
Astronomy 230: Diffuse Matter in Space

Problem set 3
Due May 13, 2014

1. The Ammonia Thermometer.
As mentioned in class, ammonia (NH3) is often used as a temperature indicator in
molecular regions with temperatures ∼ 10 K, just as N ii and O iii are for ionized
regions with temperature ∼ 104 K. Consider a region of molecular hydrogen num-
ber density nH2 containing ammonia molecules. The gas kinetic temperature is Tkin,
and there is no ambient radiation field except the CMB. Assume that H2 is the only
significant collision partner, and that all lines are optically thin.

(a) Compute the luminosity per NH3 molecule radiated in the (1, 1), (2, 2), and (4, 4)
inversion transitions of para-NH3 as a function of nH2 and Tkin, assuming the gas
is in statistical (not thermodynamic) equilibrium. Plot the luminosity per NH3

molecule in each of these lines as a function of Tkin for nH2 = 102, 103, 104, 105,
and 106 cm−3. In order to do this, you can either write your own program to
solve the equations, or you can use a package like DESPOTIC1, as you prefer. If
you choose to write your own code, you can obtain the collision rate coefficients,
energy level data, and Einstein coefficients for NH3 from the Leiden Atomic and
Molecular Database2.

(b) Plot the following line ratios as a function of Tkin for the same densities as in
part (a): L(2, 2)/L(1, 1), L(4, 4)/L(2, 2), and L(4, 4)/L(1, 1). Based on this plot,
explain why NH3 is a good thermometer.

2. The Purcell Limit on Different Sightlines.
Download Bruce Draine’s tabulated extinction curves for the Milky Way along sight-
lines with RV = 3.1, 4.0, and 5.5 from his dust page3. These are reasonably accurate
fits to the typical observed extinction curves along sightlines in the Milky Way with
each of the given RV values.

(a) Use the Purcell method to estimate a lower limit on δ, the fraction of the spatial
volume filled by dust grains, along each of these sightlines. Adopt F (a/b, εg) = 0.8.

1https://sites.google.com/a/ucsc.edu/krumholz/codes/despotic
2http://www.strw.leidenuniv.nl/~moldata/
3http://www.astro.princeton.edu/~draine/dust/dustmix.html
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(b) Assuming that dust grains have a density ρgr = 3 g cm−3, what fraction of the
total mass along each sightline is in the form of dust grains? When computing
the mass fraction, remember that the Purcell limit gives the volume per H atom,
but the total mass includes He as well as H.

(c) In the Sun approximately 2% of the total mass is in metals. Assuming that
interstellar gas in the Milky Way has roughly the same total metal abundance as
the Sun, what fraction of all the metals are locked up in dust grains along each
of these sightlines? How much variation is there from sightline to sightline?


