
Galaxies: Structure, Dynamics, and Evolution
Problem Set 2
Instructor: Dr. Bouwens

Here is problem set #2. The entire problem set will be due before noon on
Thursday, October 20, 2016 (email them to Daniel Lam or put them in his
mailbox).

1. Prove that M ∝ T 3/2/n1/2. Use the fact that σ2 ∝ T and nlum ∝M/R3.
Comment on the importance of this scaling relative to the T vs. n diagram
used to understand for which mass sources Tcool < Tdyn (i.e., where galaxy
formation is efficient).

2. In lecture, we examined an arbitrary dynamical system and determined
how that dynamical system can be scaled in position, mass, and velocity
and still maintain the same qualitative form. [This is point #5 discussed in
lecture 1.]

(a) Show explicitly that the virial theorem produces the same result for
the scaling relations.

(b) Derive Kepler’s Third Law using the scaling relations found in class.
(c) Do the same sort of scaling relations exist for stars? Is it possible to

scale the position, velocity, and mass for particles in a star in the same way
– and have a system with the same qualitative form? Which equilibrium is
retained and which is lost?

3. If you assume that the rotational speed of the Milky Way is constant as
a function of radius and has a value of 210 km/sec, what is the epicyclic
frequency at the sun (distance from the center = 8 kpc) ? How does this
compare to the orbital frequency Ω?

4. How does the epicyclic (radial) frequency κ for both an isothermal po-
tential (vc = constant) and a potential with the form φ(r) = r−3/4 compare
to the azimuthal frequency Ω? How many radial/epicyclic oscillations will
a star undergo for each orbit around a galaxy?

5. Analyze the image of M101 (Pinwheel galaxy).
a) If you expand the surface brightness into fourier components (as in eq.

6.1) which term is dominant?
b) How far along (over what angle) can you trace the term φm(R) of the

dominent fourier component ?
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c) what is the average pitch angle ?
d) Are the arms leading or trailing ? Can you give a physical motivation

for your answer ?
e) Do you think this is just a kinematic effect, or a true density wave ?
f) What would your answers be for M51 (the Whirlpool galaxy)?

For this problem, you are just expected to trace the spiral arms by hand,
not by computer.

6. Calculate the epicyclic frequency for both an isothermal potential (vc =
constant) and a potential with the form φ = −1/(1 + r2). Draw the be-
haviour of Ω− nκ/m as in figure 6.11 in the supplementary reading.
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