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According to this theorem, the "local" density of the representative points, as 

viewed by an observer moving with a representative point, stays constant in 
time. Thus, the swarm of the representative points moves in the phase space 

in essentially the same manner as an incompressible fluid moves in the 

physical space!
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Condition (11) is then identically satisfied.
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Increasing density at (q,p)

Decreasing density at (q,p)

The functional form ρ(q,p)= ρ[H(q, p)] provides a class of density functions for 
which the corresponding ensemble is stationary. In Chap. 3 we shall see that the 

most natural choice in this class of ensembles is the one for which 

( ) [ ]kTpqHpq /),(exp, ∝ρ

The ensemble so defined is referred to as the canonical ensemble. 

The volume of the phase space enclosed within this shell is given by 
0),( EpqH =

.22
ctepq =+
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.cte=ρ Equal a priori probabilities of 

everything such as energy

H is independent of q and p

Hypersurface

H is nearly independent of q and p

Approximately

Equal a priori probabilities

Hypershell

ωd

Expectation value of the number 

of the representative points in a 

volume element of dω =

( ) pqddpq
33

,ρ=

( ) ωρ dpq,=

ωd∝ ( ) ., ctepq =ρ

Probability of finding a 

representative point in a given 

volume element dω =

ωd

Probability of finding a 

representative point in an 

equivalent volume element dω
located anywhere

Probability of finding a 

representative point in the 

hypershel =

Probability of finding a 
representative point located 

anywhere in the hypershel
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Homework: Prepare an introduction (around 3 or 4 pages) to the chaos and 
chaotic systems.

Furthermore, the long-time average of a physical quantity is all one obtains by making a 

measurement of that quantity on the given system; therefore, it may be identified with the 

value one expects to obtain through experiment. Thus, we finally have 

exp
fff

timelong
==

−

This brings us to the most important result:

The ensemble average of any physical quantity f is identical with 

the value one expects to obtain on making an appropriate 

measurement on the given system. 

The next thing we look for is the establishment of a connection between the mechanics of the 

microcanonical ensemble and the thermodynamics of the member systems.

Microcanonical Ensemble Thermodynamics

To do this, we observe that there exists a direct correspondence between the various 

microstates of the given system and the various locations m the phase space.

Various Microstates Various locations in 

the phase space

The volume со (of the allowed region of the phase space) is, therefore, a direct measure of the 

multiplicity Г of the microstates accessible to the system. 
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