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ABSTRACT. \Vithin the framework of a rcvisit to the linear Standard Enskog Theory, the kinetic
thcory for a binary mixture of rigid spheres is proved to be consistent with linear irreversible ther-
modynamics in terms of the thermodynamic forces and fluxes derived from the kinetic definition
of the entropy production. A straightforward calculation of the Onsager coefficicnts is presented.

RESUMEN. Dentro del contexto de una reconsideración de la teoría de Enskog estándar linealizada,
se muestra la consistencia de la teoría cinética de una mezcla binaria de esferas duras con la
termodinámica irreversible lineal en términos de flujos y fuerzas termodinámicos derivados de la
definición cinética de la producción de entropía. Se presenta un cálculo directo de los coeficientes
de Onsager correspondientes.

rAes: 05.20.Dd

l. INTRO()UCTION

In order to describe the behavior of a simple dense gas of rigid spheres, D. Enskog proposed
in 1921 a kinetic e<¡uation whieh essentially modifies the eollision terIn of the 130ltzmann
e<¡uation [1,21, assuming that only binary eollisions need to be eonsidered and that the
molecular ehaos hypothesis stiU holds. Due to the finite diameter (J of the rigid spheres,
collisions do not oecur at a given point in spaee. Thus, the point where the distribution
funetion of the eolliding sphere in the eollision term is evaluated must be modified, whieh
means that the term

f(r, v, t)f(r, VI, t)

in 130ltzmann 's equation must be replaeed by

f(r, V, t)f(r:!: (Jk, VI, t),

where k is a unit vector along the line whieh joins the eenters of the colliding molecules.
On the other hand, taking into eonsideration the faet that in the case of a dense gas
the probability of a eollision inereases with inereasing density, an additional factor, the
e<¡uilibrium value of the none<¡uilibrium pair eorrelation funetion XE, is introdueed in the
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collision term; XE is a fuuetiou of deuoity, positiou aud time and reduces to unity in the
case of the dilute gas. \Vith these modificatious, Enskog equation reads

where

o O O E
-f+v. -f+F. -f = j (j,f),
O/ DI' Ov

jE(j, f) = J J h E(r + ~ak)j'(r)f; (r + ak)

- xE(r - ~ak)f(r)f¡ (r - ak) }a2g. k dk dv!.

(1)

(2)

The evaluation of the factor .tE iu the rase of a fairly rare uniform simple gas goes
back to 1301tzmanu and Clausius up to second order in the density. In the case of a
non-uniform gas, oue should expeet that this factor may also iuvolve a dependenee on the
spaee derivatives of the deusity.

In an unpublished work [1], II.H. Thorne generalized Enskog's theory to the case of
a biuary mixture iutroduciug three types of faetors, XII and X22 related respeetively to
eollisions betweeu pairs of moleeules of speeies 1 and between pairs of species 2, and,
X12 = X21 eorresponding to the eollisious between pairs of dissimilar species, in terms of
the densities of both, their diameter aud the distanee between their centers. Solving the
Enskog like equatious using the Chapman-Euskog method, he obtained an expression for
the diffusion forces, the heat flux ,the coefficient of diffusion and the thermal eonduetivity.
Following the same ideas, an extension ofThorne's work to the case of a multicomponent

