The Postulates

Postulate 1 Macroscopic systems tends to evolve
towards states whose properties are not
memory-dependent, and that are completely
characterized by a small  number of parameters.

Postulate 1 is a definition of an equilibrium state.

Notation The parameters characterizing equilibrium
states will be denoted by X; (1 =1,2,3,...).

Walls Walls separate systems. The values of the
parameters X;, characterizing the equilibrium state
of a system, may be changed by manipulating the
walls delimiting a system. If Systems 1 and 2 may
exchange X through a wall, this wall is said to be
permeable to X or X-permeable. Since the value of
X is changing, the equilibrium states of both
systems are changing.

acompared to the number of degrees of freedom
which is of the order of 10%°.




If a system is delimited by a impermeable walls, the
system is said to be isolated.

1 Parameters characterizing equilibrium states of
macroscopic systems are conserved quantities.

This statement is the generalized First Principle of
Thermodynamics.

2 If Systems 1 and 2 are isolated, they are,
respectively, characterized by the parameters
1 yv1 y1
Xi,X5,X5,...
2 2 2
X{,X5,X5,...
Without removing the walls, the reunion of Systems

1 and 2 is a new system denoted 1 + 2 characterized
by the parameters:

X{+ X3, X5+ X3, X5 +X3,...

That is, parameters characterizing equilibrium states
of thermodynamical systems are extensive.




U the internal energy, that is, the total energy of a
system at rest as a whole.

M the mass.

N the number of moles.
V' the volume.

q the electric charge.

Note that the electric polarization P and the
magnetization M are defined as densities of
extensive quantities.

During the evolution of an isolated system, all these

extensive quantities are conserved, otherwise the
process is impossible.




Let System 1, characterized by the parameters
X{,X3 X3,..., and System 2 by the parameters
X2 X2, X2, ..., interact through a wall permeable

to X,;. What is the new equilibrium state of System
1 4+ 2 supposed to be isolated? That is, knowing
that the initial value of X, 12 is X} + X2, what is
its final value?

Postulate 2 For each thermodynamical system,
there exists a function S of the extensive
parameters, called the entropy, defined for all
equilibrium states with the following properties:

(i) S is extensive.

(ii) S is differentiable to all orders except in certain
specific cases.?

(iii) In the absence of internal constraints, the
values of the extensive parameters X; (i =1,2,...)
maximize the entropy over all constrained
equilibrium states.

@ For example, at second-order phase transition points.




This last statement is the Maximum Entropy
Principle.

If, for instance, the equilibrium states of subsystems
1 and 2 are very close before and after the
interaction through an X-permeable wall, we may
write

(i) conservation of X
X! + X? = constant = X.

(ii) maximization of the entropy

entropy before: S'(X*') + 5%(X?)
entropy after:  S(X' + X?)

and according to the maximum entropy principle
AS = S(X'+ X?) - SH(x1) — §%(X?)
where

S(X'+ X?) =81 (Xt + AXY) + S3(X2 4+ AX?).
















