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“A theory is the more impressive the greater the sim-

plicity of its premises is, the more different kinds of

things it relates, and the more extended is its area

of applicability. Therefore the deep impression which

classical thermodynamics made upon me. It is the

only physical theory of universal content concerning

which I am convinced that, within the framework of

the applicability of its basic concepts, it will never be

overthrown”

A. Einstein (1946)
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d) 1 mole of H2 and 1/2 mole of O2 (unmixed), state space

Γd = Γa × Γc ⊂ R4. This is a compound system.

e) 1 mole of H2 and 1/2 mole of O2 (mixed), state space Γe ⊂
R2.

f) 1 mole of H2O in an electric field, state space Γf ⊂ R3



BASIC RELATION BETWEEN EQUILIBRIUM STATES:

Adiabatic accessibility, denoted by

≺

Operational definition (inspired by Planck’s formulation of the

Second Law):

A state Y is adiabatically accessible from a state X, in symbols

X ≺ Y , if it is possible to change the state from X to Y by

letting the system interact with some device, consisting of some

auxiliary system and a weight, in such a way that the auxiliary

system returns to its initial state at the end of the process,

whereas the weight may have risen or fallen.
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If X ≺ Y or Y ≺ X we say that X and Y are comparable.

If X ≺ Y but Y 6≺ X we write

X ≺≺ Y.

If X ≺ Y and Y ≺ X we write

X ∼A Y.
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SECOND LAW (ENTROPY PRINCIPLE):

There is a function called entropy, defined on all states and

denoted by S, such that

a) Monotonicity : If X and Y are comparable, then

X ≺ Y if and only if S(X) ≤ S(Y ).

b) Additivity and extensivity: If X, X ′ are states and (X, X ′)

their composition, then

S((X, X ′)) = S(X) + S(X ′).

Moreover, for each state X and its scaled copies, λX, λ > 0,

S(λX) = λS(X).
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MAIN QUESTIONS:

Q1: Which properties of the relation ≺ ensure existence and

(essential) uniqueness of entropy?

Q2: Can these properties be derived from simple physical premises?
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FURTHER QUESTIONS:

Q3: Which convexity and smoothness properties of S follow from

the premises?

Q4: Can temperature be defined from entropy and what are its

properties?

Q5: Can the entropy of mixing or of a chemical reaction be

determined without invoking ‘semipermeable membranes’?
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