dense fluid mixture was studied by Tham and Cubbins [3]. Some ineonsistencies in both
works were brought into eousideration by Carda-Colín, 13arajas and Piña [4-6) basically
due to the way in whieh the point of evaluation of the funetions Xij is taken. They
showed that these funetions may be evaluated in any arbitrary point loeated between the
centers of the eolliding moleeules. The ouly quantity which is affeeted by the choice of this
point is the difrusion force. This resu1t was taken as an argument to a.~sert that Enskog's
theory for mixtures is incompatible with liuear irre\'ersible thermodynamics (LIT) [6].
This last deseription togetller with the preceeding ones are known in the literature as the
staudard Enskog theory (SET) [7]. Starting from the faet that SET is a theory whieh
apparently exhibits inconsisteucies with LIT, maiuly an iueompatibility with Onsager
reeiproeity relations, a new kind of approach was taken whieh may be embodied in the
so called revised Enokog theory (!lET) [7-15) whieh ha.~ not been modified in the last
ten years [16]. A thorough revision of !lET will not be made in this paper. Here, we
shall revisit SET and prove that, eontrary to what was mentioned aboye, there is a very
simple case of the linear SET whieh is eonsistent with LIT, in particular, the Onsager
reciprocity relatious are satisfied. Although in some works [17] the faet that SET may
be compatible with LIT has been meutioned usiug techuiques sueh a rnaximization of
the entropy, we rousider worthwhile lo present this version of the linear case of SET and
show in a trauspareut way its rompatibility with LIT usiug a differeut method that the
one used in !lef. [17]. In urder to avoid eumbersome notation we shall restriet ourselves
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to a binary mixture of dissilllilar hanl spheres. In Sec!o 2, we develop the generalized
SET linear kinetic e'1uations; in Sect. 3 we find the corresponding thermodynamic fluxes
and forces that arise frolll the kinetic definition of the entropy production. In Sect. 4, we
prove that these forces and fluxes follow Onsager sYlllllletry relations. Finally, in Sect. 5,
we discuss the important aspects of this work.

2. TIIE U:"EAIl I(I:"ETIC EQtJATIO:"S 1:" TIIE IlE\'ISITElJ STA:"lJAIlD E:"SKOG TIIEOIlY

Lct liS conside[ a system cOllsistiHg of a. hinary mixture of dissilllilar rigid spht'rC's \\'ith
diamcters a¡, Ilumbcr density Jl¡. and masscs mi (i = 1,2).

In the abscnce of externa1 [o1'c('s, t1lc Enskog 1),1H' rqllatiolls rOl' a binar)' mixture
proposed by I3araj¡LS,García-Colín amI Piüa [5) for the siugle partide distribution function
J are given by

(3)

where v" v~ are the molecular velocities before and after the collision, respectively; Xij is
the generalization of Enskog's function evaluated in an arbitrary point Yij locatcd between
t he centers of the colliding partides, and

_ aj + aj
aij = 2

r. - r.k = • J
- Iri - rjl'

The novel aSJlt'ct of this preSl'nt work is that we shall hne assullle that Xi; is a general
and unknown function of tlle' dellsity, that is

In order to obtain the linearized expression for the kinetic equation (3), we IIIUSt first
expand the distribution function Ji amI the Enskog function Xii in Taylor series up to the
first order in gradicuts. TIten, in arder lo solvc this linear cquatioll \Ve shall follow the
Chaplnan-Enskog Illcthod cOlIsidcrillg cOllsistcntly t}¡c solution a1so nI> to t1le first arder.

The expansiolls of Ji and Xij may be written as

(4)
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with

(5)

and X?j is the equilibrium value of X¡j evaluated in the point of contact, and

(6)

Using the Hilbert-Enskog method for the solution of Eqo (3), we may write, keeping
only linear terms,

J¡ = J? + Ji + o o o = J? {1 + <1>! + o o o},

where J? is the local Maxwellian distribution function,

o (m¡) 3/2 {m¡c2 }J¡ = n¡ 27rknT exp - 2k;r '

and the number density n¡ is givcn by

"¡= J J? dv¡,

C¡ = V¡ - u is the thermal velocity, and the local hydrodynall1ic velocity u is

2

pu =¿J J?11l¡V¡dv¡,
1=1

and the local tCll1pcratllre T is given through

2

inkllT =¿J J?4m¡c; dv¡o
1=1

(7)

(8)

(9)

(10)

(11)

Using the expansions gi\Oen by Eqso (4)-(8), we may rewrite the linearized form of the
kinetic equation (3) as

