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For a non scattering medium

Iν(τν) = Iν(0)e−τν + Sν(1− eτnu)

1 Two Level Atom Count
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⇒ Sν = Bν(T )

2 Scattering

Consider pure scattering
dIν
dτν

= −Iν + 4π

∫
IνdΩ

Want to do three things:

1. Probabilistic: random walker

2. Local homogeneity: quantities change slowly relative to mean free path → Rosseland
Approximation

3. Eddington Approximation
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3 Random Walk

Let

~ri = step

L = length of step

~R = final position after N steps

can’t use 〈~R〉 = 0. Instead use√
〈~R · ~R〉 = 〈r21〉+ 〈r22〉+ 〈r23〉+ 2���

��:0〈r1 · r2〉+ ...

where
〈~ri · ~rj〉 = δijL
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Thus we have
〈R2〉 = NL2

which average out to be

l∗ =
√
〈R2〉 =

√
NL

For radiation

L = lmfp =
1

nσν
⇒ l∗ =

√
Nsteps lmfp = D

τν = #of mfp’s through the medium

τν � 1⇒ Nsteps ≈
D2

l2mfp

≈ τ 2ν

τν � 1⇒ Nsteps ≈ mean scattering ∼ 1− e−τν ≈ τν

Key Point: Total opacity is sum of individual Assuming isotropic scattering opacities, so
the highest opacity will dominate.

Assume isotropic scattering

dIs
ds

= −αν,abs(Iν − Sν,abs)− αν,sca(Iν − Jν)

= (−αν,abs + αν,sca)Iν + (αν,absS|nu + αν,scaJν)

αν,tot = αν,abs + αν,sca)

Sν,tot =
αν,absSν,abs + αν,scaJν

aν,tot

⇒ dIν
ds

= −αν,tot(Iν − Sν,tot)
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