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ABSTRACT

This report Flegcribes an attempt 1_:0 obtain infoxmation_a'bmt the
stationary nonequilibrium state of a fluid through which heat is :flcming. The
fluid is in contact with several heat reservoirs at different temperatures and
is assumed to be described by an ensemble aensity:}meich satisfies a generalized
Liouville equation. Our method consists of minimizing a positive functional
W(f&) 5 Wwhich vanishes only when ,u= /"'S’ the correct stationary I_' -space
disti‘ibu‘bion, by assuming a Particular form for the density /.b, fl= /:_, , with
variable parameters., The }2. we chose is essentially one represeniing-e
product of local equilibrium cononical ensembles which are- —— teMininize with
unspecified space dependent macroscopic parameters. These parameters are the
density n(r), mean volocity u(r) end the temperature T(r). The reservoirs
determine the temperature on the boundaries. We show first that ng) is related,
somewhat indirectly, to the irreversible thermodynamic entropy production in the
system and is naturally divided into parts related to the temperature and
and velocity gradients. Considering then a situation in which only e temperature
gradient is present T(g) is.varied to minimize 7, This leads to a differential
equation for T(g) subject to boundary conditions specified by the reservoirs. It
is then shown that the heat conductivity deduced from this equation does not
agree, in the low density limit with that computed from linetic theory. It is
further shown that this difficulty is not alleviated when the class of distribu-
tion functions used in the variational principle is modified so as to include
more realistic distributions. Our conclusion is then that W is not useful as
a practical variational principle. The reason for this is that W looks at too
fine detalls of /.L as is shown by the fact that it remains invariant in an

isolated system,



I. Introcduction.

In a series of previous publications a model was developed for the

description of the time evolution of an ensemble, representative of a "system"

in contact with a number of idealized heat and particle "reservoirs”. (1-4)
The system Hamiltonian has the form
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Here the cartesian position and momentum of the i'th particle of the system are
denoted by ay and Py U(qi) is an external potential, such as might represent the
effect of the walls; ‘*J(qiq j) represents the interactions of the particles,

Let x stand for the set of variables {pi, qi% with the domain of integra-
tion [ and let /L(x)dx be the probability of the system being found with the
set of variables having values in the region dx about x, It was shown by

Bergmann and Lebowi‘bz(l’e) that /..4.(x,t) for their model satisfies the equation

%‘5&1’ f(MELE ) = K (e xR ) axt - [ RGex)plat)ax
Here ( /L H) denotes the Poisson Bracket of /u- and H, that is

(pot) = 3 (Vo po Voy - Fp e Vo) (1.3)

(1.2)

The "kerrol" K (x x') represents the effects of the reservoirs on the system.
Specifically the quantity K(x x') dxdt is the contingent probability that during
a time interval dt the system, Imown to be in a configuration x', suffers a
"collision" with the reservoirs and as a result Jumps discontinucusly into the

region dx. The general conditions

K (x x*) >0, /u-(x,t) >0 and fP}A.(x,t)dx =1
are to be imposed and are consistent with equation (1.2).

It was first shorn 5‘?’ 3; )that if equation (1.2)possesses a time independent













































