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AY 102/126 PROBLEM SET 1

Due Tues 01/17/12

Regarding collaboration in this course: try to solve all the problems by yourself first. If you get stuck, you may
discuss a problem with another student (or one of the professors or TAs). You may not copy from anyone else’s
solutions or scratch work. When you write up your solutions, you should indicate which people (if any) you have
discussed each problem with.

1. For an O6 star (T∗ = 3.8 × 104 K, R∗ = 5 × 1011cm,M∗ = 50M⊙) embedded in a cloud of atomic hydrogen
with density nH = 102 cm−3 and temperature T0 = 25K:

(a) Calculate the production rate of Lyman continuum photons assuming a blackbody spectrum.

Assuming T=104K in the ionized gas, (b) Calculate the size of the Strömgren sphere (when it is first ionized).

(c) Evaluate the ionization fraction at half this Strömgren radius.

(d) Evaluate the timescales for ionization of a neutral hydgrogen atom and for recombination of a hydrogen
ion at 0.1Rs and 0.9Rs.

(e) Estimate the thickness of the ionization front (the transition thickness from mostly HII to mostly HI).

(f) Calculate the eventual size of the Strömgren sphere when it has reached pressure equilibrium with the
ambient gas.

2. Suppose that a star has just begun to ionize its surrounding gas. Derive an analytic expression for the size of
its HII region as a function of time, and identify the timescale for expansion.

3. Stars are believed to form by gravitational collapse of dense interstellar clouds. Suppose that the infall of
matter continues after the O6 star in problem (1) has turned on.

(a) What is the accretion rate (M⊙ yr−1) required for the HII region to be entirely suppressed?

(b) What accretion rate will limit the size of the HII region to 0.15 pc? You may assume that the accreting gas
follows a free-fall velocity law.

4. Consider the OIII levels given (lecture 4 notes and table below).

(a) Draw an energy level diagram for the P , D, and S levels and show all radiative transitions based on this
table.

(b) For the 1D and 1S levels, calculate the relative populations at ne = 10, 103, and 105 cm−3 at Te = 104 K.

(c) Calculate the total cooling rate per OIII ion at each of the above densities.

(d) Calculate the excitation temperatures for the 1D2 → 1S0 transition in each of the above cases.

(e) Discuss in a couple of sentences the asymptotic behavior of the excitation temperature and the cooling rate.

(f) Calculate the flux (in erg cm−2 s−1) you would observe in the OIII 5007 Å line from the Orion nebula.
Assume ne = 1000 cm−3, T = 104 K, a Strömgren radius of 1 pc, a distance of 450 pc, and an abundance ratio
described by nOIII/ne = 10−4.
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TABLE 1

OIII

Transition λ Aul γl−u qul qlu ncrit

Å or µm s−1 cm3s−1 cm3s−1 cm3

3P2-
1D2 5006.9 2.0×10−2 1.27 2.20×10−8 1.24×10−9 9.1×105

3P1-
1D2 4958.9 6.8×10−3 0.76 1.32×10−8 1.21×10−9 6.7×105

3P1-
3P2 51.8 9.7×10−5 1.29 2.23×10−8 3.61×10−8 4.4×103

3P0-
3P2 32.7 3.1×10−11 0.27 4.66×10−9 2.23×10−8 3.4×103

3P0-
3P1 88.4 2.7×10−5 0.55 1.58×10−8 4.67×10−8 1.7×103

1D2-
1S0 4363.2 1.6 0.58 5.00×10−8 3.71×10−10 3.2×107

3P2-
1S0 2331.4 6.1×10−4 0.16 1.39×10−8 5.82×10−12 2.5×107

3P1-
1S0 2321.0 2.3×10−1 0.10 8.34×10−9 5.66×10−12 2.8×107

3P0-
1S0 2315.0 — 0.03 2.78×10−9 5.57×10−12 2.4×107

3P0-
1D2 4931.1 1.7×10−6 0.25 4.39×10−9 1.19×10−9 6.7×105

3P2-
5S2 1662.2 5.8×102 0.10 1.73×10−9 3.02×10−13 3.4×1011

3P1-
5S2 1660.8 2.4×102 0.06 1.04×10−9 2.99×10−13 3.0×1011

Note. — Calculated using A-coef. and collision strengths given in chap. 3 of Os-

terbrock and Ferland (2006). Collisional excitation and de-excitation rate coefficients

(qlu and qul were calculated for 104K.


