
Ay 102 - Winter 2022

Hillenbrand

Problem Set 6

due 18:00, Tuesday 22 Feburary

This week we have an assignment covering dust (last week) and ISM-stellar dynamics
(this week). Dust emission is typically continuum; while spectral features do exist, we are not
worrying about any quantized energy levels this week! ISM is infalling onto new stars, and
stellar winds/outflows impact the local ISM. You will note that in some of the questions,
I am asking you to go beyond what we have covered in class and bring in your general
physics/astro knowledge.

1. Grain Sizes

The standard assumption for the distribution of grain sizes in the interstellar medium
is the so-called “MRN distribution”. The relative number of grains of radius a is
assumed to vary as dN/da ∝ a−3.5, for grain sizes in the range 0.005 < a < 0.25 µm.
Given a patch of dust with total mass in grains Mdust,

a. What fraction of the mass is in particles with a > 0.1 µm, that is, what is
fM(a > 0.1 µm)?

b. What fraction of the total area is in particles with a > 0.1 µm?

c. What fraction of the total number of particles has a > 0.1 µm?

2. Modified Blackbody i.e. Graybody Dust Emission (based in part on a problem
from J. Williams)

Assume a small molecular cloud core with a total gas mass of 1M�.

a. What can we assume for the total dust mass?

b. If the Cloud is Barnard 68 (shown in Figure 4.7 of the Williams book), estimate
the angular area of the core.

c. Assume that the dust has a uniform temperature of 20 K. Plot the SED of the
dust emission assuming a dust absorption coefficient described by κ = κo(λo/λ)β.
Let β = 1.7.

d. Overplot a blackbody with the same solid angle and temperature and explain the
difference.

3. Conditions for Cloud Collapse

We discussed the case of thermal support of molecular clouds in class, leading to
definition of the “Jeans mass” and “Jeans size”. Now suppose that a spherical gas cloud
with mass M , radius R, and uniform density n is being supported against collapse by
a magnetic field of strength B.
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a. By equating gravitational and magnetic energy in the cloud, obtain an approx-
imate criterion for the critical mass Mcrit which is the largest mass that can be
supported against collapse by a given magnetic field B.

b. For a cloud of radius 2 pc threaded by a typical interstellar B of 1 mG, what is
the approximate value of Mcrit?

c. Show that for a cloud with M ∼ Mcrit, regardless of the value of B, turbulent
motions at the Alfven speed1 will be strong enough for the cloud to achieve virial
equilibrium.

4. Stellar Wind/Outflow Numbers (based on Dopita & Sutherland 8.6.5)

Assume a main sequence O-type star with 60M� and look up or estimate some of its
other relevant properties.

a. What is the total luminous energy released during its lifetime?

b. Taking η = 3 in the momentum flux equation, to account for multiple scattering,
what is the momentum flux in the wind?

c. Taking ε = 2 in the terminal wind velocity equation, what is the stellar wind
velocity?

d. Calculate the ratio of mechanical energy flux to the luminous energy flux in this
star during its lifetime.

e. At the end of its life, the star explodes as a supernova, and deposits a total of
2×1051 ergs into the surrounding interstellar medium. Which is larger, the energy
deposited by the stellar winds, or the energy produced in the supernova explosion?

f. The density of the surrounding interstellar medium is ρ = 10−23gcm−3. What is
the diameter of the mass-loss driven bubble when the supernova explodes? Give
your answer in units of R∗ and pc.

5. Term Project, Week 7

Note that this is not formally due until the end of the term, but let’s keep the project
going. See the full .pdf of the project desciption for approaches to this week’s tasks:

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

1We will cover this formally when we discuss dynamics in the ISM, but just like there is a sound speed
cs =

√
γP/ρ at which information about the gas pressure can propogate, there is the Alven speed vA =√

B2/4πρ at which information about the magnetic field is conveyed.
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