This was used incidently to test an idea of

Tisher 's that in comparing the specific neats of latvuice gases with continuum

#uids near the critical point it should be done on The pasis of their value

m
per unit volume per particle at close packing c*(T) = p Cgaimﬁp",x, where

C is the conrigurational specific heat r parvicle and = o
con? LiE pecit : S P = Peritical

along the critical isochore. Using then for our relerence sysved an 'ideal'

r =0 ; s = ¥ = .
9 or & coabtinuum system of nard rods, Gisds Or spneres

o
lattice gas ql\r)= =
we find the following results for the speciiic heat discontizuisy” &v tThe ‘cri-

tical point (using Pade equations of state for ¥ = 2,3)

iavtice gas Continuum
y = 1,2,3 vy=1 v=2 v=23
Po/Prpse 5 1/3 .233 176
Lo#[k 1.5 1.5 1.465 1.480
(E2), 386 376 366 359

-~

The constancy of AC¥ is remarkable and unexplained.
The generalization of our results TO quantum systems3 requires only
very mild additional assumptions. This permits% expiicit calculavions oI tae

properties and critical parameters of a oOne dimensional gquantun system
£ s
>

2

of hard rods with long range aviraction, i.e.-q(r) = {0 4 . Toe
. Fl

a
&
behavior of the critical temperature, pressure and density as a fuaction
of the quantum parameter A, the ratio of the de Broglie wave length O

the interparticle separation’ evaluated at the classical eritical point

































