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Definitions

gamma-rays
X-rays
UV
Optical 
IR
Radio 

T >109 K
106 < T <109 K
104 < T <106 K
3 103 < T <104 K
100 < T <3 103 K
3 < T <10 K
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BASICS of RADIATIVE TRANSFER
Moments of intensity

in vacuum

dW1=dА2/R2, dW2=dА1/R2 

n1= n2⇒

Question in class: how brightness of 
the Sun changes with the distance?
Read about Olbers' paradox. 
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Radiative transfer equation

nsds

Here kn is the cross-section per unit mass [cm2 g-1 ]



BASICS of RADIATIVE TRANSFER
Radiation force

F𝜈 d𝜏𝜈 /(c ds) = F𝜈𝛼𝜈 ds /(c ds) d𝜏𝜈 is the probability for photon to be absorbed 
within ds. Momentum absorbed per unit length is
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BASICS of RADIATIVE TRANSFER
Scattering

V=πa02v t= σv t

a0

a0

nV=nσv t

v

Number of collisions by
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(R=L)
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BASICS of RADIATIVE TRANSFER
Scattering and absorption

In (local)thermodynamic equilibrium (where collisions dominate), 
the source function is  S 𝜈 = j 𝜈 / 𝛼𝜈 = B 𝜈 Planck function
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BASICS of RADIATIVE TRANSFER
Solution of RTE: Eddington approximation

In plane-parallel atmosphere  ds=dz/𝜇,
𝜇 = cos θ :

dz ds

θ

τ

zouter 
boundary

centre of the star

I=J+3H 𝜇



BASICS of RADIATIVE TRANSFER
Solution of RTE: Eddington approximation

RTE

I=J+𝜇 dJ/dτ

We get 2nd order differential equation for J :

General solution : J= c1exp(τ*)+ c2exp(−τ*)+B



BASICS of RADIATIVE TRANSFER
Solution of RTE: Eddington approximation

We can find a solution

Need two boundary conditions
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BASICS of RADIATIVE TRANSFER
Radiative transfer equation

1
αR

≡

dBν
dτ

1
αν +αsc

∫ dν

dBν
dτ∫ dν

=

dBν
dT

1
αν +αsc

∫ dν

dBν
dT∫ dν

p B=sT4



Black body radiation
The black body intensity is defined (following discovery by Max Planck in 1900) as 

either

or

where c=2.99x1010 cm, h=6.63x10-27 erg s, k=1.38x10-16 erg/K

Note that: 

Let us compute the bolometric flux:

Planck function is monotonic with temperature: 

At any n, T­, Bn­. T ®0, Bn®0. T ®¥, Bn®¥. 
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σ = 2 π 5k 4

15c 2h3 = 5.67 10-5  erg cm-2s-1 K-4 −  Stefan - Boltzmann constant
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Stefan-Boltzmann law

x=h𝜈/kT



Black body radiation
The source function for thermal radiation 

The energy density of the black body radiation

Flux of the black body radiation from the surface  

Since                       and



Properties of the Planck law

Maximum of the Planck function

guess

Do the same with Bl:

At long wavelengths l >> lmax (small frequencies n << n max)
the Planck formulae can be approximated by  the Rayleigh-Jeans law

At short wavelengths l ≤ lmax (large frequencies n ≥ n max),
the Wien law is a good approximation 
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x0 = 3,    x1 = 3 1− e−3( ) = 2.85,  x2 = 2.82...

xmax ≈ 2.82⇒ hνmax = xmaxkT ≈ 2.82kT
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Wien displacement law
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xmax = 4.97, λmax =
hc
kT

xmax
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λmaxT ≈ 0.29 cm K
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λmax ≠ c /νmax!!! For the Sun lmax =5175 Å, but l=c/nmax =8800Å.
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Colour and brightness temperatures

Define brightness temperature as 
In radio band we get

Colour temperature Tc is obtained by “fitting”
the observed spectrum with the Planck 
function ignoring normalization. It gives 
correctly the temperature  of the black body 
source of unknown absolute scale of the 
intensity. 

Effective temperature 
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Iν = Bν (Tb )
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