
Ay 102 - Winter 2022

Hillenbrand

Problem Set 4

due 18:00, Tuesday 1 February

Ionized gas this week. An important thing to keep in mind is notation regarding the
neutrals vs the ions vs the electrons, and when you can assume near-equality, e.g. ni ≈ ne.
We are also reiterating some concepts from previous weeks.

1. HII Region Properties

A “compact”HII region has a higher density than typical, n = 103 cm−3, but otherwise
has typical structure and behavior. Please state any assumptions. The exciting star
has Ṅ∗ = 1049 ionizing photons sec−1.

a. What is the size of the HII region?

b. What is the sound speed?

c. What is the sound crossing time?

2. HII regions in the Optical/UV

Consider a hypothetical HII region powered by an O star with Ṅ∗ = 1048.44 sec−1. It
has r = 1 pc and ne = 100 cm−3. Consider the equilibrium between ionization and
recombination, written in the form nion ×Rrecomb = nneutral ×Rioniz, where the n’s are
densities and the R’s are rates.

a. Comparing to the formula given in class for the ṅ’s, calculate the timescales for

i. recombination

ii. ionization.

b. Firmly within the HII region,

i. What is the mean-free-path of a photon with 912 Å? Clearly state any
assumptions (especially regarding the appropriate density).

ii. How many such mean-free-paths are there to the edge of the HII region?
Clearly state any assumptions.

c. At the edge of the HII region, assume the density changes to nHI = 10 cm−3.

i. What is the mean-free-path of a photon with 912 Å through the transition
region? Clearly state any assumptions (especially regarding the appropriate
density).

ii. How thick is the transition region ∆R with respect to the Stromgren radius
Rs, i.e. what is ∆R/Rs?

d. Instead of 912 Å continuum photons, consider Lyα photons. What is their mean
free path? Making an analogy to photons escaping from the Sun, how long does
it take these Lyα photons to escape from the HII region?
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3. The Gum Nebula

The Gum Nebula has a radius of 320 pc and is located about 360 pc from the Sun.
It has a charged particle density n = ne + np = 0.3 cm−3 and you can assume a
recombination coefficient of 3 × 10−13 cm3 s−1. The nebula contains two O stars and
ten B stars. It also contains the Vela pulsar, a remnant of a supernova that exploded
around 10, 000 years ago.

a. Find the number of O5V stars that would be needed to keep the nebula ionized.
Also find the number of B0V stars. You will need the table provided in the slide
deck (or another one like it) showing the number of ionizing photons for these
spectral types.

b. Are the known number of O (2 of these) and B (10 of these) stars sufficient to
provide the ionization? Or do we need to look to other sources, such as past
supernova from even more massive stars that were also born here?

c. Assuming the gas in the nebula was initially neutral, calculate the amount of
energy needed to ionize it. Compare to the energy produced in a typical supernova
of 1051 erg.

4. Term Project, Week 4

If you have some time this busy week to work on the Term Project, Do It!

[for all assignments, please write near your name how many hours you spent on the set.]
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