
Astronomy 230: Diffuse Matter in Space

Problem set 1
Due April 15, 2014

1. Are PAHs a Fluid?
Polycyclic aromatic hydrocarbons (PAHs) are large molecules that are common in the
interstellar medium. They consist of linked benzene rings, and can have a very wide
range of sizes. The smallest one (naphthalene, consisting of two linked rings) has an
atomic weight of 128, while the largest PAHs can have masses of many thousands of
amu and are akin to small dust grains. Our goal is to determine whether PAHs should
be thought of as a fluid (like hydrogen atoms) or not (like larger dust grains). We will
consider a neutral PAH of atomic weight A and cross-sectional area σ in a region of
neutral hydrogen of density n and temperature T .

(a) Compute the mean thermal velocities vPAH and vH of the PAH and of the hydrogen
atoms. By what factor do they differ?

(b) Suppose the PAH initially moves through the hydrogen at a velocity vinit such
that vPAH � vinit � vH. Roughly estimate the timescale required for the PAH’s
direction of motion to be randomized. You may assume that all collisions are
elastic.

(c) Estimate the timescale required for the PAH’s velocity to decrease to its thermal
equilibrium value. How does this compare to the isotropization time?

(d) Numerically estimate in terms of A the timescales required to isotropize and equi-
librate the motion of a PAH injected with velocity vinit = 5 km s−1 into hydrogen
with a temperature of 8000 K and a density n = 0.1 cm−3. For σ, use the es-
timate (taken from page 175 of Tielens’s book) σ ≈ 2 × 10−17A cm2. Based on
your result, is it reasonable to treat small PAHs as a fluid?

2. Thermalization of NH3 by the CMB.
Consider a population of ammonia (NH3) molecules that are all in the upper energy
inversion sub-level of the (J,K) = (1, 1) backbone level at time t = 0; we will denote
this state (1, 1, 1), and the lower energy inversion sub-level as (1, 1, 0). The energy
difference between the (1, 1, 1) and (1, 1, 0) states is 3.3 × 10−7 eV, and the Einstein
A coefficient for transitions between the two levels is A10 = 1.71 × 10−7 s−1. Both
sub-levels have multiplicity g1 = g0 = 6. No other states are substantially populated.



(a) Compute the two Einstein B coefficients for the transition.

(b) Neglecting collisions, radiation absorption, and radiation stimulated emission,
compute the fraction of NH3 molecules that remain in the upper level after time
t. Plot your result.

(c) Redo the calculation from part (b), but now including absorption and stimulated
emission due to the cosmic microwave background, i.e. a radiation field with a
blackbody spectrum at a temperature TCMB = 2.73 K. Plot this on the same
graph as your answer to part (b).

(d) Based on your calculation in part (c), after a long time what fraction of the
NH3 molecules remain in the upper state? Show that your result is simply the
Boltzmann distribution for a system of temperature TCMB.


