
Statistical Mechanics/Thermal Physics

General Statistical Formulas
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Flux and Effusion
p̄ = nkT p̄V = NkT Φ(~v)d~v =

nvzh(vx)h(vy)h(vz)dvxdvydvz = nvz f̂(~v)d~v Φ0 = 1
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Transport Processes

P (t) = e−wt w = nσv̄ τ = 1
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Thermodynamics
∆U = Q−W dW = p̄dV S = klnΩ(E) β = ∂lnΩ

∂E = 1
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dS = dQ
T (dQ)v = CvdT (dQ)p = CpdT ∆S = L

T pV = νRT

cv + R = cp Cv + νR = Cp γ =
Cp
Cv

Ω ∝ V N
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Maxwell Relations
E dE = TdS − pdV

enthalpy H = E + pV dH = TdS + V dp
Helmholtz A = E − TS dA = −SdT − pdV
Gibbs G = E − TS + pV dG = −SdT + V dp
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Heat Capacity
heat capacity C Q = C∆T
specific heat capacity c’ Q = mc′∆T
molar heat capacity c Q = νc∆T

m = mass ν = number of moles
C: value for each system c,c’: value for each substance
R: for number of moles k: for number of particles

Ideal Gases
∆U = Q−W W =

∫
pdV

Q=heat added to system W=work done on surroundings
pV = νRT ∆U = νcv∆T γ = cp/cv cp = cv + R
monatomic gas: cv = 3

2 R or cv = 3
2 k cp = 5

2 R or cp = 5
2 k

γ = 5/3 Ē = 3
2 νRT = 3

2 NkT

diatomic gas: cv = 5
2 R or cv = 5

2 k cp = 7
2 R or cp = 7

2 k
γ = 7/5
polyatomic gas: γ = 4/3

in general: E = f
(
N 1

2 kT
)

Cv = f
2 Nk f =degrees of freedom

isotherm dT = 0 W =
∫

nRT
V dV Q = W

isobar dp = 0 W = p∆V Q = Cp∆T
isochor dV = 0 W = 0 Q = Cv∆T
adiabat W = −∆U Q = 0

adiabat: PV γ =const, S =const

dS = dQ
T (dQ)v = CvdT (dQ)p = CpdT

Critical Points
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v2 critical point:
(

∂P
∂v

)
T

= 0
(

∂2P
∂v2

)
T

= 0

usually taking derivatives of P or free energy A

Statistical Basis of Thermodynamics
TdS = dE + PdV − µdN ⇒ S = S(N, V, E) Ω = Ω(N, V, E)
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Canonical Ensemble
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∑
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Going to the Continuim Limit∑
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Density of States∑
i
→

∫
g(ε)dε

for a gas with ε ∝ ps, confined to a space of n dimensions

g(ε)dε ∼ pn−1dp ∼ ε(n/s)−1dε



Magnetic Systems
M̄ = 1

βQN

∂
∂H QN where H is the magnetic field

M̄2 = 1
β2QN

∂2

∂H2 QN χ = ∂M̄
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Solid-Vapor Equilibrium
µ and T same for two phases: zsolid = zgas

Clausius Clapeyron: dp
dT = ∆S

∆V =
L12

T∆V

Grand Canonical Ensemble
Z(z, V, T ) =

∑∞
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Quantum Statistics
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{ ∏
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BE: a = −1, FD: a = 1, MB: a → 0
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Ideal Bose Gas
P V
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∑
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Ideal Fermi Gas
P V
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Critical Exponents
V DW CriticalExponent Relation

orderparameter ∆V = Vg − Vl β = 1/2 ∆V ∼ |Tc − T |β
conjugatequantity P δ = 3 ∆V δ = P

responsefunction κT γ = 1 κT = − 1
V

(
∂P
∂V

)
T
∼ |t|−γ

heatcapacity C α = 0 C ∼ |t|α
correlationlength ξ ν = 1/2 ξ ∼ |t|−ν

t = T−Tc
Tc

MFT predicts the same critical exponents for any system

Ising Model/Mean Field Theory
consider the following Hamiltonian:

H = −J
∑

i<j
sisj − µ

∑
i
s2

i

MFT says turn the interaction term sum to one over nearest
neighbors:

H = −J
∑
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∑
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∑
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[
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∑
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Now replace sj with the spatial average s̄ and make

∑
j,nn

→ c

where c is the coordination number or number of neighbors (c=2

for 1D lattice, c=4 for 2D cubic lattice, etc) so the new MFT
Hamiltonian is:
H = −

∑
i
si (cJs̄− µsi)

Say that the spatial average s̄ equals the canonical ensemble
average 〈s〉. Now an ensemble average of s can be taken to
find a transcendental equation for 〈s〉. Expand to get critical
exponents.


