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In the preceding chapter we noted that, for a given 
macrostate (TV, V, E), a statistical system, at any time 
t, is equally likely to be in any one of an extremely large 
number of distinct microstates. 

o(N, V, E)

At any given fixed time

As time passes, the system continually switches from one 
microstate to another, with the result that, over a reasonable span of time, all 

one observes is a behavior "averaged" over the variety of 
microstates through which the system passes. 

It may, therefore, make sense if we consider, at a single 
instant of time, a rather large number of systems-all 
being some sort of "mental copies" of the given system-
which are characterized by the same macrostate as the 
original system but are, naturally enough, in all sorts of 
possible microstates.

Then, under ordinary circumstances, we may expect 
that the average behavior of any system in this 
collection, which we call an ensemble, would be 
identical with the time-averaged behavior of the given 
system. 
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It is on the basis of this expectation that we proceed to 
develop the so-called ensemble theory. 

For classical systems, the most appropriate workshop 
for developing the desired formalism is the phase 
space. 

Accordingly, we begin our study of the various 
ensembles with an analysis of the basic features of this 
space. 
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In Sherodinger picture of quantum mechanics the wave function 
is the fundamental variable, i.e. only wave function can vary 
with time. If the potential is not a function of time, V � V(t), then 
time behavior of wave function can be separated as exp(-iEt/ ), 
i.e. UE(x) exp(-iEt/ ). In this case | (x, t)|2 will be independent of 
time. However, in general the potential is a function of time, 
V=V(t), hence it is impossible to separate time behavior of wave 
function from its position part. 

In ensemble theory � (q,p;t), which plays the similar role of | (x, 
t)|2 in quantum mechanics, determine representative points in 
phase space, and only its interoperation has changed, otherwise 
everything is similar to quantum mechanics. Indeed in both 
cases we have a distribution function and we talk about average 
values, i.e. <f>, that is expectations values and not absolute 
values.

Joseph Liouville

Born,24 March 1809 in Saint-Omer,France
Died,8 Sept 1882 in Paris,France
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On the other hand, the net rate at which the 
representative points "flow" out of (across the 
bounding surface a) is given by 

By the divergence theorem, it can be written as 
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