2 2 3

Vd," =¿ ciN° J') +¿ ¿ C~j(f°),
j~1 j~1 k>'1

( 12)
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where

CLUOfl) = \~j J J f?JJ(<?i + 9j - 9: - 9j)af)(gji' k)clkclvj. (13)

cf) :: \?j ¡¡k' UP'y fJ' + f,"y fj')atj(gji . k) clk clvj, (H)

C¿:: JI k. vXijuP'fJ' + fPJJ)!Jijaf}(gji' k)clkclv}. (15)

In ordcf to obtain tlw cOlTespolllliug fOllSpn"atioll (,<¡\latinns in the litlPar rcgllne we
shalllllnltiply E<¡s. (12) by tlll' ('ollisiollal ill\'arianls, lIallll'ly

~)í= 1, 111 ¡C¡,
')

1/1le¡ /2.

Perfofllling an intl'gratioll 0\'('1' tIte \'cIority spacc, ami carrying Ol1t a SlIllllllation ayer
specips 1 ami 2, w(' n'('on'r tbe cOllservatioll ('qllatiolls ill tiJe EulPI" n'gilllP 15]' lIam(1)':

i) For ~li= 1, t he e<¡uatiOll of contillltity.

D-ll+llv,u=UDi .

whcrc n = Li 7Ij.

ii) For t\ = 11/íe¡. the pquatioll of ll1otiOll.

D 1
-u + - Y]I" = U,
Di f!

\\'11('1'(, (J = Li Pi = ¿¡ 111;7Ij.

iii) For 'l./)i = ~lIIi('f, tll(' l'llprgy (,ollscryatioll (,<¡lIatiOll.

1 D 2/'0- -T + ---y. u = O.
T DI 31lkllT

III E<¡s. (16)-(18) \\'e ha",' d"lIoled

D D
-::-+u.vDI DI •

( 16)

(17)

( 18)

and we ha' •.e n'cognized in E<¡s. (17)-(18) lhe hy,\rostalic pressurc 1'0 of lhe hanl sphcrcs
system giH:'ll by tIte ('<¡uatioll of state

2

= Ll'o,"
i:;:;:l

( 19)
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with

Using the cOIIservatioll eqnatiolls (IG)-(18) in Ec¡. (12) we finally arril'e to the linearized
kiuctic equatioll

2

LX?j JJ ¡?JJ(?i +?j -?; - 9j)a;) (gji . k)dkdVj =
):;;:1

where Ci == (m;j2k" T) 1/2e" [
dij defines the diffllsion force,

1, represent, the traeeless sYlllllletrie part of a tensor, and
ll<lIlH~I}',

PiP) (1 1)Uij= ,., -VPOi--VPUj
pnik"I P, (lj

(21 )

where

(22)
alld

mi

1I1¡ + 1I1j'

2

OC; = 1 + ~L (3ijlljX?jMji,
)=1

2

1\(11 ?L (3. o jI. Po
Ii"'i = 1 + - lj1ljXij' ji - --o

. nkoT
)=1

(23)

(24)

(25)

Followillg the same proccdurc as t}¡c 011c uscd to solve I3oltzmaull'S equation in the
case of a dilnte Linary Illixtnre [1], the solution of tIJe linearized kinetie ec¡uation, Ec¡. (20)
may be writtcll as

</Ji= -Ai(e,). V In T - nDi(ci)' dij - B,(Ci) : VU - Hi(c,)v. u, (2G)
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with Ai, Di, 11I, and Hi satisfying the following integral equations:

