Chapter 13 Homework Problems

7. Two objects attract each other with a gravitational force of
magnitude 1.00 X 1078 N when separated by 20.0 cm. If the
total mass of the two objects is 5.00 kg, what is the mass of
each?

When a falling meteoroid is at a distance above the Earth’s
surface of 3.00 times the Earth’s radius, what is its accelera-
tion due to the Earth’s gravitation?

13. An artificial satellite circles the Earth in a circular orbit
at a location where the acceleration due to gravity is
9.00 m/s% Determine the orbital period of the satellite.

19. Use Kepler’s third law to determine how many days it takes
a spacecraft to travel in an elliptical orbit from a point
6 670 km from the Farth’s center to the Moon, 385 000 km
from the Earth’s center.

22. Neutron stars are extremely dense objects formed from
the remnants of supernova explosions. Many rotate very
rapidly. Suppose the mass of a certain spherical neutron
star is twice the mass of the Sun and its radius is 10.0 km.
Determine the greatest possible angular speed it can have
so that the matter at the surface of the star on its equator is
just held in orbit by the gravitational force.

25. [B Three objects of equal mass are located at three cor-
ners of a square of edge length € as shown in Figure P13.25.
Find the magnitude and direction of the gravitational field
at the fourth corner due to these objects.
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In Problems 28 through 42, assume U= 0 at r = =,

28. A satellite in Earth orbit has a mass of 100 kg and is at an
altitude of 2.00 X 10° m. (a) What is the potential energy
of the satellite—Earth system? (b) What is the magnitude
of the gravitational force exerted by the Earth on the satel-
lite? (c) What If? What force, if any, does the satellite exert
on the Earth?

After the Sun exhausts its nuclear fuel, its ultimate fate will
be to collapse to a white dwarf state. In this state, it would
have approximately the same mass as it has now, but its
radius would be equal to the radius of the Earth. Calculate
(a) the average density of the white dwarf, (b) the surface
free-fall acceleration, and (c) the gravitational potential
energy associated with a 1.00-kg object at the surface of the
white dwarf.



33. At the Earth’s surface, a projectile is launched straight up
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at a speed of 10.0 km/s. To what height will it rise? Ignore
air resistance and the rotation of the Earth.

A 1 000-kg satellite orbits the Earth at a constant alti-
tude of 100 km. (a) How much energy must be added to
the system to move the satellite into a circular orbit with
altitude 200 km? What are the changes in the system’s
(b) kinetic energy and (c) potential energy?

39. A satellite of mass 200 kg is placed into Earth orbit at a
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height of 200 km above the surface. (a) Assuming a circu-
lar orbit, how long does the satellite take to complete one
orbit? (b) What is the satellite’s speed? (c) Starting from
the satellite on the Earth’s surface, what is the minimum
energy input necessary to place this satellite in orbit?
Ignore air resistance but include the effect of the planet’s
daily rotation.

IEJ A satellite moves around the Earth in a circular orbit
of radius . (a) What is the speed v; of the satellite? (b) Sud-
denly, an explosion breaks the satellite into two pieces,
with masses m and 4m. Immediately after the explosion,
the smaller piece of mass m is stationary with respect to
the Earth and falls directly toward the Earth. What is the
speed v of the larger piece immediately after the explo-
sion? (c) Because of the increase in its speed, this larger
piece now moves in a new elliptical orbit. Find its distance
away from the center of the Earth when it reaches the other
end of the ellipse.
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Review. A cylindrical habitat in space 6.00 km in diameter
and 30.0 km long has been proposed (by G. K. O’Neill,
1974). Such a habitat would have cities, land, and lakes on
the inside surface and air and clouds in the center. They
would all be held in place by rotation of the cylinder about
its long axis. How fast would the cylinder have to rotate to
imitate the Earth’s gravitational field at the walls of the
cylinder?

Review. As an astronaut, you observe a small planet to be
spherical. After landing on the planet, you set off, walk-
ing always straight ahead, and find yourself returning to
your spacecraft from the opposite side after completing a
lap of 25.0 km. You hold a hammer and a falcon feather at
a height of 1.40 m, release them, and observe that they fall
together to the surface in 29.2 s. Determine the mass of the
planet.

The maximum distance from the Earth to the Sun (at

aphelion) is 1.521 X 10" m, and the distance of closest
approach (at perihelion) is 1.471 X 10! m. The Earth’s
orbital speed at perihelion is 3.027 X 10* m/s. Determine
(a) the Earth’s orbital speed at aphelion and the kinetic
and potential energies of the Earth—Sun system (b) at peri-
helion, and (c) at aphelion. (d) Is the total energy of the
system constant? Explain. Ignore the effect of the Moon
and other planets.



