
Dynamics Homework 
 

Assignment #1 
 
Textbook: Read Section 4-1, 4-2 
 
Online: Newton’s Laws Lesson 1a, 1b, 1c 

http://www.physicsclassroom.com/Physics-
Tutorial/Newton-s-Laws 

 
 * problems are for all students 
 ** problems are for honors physics 
 
1. * (a) If an object is at rest, can you conclude 

that no external forces are acting on it? (b) Is 
it possible for an object to be moving if no net 
force is acting on it? Explain both in terms of 
the Law of Inertia and give an example. 

 
2. A box rests on the (frictionless) bed of a truck. 

The truck driver accelerates the truck forward. 
The box begins to slide toward the back of the 
truck. * (a) Discuss the motion of the box as 
seen by the woman standing nearby. 
** (b) Discuss the motion of the box as seen 
by the man on the truck. 

 
 
3. * A hockey puck slides along the surface of 

ice. If friction and air resistance are negligible, 
what force is required to keep it moving? 

 
4. * A carpenter wishes to tighten the heavy head 

of his hammer onto its handle. Which method 
shown below will work better? Explain in 
terms of the Law of Inertia. 

 

 
5. * Suppose you are an astronaut in deep space, 

far from any source of gravity. You have two 
objects that look identical, but one has a large 
mass and the other a small mass. How can you 
tell the difference between the two? 

 
6. ** Whiplash sometimes results from a car 

accident when the victim’s car is struck 
violently from behind. Explain why the head 
of the victim seems to be thrown backward in 
the non-inertial frame of reference inside the 
car, and how this is an example of inertia to 
the stationary observer outside the car 
watching the accident. 

 
 

Assignment #2 
 
Textbook: Read Section 4-3, 4-4 
 
Online: Newton’s Laws Lesson 3a, 3b, 3c 

http://www.physicsclassroom.com/Physics-
Tutorial/Newton-s-Laws 

 
7. * A constant force is applied to an object, 

causing it to accelerate at 8.0 m/s2. What will 
the acceleration be if 
(a) The force is doubled? 
(b) The object’s mass is doubled? 
(c) The force and the object’s mass are 
doubled? (d) The force is doubled and the 
object’s mass is halved? Explain each answer. 
16 m/s2, 4.0 m/s2, 8.0 m/s2, 32 m/s2 

8. * What average force is required to stop an 
1100-kg car in 8.0 s if the car is traveling at a 
speed of 95 km/h? Careful with units! 
–3628 N 

9. * Race car driver Danica Patrick was the 
subject of controversial comments by other 
drivers who thought her small mass of 45 kg 
gave her an advantage over a typical driver of 
mass 75 kg. IndyCar masses are about 700 kg. 
If an IndyCar has an acceleration a with a 
typical driver, what is her acceleration in 
terms of a? Do you think this is an advantage? 
1.04a 



10. * A shopper in a supermarket pushes a 32 kg 
cart with a horizontal force of 5 pounds 
(convert to newtons). If started from rest, how 
far will the cart move in 4.0 s?  
5.56 m 

11. * The graph below shows an object’s 
acceleration vs. force. What is the object’s 
mass? Show the calculation. 
 

 
0.25 kg 

12. ** The forces acting on a 0.80 kg object are 
shown below. Find the values of ax and ay, the 
x-component and y-component of the object’s 
acceleration. 

 

 
2.50 m/s2, 0.0 m/s2 

13. ** The graph below shows the force Fx acting 
on a 500 g object as it moves along the x-axis. 
Draw an acceleration graph (ax versus. t) for 
this object. Be sure to label axes properly. 
 

 
6.0 m/s2 at peak, graph shape same 

Assignment #3 
 
Textbook: Read Section 4-5 
 
Online: Newton’s Laws Lesson 4a, 4b 

http://www.physicsclassroom.com/Physics-
Tutorial/Newton-s-Laws 

 
14. * (a) A ball is held in a person’s hand. Identify 

all the forces acting on the ball and the 
reaction forces to each. (b) If the ball is 
dropped, what force is exerted on it while 
falling? Identify the reaction force in this case. 
 