2¿X?) ¡¡¡.o ¡J[Ai + Aj - A: - Ajla;j(gji . k) dk dCj = 1Kdp(C; - DCi (27)
)=1

¿X?j JJ ¡?JJ[Di + Dj - D: - Dj]a;j(gji' k)dkdcj = *¡pCi (28)
)=1

2

¿X?j JJ ¡p¡J[1II, + IRj - nt: - IBjla;j(gji' k)dkdCj = 2JK;¡p{CC}" (29)
)=1

2¿X?j ¡¡¡.o ¡J[Hi + l/j - H; - Ilj]a;j(gji . k) dk dCj = JK;'¡p(C; - ~)Ci' (30)
]=1

l3y means of the transformations

ni ---+ n¡!K.¡ ,

ni ---+ lli~,

in Eqs. (27),

in Eqs. (28),

in Eqs. (29),

(31)

Equations (27)-(29) may be compared with the corresponding integral equations for the
130ltzmann equatiou for the dilute binary mixture [11:

2¿JJ ¡p¡J[A? + A~ - A?' - AJ1'Ja;j(gji' k)dkdCj = !P(C; - ~)Ci (27a)
j=1

2¿JJ ¡?JJ [D? + D~ - D?' - D~'Hj(gji . k) dkdcj = *¡pCi (28a)
]=1

2¿¡¡¡.o ¡J [IR?+ IR~ - E?' - IRf'J a;j(gji . k) dk dc) = 2¡,o{CC} ,. (29a)
)=1

Since the solutions for the fuuctions A u, DU, aud IRu are aIread y kuown, we may use
these respective!y for our functions A, D, and IR, simply by applyiug the transformations
giveu iu Eq. (31). Since we have no need for these functions here, they willnot be written
explicitly [5].
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3. TIIE ENTROPY PIlODUCTION

The defillition for the entropy uensity ps for the binary mixture in terms of the single
particle distribution function is given by [18,19],

2

ps = -ku¿J J.(¡nf, -1)dVi.
1=1

(32)

Taking the time uerivative of Ec¡. (32), anu after performing a partial integration, we
obtain the following expression,

a~s= \7. {knU t J f,(lnf, -1)dVi} + \7. {kn t J c;fi(lnf, - l)dVi}

2 2

- ku ¿ ¿ J jE(J;fj) In f, dVi, (33)
i=l j=l

where jE(J;fj) is defineu in Ec¡. (2). Ec¡uation (33) has the form of the entropy balance
equation, namely,

apsDi = -\7. (psu +J,) + a,

\vhere

2

J, = -ku¿J c;fi(ln Ji - 1) dVi
i=l

represents the entropy flux, and the entropy production a is recognizeu as [20,21]

2 2
a = -ku ¿ ¿ J jE(J;fj) Inf, dVi,

i=l j=1

(34)

(35)

(36)

where jE(J;fj) is defined in Ec¡. (2). \Ve emphasize that in Eq. (36) we are not taking into
account contributions to a that arise from correlations between two or more particles.

\Ve shall now calculate the entropy production a given by Eg. (36) for the binary
mixture. Using the first order term in Chapman-Enskog approximation,

f, = J?(l + 4>i),
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the elltropy production up lo this order ill the gradiellts lIlay be wriltell as

2 2
al = -kn I: I: J jE(I)U,jj)</J! dv;,

1=1 )=1

where

¡E(I)(J J.) - '" JO• 1) - Vt i l

and

O O {1 (2 3) vT m; OVd; =!; Ci' -V1I; + c, e, - 2 . -T + ,. 1'C;C; : VUn1 ~IJ

2('2 3) ( 1'0) m,c; VPO}+-C-- 1--- v'u---'-- .
3 '2 1Ik"T k"T p

(3;)

(38)

~Iakillg use of the fact that'>:;j = ;(;j(1I;, 1Ij) given in Ec¡. (5), as well as the hanl sphere
equatiou of state, lIame!y Ec¡. (8),

lhe entropy production to tirst order ill lhe gradienls a may be rewritten as follows:

I {1 1 1 1 1 l' vI' ']['1 }
a =-A'" --JI'V1I1+--J2.V1I2+k TJq '-T +k l':vu ,

1l1.11l1 rn21l2 "o 'B

that is, a is of the form

(30)

(40)

where JI and XI are the thermodynamic fluxes and forces, respectively, and the product
o coup!es the forces and !luxes of the same tensorial character. In this case

i) Ji represents the mass flux:

where JI + J2 = O.

