
ASTR121 Spring 2010

Homework 5 : Galaxies and Dark Matter

(Due 6th April 2010)

1. Chapter 23, q.30 : The disk of our Galaxy is about 50 kpc in diameter and about 600 pc
thick.

(a) Find the volume of the disk in units of cubic parsecs.

(b) Find the volume (in cubic parsecs) of a sphere 300 pc in radius centered on the Sun.

(c) If supernova occur randomly throughout the volume of the disk, what is the probability
that a given supernova will occur within 300 pc of the Sun?

(d) If there are three supernovae each century in our Galaxy, how often, on average, should
we expect to see one within 300 pc of the Sun?

2. Chapter 23, q.35 : Approximately how many times has our solar system orbited the center
of our Galaxy since it was formed 4.56 × 109 years ago. You will need to use information
that was given in the class notes.

3. Suppose that all star formation in the Galactic disk suddenly ceased. For how long after
the cessation of star formation would we expect to still see core collapse supernovae?

4. Using numbers quoted in the notes for Class 12, estimate the Jeans Mass corresponding
to the densities and temperatures of (a) the hot interstellar medium, and (b) a molecular
cloud. How does this compare with the mass of the Sun? Given that stars like the Sun are
believed to form from the gravitational collapse of molecular clouds, discuss any discrepancy
between your answer to part-(b) and the mass of the Sun.

5. Chapter 24, q.34 : As discussed in class, there are two types of Cepheid variables. Type-I
Cepheids are younger metal-rich stars (Population-I) whereas Type-II Cepheids are metal-
poor (Population-II).

(a) Which type would you expect to find in a globular cluster? Which would you expect
to find in the disk of a spiral galaxy? Explain your reasoning.

(b) When Edwin Hubble discovered Cepheid variables in M31, the distinction between the
two classes of Cepheids was not known. Hubble thought that the Cepheids he found
in the disk of Andromeda were identical to those found in the globular clusters of the
Milky Way. Thus, his distance to Andromeda was actually incorrect. Using the figure
from the class notes showing the Cepheid period-luminosity relation (Fig.19-19 in the
book), explain whether Hubble’s estimated distance was too large or too small.

6. Galactic rotation curves and dark matter :

(a) Suppose a star orbits around the center of its galaxy at a distance of 3,000 pc and with
a speed of 200km/s. Calculate the mass contained within this radius of the galaxy.
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Express you answer both in units of kg and solar masses [Hint: you will need to know
that 1 pc = 3×1016 m, Newton’s constant of Gravitation is G = 6.67×10−11 Nm2 kg−2,
and that one solar mass is 2× 1030 kg]

(b) Further studies suggest that the actual mass in stars within the central 3,000pc is
(2.6 ± 0.2) × 1010 solar masses. Is there compelling evidence for dark matter within
this region of the galaxy?

(c) In the same galaxy, a star at 10,000 pc orbits with a speed 180km/s. Determine the
mass contained within this radius (again, express your answers in terms of kg and solar
masses). Studies indicate that the actual mass of stars in this region is (4± 0.5)× 1010

solar masses. Is there compelling evidence for dark matter in this region of the galaxy?
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