
Astronomy 230: Diffuse Matter in Space

Problem set 2
Due April 29, 2014

1. Curve of Growth Analysis on a DLA.
(Problem borrowed from J. X. Prochaska.) On the course website you will find a
spectrum from a high redshift quasar. Along the line of sight to the quasar is a
damped Lyα system at redshift z = 2.309.

(a) Identify the following absorption features in the QSO spectrum, and plot the
spectrum in the vicinity of each line, with the line identified:

Wavelength (Å) Name Oscillator Strength

1370.131 Ni ii 1370 0.0769
1393.755 Si iv 1393 0.5280
1402.770 Si iv 1402 0.2620
1454.842 Ni ii 1454 0.0323
1611.2005 Fe ii 1611 0.00136
1703.405 Ni ii 1703 0.0060
1709.6042 Ni ii 1709 0.0324
1741.5531 Ni ii 1741 0.0427
2026.136 Zn ii 2026 0.48900
2066.161 Cr ii 2066 0.0515

(b) Measure the equivalent widths of the Si iv doublet, and use your results to de-
termine on what part of the curve of growth the Si iv transitions lie. Note that
γu` ≈ 8.8 × 108 s−1 for the Si iv 1393 line, and γu` ≈ 8.6 × 108 s−1 for the 1402
line.

(c) Use the Ni ii transitions to estimate the column density of Ni ii in the DLA. A
“by-eye” fit is fine. Assume that natural broadening is negligible, i.e. none of
these lines are in the damped limit. Exclude the Ni ii 1370 line, which, you will
see, is blended with another line.

(d) Assuming H i column density NHI = 1021.37 cm−2 and that Ni ii is the dominant
species of Ni, what is the abundance of Ni relative to Solar ([Ni/H])? For the Solar
Ni abundance, use log10(Ni/H) = −5.83 (Scott et al., 2009, ApJ, 691, L119).



2. 21 cm Absorption Measurements with Multiphase Media.
In class we discussed the technique of using 21 cm absorption of a background radio
source to measure the properties of a foreground hydrogen cloud. In that analysis we
assumed the cloud had a uniform temperature, but in reality most H i is bi-stable,
and consists of a mixture of warm gas at temperature Tw and cold gas at temperature
Tc. Assume that in the foreground cloud the warm gas mass fraction fw, and that the
warm and cold phases are uniformly mixed. The optical depth of the cloud including
both phases is τν , and both components have the same velocity dispersion σv. For
simplicity assume that the sky temperature behind the cloud and off the background
radio source is zero. The intrinsic antenna temperature of the background radio source
is TQSO.

(a) Compute the antenna temperature at line center that will be observed along a
line of sight through the foreground cloud that does not intersect the background
radio source.

(b) Compute the antenna temperature at line center that will be observed along a line
of sight through the foreground cloud that does intersect the background radio
source, which radiates with brightness temperature TQSO.

(c) Suppose we were to assume, incorrectly, that the cloud has a uniform temperature
T . What value would be infer for T? How does this relate to Tw, Tc, and fw?
For Tw � Tc and values of fw ∼ 0.5, is the result closer to Tw or Tc? Propose a
physical explanation.

3. The Ionization Parameter.
The observable line emission from an H ii region is primarily determined by its metal-
licity and its ionization parameter U . The latter quantity is defined at any position as
the ratio of the number density of ionizing photons to the number density of hydrogen
nuclei; clearly U is dimensionless. Consider a spatially uniform, dust-free H ii region of
density nH driven by an ionizing luminosity Q0 (in units of ionizing photons per unit
time).

(a) Compute the ionization parameter as a function of position within the H ii region.
You may make us of the analytic approximations given in section 15.3 of Draine,
and derived in class.

(b) Since U is not constant in space, we must define an average value for an entire H ii
region. Compute the mean value of U . (Since the density is uniform, the volume-



and mass-weighted means are the same.) Evaluate this quantity numerically for
a typical H ii region driven by an O star, with Q0 = 1049 s−1 and nH = 10 cm−3.

(c) As Q0 rises, the assumption that the density inside the H ii region is uniform must
fail, because radiation pressure drives the gas into a thin shell. Draine treats the
problem in great detail in section 15.4, but we can reproduce the main results at
the order of magnitude level much more simply. Suppose that radiation pushes
the ionized gas into a thin shell of radius rsh within which the number density is n.
Considering the balance between radiation pressure and gas pressure forces in the
shell, estimate n in terms of rsh and Q0. Neglect forces exerted by non-ionizing
photons, assume that the ionizing photons carry a mean energy eγ, and assume
that the ionized gas has a fixed sound speed ci.

(d) Estimate U for a radiation pressure-dominated H ii region such as the one de-
scribed in part (c). An order of magnitude estimate is sufficient. The result
you obtain should be independent of Q0, indicating that all radiation pressure-
dominated H ii regions have roughly the same ionization parameter.