15. * Explain why a climber must pull downward 
on a rope in order to move upward. Discuss 
the force exerted by the climber compared to 
the weight of the climber during a “step” up. 
 

16. * In terms of Newton’s 3rd Law, why does 
your foot hurt when you kick a heavy desk? 
Why doesn’t your foot hurt when you kick an 
empty box? 

 
17. * Explain a Tug-of-War competition in terms 

of Newton’s 3rd Law (a) just as the event starts 
and (b) when the event is won by one side. 
 

18. * A magnet hangs on an iron cart as shown 
below. Does the cart move? Explain in terms 
of Newton’s 3rd Law. 
 

 
 

19. * A 40 kg child and his 70 kg parent are on ice 
skates, and they push off each other from rest. 
(a) Describe the forces each experience in 
terms of Newton’s 3rd Law. (b) If the parent 
accelerates at 0.6 m/s2, what is the 
acceleration of the child? (c) How much force 
does each experience? 
1.05 m/s2. 42 N 

20. ** Draw a force diagram to identify all the 
action-reaction forces that exist for a horse 
pulling a cart. 
 

  



Assignment #4 
 
Textbook: Read Section 4-6 
 
Online: Newton’s Laws Lesson 1d, 2a, 2b 

http://www.physicsclassroom.com/Physics-
Tutorial/Newton-s-Laws 

 
21. * Make a table of mass and weight for a 75 kg 

object located (a) on Earth, (b) on the Moon  
(g = 1.6 N/kg), (c) on Mars (g = 3.7 N/kg), 
and (d) in outer space with no gravity. Show 
calculations. 
735 N, 120 N, 278 N, 0 N 

22. * Referring to the last question, when 
astronauts walked on the Moon they wore 
heavy spacesuits. What does the effect of 
mass and weight on the Moon mean about 
their physical activity on the Moon? 
 

23. * (a) Can a normal force on an object be 
directed horizontally? If not, why not? If so, 
give and example. (b) Can a normal force on 
an object be directed downward? If not, why 
not? If so, give and example. 
 

24. * A 75 kg person stands on a scale in an 
elevator. What does the scale read (in 
newtons) when the elevator is (a) ascending at 
a constant speed of 3.0 m/s, (b) accelerating 
upward at 1.6 m/s2, and (c) accelerating 
downward at 1.6 m/s2? 
735 N, 855 N, 615 N 

25. * It takes an elevator in a skyscraper 4.0 s to 
reach its cruising speed of 10 m/s. Calculate 
the apparent weight of a 60 kg passenger 
during this time if the elevator moves upward. 
738 N 

26. * Draw a free-body diagram for a basketball 
player (a) standing on the ground shooting a 
free throw, (b) just before leaving the ground 
on a jump shot, and (c) while in the air. Label 
all forces and check them for proper size. 
 

27. ** What would a bathroom scale read if you 
weighed yourself on an incline? (Assume the 
scale functions properly on an incline) How is 
the scale reading dependent on the angle? 
FN = mgcosθ  

28. ** A 20.0 kg box rests on a table. (a) What is 
the weight of the box and the normal force 
acting on it? (b) A 10.0 kg box is placed on 
top of the 20.0 kg box, as shown below. 
Determine the normal force that the table 
exerts on the 20.0 kg box and the normal force 
that the 20.0 kg box exerts on the 10.0 kg box. 

