MASSACHUSETTS INSTITUTE OF TECHNOLOGY

Physics Department
Earth, Atmospheric, and Planetary Sciences Department

Astronomy 8.282J-12.402J March 22, 2006
Problem Set 7

Due: Wednesday, April 5 (in lecture)
Reading: Zeilik & Gregory: Chapters 14 and 15.

Problem 1
“Spectroscopic Parallax”

In the accompanying figure we reproduce a color-absolute magnitude plot for stars whose
distance can be directly measured (from a paper by Johnson and Morgan). The main
sequence can be clearly identified. Also given on the same page is a table of measured
parameters for stars in the Pleiades cluster, including the apparent visual magnitude, V, the
B-V color, and in some cases a spectral type (column labeled Sp).

a. Plot at least ten of the Pleiades stars on Johnson and Morgan’s figure. Use the B-V axis
to plot values of B-V, and the My axis for values of V. (Don’t be overly concerned, but be
aware of the fact that My, of the original plot refers to absolute magnitudes, while you will be
plotting apparent magnitudes, V, on the same axis.) Try to choose stars that span as wide
a range in B-V as possible. Avoid stars that are off the main sequence, i.e., those labeled
with luminosity classes III or IV.

b. Draw a smooth curve through your plotted data points; you should make the assumption
that the shape of your curve will mimic the shape of the main sequence already displayed in
the figure.

c. Measure the average separation, in units of magnitudes, between your curve and the main
sequence shown in the figure.

d. Use the result of part (c) to find the distance to the Pleiades.

Problem 2
“Orbiting Globular Cluster”
Zeilik & Gregory, Chapter 14, Problem 5, page 282.

[Part a: Assume that the mass of the galaxy is concentrated at a point. Recall that the
maximum separation in an eccentric orbit is (1 4 €) X a.]

[Part b: In a Keplerian orbit the average kinetic energy equals minus one half the average
potential energy. “Escape” implies a total energy > 0. By how much must the speed be
increased to have a total energy of zero?|



Problem 3
“Spherical, Uniform—Density Model of the Galaxy”
Zeilik & Gregory, Chapter 14, Problem 6, page 282.

Problem 4
“Model Galactic Rotation Curve”

This is essentially a more realistic version of Problem 6 in Chapter 6 of Zeilik & Gregory,
page 282.

Construct a theoretical rotation curve, v(r), for a galaxy that is modeled by the uniform
spherical mass distribution described in Problem 3 above. Let R = 4 kpc and M = 10" M.
Use the results of Problem 3 to find v(r) for values of r < R. For larger distances, you
may (rigorously) take all the mass to be effectively concentrated at a point at the center.
There obviously must be mass in the form of stars at distances > 4 kpc in order to have
a visible galaxy; however, we are assuming that these stars do not contribute much to the
total gravitational force.

Plot v (in km/sec) versus the radial distance over a range r = 0 to r = 20 kpc.

Problem 5
“Absorption in the Galactic Plane”
Zeilik & Gregory, Chapter 14, Problem 7, page 282.

[Assume a visual absorption of 1 magnitude per kpc everywhere within the model galactic
disk whose thickness is 500 pc. Instead of declaring that b < 10° is the “zone of avoidance”,
it is more instructive to make a rough plot of total absorption vs. galactic latitude b.]

Problem 6
“Rotation Curve”

Spectroscopic measurements along the axis of an edge-on spiral galaxy yield the rotation
curve shown below.

Hypothetical Galaxy Rotation Curve
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It has been suggested that a dark, spherically symmetric halo of matter provides an expla-
nation for these observations.

(a) The rotation speed is independent of radius. Assume the total mass distribution is
spherically symmetric, and that the density is p(r) = kr~™ where k is a constant and n is an
integer. Assume that the stars execute circular orbits in the galactic plane. Use Newton’s
laws and the kinematics of circular orbits to find £ and n.

(b) If vy = 220 km/s, what is the density at a radius equal to that of the Sun in our Galaxy
(r = 8.5 kpc)? Express your answer in solar masses per cubic parsec.

(c) Is the density you calculated in part (b) larger or smaller than the density of visible
matter in the solar neighborhood?
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