
Exercise 13: What is the escape speed needed a) to escape the gravitational pull of
Asteroid B612 (see Exercise 7)? b) What would happen if you jumped up on
Asteroid B612?

Answer: a.

Answer: b.

Exercise 14: Scotty finds it difficult to play catch on planet Apgar because the planet’s
escape speed is only 5.00 m/s, and if Scotty throws the ball too hard, it flies
away. If planet Apgar has a mass of 1.56 ! 1015 kg, what is its radius?

Answer:

Additional Exercises

A-1: Halley’s Comet orbits the sun about every 75 years due to the gravitational
force the sun provides. Compare the gravitational force between Halley’s
Comet and the sun when the comet is at aphelion (its greatest distance from
the sun) and d is about 4.5 ! 1012 m to the force at perihelion (or closest
approach), where d is about 5.0 ! 1010 m.

A-2: In Exercise A-1, what is the comet’s acceleration a) at aphelion? b) at
perihelion? (MS " 1.99 ! 1030 kg)
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A-3: An early planetary model of the hydrogen atom consisted of 
a 1.67 ! 10"27-kg proton in the nucleus and a 9.11 ! 10"31-kg
electron in orbit around it at a distance of 5.0 ! 10"11 m. In
this model, what is the gravitational force between a proton
and an electron?

A-4: At what height above Earth would a 400.0-kg weather satellite have to orbit in
order to experience a gravitational force half as strong as that on the surface of
Earth?

A-5: It is said that people often behave in unusual ways during a full moon. 
a) Calculate the gravitational force that the moon would exert on a 50.0-kg
student in your physics class. The moon is 3.84 ! 108 m from Earth and has a
mass of 7.35 ! 1022 kg. b) Does the moon attract the student with a force that
is greater than, less than, or the same as the force with which the student
attracts the moon?

A-6: The tiny planet Mercury has a radius of 2400 km and a mass of 3.3 ! 1023 kg.
a) What would be the gravitational acceleration of an astronaut standing on
the surface of Mercury? b) Compare the motion of a ball dropped on the
surface of Mercury to that of a ball dropped on Earth.

A-7: The acceleration due to gravity on Venus is 0.89 that of Earth. a) If the radius
of Venus is 6.05 ! 106 m, what is Venus’ mass? b) How does this compare to
Earth’s mass? c) If you were on a diet and had to “weigh in,” would you
rather stand on a scale on Venus or on Earth in order to appear as if you had
lost the most weight?

A-8: The planet Mars has a mass that is 0.11 times Earth’s mass and a radius that is
0.54 times Earth’s radius. a) How much would a 60.0-kg astronaut weigh if
she were to stand on the surface of Mars? b) Although Mercury is much
smaller than Mars, it has almost the same gravitational acceleration. Describe
how you might explain this phenomenon.

A-9: On October 26, 2000, the NEAR Shoemaker spacecraft swooped within 
3 miles of the asteroid Eros, taking images and collecting data from a distance
closer than any spacecraft has ever come to an asteroid. Eros has a mass of
6.69 ! 1015 kg. The strange potato-like shape of Eros makes its diameter
difficult to determine. If the NEAR spacecraft is orbiting a distance of 
18 300 m from Eros’ center of mass, what gravitational acceleration does 
Eros provide on NEAR?

A-10: Find the NEAR spacecraft’s escape speed from Eros, using the information
given in A-9.

A-11: NASA has announced that a mission to Mars to return rock samples to Earth
could come as early as 2011. If NASA landed a 360.-kg spacecraft on the
surface of Mars a) what would be the weight of the spacecraft on the planet’s
surface b) what escape speed would be needed for the craft to leave the 
planet and head back to Earth with its rock samples. (Mm # 6.42 ! 1023 kg,
dM # 3.39 ! 106 m)
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Chapter 1
1. 884 m
3. a) 10.7 s
5. !9.00 m/s2

7. a) 2.2 m/s
9. a) 28.3 m/s

11. 0.36 s
13. 25.9 m

A1. 3.78 " 108 m
A3. a) 16.61 m/s

b) 37.16 mi/h
A5. Tortoise wins by 47 s
A7. 5 s
A9. !19 500 m

A13. a) 1.11 s
b) The same

A15. 3.9 m/s2

Chapter 2
1. 145 km south
3. 50. N forward
5. 175 m/s northeast
7. 6360 km
9. Horizontal: 752 N

