Intensive Parameters

The intensive entropic parameter Z; conjugate to
the extensive parameter X; is defined by
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As a function of the extensive parameters, Z; is a
homogeneous function of degree zero. The
expression of Z; in terms of the extensive
parameters is called an equation of state. More
generally, any relation between extensive and
intensive parameters is an equation of state.

While the entropic fundamental relation of
a system contains the most complete
thermodynamic information, an equation of state
contains only partial information. In particular, it
does not completely define the system.




If Systems 1 and 2, interacting through a wall
permeable to X, are in equilibrium, we have to
express that S = S 4 52 is maximum subject to
the constraint X! + X? = constant.

e First derivation of the equilibrium condition
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That is,
71 = 77,

e Second derivation of the equilibrium condition
Using a Lagrange multiplier to express the
constraint, consider the function § — A\(X! + X?).
We have
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hence,
7zt = 72,




First corollary (transitivity)

If Systems 1 and 2 are in equilibrium through a wall
permeable to X, and if Systems 2 and 3 are also in
equilibrium through a wall permeable to X, then
Systems 1 and 3 are in equilibrium through a wall
permeable to X.

Second corollary (direction of flow)

If Systems 1 and 2 are not in equilibrium through a
wall permeable to X, then

(Z1 — 7% dXx! >0,

that is, dX' > 0 if Z! > Z?. X flows from System
1 to System 2 if Z' is greater than Z?.

Temperature

For all thermodynamic systems, the internal energy
U is always defined. The entropy S is, in particular,
a function of U. Hence, the derivative of S with
respect to U is always defined.




The intensive parameter T, defined by
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Is called the temperature.

Defined by the above relation, the temperature T’ is
a homogeneous function of degree zero of U and all
others extensive parameters X;. That is, for all
positive values of the real number A, the function T
satisfies the relation

TOAU X4, ..., 2\Xn) =T(U, X1, ..., Xn).

In most cases T’ is positive, but some systems can
have negative temperatures (see examples in
Statistical Physics).

Constant temperature expresses thermal equilibrium.
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it follows that:

e fT1a T?ar oth ati  th r  OWS
fromth s st mhai th tm ratr to
th sstmhai th hi hsttm ratr

o fTla T2ha i r tsi s r OWS
fromth s st mat a ati tm ratr toth
sstmata ositi tm ratr

o fTYa T2?ar oth ositi th r OWS
fromth sst mhai th hi hsttm ratr to
th sstmhai th lowstt m ratr

t wo | mor orr tto tm rat r as

th al of L whih arisfrom to

wol orrso toth ol sttm ratr
toth hi h st











































