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@ Postulate#2 ——

@ fundamental equation can be written with the energy or entropy

as the dependent quantities (in terms of U or ), respectively.
S=SU, V, Nj,.., N) or U=U(S V, Nj,.., N)
@ Postulate#3 ——
@ Siscontinuous, differentiable, homogeneous, and first-order.
S=S=g3 S and S(aU, aV, aN)=aS(U, V, N)
@ Sisincrease monotonically W.R.T. U, (TS/1U), . | >0

@ Postulate#4 ——
(T1§/V), .., =0 (S=0 at T=0"K)
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@ Equilibrium condition —— dS=0, Stability condition — dS<O

@ Entropy Maximum Principles The equilibrium vaue of any
unconstrained internal parameter is such as to maximize the entropy

for the given value of the total internal energy.

@ Energy Minimum Principlee The equilibrium vaue of any
unconstrained internal parameter is such as to minimize the energy

for the given value of the total entropy.
@ Thesetwo principles are shown to be equivalent.

@ Interchangeability of the roles of energy and entropy suggests the

first reformulation of the thermodynamic formalism.
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@ The extensive parameters are mathematically independent variables

In both the energy and entropy representations.

@ Theintensive parameters are more easily-measured and, therefore, it

IS more convenient to be considered as independent variables.
@ The Legendre Transformations make it possible.

@ Theproblemisthat an equationisgiven, Y =Y (X, X ..., X,)
Ty

Kk
may be considered as independent variables without sacrificing any

It is desired to find a method whereby the derivatives P, °©

of mathematical content of the given equation.
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@ Consider a ssimple case where the fundamental relation is a function

of only asingle independent variable, Y =Y (X))
@ Itisdesiredtoconsider P, P =1Y /{X asan independent variable.

@ Knowledge of Y as a function of the slope, P, would not lead to
reconstruct the curve as a function of X, due to an undetermined

Integration constant.

@ The practicable solution considersarelationasyY =Y (P) , whereP

Isthe slope of thelineand vy isitsintercept along the Y-axis.

@ This relation is completely equivalent to the given fundamental

relation and it may be considered a fundamental relation as well.
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Y =Y (X)

_aY
dX
y =-PX +Y
Elimination of X and Y yields
y =y (P)

P

L egendre Transformation
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y =y (P)
_dy
CdP
Y =X P+y

Eliminationof Pand Yy Vvyields
Y =Y (X)

@ Y =Y (X) isafundamental relation in Y-representation.

@ y =y (P) isafundamental relationin Y-representation.

@ The generalization of the Legendre Transformation to functions of

more than a single independent variable is straightforward. It may be

applied for a (t+2)-dimensional hyper-surface Y =Y (X,,X,,...,X,)



