
Thermal and Statistical Physics Cheatsheet
Feiyang

Gibbs-Duhem

U = TS − pV + µN

dU = T dS − p dV + µdN

dµ = −sdT + v dp

Availability

dA = dU − TR dS + pR dV − µR dN

= (T − TR) dS − (p− pR) dV + (µ− µR) dN

= −TR dStot

dA ≤ 0 ⇐⇒ dStot ≥ 0

H = U + pV

F = U − TS = −kBT lnZ

G = U − TS + pV = µN

Φ = U − TS − µN = −pV = −kBT ln Ξ

(d)natural = dA

Ξ =
∑
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Thermodynamic potentials

Statistics
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Bose condensation

N =

ˆ
n(ε)g(ε) dε

At some low, finite temperature, µ = 0.
Virial expansion
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Statistical physics
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Equilibrium fluctuation
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