 

 
196 N, 294 N, 98.0 N 
 

Assignment #5 
 
Textbook: Read Section 4-7 
 
Online: Newton’s Laws Lesson 2c, 2d 

http://www.physicsclassroom.com/Physics-
Tutorial/Newton-s-Laws 

 
COMPLETE “FREE BODY DIAGRAMS” 
IN LAB BOOK, TURN IN WITH 
HOMEWORK 

 
29. * An elevator with mass 4850 kg is designed 

to accelerate at 0.068g maximum. What are 
the maximum and minimum force the motor 
must exert on the supporting cable? 
max: 5.08 x 104 N; min: 4.43 x 104 N 

30. * Four forces act on a hot-air balloon, shown 
from the side in the figure below. Find the 
magnitude and direction of the resultant force 
on the balloon if F1 = 5120 N, F2 = 1520 N,  
F3 = 950 N, and F4 = 4050 N. 

 
1212 N, 118˚  



31. * Two lifeguards pull on ropes attached to a 
raft. If the pull in the same direction, they 
exert a net force of 334 N to the right. If the 
pull in opposite directions, they exert a net 
force of 106 N to the left. (a) Draw a free 
body diagram for each situation. (b) Find the 
force exerted by each lifeguard on the raft. 
220 N, 114 N 

32. * Two forces shown below act on a 27.0 kg 
object. If F1 = 10.2 N and F2 = 16.0 N, find 
the net force on the object and its acceleration. 

 

 
19 N, 0.703 m/s2, 237˚ 
14 N, 0.520 m/s2, 51˚ 

33. ** A window washer pulls 
herself upward using the bucket-
pulley apparatus shown to the 
right. How much force does she 
exert on the rope to accelerate up 
at 0.70 m/s2? The mass of the 
bucket with her inside is 65 kg. 
341 N 
 
 
 

Assignment #6 
 
34. * A 2.0 kg rock is dropped from the top of the 

Leaning Tower of Pisa and falls 55.0 m to the 
ground, reaching a speed of 29.0 m/s. What 
was the average force of air resistance? 
4.31 N 

35. * The parachute on a race car that weighs 
8820 N opens at the end of a race when the car 
is travelling 35.0 m/s. (a) Draw a free body 
diagram for the race car. (b) What net resistive 
force must be supplied by the parachute to 
stop the car in a distance of 1100 m? 
–501 N (backwards) 

36. * At the instant a race began, a 65 kg sprinter 
exerted a force of 720 N on the starting block 
at a 22˚ angle with respect to the ground. 
(a) What was the horizontal acceleration of the 
sprinter? (b) If the force was exerted for 0.32 s 
with what speed did the sprinter leave the 
starting block? 
10.3 m/s2, 3.29 m/s 

37. * A 7650 kg helicopter accelerates upward at 
0.80 m/s2 while lifting a 1250 kg frame as 
shown below. (a) What is the lift force exerted 
by the air on the helicopter rotors? (b) What is 
the tension in the cable (ignore its mass) that 
connects the frame to the helicopter? 

 
9.43 x 104 N, 1.33 x 104 N 

38. ** Two blocks, m1 = 2.0 kg and m2 = 4.0 kg, 
on a frictionless surface are in contact with 
each other, as shown below. A force F = 18 N 
is applied to m1. (a) Find the acceleration of 
the blocks. (b) Draw a free body diagram for 
each block. (c) Determine the contact force 
between the blocks (it’s a normal force). 
 

 
3.0 m/s2, 12.0 N 

39. ** A girl walks across a “high wire” strung 
horizontally between two buildings as shown 
below. The sag in the rope when she is at the 
midpoint is 10.0˚. If her mass is 50.0 kg, what 
is the tension in the rope? 
 

 
1411 N 



40. ** A student who enjoys 
physics dangles her watch 
from a thin piece of string 
while on a jetliner that is 
taking off as shown. She 
notices that the string makes 
an angle of 25˚ with respect 
to the vertical as the plane 
accelerates for takeoff, which 
takes 18 s. Determine the 
takeoff speed of the plane. 
82.3 m/s 
 

Assignment #7 
 
Textbook: Read Section 4-8 (honors pages 94-95) 
 
Online: Newton’s Laws Lesson 3e; honors 3f 

http://www.physicsclassroom.com/Physics-
Tutorial/Newton-s-Laws 

 
41. * Explain why pushing downward on a book 

as you push it across a table increases the 
force of friction between the table and book. 
 