Vertical: 274 N
11. 40.0 m/s
13. 37° to horizontal
15. 465 m

A1. a) 1450 km south
b) 1650 km

A3. 4.1 m/s
76° east of north

A5. 14.1 m
45° north of west

A7. Horizontal: 50. N
Vertical: 42 N

A9. 4.2 m
A11. 13.4 m/s
A13. 1.2 m (does not clear)

Chapter 3
3. 4500 N
5. a) !34 000 N
7. 102 N
9. a) 78 N

11. 0.20
13. 14.5 N
15. 10 600 N
17. 1860 N
19. Culp: 1.5 " 107 N/m2

Vance: 1.0 " 106 N/m2

21. a) .0079 m2

b) 0.050 m
A1. 50. N
A3. !1400 N
A5. 100 N
A7. 0.20
A9. 17.7 N

A11. 625 N
A13. 0.080 N
A15. a) 37 500 N

b) 75 000 N/m2

Chapter 4
1. 4.91 " 109 kg #m/s
3. a) 3750 N

b) 1.5 " 106 N
c) 400 times as great

5. 11.3 m/s
7. a) 9.0 m/s
9. 10. m/s

11. 215 m/s
13. 9.42 m/s

A1. 1470 kg #m/s
A3. 6080 N
A5. 50 000 N
A7. 1.04 m/s
A9. !0.22 m/s

A11. 17 004 m/s

Chapter 5
1. a) 1430 J
3. 4 N
5. 600 J
7. 17.4 m/s
9. 24.5 m/s

11. 7.7
13. 280 N
15. a) 6.0

b) 4.4
c) 73%

A1. 18 800 J
A3. a) 1 610 000 J

b) 53 700 W
c) 1 040 000 J

A5. 12 J
A7. a) 1.6 J
A9. 15 200 m

A11. 38
A13. 3

Chapter 6
1. 0.034 s
3. a) 1.6 m/s
5. a) 0.63 m/s
7. a) Jessica: 1.3 m/s

Julie 0.94 m/s
b) 0.15 m/s2

9. 2.5 m/s
11. 1.50 " 10!15 N
13. 0.12 N #m
15. a) 17 N up
17. Anita: 384 N up

Orin: 246 N up
19. 9.74 " 1037 kg #m2

21. 5.4 " 10!8 kg #m2

23. 5.6 m/s
A1. 0.6 s
A3. 3.8 m
A5. a) 2.2 m/s

b) 35 N
A7. a) 5.9 " 10!3 m/s2

b) 3.5 " 1022 N toward sun
c) 3.5 " 1022 N toward

Earth
A9. Outstretched: 12 N #m

Bent: 5.6 N #m
A11. 1.5 " 10!4 kg #m2
A13. 18 m/s

Chapter 7
1. Twice as large.
3. a) 9.78 " 10!8 N

b) 1.63 " 10!8 N
5. 4.2 " 1021 m
7. 1.67 " 10!9 m/s2

9. a) 9.9 " 1030 kg
b) 5.0 times

11. a) 618 000 m/s
13. a) 2.58 " 10!4 m/s

A1. 1/8100
A3. 4.1 " 10!47 N
A5. a) 1.66 " 10!3 N
A7. a) 4.9 " 1023 kg
A9. 1.33 " 10!9 m/s2

A11. a) 1340 N
b) 3560 m/s

Chapter 8
1. 2 m/s
3. 28 h
5. Albert 33 y

Henry 39.6 y
7. 13.0 m
9. a) 94 450 km

11. 1.0 " 10!3 kg
A1. 15 m/s same direction
A3. 8.3 y
A5. 1390 m
A7. 1068 J

Chapter 9
1. a) 710. kg/m3

3. 1.76 " 10!3 kg
5. 1.3 " 108 N/m2

7. 5.3 " 10!3 m2

9. a) 3.0 " 10!6 m
11. 4.2 " 106 Pa
13. 1330 kg/m3

15. 1.61 N
17. 0.50 m
19. Decreases by 314 m3

21. 0.015 m3

A1. 880 kg/m3
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