J! = m; J JP</J!c;dv;, (41 )



TIIE L1:\EAH STA~DAHD ENSI,OG TIIEOHY REVISITED:... 351

ii) J~ is the energy f1l1x:

2

J~=¿~17liJ f,01>!C;Cidvi,
i=l

and

2

J~'=¿~11li J f,oq,)(c; - h;)dvi,

i=l

\Vhere hi is the specific enthalpy.
iii) ']['1 is the stress tensor:

2

']['1 = ¿mi J f,01>)C?Ci dv;.
1=1

(42)

(43)

(44)

The eutropy prodllction may be \Vritteu in alternative \Vays. Eqllation (39) may be
expressed in terms of t}¡c cOllcclltrations Ci, wltich ciJaractprizes tlle [eprescntatiotl in
\Vhich the barycentl'ic mass flux J) is defined 12°1. Jt may be sho\Vn that [20]

so that E'I. (39) is transfonned iuto lhe following expl'ession:

1 ']['I}+ __ JI'. 'VlnT+--' 'VII
kuT y k"T . , (45 )

but, sincc vel = - '\7c2, we may [ewrite a in tcrms of onl)' OIle conCl'lltratioll, natlll'ly.

1 {1I1112 (1 I 1 1) 1 1/ ']['I}a =-k" -- --J1---J2 ''VCI+--Jy ''V!nT+--:'Vu .
nCIe2 11l¡1l1 1n21l2 Á"BT Á"[JT ( 4G)

Finally, \Ve may cast the entropy production al in tenns of the diffusi,'e force dl2 givcn
by Eq. (21). This force may be rewl'itten as

(47)
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with

A 1'2 [ (O 2 UX11 )]
I = pn 2 + /311 2X¡11I1 + 111U"I [

1'2 PI]
P'l pn

(48)

n2/3 [1 O (2!112 - aJ2) UXJ2]+ - 12111 -X12 + ---- -- ,
711 ni a12 un}

Thercfore, the elltropy production may be expressed as

[
1'2 PI ]
P'l pn

(49)

(50)

{
1f1 [ JI' 6 (J I J')]al = -kll __ : V'u + -q- - ---- --'- - __2_ V' InT
kllT kllT Al - A, 711lnl 7112n2

111 ll,}+ -------JI. d" + --.----J,. d" .
'''1''1 Al - A, '",''' Al - A,

4. CO~IPATlIJILlTY IVITII LIT ANI) TIIE ONSA(;Elt HECII'HOCITY HELATIO;>iS

(51)

As ,"'Ckllow from lhe literature {20]' thc entropy prodllctioIl may be \';rittell in altcrnativc
fonns provided these expressiolls presellt the sallj(' structure given by Eq. (-lO) for lhe new
forces X; and fluxes J;. Indeed one has that

a = ¿J¡0X¡ = ¿J; 0X;.
¡ ¡

It is important lo point out t1lat thc derivatioll of Ollsagpr's reeiprocit.y n'lat ious \\rithin
thc framcwork oC killctic thcory lIla)' Bol be straightforward in aH)' rrpn's(,lItat ion whatso-
(,\"í:,r.In the case oCa billar)' mixture, it is 1101putirdy c1car that tlle reciprocity n'latiolls
uctwecn the cross cffccts (,ot.'fficicnts, that is, t}¡c tlH'nllal diffusioll aud 1)1IfOlll' ('oefficiel1ts,

hold in the concentratioll [l'presentation {20J.
In the case of mixtures, it has been shown, both frolll the kinetic poillt of vie\ ....startillg