42. * A force of 48.0 N is required to start a 5.0 
kg box moving across a horizontal concrete 
floor. (a) What is the coefficient of static 
friction between the box and the floor? (b) If 
the 48.0 N force continues, the box accelerates 
at 0.70 m/s2. What is the coefficient of kinetic 
friction? 
0.98, 0.91 

43. * A girl coasts down a hill on a sled, reaching 
level ground with a speed of 7.0 m/s. the 
coefficient of kinetic friction between the 
sled’s runner and the icy snow is 0.05, and the 
girl and sled together weigh 645 N. How far 
does the sled travel on the level snow before 
coming to rest? 
50 m 

44. * What is the minimum downward force on 
the box in the figure shown below that will 
keep it from slipping? The coefficient of static 
friction and the floor is 0.35. 
 

 
63.1 N 

45. * A box weighing 77.0 N rests on a table. A 
rope tied to the box runs vertically upward 
over a pulley and a weight is hung from the 
other end as shown below. (a) Draw a free 
body diagram for each mass. (b) Determine 
the force that the table exerts on the box if the 
weight hanging on the other side of the pulley 
weighs 30.0 N. 
 

 
47.0 N 

46. ** Repeat Problem 38 assuming the 
coefficient of kinetic friction is 0.2 
1.04 m/s2, 12 N 

47. ** A person pushes a 14.0 kg lawn mower at a 
constant speed with a force of F = 88.0 N 
directed along the handle, which is at an angle 
of 40˚ to the horizontal as shown below. 
(a) Draw the free body diagram showing all 
forces acting on the mower. (b) Calculate the 
horizontal friction force on the mower, and 
(c) the normal force exerted on the mower. 
 

 
67.4 N, 194.8 N 



Assignment #8 
 
48. * As a skydiver falls through air, the speed of 

the skydiver increases, but the acceleration 
decreases. (a) What is the acceleration of the 
skydiver when they reach terminal velocity? 
(b) Draw a velocity vs. time graph for the 
skydiver from the moment they leave the 
airplane to when they reach terminal velocity. 
(c) Draw a tangent line to the graph at the 
beginning and end of the motion, and label the 
value of the slope at each point. 
 

49. * A 5.0 kg bucket of water is raised from a 
well by a rope. If the upward acceleration of 
the bucket is 3.0 m/s2, find the force exerted 
by the rope on the bucket of water. 
64 N 

50. * (a) As a 950-kg car speeds up, what is the 
maximum acceleration the car can undergo if 
the coefficient of static friction between the 
tires and the ground is 0.80? (b) Show that the 
mass of the car does not matter for the 
calculation of acceleration. 
7.84 m/s2 

51. * For the system of masses shown below, 
determine how large a mass A would be to 
keep the system static (no motion), if the 
coefficient of static friction between mass A 
and the tabletop is 0.30. 
 

 
6.67 kg 

52. * The two masses 
shown, connected by 
a massless string and 
a massless, 
frictionless pulley, are 
released from rest. 
(a) Determine the 
acceleration of the system. 
** (b) Determine the tension in the string. 
4.45 m/s2, 17.1 N 

53. ** The coefficient of kinetic friction for a 22 
kg bobsled on a track is 0.10. What force is 
required to push it down a 6.0˚ incline and 
achieve a speed of 60 km/h at the end of 75m? 
39.6 N 

54. ** A 15 kg box is released from rest on a 32˚ 
incline and accelerates down the incline at 
0.30 m/s2. (a) Draw a free body diagram for 
the box on the incline. (b) Determine the 
coefficient of kinetic friction between the box 
and the incline. 
0.59 
 

Assignment #9 
 
55. * A heavy crates rests on the bed of a flatbed 

truck. When the truck accelerates, the crate 
remains where it is on the truck, so it, too, 
accelerates. (a) What force causes the crate to 
accelerate? (b) Draw a free body diagram for 
the crate. 
 

