
Physics 340
Homework #9

due Thursday, 17 November 2011

Turn in solutions to the following problems at the beginning of class on
Thursday. As usual, if you use outside sources or computer software to help
you in your solution, note them accordingly. Include any C++ or Mathemat-
ica or Maple code that you used, together with its output. Problems marked
with an asterisk (*) may involve a bit more work than the others and so are
worth twice as many points.

(1) Black holes. As we saw in class, the general relativity slightly modifies
Newton’s law of gravitation. In the radial equation of motion, a particle
of mass µ moving in the field of a mass M experiences an effective
potential

Ueff(r) =
`2

2µr2
− GMµ

r
− GM`2

µc2r3

where ` is the angular momentum of the particle and c is the speed of
light.

(a) Find the effective radial force Feff = −dUeff

dr
.

(b) Show that a circular orbit is only possible if the radial coordinate

satisfies r ≥ 3GM

c2
.

(c) Show that a stable circular orbit is only possible if the radial co-

ordinate satisfies r ≥ 6GM

c2
.

(d) Suppose that a particle approaches from far away. Show that if

the particle ever reaches a point r <
2GM

c2
then its orbit cannot

“turn around”—that is, the particle is fated go all the way to
r = 0, even if its angular momentum is not zero.

(2) Do problem 9.12 in Taylor.

(3) Joan Slonczewski’s new science fiction book The Highest Frontier envi-
sions a sort of “Kenyon in space”, a liberal arts college in an orbital
space habitat called Frontera. (You can find a cool interactive online
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app that allows you to explore Frontera.) Frontera is a cylinder that
rotates, so that the people living inside experience “gravity” (really the
centrifugal force in their rotating coordinate system). Let us assume
that Frontera has a radius of 200 meters. (Actually, it’s a bit larger in
the book.)

(a) At what angular speed should the habitat rotate to provide the
inhabitants with an apparent gravity equal to g?

(b) There is a circular bike trail that runs around the circumference
of the habitat. Two cyclists ride in opposite directions (spinward
and antispinward) at 10 m/s. Quantitatively describe how their
apparent “weights” are changed by their motion.

(c) An inhabitant stands on the ground (the inner surface of the habi-
tat) and throws a baseball straight “upward” at 20 m/s. On Earth,
this baseball would go straight up and then back down, landing in
the same spot. Things are not so simple on Frontera! Either nu-
merically or analytically, determine the trajectory of the thrown
baseball in the habitat’s coordinate system. How far does the
baseball land from the place where it was thrown?
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