
ASTR120 Fall 2008
Homework 2 : Orbits and Tides

(Due 29th September 2009)

1. Chapter 4, question 41

2. Chapter 4, question 43

3. Chapter 4, question 46

4. The Space Station :

(a) Using Newton’s form of Kepler’s 3rd law, calculate the velocity and the period of the International Space
Station which is orbiting in a circular orbit approximately500km above the Earth’s surface. Give your
values in terms of km/s and minutes.[Hint — you will need to look up the mass and radius of the Earth.
List your reference!]

(b) If an astronaut is spacewalking 500m “below” the space station (i.e. closer to the Earth) and also has an
approximately circular orbit around the Earth, will he see the spacestation pull away ahead of him or fall
back behind him?

(c) (extra credit) Describe in as much detail as possible what will happen if the astronaut then attaches
himself to the Space Station by a “weak” bungee cord?[Hint — this turns out to be a stupid thing to do!]

5. Tidal disruption of stars by black holes : When a star wanders near a massive black hole, the tidal forces
of the black hole cause the star to be distorted. This distortion is countered by the star’s own gravitational
field which attempts to keep the star spherical. If the tidal forces exceed the star’s own gravity, the star will be
disrupted.

(a) Suppose the black hole has massM and the star has a massm and a radiusR∗ . As we derived in class,
the tidal force on the star (i.e. the per unit mass differencein the black hole’s gravitational force on the
near side of the star versus the far side) at a distanceR is given by

∆Ftide =
2GM(2R∗)

R3 . (1)

Explain why the relevant restoring force due to the stars owngravity is given by

∆F∗ =
2Gm
R2
∗

. (2)

(b) If ρ is the average density of the star, show that the star will be disrupted if it wanders within a radius

Rdisrupt=

(

3M
2πρ

)1/3

(3)

[Hint — you should ignore the tidal distortion and assume that the star is spherical when converting the
stellar mass and radius into density.]

(c) The event horizon of a black hole has a radiusR = 2GM/c2. Show that a star which has a density of
1400kg/m3 (roughly that of the Sun) can fall through the event horizon without being disrupted if the
black hole is more massive than 3.2×1038kg. [Hint — I am wanting you to derive/calculate the critical
black hole mass given a knowledge of the star’s density and the fact that it is just disrupted at the event
horizon. This calculation will get messy unless you keep your calculation in terms of symbols and only
insert numbers once you have derived a formula for this special mass! You will need to look up the values
of G and c.]
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