
Extragalactic Astronomy (ASTRO 504)
Spring 2020

Problem Set 5

Due 28 February 2020

Solving problem sets is one of the most efficient ways of learning the subject. You are encouraged to
collaborate with fellow students and/or to consult senior students, local postdocs and me. But, please
write the solution by yourself.
No homework will be accepted after I post the solution on the course webpage at the due date.

1. (25 pts) The tidal radius.

In the class, we have calculated the tidal radius, beyond which the material belonged to the
satellite galaxies will be tidally stripped, for a non-rotating system:
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where R is the distance between the center of the main galaxy (of mass M) and the satellite gaalxy
(of mass m). In this problem, ignore the roataion other than the orbital motion of the two galaxies.

(a) Extend this calculation to the case where the main galaxy and the satellite galaxy is co-rotating
around their center of mass, and show that the tidal radius in this case is given by
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You may use the approximation that the gravitational force of both main galaxy and the satellite
galaxy is effectively given by the point mass M and m at their respective centers.

(b) Now, drop the point-mass approximation and prove the more general formula:

rt =





m(rt)/M(R0)

2+
Ω2R3

0
GM(R0)

− d ln M
d ln R

�

�

R0





1/3

R0, (3)

where M(r) is the mass of spherical object enclosed within radius r, R0 is the pericentric distance
between the main galaxy and the satellite, Ω is the angular orbital velocity. Here, tidal radius is
defined as “the distance fro mthe center of m at which a point on the line connecting the center
of m and M experiences zero acceleration with respect to the center of m when the submect mass
has its pericentric passage.”

2. (25 pts) Galactic wind. Suppose that a galactic wind blows away a fraction ε of its mass. As a
response, the system will expand to find a new equilibrium.
(a) If the galactic wind event instantaneously ejects the mass εM , what is the value of ε that
unbounds the galaxy?
(b) If the mass loss happens slowly, with the rate dM/dt = η, how long would it take to unbound
the galaxy?
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