from the Boltzmann e'luatiun [221 as well as from the macroseopic "ersion uf the the-
ory 123], that the diffusi"e force dij is the must a,!equate thermodYllamic force conjugate
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to the eorresponding mass flnx Ji. In the case oC a dense binary mixture in the context of
the presellt papel' we will show that indeed dij is compatible with Onsager reqnirements.
Sinee we are intercsted in proving the symmetry of the eross cffeets of a vectorial

eharaeter, for sake of simplieity, we shall ignore in these ealculations the eontributions
due to the stn'ss tensor 1I' in 9).
The mlutiollS (2G) to Eqs. (20) may be wrltten in this case as

,,: = -A¡.'VlnT-71D¡.<I¡z,

91 = -Az' 'VlnT - 71Dz .<lZl.

UsiJlg weH kIlOWIl argulIlcnts 011 tellsorial hOll1ogclIl'ity [1]'

Al (e¡) = al (C¡jCl,

Az(cz) = az(ez)cz,

Dl(c¡) = d¡(c¡jc¡,

Dz(cz) = dz(cz)cz,

(52)

(53)

(5~)

(55)

(5G)

(57)

where Al, Az, DI, Dz, satisfy the integral Eqs. (21)-(28).
In arder to find the validity oC Onsager's reciproeity relatiolls we mllst !irst write down

the exprcssiolls for the lIlass and cnergy fluxes. The lIlass fluxes may be written as

and t he energy flux

= -~kIlT {J ¡p"¡Cm -en dCl +.f ¡f"zem -en dCz} 'VlnT

- ~kuT {J ¡pl1dlem - en dC¡} <lIZ

- ~kllT {.f ¡p7ldlei(~ - en dC¡} <lZl'

(5S)

(GO)
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Equations (58)-(60) may be rewritten. using the integral equations, Eqs. (27).(28),
and after symmetrizing the integrands read as

2

Jl = -t1lllll f;{X?j JJJ [(A¡ + Aj - A; - Aj)' (D¡ + Dj - D; - Dj)fp¡J

(gjl . k)a;j dkdcI dCj] } V' In T - !n1ll¡ J f?dlc; dCId12, (61)

J~= -trn2n t {xgj JJJ [(A2 + Aj - A~ - Aj)' (D2 + Dj - D~ - Dj)fW

(gj2 . k)aij dk dC2dCj] } V' In T - !nm2 J ffd2ci dC2d21• (62)

J~"= -!kIlT{J f?alcW -Ci)dc¡+ J ffa2cW -Ci)dC2} V'lnT

2

- tkllTll~1 f;{X?j JJJ [(Al + Aj - A/I - Aj)' (DI + Dj - D/I - Dj)

f?fJ(gjl' k)aLdkdc¡ dCj] }d12

2

- tkllTll~2 f;{xgj J J J [(A2 + Aj - A~ - Aj)' (D2 + Dj - D~ - Dj)

fffJ(gj2' k)aij dkdq dCj] }d21. (63)

Eqllatiolls (61)-(63) may then be expressed as

Jl = 1llllLlq V'lnT + ILlldl2, (64)

J~= m2~q V' In T + ILnd21. (65)

whcre Wl' can c1early St'C that

2

ILlq= ILlq= -!n f;{X~j JJJ [(A¡ + Aj - Aí - Aj)' (DI + D) - Dí - Dj)

f? fJ(gjl . k)a;j dk dCIdCj] }, (67)



TIIE LINEAR STAKDAHD ENSJ{OG TIIEOHY REVISITED:. . . 355

Lzq = Lzq = -kn t{xgj J J J [(A2 + A) - A; - Aj). (D2 + Dj - D; - Dj)
)=1

(68)

Thus, the Onsager reciproeity relations hold true and this case of the linear SET is
compatible with linear irreversible thermodynamies. \Ve must emphasize here that this
eompatibility is ineomplete sinee the non negative property for the eutropy produetion
has not yet been proved. This question has beeu partially examined in the literature both
for SET 124) and RET 125-2a). \Ve shall come baek to it in a future publieation.

