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[0 Undergraduate students (B4,B3,B2): Choose Report 1.
0 Graduate students (M2,M1): Choose either Report 1 or 2.
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Report 1

0 B4, M2 (00O ): Choose two problems.
0O M1, B3, B2 (0 0O0OO): Choose three problems.
Then, submit the answers/discussions with A4-papers (no-limit on the number of pages).

Problem1 Two-stream approximationd 20 O O

1) Show that the hemi-isotropic radiation field (see eq.(3.10) in your note):

If(r) (0<p<1)

(1) (-1<p<0) W

I(T;M)E{

satisfies the Eddington approximation (K = %J ).
2) As an extreme of the above hemi-isotropic case, the radiation field can be represented by the
following two-beams in the opposite directions:
I ;M)E{ IJ_F(T) o(p—po) (0<p<1) @)
I7(7) 6(p+ po) (-1 <p<0)
where f9 is a constant (0 < po < 1). Show that this radiation field also satisfies the Eddington
approximation, but only in case pg = % Then, discuss briefly why this specific direction can

represent the semi-isotropic radiation field that satisfies the Eddington approximation.

Problem2 [terated Eddington approzimation 0 000 OOOOON

With the Eddington approximation (K = %J ) for the gray stellar atmosphere, we obtained the
following solution of linear atmosphere (eq 3.28):

S(r) = J(r) = 3Ho(r + 3). g

where S(7) is the source function of the atmosphere as as function of the optical depth (7) measured
from the stellar surface, J(7) is the Oth moment of the radiation field, and Hy is the 1st moment of
the outgoing radiation field and it is a constant.

By putting this into the formula (eq 3.21), we got the formal solution:



(i) = 8Ho(r 4+ 2) (4)

for 0 < <1 (eq 3.29).

1) Similarly obtain the formal solution I(7;u) for negative p (—1 < p < 0). Note the integration
range for 7/ is 0 — 7 as compared to 7 — oo for positive p.

2) Using I(7;u) for both positive and negative u, calculate the 1st moment of radiation, thus the
source function. Show they are:

2 1 1
$W(r) = JW(r) = 3Ho{7 + 3 = 5 Ba(r) + 5 Bs(7)}, (5)
where FE,, is called exponential integral defined as:
E.(z) = / e T dt (6)
1

Note the newly obtained S™) differs slightly from the initial S in Eq.3. S can be regarded as 1st
order approximation of this iteration and you might reach to the exact solution of the radiation field
by continuing this iteration (this process is called “iterated Eddington approximation”).

Problem3 Limb darkening 0O O O [

If you take a picture of a star at a close distance, you can obtain the two-dimensional image
of the stellar disk. Interestingly surface brightness of stellar disk is not uniform across the disk,
but gradually decreases from the center to the edge. This is called “limb darkening”, which occurs
because the radiation from the stellar surface is NOT a Lambertian, which has a uniform intensity for
all directions.

—__ outer-edge

o _ e — @f____m,
center observer

1) Show the brightness profile normalized with the central brightness (I.) for the classical stellar
atmospheric model (Eq.4) is

where Rg is the radius of the star, and D is the distance to the star, and © is the angular distance

from the center of the star (see the above figure).
2) Show that the emergent radiation field of the 1st-iterated Eddington approximation is:

71 11 1+p
IM(0;p) = 3Ho{35 +5n+(Gr+ §u2) In——}. (8)



Then, derive the brightness profile.

3) Plot both brightness profiles for the above two Eddington approximations (Oth and 1st) to compare
them, then discuss the difference.

Problem4 Saha equation O 0O 0O O

In § 4.4, we learned why hydrogen absorption line is strongest in A-type stars with Terp ~ 10000
K. Following the same argument, discuss the reason why Fell lines are strongest at Ters ~ 5000-6000

K while Fel lines are strongest at Torp ~ 4000-5000 K. See any books or internet resources for the
necessary numbers.
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Report 2

In this course, a variety of radiative processes in astrophysics have been introduced with some
applications to real astronomical objects. Choose one of the following two assignments to submit the
report with A4-papers (no-limit on the number of pages).
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0 Assignment A[T] Consider and describe any possiblity of new knowledge/finding/insight by
applying any radiative processes in astrophysics that you learned in this course to your currently
on-going research or any research you hope to do next.
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O Assignment B[1] Pick up a radiative process which you intuitively become most intrigued or concerned.
Study the process with books/web pages until you are satisfied to summarize in a report.
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Evaluation OO QO QOOO

e This end-of-class report will be evaluated by the depth of your consideration/discussion/research.
Typos or small mistakes do not matter that much, but the logic of the discussion will be evaluated

as one of the most important points. Better use figures/tables as much as possible.
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e Those who finish the school at the end of this academic year, please contact me in case you want
to check if you can really get enough number of credits.
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Note OO OO

0 1[UJse only one side of A4-paper and put page numbers on all pages. Do not staple the papers but
bind them with aclipetc. OO0 0000000000 OOOOO0OOOOODOODOOOODOOO
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0 2[00 If you use any references or internet resources, refer them in the report. If you discuss with
your friends, acknowledge the opportunity in the report. 00 0000000000000 O0O0O
00000000000 0000000000000000000000000000
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|Submit to 0000 |

Mr.Onozuka at the office of the Astronomy Department
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'Deadline 000000 |
M2(0 0 0): 2017/2/10(Fri) 17:00

B4(0 0 0): 2017/2/10(Fri) 17:00

M1,B3,B2: 2017/2/28(Tue) 17:00



