Thermodynamics
Self-consistent axiomatic theory:

(0) equilibrium is transitive (equivalence relation):
A~ BandB ~ CthenA ~ C.

(1) energy conservation: total energy of isolated systefimesl.
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(2) entropy decreases in an isolated system:
dS > 0. Internal transition: equal or more disorder.

(3) entropy of absolute zero temperature is zero
or: independent of other parametesscan be set zero
or: ground state of quantum system is finite (not exponentidl V)

zero temperature heat capacity:
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State variables: path independent quantitiésS, A, T, p, . ...
but: AW,4_, g or AW 4_, g depend on path.

Free energies. System kept at fixBd
energy:AE = AQ
AQ

A
entropy:AS = TQ + ASint > T

Helmholtz free energyA(T') = E - T'S:
AA=AE-TAS<0

Free energy of a system never increases: minimal at stabiibeigim.
Stat Mech: probability of macroscopic state:exp —%

for large system > kT, only lowestA state observed.

Now system kept at fixed', p:
energy:AE = AQ — pAV
entropy:AS = % + ASint > %

Gibbs free energy&G(7T',p) = E —T'S + pV:

AG =AE -TAS +pAV <0
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