Adv. Studies Theor. Phys., Vol. 7, 2013, no. 14, 681 - 683
HIKARI Ltd, www.m-hikari.com
http://dx.doi.org/10.12988/astp.2013.3546

A Simple Way for Obtaining the Expression
for the Entropy of Fluid

I. The General Consideration
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Abstract

The more simple technique is used to obtain the analytical expression of the
entropy for the hard-core fluid in a general case.
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In the previous articles [1, 2] was shown how the entropy, S, of an
equilibrium square-well (SW) system can be found by integrating the following
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thermodynamic relation (hereafter, all thermodynamic quantities are taken per

atom):
or), TL ot )

where T is the absolute temperature, K = szT - kinetic energy, U - potential

energy, o - mean atomic density, k; - Boltzmann constant.

Here, we show a more simple way to obtain the entropy of an arbitrary
system in a general case at three conditions:
1. The pair-interaction approximation for the potential energy:

U =27p[p(r)g(rridr @

where ¢(r) is the pair interatomic potential, g(r) - pair correlation function.
2. The hard-core (HC) model for the pair potential:
o, I<Ko
g(r),r>o
If #(r) =0, we have the hard-sphere (HS) fluid.
3. The following expression for the Fourier transform of the direct
correlation function in the HC model, c,.(r):

Chc (Q) =Cc (Q) - /B¢(Q) ) (4)
where c,,.(q) is the Fourier transform of the inside-hard-core (IHC) part of the
CHC(r) .

Eq. (4) is true for example in the framework of the mean spherical
approximation (MSA) [3] or the random phase approximation (RPA) [4].
From Eq. (4), the structure factor, a,.(q),is

1
1- pcc (@) + Bod(a) ’

Puc (r) = 3)

Apc (a) = ()

where S =(kgT)™.
The difference between entropy of the HS fluid, S, and the entropy of the
HC fluid, S, , can be found from eq.(1):
1 5 dT (0a,.(q)
She = Sks +4”2£dqq2¢(q)jT(gchp =Sps +ASyc (7

For cases of RPA [1] and MSA [2] Eqg. (7) was being calculated by the
straightforward way.
The more simple way to calculate AS,. is to perform integrating by parts

and to change the variable Ton g
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The integration constant is being obtained from the condition that S,. =S, at
ayc(0) =ays(a):

1
C=- Ina,s(q) . 9)
pp@ "
Eqg. (8) can be simplified and the final expression is
kg 7 1. a.(q)
Sy =S, + 2| dgg?| pa + = n TR 10
e = St Mz{ qq [ﬂ @)+ aHS(q)j (10)

Eq.(10) can be used if the expression for a,.(q) is known. In the future, the
method introduced here will be extended to binary mixtures.
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