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Problem Set 3

due 18:00, Tuesday 25 January

We still have some atomic physics work this week. This topic will remain important
throughout the course, especially when we revisit atomic gas radiation later in more general
terms, for example when we consider the total cooling power. We also look at some practical
aspects of atomic gas observations.

1. Spontaneous De-excitation The Einstein A coefficient for Lyα is 5×108 s−1. Derive
this value by considering an accelerating electron on a spring that displaces one Bohr
radius, ao, with a natural angular frequency ω. The inverse lifetime of the excited state
is A, which you can get by considering the power P radiated by the accelerating charge
(given by the classical Larmor formula P = 2q2

3c3
× (dv/dt)2) relative to the energy ~ω.

2. Collisions vs Radiation.

A pure HI cloud has density 1 cm−3 and temperature 200 K, with size 5 pc. Recall
that the 21 cm transition of HI is a “spin-flip” transition with a lower level 0 and an
upper level 1.

a. If the lower and upper levels are populated according to g1/g0 = 3, what are n1

and n0?

b. Calculate the Einstein C coefficients i.e. the collision rates, C01 and C10.

c. The Einstein A coefficient or radiation rate is A10 = 2.85×10−15 s−1 (very small!).
Recall that the condition for radiative cooling of the gas is that A10 > C10, in order
for spontaneous de-excitation to occur before collisional de-excitation. What is
the “critical density” below which the cloud can cool by radiation?

d. What is the cooling rate in erg/s? Is 21 cm radiation a significant source of cooling
for this cloud (or in the ISM in general)?

3. Critical Densities. (based on DS #3.4.1)

A particular atom has three fine-structure states, 3P1,
1S0 (excitation energy 0.5eV)

and 1D2 (excitation energy 1.2 eV). From the ground term, the total collision strength
(Ωul) to both excited levels is 1.0. Three transition rates are: A(1S0 −3 P1) = 5 s−1,
A(1D2 −3 P1) = 20 s−1, and A(1D2 −1 S1) = 10 s−1.

a. What are the transition rates for two other possible transitions:
A(1S0 −3 P2) and A(1D2 −3 P2)?

b. In this case, what is the critical density for each forbidden line, expressed as a
function of temperature?
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c. Plot the critical densities over a range of temperatures that characterize the cool-
to-warm atomic gas in the ISM.

4. Atomic Gas in the Distant Universe

a. Research the approximate wavelength range of the ALMA interferometer. At what
redshifts z would objects be located in order to detect the important far-infrared
(rest wavelength) CNM/WNM “cooling lines” of OI and CII that were discussed
in class.

b. Now consider the ubiquitous HI 21-cm line. If you were to detect this line in
z =0.1, 0.3, 1, and 3 galaxies, at what frequencies would you be observing? Is
this feasible?

c. What about somewhere above z ∼ 9 at the EoR (Epoch of Reionization)? Re-
search – meaning look beyond Wikipedia – the importance of the 21-cm line for
cosmology, and give a brief summary.

5. Term Project, Week 3

See the full .pdf of the project description for this week’s suggested tasks.

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