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ABSTRACT: The purpose of this note is a twofold one, namely, to show how one
can formal1y obra in a class of kinetie equations from the BBGKY
hierarehy tog:ether with Bogoliuhov's funetional assumption for the
one particle distribution funetion, and to show how a naive procedure
leads to results which can hardly be interprered as kinetic equarions.

The aim of this noce is to Hlustrate how it is formally possible to obtain
a description of me time evolution of a fluid, in the so.called kinetic stage,
through equations which, if not careful1y analyzed, may lead to inconsistent and
even false intee¡x-etation oC the results generated by them.

We cake as oue st3rring point the first oC the well known B.B.G.K.Y.
hierarchy of equations 1 for the redueed distribution functions of a fluid undee the
action oC an external force F. Thus,
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where F and F are che firse [Wo disaibu(ions functions 4J(r ) is [he intermo"
1 2 ' 12

lecular poremia 1and v = V IN.
Lec us o()',\/ inrroduce N'O assumptions, Dame Iy
a) :

which is (he so"called Bogoliubov's funcciaDal assumption for [he [Wo particle
disuibution functíon. Befe xi == (q,., Pi),; = 1,2.

b) :
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which is essentia By the condition whereby one intcOGuc~S [he direction ol time
in che kinetic equations2• The meaning [O (he time evolution operators S has
beeo fully discU'ised in che lirerature 1, so we shall DOr worry about rhem hefe.

Lec us noVo" write (he two"particle distribution iunctiofl41 in rerros ol a
pair corre lation functional X(x ,x I F ) by requiring thae3

, 2 1

P(x x Ip)
2 l' 2 1

where

(4)

(2) 2 (,)
lim S., (x, x) TI S, (x.)'-00 12;=1 '

(5 )

Eq. (4) is nothing else tha[ [he non"equilibrium generalization oí [he equilibrium
expression for [he two-particle corre1a[ion func[ion.



COm11'Jll!11'S 011 ,be Kine'ic Equatio11

Substituting Eq. (4) back imo Eq. (1). yields
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Eq. (6) is the souree of a wide variety of kinetie equations depending on the
ver)' particular form we choose for the pair correladon funedon. As it is well
knO"A'n,taking X = 1 we get Boltzmann's equation in the lov.' densíty limit2 and
taking X = X(q ,q + ~ k) for rigid spheres }'ields Enskog's equation3

•
I 1

One ma}' proceed, however, in a rather more simplistic way. Indeed,let
uc; dssume that for X we take the first term of its equilibrium density expansion
with a local equilibrium value for the temperature. Then,

X(s ,s 11') = exp(-q,(r)/kBT).
I , 1

(7)

'1 f.. f h l. (j)•. oreover, we per orm a series expanslOn o t e evo uuon operators S, ,i = 1,2
in powers oí t, negleedng aH terms be}'ond the linear one. Thus,

(8a)

(8b)

Subsritution oí Eqs. (7) and (8) back into Eq. (6) }'ields, after sorne
straightforward algebraic manipulations, the following result,
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B BIT .'J~(d~r (-~) r'dr= - (kB T) -;¡;- ex p
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The quantiries n, u and T are che usual average parcicIe densiry, (he hydrody.
namic velociey and (he temperarure, respectively, calculatcd at [he poinr r .
This equation was dertved following a different approo.ch by J a Frey •. Nor1ice
thar (he eqootion itself has (he same formal structure oC a Fokker-Planck
equation foc che singlet disrtiburion function as char derived by Kirkwood in his
old papee on chis subjecrS• 6.

From [he physical poine oí vie-w, however, Eq. un can hardly be identified
with a kincric equation. Indeed, the time-expansions given by Eqs. (8a,1» are
valid (oc very small values of 1 compared ro che collisioll time. Thus, Eq. (9)
describes che time evolution of [wo particles correlated at time t = O, for values
of I toOtsmall compared with the mean free time and, therefore, before theyeven
leave their comman region of interaction. It is not then surprising that we get a
diffusioo equation 7 and, rnoreover, one in which the medium does oot exert any
influence whatsoever io their motion. This last statemem is supported by the
fact thar we only consider the singlet distribution function and also because if we
calculat\~ Kirl-wooo's friction coefficient on (he basis of these results we obtain
precisely Eq. (lOa) provided we consider that tbere is no time correlatíon among
(he forces which the medium exerts on the particle. Indeed, from Kirkwood's
formula

• 1 ~
(3mkBT) J <F(I)F (1+.» d.,o 1 1 I (11 )

wheu: < > indicares rhe average force exerted on particle one averaged over1
a local equilibrium ensemble, we ger rhar
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where T is me average collision time, and

<p >' = 4[]n J~r' g(r) (d"')' dr;
1 o dr

(13 )

[his is precisely ~ In Eq. (13), g (r) is [he radial distribution function.
FoS.

One may 31so mentiao [he faer thar [he calculadon al the kinetic COntri ..
butions to [he transpon coefficiems U'iíng ao exact Fokker.Plancl equation foc
me one particle disaibution function has beco discussed at length by Lebowitz
et a16• Therefore we muse conclude thar Eq. (9) contains no new informarion,
thar che agreement becwecn (he corrections to transpon coelfic ients obtained
from ic with experiments is merely fortitious and, what is more important, thar
ir canDor be thought oí as describíog [he time evolution ol a system towards
equilibrium, neither as a kineticequatíon Dor ln Kirkwood's interpretadon in
rerms al a diffusion equation.
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RESUMEN

Zendejas and García-Colín

El propósito de este trabajo es doble; mostrar por una parte como de la je-
rarquía BBGKY y la hipótesis funcional de Bogoliubov, se puede obtener t<x:la una
clase de ecuaciones cinéticas para la función de distribución de una panícula.
Por otta parte, se demuestra como siguiendo procedimientos ingenuos pueden ob-
tenerse resultados que difícilmente se pueden identificar como ecuaciones cinéci-

cas.




