l.a.

1.b.

ASTRONOMY 8300 — FALL 2024
Homework Set 3 Answers

O star: L=4nR°0T* =3.11x10” ergs s’ =8.1x10°Lo
B star: L=4nR*0T* =1.57x10* ergs s’ =4.1x10*Lo

Used IDL "planck" procedure to get B, and normalized blackbody curves

to the O and B star luminosities to get L, :
912A
Ostar: L, = [ LdA=178x10"ergss" (57% of total L)

0
912A

Bstar: L = J L, dA=3.45%x10"ergss" (21% of total L)

0
To get ionizing photons/sec, divide L, by photon energy and integrate:

AL
Ostar: Q. = Jm A dA = 5.5x10%photons s

ion 0 hC’//ﬁL
AL
Bstar: Q = J:u hc;/l dA = 1.2x10*photons s
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l.c.

2.a.

2.b.

2.C.

1/3
30
Qion = 4/3717"3715_[(13 —r= {A]

47rni[053
Ostar: r=7.7x10"cm = 25.0pc
Bstar: »=2.1x10"cm=6.9 pc

3
# B stars _ 25.0 ~ 48
O star 6.9

—1 -1
r T L 1 TL
e v =1, s0: t :J ~—a dv| = — a_dv
on 4nr*hy " Anr® , hv v

Vo

Use the Planck curve for L = (normalized to the previous luminosity)

Vo

3
Use the approximation: a, = 6.3x 107" [V—] where v, =3.29x10" Hz

Multiply, integrate numerically, and divide by 4nr’> — t =19x 107 sec

=3.86x10" sec

t =
" no, (10 em?)(2.59% 107" em’s™)

# photoionizations/vol/sec = # recombinations/vol/sec

11
Ry 1, n, t, 3.9xI10" sec

= 5 — = -
¢ n t 1.9x107 sec

ion rec H° ion

=2.0x10*

The time scales are per atom, so a large fraction of ionized atoms (protons) requires a

much longer recombination time scale compared to the ionization time scale.



3.a. The equations we need are:

r

T, = J.nHO (r') a dr'

Lv -1, 0
nHOJ. ae " dv= nn o, (H",T)

The ionization equilibrium equation becomes:

oo

(n, - np)J. 4nr2th ae™ dv=n’ o,(H"T) (sincen, =n)

Vo

¢+ L
Letb= _[ Y —ae" dv/ocB(HO,T)

; 4mr’hv
Letc= an
(n,—n)b=n’
n+bn —c=0
p p

This is a quadratic equation with solution:

. :—bi\/b2—4ac :—biVb2—4c

P 2a 2

Starting at an arbitrarily small distance from the star, we take T = 0. Then we:
1) Calculate b and ¢ from the ionizing luminosity, optical depth,
distance, and atomic parameters.

2) Solve the quadratic equation to getn .
3) Calculate n, (=n, - np) and thus n / n, atposition .
4) Go to the next step outward and determine T =T (previous) + n .a Ar

5) Repeat procedure for each step in radius.



3.b. Using double precision in IDL:
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(Hu/du) uonosouy uooziug|
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