1.2. Contact between statistics and thermodynamics: physical significance of
the number Q(N,V ,E)

Here, E) denotes the energy of the composite system A¥(= A, + A,); the energy
of interaction between A; and Ay, if any, is being neglected. Now, at any time ¢, the

We consider two physical systems, A; and As, which are separately in equilib-
rium; see Fig. 1.1. Let the macrostate of A; be represented by the parameters Ny,
Vi and £y, so that it has Q(Ny, V. £;) possible microstates, and the macrostate
of A be represented by the parameters N», Vs and £, so that it has S, (N», Vs, Es
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the two systems are still separated by a rigid, impenetrable wall, so that the respec-
tive volumes V; and V, and the respective particle numbers Ny and N, remain
fixed. The energies £, and E,, however, become variable and the only condition
that restricts their variation is
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1.2. Contact between statistics and thermodynamics: physical significance of
the number Q(N,V ,E)

We consider two physical systems, A; and A>, which are separately in equilib-
rium; see Fig. 1.1. Let the macrostate of A; be rep d by the p Ny,
V) and Ej, so that it has (N, Vy, E;) possible microstates, and the macrostate
of A, be ref d by the par N>, V5 and E», so that it has Q5 (N, Vo, E7)

possible microstates. The mathematical form of the function €2; may not be the
same as that of the function £, because that ultimately depends upon the nature
of the system. We do, of course, believe that all thermodynamic properties of
the systems A; and A, can be derived from the functions (N, Vi, Ey) and
(N2, Vi, Es), respectively.

Here, E© denotes the energy of the composite system A®)(= A; + A»); the energy
of interaction between A; and A, if any, is being neglected. Now, at any time ¢, the

sub-system Ay is equally likely to be in any one of the Q;(¥;) microstates while
the sub-system A is equally likely to be in any one of the Q,(E>) microstates;
therefore, the composite system A is equally likely to be in any one of the
QO(E,, E2) microstates, where
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We now bring the two systems into thermal contact with each other, thus
allowing the possibility of exchange of energy between the two; this can be done
by sliding in a conducting wall and removing the impervious one. For simplicity,

the two systems are still separated by a rigid, impenetrable wall, so that the respec-
tive volumes V; and V; and the respective particle numbers Ny and N, remain

Q](E1><><E2= > )=

sz“”(&%) = Q(E)(E>) = UENQ2QED - E))

= (E)Q,(E))
= Q(O)(El)

Clearly, the number Q© itself varies with E;.
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Clearly, the number Q) itself varies with E;.[The question now ariscs: Jat what ‘ )

value of the variable E; will the composite system be in equilibrium? In other

>

words, how far will the energy exchange go in order to bring the sub-systems A;
and A; into mutual equilibrium?

ert that this will happen at that value of £, which maximizes the number \ TT 284
The philosophy behind this assertion is that a physical system,
proceeds naturally in a direction that enables it to assume an ever-
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We assert that this will happen at that value of E; which maximizes the number
QOED, E,).[The philosophy behind this assertion is that a_physical sysiem,
Teft to itself, proceeds naturally in a direction that enables it to assume an ever-
increasing number of microstates until it finally settles down in a macrostate that
affords the largest possible number of microstates. Statistically speaking, we regard
a macrostale with a larger number of microstates as a more probable state, and
the one with the largest number of microstates as the most probable one. Detailed
studies show that, for a typical system, the number of microstates pertaining to
any macrostate that departs even slightly from the most probable one is “orders
of magnitude” smaller than the number pertaining to the latter. Thus, the most E B
probable state of a system is the state in which the system spends an “overwhelm- A AT
ingly” large fraction of its time. It is then natural to identify this state with the : i
equilibrium state of the system.
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We assert that this will happen at that value of E; which maximizes the number
QO(E® E)). The philosophy behind this assertion is that a physical system,
left to itself, proceeds naturally in a direction that enables it to assume an ever-
increasing number of microstates until it finally settles down in a macrostate that
affords the largest possible number of microstates. Statistically speaking, we regard
a macrostate with a larger number of microstates as a more probable state, and
the one with the largest number of microstates as the most probable one. [Detailed
studies show that, for a typical system, the number of microstates pertaining to
any macrostate that deparis even slightly from the most probable one is “orders
of magpitude” smaller than the number pertaining to the latier] Thus, the most
probable state of a system is the state in which the system spends an “overwhelm-
ingly” large fraction of its time. It is then natural to identify this state with the
equilibrium state of the system.
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S=8,+kLnQ

This correspondence was first established by Boltzmann who also believed that,
since the relationship between the thermodynamic approach and the statistical
approach seems to be of a fundamental character, the constant appearing in (5)
must be a universal constant. It was Planck who first wrote the explicit formula

Now, in the study of the second law of thermodynamics we are told that the law
of increase of entropy is related to the fact that the energy content of the universe,
in its natural course, is becoming less and less available for conversion into work;
accordingly, the entropy of a given system may be regarded as a measure of the so-
called disorder or chaos prevailing in the system. Formula (6) tells us how disorder
arises microscopically. Clearly, disorder is a manifestation of the largeness of the
number of microstates the system can have. The larger the choice of microstates,
the lesser the degree of predictability or the level of order in the system. Complete
order prevails when and only when the system has no other choice but to be in a
unique state (€ = 1); this, in turn, corresponds to a state of vanishing entropy.

S=klng, (6)

without any additive constant Sy.

ithout any additive c So. As it stands, formula (6) determines the absolute
value of the entropy of a given physical system in terms of the total number of
microstates accessible to it in conformity with the given macrostate. The zero of
entropy then corresponds to the special state for which only one microstate is
accessible (2 = 1)—the so-called “unique configuration™; the statistical approach
thus provides a theoretical basis for the third law of thermodynamics as well.
Formula (6) is of fundamental importance in physics; it provides a bridge between
the microscopic and the macroscopic.
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