
Solutions Klausur
Radiative Transfer (SS 2012)

1. Moments of intensity and the Eddington approximation
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(b) First two equations:

∇ · Hν(x) = jν(x) − αν(x)Jν(x) (4)

∇ · Kν(x) = −αν(x)Hν(x) (5)

That means: there is always one more moment than equations.

(c) If we assume an isotropic radiation field, then
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(6)

(d) The radiation is only approximately isotropic if the optical depth is high.

(e) The first moment equation is then:

∇iHi,ν = jν − ανJν (7)

The second moment equation is then:

1

3
∇Jν = −ανHk,ν (8)
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Dividing the latter by αν and taking the ∇k:

∇k

(

1

3αν

∇kJν

)

= −∇kHk,ν (9)

Inserting this into the first equation yields

∇k

(

1

3αν
∇kJν

)

= ανJν − jν (10)

2. Line transfer in a spherical cloud

(a) λ0 = 413 µm.

(b) e−∆E/kT = 0.42, Z = gd + gue
−∆E/kT = 2.26, nd = 1/Z = 0.44, nu =

(3/Z)e−∆E/kT = 0.56.

(c) φ0 = c/(athν
√

π) = 1.28 × 10−6, Bud = 1.78 × 103, Bdu = 5.35 × 103, Nx = 30.
So α = 2.02 × 10−17. This gives τ = 0.2.

(d) Cud = NH2
Kud = 9 × 10−6, so Cud/Aud = 900. So LTE is fine.

3. An optically thin dust cloud
Take a square shape with ∆x in the direction of the observer, and ∆y and ∆z
perpendicular. We have Mdust = ρdust∆x∆y∆z. We also have

Iν = jν∆x = ανBν(T )∆x = ρdustκνBν(T )∆x (11)

The ∆Ω = ∆y∆z/d2. The flux is

Fν = Iν∆Ω = ρdustκνBν(T )
∆x∆y∆z

d2
= κνBν(T )

Mdust

d2
(12)

4. UX Orionis stars

(a) Dust extinction (if the grains are small) is stronger at shorter wavelengths, hence
the reddening.

(b) If the star is fully extincted, then the only optical light you see is scattered light,
which is also stronger at shorter wavelength. Hence the bluing.

5. Accelerated Lambda Iteration

(a) If the optical depth is large and ǫ is small, then a photon can pingpong many
times before it escapes or gets destroyed. Since each Lambda Iteration step
accounts for one scattering, this means many iterations are required.

(b) We split
Λ = Λ∗ + (Λ − Λ∗) (13)

Inserting yields

[1 − (1 − ǫ)Λ∗]Sm+1 = ǫB + (1 − ǫ)(Λ − Λ∗)[Sm] (14)

This then means:

Sm+1 = [1 − (1 − ǫ)Λ∗]invl (ǫB + (1 − ǫ)(Λ − Λ∗)[Sm]) (15)
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(c) Local operator means Λ∗ is a scalar, meaning that [1 − (1 − ǫ)Λ∗] is a scalar.
You can then write:

Sm+1 =
ǫB + (1 − ǫ)(Λ − Λ∗)[Sm]

[1 − (1 − ǫ)Λ∗]
(16)
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