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Energy and impedance

N = E×H

B =∇×A

E = −Ȧ−∇φ
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Boundary conditions

D⊥ = D⊥

θB = arctan

(
n2
n1

)
=⇒ rp = 0

Basic relations

Uniaxial: ε1 = ε2 6= ε3
perpendicular to ê3 =⇒ ordinary spherical wave-
front, k ‖ N;
not perpendicular to ê3 =⇒ extraordinary wave.
Induced birefringence
chiral materials

nL 6= nR =⇒ rotation

α =
π

λ
(nL − nR); ∆φ = 2αd

Faraday effect

mr̈ = −e(E + ṙ×B0)

θ = V B0d N.B. directional

Kerr effect

∆n = nx − ny = λ0kE
2
0

Anisotropic

Degree of polarisation: V =
Ipol

Itot
Coherence

F =
1

ω − ω0 − iωs
width

∆ω = FWHM = 2ωs = 2.36σ

lifetime

τs =
1

ωs

thermal

σ = ω0

√
kBT

mc2

pressure

τ =
1

4Nv̄A

Incoherence

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 =
∑

e−β(Ei−µNi)

Thermodynamic potentials
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Statistics

〈nk〉 =
1

eβ(εk−µ) − η
Quantum

λ =

(
2π~2

mkBT

) 1
2

nc =
1

λ3

ZN =
1

N !
ZN1

Z =
1

N !

(
V

λ3

)N
Bose condensation

N =

ˆ
n(ε)g(ε) dε

At some low, finite temperature, µ = 0.
Virial expansion

〈ν〉 =

〈
−1

2

∑
i

ri · fi

〉
= 〈νext〉 = 〈νint〉

〈νi〉 =
1

2

ˆ ∞
0

4πr2ne−βφr
dφ

dr
dr

〈ν〉 =
3

2
kBT

p

kBT
= n+B2(T )n2 + . . .

B2(T ) =

ˆ ∞
0

2πr2
(
1− e−βφ

)
dr

Statistical physics
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∂B
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T〈

∆M2
〉

= kBT
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Fluctuation-dissipation theorem〈
∆x2

〉
=

kBTR(
∂2A
∂x2

)
x=x0

=
kBT(
∂f
∂x

)
x=x0

Equilibrium fluctuation
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