


e )

Phase-Space Description of Non-Uniform Systems (*).

J. L. LEBOWITZ

(raduate Sehool of Secience, Yeshiva University - New York, N.T.

1. — Introduction.

I shall deseribe here some work whose connecting link i its orientation
towards the development of a Gibbsian statistical mechanics of non-equilibrium
processes [1-7]. Tissentially we try to find I“space ensembles that will repre-
sent systems not in equilibrinm in the same way that the canonical ensembles
represent systems in equilibrinm. All the physically interesting equilibrium
properties of a given macroscopic system, d.e., one with a given Hamiltonian,
are completely specified, through the use of the canonical ensemble, by one
parameter, the temperature. It would be very desirable to find analogous
ensembles which would give the properties of non-equilibrium systems in terms
of a certain set of a few parameters characterizing the state of the system.
Clearly such a description cannot hold for completely arbitrary non-equi-
librium situations and, therefore, our main interest les in those systems which,
though not in equilibrinm, are yet in a steady or quasi-steady state. A steady
state can be realized, for example, by systems whose ends are kept in contact
with heat reservoirs at constant but different temperatures. In such systems
there can flow a stationary heat cuwrrent. The quasi-state systems we have
in mind arve primarily those which are experimentally characterized by the
local hydrodynamic quantities evolving in accordance with the Navier-Stokes
equations. Since experimentally the behavior of these systems appears to be
determined, to a large extent, by these hydrodynamiec variables we hope that
there exist general Gibbsian ensembles, depending only on these parameters
and on the Hamiltonian, from which the properties of these systems may be
directly deduced.

What we want for these quasi-steady-state systems is a I-space ensemble
which is analogous to the Chapman-Enskog normal distributions in the kinetie
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theory of gases [8]. There, the one particle distributions function f(r, v) 1§
assumed to be determined by the values of the hydrodynamical variables.
One can, of course, weaken this requirement and permit the ensemble to depend
also on additional sets of variables (cf. Grad’s thirteen moment method in the
theory of gases [9]) including perhaps also the lower order distribution functions
(ef. Bogoljubov’'s theory [10]) but we shall not consider here any more detailed
knowledge of the system’s state than that contained in the five hydrodynamie
variables.

In practice it is not usnally necessary to know the detailed I™space distri-
bution of a system in order to find its macroseopic properties. These are mostly
expressible in terms of the reduced single particle and two particle distribution
functions. However, even aside from the theoretical importance of the Gibbs
ensemble it might happen that, as in equilibrium, it will be more convenient
to first find the N-particle distribution and then by integration the lower
order distributions [11].

2. — Open systems.

We shall describe here our work on steady-state systems. In order for
a system to be in a steady non-equilibrium state, it eannot be isolated but
must be in contact with inexhaustable reservoirs. These reservoirs are the
statistical mechanical analoge of hydrodynamic « temperature baths ». ‘We hope
that the detailed nature of the reservoirs will not significantly affect the steady-
state of the system and we, therefore, construct idealized model reservoirs
which have the following properties: 1) they consist of an infinite number
of identical non-interacting components, 2) each component may interact
with our system but once, 3) this interaction is impulsive. These idealizations
permit us to describe the time evolution of the Gibbs-ensemble representing
our system if we know the stochastic kernel K(w, a’). Kz, o')daedt is the
conditional probability of a system located at the point 2" in its I-space at
time ¢ to have a collision with a reservoir component, causing it to make a
transition to the volume element (2, #-+da), in the time interval (f t4df).

The equation governing the time evolution of the ensemble density u(z, ?)
is a generalization of the Liouville equation for isolated systems, taking ac-
count of changes in u due to collisions with reservoir components. It has the
form
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