56. * Referring to the last questions, assuming the 
crate is 35.0 kg and the coefficient of static 
friction is 0.30, determine the maximum 
acceleration the truck can have before the 
crate slides backward. 
2.94 m/s2 

57. * A cyclist is coasting at a steady velocity of 
12 m/s but enters a level muddy section where 
the effective coefficient of friction is 0.60. 
Will the cyclist emerge from the muddy 
section without having to pedal if the mud 
lasts for 11 m? If so, what will be the speed 
upon emerging? 
emerges at 3.83 m/s 

58. * An 1150-kg car pulls a 450-kg trailer. The 
car exerts a horizontal force of 3800 N against 
the ground in order to accelerate. The 
coefficient of friction between the ground and 
the trailer is 0.05. (a) Draw a free body 
diagram on the car/trailer system. (b) 
Determine the force of friction on the trailer. 
(c) Determine the acceleration of the 
car/trailer system. (d) ** Determine the force 
the car exerts on the trailer. 
221 N, 2.24 m/s2, 1230 N 



59. * A 28-kg block is connected to a 1.35 kg 
bucket by a cord running over a frictionless 
pulley as shown below. The coefficient of 
static friction between the table and the block 
is 0.45 and the coefficient of kinetic friction is 
0.32. (a) How much sand is added to the 
bucket until the system just begins to move? 
(b) Draw a free body diagram for the block 
and the bucket while the system accelerates. 
(c) Calculate the acceleration of the system. 
 

 
11.3 kg, 0.88 m/s2 

60. ** A block is given a push so that it slides up 
a ramp. After the block reaches its highest 
point, it slides back down but the magnitude 
of its acceleration is less on the descent that on 
the ascent. Why? Use a free body diagram to 
enhance your explanation. 
 

61. ** A small box is held in place against a 
rough wall by someone pushing on it with a 
force directed upward at 28˚ above the 
horizontal. The coefficients of static and 
kinetic from between the box and the wall are 
0.40 and 0.30, respectively. The box slides 
down unless the applied force has a magnitude 
of 13 N. What is the mass of the box? 
1.09 kg 
 

Assignment #10 
 
Textbook: Read Section 8-4 
 
62. * Why is it more difficult to do a sit up with 

your hands behind your head than when your 
arms are stretched out in front of you? Explain 
in terms of torque and lever arm. 
 

63. * (a) If the torque required to loosen a lug nut 
that holds a car wheel has a magnitude of 58.0 
N⋅m, what force must be exerted at the end of 
a 35 cm wrench assuming the angle between 
the force and the wrench is 90˚? (b) Would the 
torque be the same as part (a) if the lever arm 
is doubled but the angle is reduced to 45˚? 
166 N, 82.0 Nm 

64. * (a) A mountain biker pushes downward with 
a force of 60 pounds on one pedal that has a 
radius of 7 inches. Determine the torque in 
newton⋅meters. (b) Why do clip-in pedals 
make it easier to go uphill with more torque? 
47.5 Nm 

65. * (a) Calculate the net torque, about the axis 
indicated by the dot) on the bar shown in the 
upper diagram shown below. (b) Repeat for 
the lower diagram shown below. 

 
 

 
+5.5 Nm (ccw), +2.46 Nm (ccw) 

66. * Calculate the net torque about the axle of the 
wheel shown below. Assume that a friction 
force produces a torque of 0.40 N⋅m opposing 
the motion. 

 
–1.40 Nm 

67. ** Two blocks, each of mass m, are attached 
to the ends of a massless rod, which pivots as 
shown below. Initially the rod is held in the 
horizontal position and then released. 
Calculate the magnitude and direction of the 
net torque on this system. mg(l1 – l2), cw 
 

 



68. ** The 2.0 m long, 15 kg beam in the figure 
shown below is hinged at its left end. It is 
“falling” (rotating clockwise, under the 
influence of gravity), and the beam is shown 
at three different times. What is the 
gravitational torque on the beam about the 
axis through the hinged end when the beam is 
in the (a) middle position, (b) lower position, 
and (c) upper position? 