5. CONCLUDlNG REMAItKS

\Ve have pro\'ed in a simple aud straightforward way that the present \'ersion of the
linear standard Enskog theory is eonsistent with linear irreversible thermodynarnics. It
is important to emphasize that we obtain results that do not depend on the specific
dependence of the function X;j on the density. In this sense, this resnlt superseeds amI
eorreets the statemeut made by I3arajas el al. 15) tweuty years ago in the seuse that
Thorne's and Tham and Cubbins' versions of the theory was not compatible with LIT.
The statement was based on a comparisou between the diffusive force giveu in irreversible
thermodynamics by I1irschfelder [23) and an expansiou up to terms of seeond arder in
density of the force given by Thorne [1). It is important to point out that we have ehose u
the thermodynamie f1uxes and forces that are deri\'ed directly from the definition of the
entropy production in terms of the single partide distribution function only and whieh
coincide with those of linear irreversible thermodynamics. I3esides, this representation is
compatible with Onsager's theory. Although iu the past Karkheck aud Stell [28) proved
that SET is compatible with LIT, it is important to stress that they used a principIe of
maximization of entropy which is not equi\'alent to our preseut work. It is uecessary at this
point to diseuss sorne important features. As we are considering a form for the entropy
which depends only ou the distribution fuuelion of a single partide we do not obtain
the collisional contributions to the f1uxes. In arder to obtain these eontribution we should
consider other kind of presentation where the starting point wonld be the eutropy up to the
distribution function of two partides. AIso, we are dealing with a system which is defiued
in the Euler regime. If we consider an expansioll for the original kinetic e(luation [Eq. (1))
up to the second arder iu the gradients we would now be dealing with the l\'avier Stokes
regime aud surely this presentatioll would be lotally modified. At this poiut we have nol
yet prowu an H-Theorem. \Ve should stress that iu onr results the fllnction Xij is at lhis
point left unspecified. The questiou slill remains concernillg the explicit determinatioll of
such a functiou and whether it is or 1I0t unique. This problem was brought up by Piila [3D)
hut the complete anS\V£'r to this qu('stion has not. hecn gin'Il yet. As it will be showll in a
future work, one can give an aus\\'cr to this quest.ion provided that othef restrictiolls are
imposed on the Xij fnnction [31). In this case, the definition of the entro!,y ps will rt''Iuire
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an additional contriuutioIl arising [raIn thc correlatiollS bctwccl1 two particlcs H'pn.'scIltl'd
by a term depending on the two particle dislribution function.

As it has beeu menlioned above, the diffusion force in SET exhibils a depeudeuce
on lhe arbitrary poiut !Ji} where Xi} is evaluated. i\e\-ertheless, the Ousager transport
coeflicienls are ind"pendeut of this choice. This fact leads to the conclusion that the
reciprocily relations hold tme for an infinite number of diffusion forces.

FUftlil'rmOrL" this work abo brings into tite rore a dC't'pcr qlll'stioIl. Hcvised Enskog
theory [8] '.....as devised, éltnOng other t llÍngs, to corrcct a failurc IlOW ShOWIl Bot lo exist
taking Xi} as the local "'luilihrium pair distribution function for a non-uniform state of a
gas mixture expanded iu terllls of Mayer graphs. The <¡uestion that may be raised coueerns
lhe exislence of a relationship betweeu the two approaches poiutiug out their common
views and disagreemeuts as weJl as the reasons showing why both, beiug different, are
compatible wilh LIT. And, furth"rmore, oue could ask if lhere is a more general way of
modifyiug Enskog's equal iou on t he basis of assullling a s¡)('cifie fuuctional dependence of
Xi} with the density as in RET, or if it can he done for a general unspecified functiouality.
This wiJl be discussed in a future pap"!".
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