
Ast 622 The Interstellar Medium

Problem Set 5
(assigned April 3rd, due April 17th)

1. Model a collapsing core as two slabs with relative motion. Write down an expression
for the observed specific intensity, Iν , as a function of the excitation temperature
and optical depth of the front and back layers, Tf , Tb, τf , τb, respectively.

1a. Assume that the optical depth has a Gaussian velocity profile with the same velocity
dispersion, σ, and that the front layer is moving toward the back layer with speed,
vin. Fix parameters Tf = 5K, Tb = 20K, τb = 2, σ = 0.3 km/s, vin = 0.1 km/s,
and plot spectra for three values of the forward layer optical depths, τf = 0.1, 0.5, 2,
assuming observations of the CS J = 2 − 1 transition at 97.981GHz and a core
radius of 10′′. My result is attached as a guide.
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1b. Now fix parameters Tf = 5K, Tb = 20K, τb = 3, τf = 1, and σ = 0.3 km/s, and
vary vin = −0.1, 0, 0.1 km/s. Plot your results together in a new figure and briefly
interpret.



2. This three-part question uses the following prescription for the flux density of a
circumstellar disk, as derived in class,

Fν =

∫ Rmax

Rmin

Bν(T ) [1− exp(−κνΣ/ cos i)]
2πr dr cos i

d2
,

where the dust opacity follows the form,

κν = κ0

(
ν

ν0

)
,

with κ0 = 10 cm2g−1 at ν0 = 1012Hz.

The aim is to fit (by eye) the SED for the young disk-bearing star, AATau. Ex-
tinction corrected photometry for this source from the optical to the millimeter is
available as a text file from the class website. The star has an effective temperature,
Teff = 4060K, luminosity, L∗ = 0.87L⊙, and is at a distance of 136 pc. For the disk,
assume power law forms for the surface density and temperature,

Σ(r) = Σ1

(
r

r1

)−1

, T (r) = T1

(
r

r1

)−q

,

where it is convenient to set r1 = 1au without loss of generality. Use a value for the
disk inclination, i = 59◦, derived from ALMA imaging by Loomis et al. (2017).

2a. Plot the SED for the star plus flat disk with a temperature power law index of
q = 0.75 as derived in class. Integrate over the disk from Rmin = 0.03 au to
Rmax = 100 au. Play around with the free parameters Σ1, T1 to “fit” the data.

2b. Add a second disk component to account for the vertical flaring to better match
the MIR/FIR emission. Use power laws again, Tflare = T2(r/r1)

−q2 , where I found
q2 = 0.55 works well. Play with different surface density normalizations for the flat
and flaring terms but assume the same 1/r radial dependence for simplicity. You
should produce a plot that fits the data much better such as shown below.
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What is the ratio of the surface densities and temperatures between the two disk
components?

2c. ALMA images show that AA Tau has 3 rings! In the most simple way you can
imagine, model a single ring in the disk with your own choice of radius and gap size.
What effect does it have on the SED?


