
Radiative Transfer
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IνRef: Rybiki & Lightman

Iν(ν,n, r, t) dν dΩ
The EM power per unit area, with frequencies in 
[ν, ν+dν] propagating in direction n within the 
solid angle d, including both polarizations.



In local thermodynamic equilibrium (LTE)

(Iν)LTE → Bν(T ) ≡
2hν3

c2
1

exp(hν/kT )− 1
where nγ(ν) ≡ c2/(2hν3) Iν (dimensionless) is

called the photon occupation number

= number of photons per mode of polarization



Stefan-Boltzmann 
law

Entropy of blackbody radiation S=(4/3) a T3 V



Entropy of blackbody radiation S=(4/3) a T3 V

Adiabatic expansion  PV4/3 = constant.  This is the 
adiabatic law with γ =4/3.



J=B F = πB

P = 1/3 u



opacity as resistance 





Radiative Transfer 
Equation

Absorbing medium

Observer τ=0

Iν + d Iν

Iν

τ

s



Iν(τ) = Iν(0) e
−τν +

jν

κν
(1− e−τν)

If jν/κν = const (not valid in ISM but ok in stellar 
atmosphere), then 



Kirchhoff’s law



Planck Function ---
Approximations

Wien’s Displacement Law

λmax T = 2900 [μm K]



Even if the radiation is NOT thermal.



Brightness Temperature TB(ν) ≡ hνk
ln[1+2hν3/c2Iν]

the temperature such that a blackbody at that

temperature would have specific intensity

Bν(TB) = Iν TB(ν) is a nonlinear function of

intensity.

Antenna Temperature TA(ν) ≡ c2

2kν2
Iν TA(ν)

is linear in the intensity.

In the limit kTA À hν, common in radio

frequencies, TA ≈ TB.
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