Radiative processes, stellar atmospheres and winds
(WS 2017)

Problem set 6

Problem 1 [3 points| Radiative transfer with linear source function

On page 76 of the script, we quoted that the emergent intensity for a linear source function,
S = a+ br, is given by
LM (p) = a+bu
a) Prove this relation, by providing the missing steps as indicated by ‘...’
of the script.

on page 76

b) Calculate the corresponding mean intensity. Interpret your result, by considering
the ratio between J and S.

Problem 2 [5 points| A operator with linear source function

In problem 1b, we calculated the mean intensity at the outer boundary of a slab or
atmosphere, 7 = 0, given a source function that is linear in 7. Now we want to calculate
the total run of the the mean intensity, for all 7. To this end, we make use of the A
operator as derived in the script, and calculate J(7) assuming a linear source function
S=a+br.

After accounting for useful calculation rules for exponential integrals with real arguments:
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we obtain the following result (remember: linear source function!)

J(T)=a+br — %EQ(T) + gEg(T).

a) Evaluate your result at 7 = 0 and check by comparing with the result from problem
1b. Compare also with the corresponding result from the Milne Eddington model,
and explain the difference.



b) What do you expect for J(r — 00)? Check whether this limiting value is reached
by your expression.

c) Plot the ratio J(7)/S(7), for 7 = [0, 2] and parameters {a=1,b=0.5} and {a=1,b=4},
and explain the difference of the two curves. To calculate and/or plot your results,
you might use MATHEMATICA, MAPLE, IDL, PYTHON, or GNUPLOT.

Problem 3 [4 points| Eddington and two-stream approzimation

The Milne Eddington model uses the Eddington approximation (Eddington, 1929, MN-
RAS, ‘On the formation of absorption lines’), which adopts a ratio of K,/J, = 1/3
everywhere throughout a plane-parallel atmosphere (the ratio K, /.J, is nowadays called
Eddington-factor).

This result is consistent with other flavors of approximation (e.g., the diffusion approx-
imation, cf. page 78 of the script), and we will consider some of them in the following.
For all problems, assume a plane-parallel atmosphere for consistency.

a) Angle-independent intensity. Assume that the outward- and inward-directed specific
intensities, I} and I, are angle independent, and shall depend only on height z,
ie.,

L(z,u)=:If(z)forpy >0 and  I,(z,u)=:1, (z)for u<0
Calculate the corresponding Oth to 2nd moment of the radiation field, plus radiative
flux and radiation pressure scalar, and show that the Eddington factor is indeed 1/3
for this approximation.

What is the ratio H,/J, at the outer boundary, 2 = 07 Hint: no radiation from
‘above’.

b) Show that the Eddington factor is also 1/3, if the specific intensity can be described
by
L(pz) = Io(2)+ Y p'Ii(z)
i=1,0dd
where the sum extends only over odd indices.

An example is the assumption of an intensity which is linear in u, i.e., I,(u) =:
Iy + plI (providing, e.g., the most simple description of limb-darkening, see next
problem sheet).

¢) In the two-stream approzimation, the radiation shall propagate in only two discrete
directions w.r.t. p, usually inwards and outwards in opposite ones (i.e., u= = —pu™).

Thus,
L(z,p) = I (2)0(u—|pol) for p >0 and  L(z,p) = I, (2)d(pu+]po|) for p <0

Calculate the corresponding Oth to 2nd moment of the radiation field in dependence
of 1y, and determine i from the condition that the Eddington approximation shall
be fulfilled.

What is now the ratio H,/J, at the outer boundary?