 
147 N, 104 N, 138 N 
 

Assignment #11 
 
Textbook: Read Section 9-1, 9-2 
 
69. * Why is it not possible to sit upright in a 

chair and rise to your feet without first leaning 
forward? (Try it!). Think about your center of 
mass in relation to your feet as you begin to 
stand. 
 

70. * A 64 kg woman stands on a very light, rigid 
board that rests on a bathroom scale at each 
end, as shown below. (a) Draw a force 
diagram for the board, making sure all forces 
are drawn to scale. (b) What is the reading on 
each of the scales? 
 

 
470 N, 157 N 

71. * A window washer is standing on a scaffold 
supported by a vertical rope at each end. The 
scaffold weighs 205 N and is 3.0 m long. 
What is the tension in each rope when a 675 N 
worker stands 1.0 m from the left end of the 
scaffold? 
328 N, 553 N 

72. * Three children are trying to balance on a 
seesaw, as shown below. The board is 3.6 m 
long and centered on the rock. Where should 
the girl sit to balance the seesaw? 
 

 
0.72 m 

73. * A 60 kg diver stands at the end of a 30 kg 
springboard, as shown below. The board is 
attached to a hinge at the left end but simply 
rests on the right support. (a) Draw a force 
diagram for the board, making sure all forces 
are drawn to scale. (b) Using the left support 
as the axis of rotation, determine the 
magnitude and direction of the force exerted 
on the board by the right support. (c) Using 
the right support as the axis of rotation, 
determine the magnitude and direction of the 
force exerted on the board by the hinge at the 
left support. 

 
1470 N up, 588 N down 

74. ** A shop sign weighing 245 N is supported 
by a uniform 155 N beam as shown below. 
Find the tension in the wire and the horizontal 
and vertical forces exerted by the hinge on the 
beam. 

 
708 N, 578 N, 6.09 N down 

  



75. ** A traffic light hangs from a pole as shown 
below. The uniform aluminum pole AB is 
7.50 m long and has a mass of 12.0 kg. The 
mass of the traffic light is 21.5 kg. Determine 
(a) the tension in the horizontal massless cable 
CD, and (b) the vertical and horizontal 
components of the force exerted by the pivot 
A on the aluminum pole. 
 

 
425 N, 328 N, 425 N 

 
Assignment #12 

 
Textbook: Read Section 5-1 
 
Online: Circular Motion Lesson 1a, 1b 
http://www.physicsclassroom.com/class/circles 
 
76. * There are at least three “accelerators” in a 

car. What are they, and what type of 
acceleration do they produce? 
 

77. * A child sitting 1.10 m from the center of the 
merry-go-round moves with a speed of 1.25 
m/s. (a) Calculate the acceleration of the child. 
(b) If another child is at twice the distance 
from the center of the merry-go-round, is their 
acceleration greater, less, or the same? 
Explain. 
1.42 m/s2, greater 

78. * A jet plane traveling at 525 m/s pulls out of 
a dive by moving in an arc of radius 6.0 km. 
What is the plane’s acceleration? Express the 
answer in terms of g’s (a multiple of 9.8 m/s2). 
4.69 g’s 

79. * Calculate the centripetal acceleration at the 
Earth’s equator. (The Earth’s equatorial radius 
is 6378 km and its orbital period is one day!) 
Why is this considered a nearly inertial 
reference frame with zero acceleration? 
0.0337 m/s2 

80. * (a) The International Space Station is in 
orbit about 410 km above the Earth’s surface, 
and completes each orbit in about 93 minutes. 
Calculate the centripetal acceleration of the 
ISS, and express the answer in terms of g. 
(b) Why do the inhabitants of ISS feel 
“weightless” despite the answer to part (a)? 
0.88 g’s 

81. ** A projected space station consists of a 
circular tube that rotates about its center (like 
a tubular bicycle tire) as shown below. The 
tube has a diameter of 1.1 km. What rotational 
period must the space station have if an effect 
equal to gravity (1.0 g) is to be felt? 
 

