
Ay 102 - Winter 2022

Hillenbrand

Problem Set 7

due 18:00, Tuesday 1 March

Hot ionized gas is our lecture topic this week - less density, more temperature! And
it’s everywhere. Here, we are also considering the relationships between the different ISM
phases, in equilibrium. Next week come more dynamical phenomena, which also affect the
HIM.

1. Comparison of collisional ionization and photo-ionization for HI

a. The rate coefficient for collisional ionization of hydrogen from the ground state by
electron impact, e− +H(1s)→ H+ + e+ e, can be approximated at the “lower”
temperature T < 106 K HIM gas by:

< σ v >= 6× 10−9 × (
Te

104K
)1/2 × e−χi/kT cm3s−1

where χi is the ionization potential. Plot the mean time between collisional
ionizations as a function of the electron kinetic temperature over the range 104−
106 K. Consider gas with typical hot ionized medium density.

b. Now consider much denser gas, with nH = 10 cm−3, having a temperature at the
cool end of the range above, 104 K. Estimate the mean time between collisional
ionizations of a neutral H atom in the ground state. You may wish to check on
the ionization fraction.

c. Compare to the rate of photoionization (you will need to go back in your notes)
from the ground state for HI in a nebula with nH = 10 cm−3 at r=5 pc from an
ionizing star having Ṅ = 3× 1048 photons s−1 with E > 13.6 eV.

2. Putting it all Together (based on problems by E.S. Phinney and N.Z. Scoville)

A fairly realistic model of the ISM in the disk of our Galaxy consists of gas in three
phases:

♣ A layer ≈ 1 kpc thick of ionized coronal (HIM) gas with nH ≈ 3× 10−3 cm−3 and
T ≈ 106 K, in which are embedded

♣ Clouds of warm ionized gas (WIM) with nH ≈ 0.3 cm−3 and T ≈ 8000 K, having
radius r ≈ 5 pc and a number density within the HIM of nWIM ≈ 3× 10−4 pc−3,
and

♣ Clouds of cool neutral gas (CNM) with nH ≈ 30 cm−3 and T ≈ 100 K, having
radius r ≈ 2.5 pc and a number density within the HIM of nCNM = 3×10−4 pc−3

(these are actually the cooler cores of the WIM clouds).

You may wish to draw a sketch.
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a. Along a line of sight to a star 1 kpc away in the disk, estimate the number of
WIM clouds and the number of CNM clouds intercepted.

b. Now calculate and compare the contributions to the mean mass density (averaged
over a very large volume, say 100 pc3) due to the HIM, WIM, and CNM gas. What
fraction of the ISM is occupied by each phase?

3. Starting to think about Global ISM Heating and Cooling

a. Why isn’t the absorption of a photon by an atom/ion/molecule in an interstellar
cloud necessarily a heating event? Yes, it deposits energy into the cloud, but what
else must happen in order for the event to heat the cloud?

b. Why isn’t the emission of a photon by an atom/ion/molecule in an interstellar
cloud necessarily a cooling event?

c. Is collisional excitation a heating or a cooling process, and why?

d. Is collisional ionization a heating or a cooling process, and why?

4. CLOUDY

The following URLs containing the official description of the state-of-the-art modelling
code for the diffuse universe, called CLOUDY :
http://iopscience.iop.org/article/10.1086/316190/pdf

https://arxiv.org/pdf/1302.4485.pdf

https://arxiv.org/pdf/1705.10877.pdf

Look at (i.e. skim) at least the first of these, which is the original code release. The
other two describe code updates with added physics, that you can look at (i.e. skim) for
expanded understanding. Skimming means fully reading the abstract and intro of each
article, and noting the section headings and figures, and reading text where interesting.
You should search for and read about some of your favorite ISM vocabulary words,
such as “collisional ionization”. For credit, tell me some things that you learned from
these papers about the implementation of “real” ISM calculations – in practice – as
compared to the analytic approximations that we often make in class and on problem
sets.

5. Term Project, Week 8

See the full .pdf of the project desciption for approaches to this week’s tasks.

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