
Ay 102 - Winter 2022

Hillenbrand

Problem Set 5

due 18:00, Tuesday 8 February

We are on to molecules this week. We are also reinforcing concepts from previous weeks
that carry over into our consideration of molecules. The problems focus on molecular physics,
similar to our atomic physics work, also molecular gas spectral lines, similar to our studies
of atomic HI and metal line radiation. As always, due consideration of the radiative transfer
is wise.

1. Molecular Energy Levels

Consider two diatomic molecules, CO and CS. CO is a common molecular gas
diagnostic at low and moderate density while CS traces denser gas.

a. Find the appropriate constants needed, and determine the energy of rotational
levels J = 0, 1, 3, 10 for vibrational level v = 0, and additionally of rotational
levels J = 0, 1 for vibrational levels v = 1, 2.

b. Determine the interatomic separations (i.e. the molecular bond lengths) for these
two molecular species.

2. CO Rotation and Vibration.

For standard 12C16O carbon monoxide, the lowest rotational J = 1 → 0 transition
occurs at ν = 115.27 GHz, or λ = 2.61 mm, and the lowest vibrational v = 1 → 0
transition is at λ = 4.61 µm.

a. Estimate the frequencies of the J = 1→ 0 transitions in the isotopologues 13C16O
and 12C17O.

b. Estimate the wavelengths of the v = 1→ 0 transitions in the same isotopologues,
13C16O and 12C17O.

3. Inferring the Bulk Properties of Molecular Clouds

This is an exercise in trying to connect what we have been learning about spectral
line excitation and de-excitation at the energy level scale, with actual observations of
interstellar gas. We have not done this before for atomic or ionized gas, but let’s try
it with molecules.

Read Section 1 (and more, if you like) of this review paper https://arxiv.org/pdf/
1301.3498.pdf.

Now consider an interstellar molecular cloud with a radius of 20 pc and a density that
is constant. The cloud can be assumed to be in virial equilibrium. Your data are in
CO(1− 0) and you measure a line-of-sight velocity dispersion σv = 3 km/s. You infer
a rotation temperature of 10 K.
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In considering this problem, recall your basic physics and also the properties of gaus-
sians. In other words, I have not explicitly taught you everything you need to know in
order to work through this, but it shouldn’t be hard if you make rational assumptions,
think about units, and consult the article linked above. If you get lost, feel free to
adopt that n(CO)/n(H2) = 2.5 × 10−4 in converting between CO observations and
molecular gas mass.

a. What is the cloud mass?

b. Verify that τCO >> 1 in this case.

c. What is the CO line width in MHz?

d. What is the CO line luminosity?

4. Term Project, Week 5

Note that this is not formally due until the end of the term, but let’s keep the project
going. 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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