 
47.1 s 

 
Assignment #13 

 
COMPLETE “FREE BODY DIAGRAMS – 
CIRCULAR MOTION” IN LAB BOOK, 
TURN IN WITH HOMEWORK 

 
Textbook: Read Section 5-2, 5-3 
 
Online: Circular Motion Lesson 3b, 3c, 3e 
http://www.physicsclassroom.com/class/circles 
 
82. * A bucket of water can be whirled in a 

vertical circle without the water spilling out, 
even at the top of the circle when the bucket is 
upside down. Explain and draw a free body 
diagram for the water at the top of the circle, 
assuming it stays in contact with the bucket. 
 

83. * (a) What is the maximum speed with which 
a 1050 kg car can round a turn of radius 77 m 
on a flat road if the coefficient of static 
friction between the tires and the road is 0.80? 
(b) Why does the answer to part (a) not 
depend on the mass of the car? (c) If the road 
is banked, the maximum speed is increased. 
Why? Explain. 
24.6 m/s 



84. * A ball on the end of a string is revolved at a 
uniform rate in a vertical circle of radius 72.0 
cm, as shown below. If its speed is 4.0 m/s 
and its mass is 0.30 kg, calculate the tension in 
the string when the ball is at (a) the top of its 
path, and (b) at the bottom of its path. 

 
3.73 N, 9.61 N 

85. * A car maintains a constant speed (cruise 
control is set) as it traverses the hill and valley 
shown below. Both the hill and valley have 
the same radius of curvature. (a) How do the 
normal forces acting on the car at points A, B, 
and C compare? (b) At which point does the 
driver feel heaviest? Lightest? 

 
FNC> FNB> FNA, heaviest at C, lightest at A 

86. * (a) Referring to the previous question, if the 
car has a mass of 950 kg and travels at 22 m/s, 
and the radius of curvature is 95 m, calculate 
the normal force on the car at points A and C. 
** (b) Determine the car’s maximum speed 
without losing contact with the road at point A 
4470 N, 14,150 N, 30.5 m/s 

87. ** In a “Gravitron” ride 
at an amusement park, 
people are rotated in an 
open cylinder as shown. 
The cylinder’s radius is 
4.6 m, and the ride rotates once every 2.0 s. 
(a) Draw a free body diagram for a person on 
the ride. (b) What is the minimum coefficient 
of static friction so the person doesn’t slip 
downward? (c) People on this ride say they 
were “pressed against the wall,” but a correct 
free body diagram shows no such force. 
Explain this paradox. 0.22 

88. ** While fishing, you get bored and start to 
swing a sinker weight around in a horizontal 
circle below you on a 0.75 m piece of fishing 
line. The weight makes a complete circle 
every 1.5 s. (a) Draw a free body diagram 
(like the tetherball example in the textbook). 
(b) What is the angle that the fishing line 
makes with the vertical? 
41.9˚ 
 

Assignment #14 
 
Textbook: Read Section 5-6, 5-7 
 
Online: Universal Gravitation Lesson 1c, 1d, 1e 
http://www.physicsclassroom.com/class/circles 
 
89. * Which pulls harder gravitationally, the Earth 

on the Moon, or the Moon on the Earth? 
Which accelerates more? 
** The Sun’s gravitational pull on the Earth is 
much larger than the Moon’s. Yet the Moon’s 
is mainly responsible for the tides. Explain. 
[Hint: consider the difference in gravitational 
pull from one side of the Earth to the other.] 
 

90. * Calculate the gravitational force of attraction 
between a 50 kg student and a 65 kg student 
seated 1.4 m apart. 
1.11 x 10-7 N 

91. * Calculate the distance between a proton and 
an electron if they exert a force of 10-47 N on 
each other. Convert the answer to nanometers. 
0.101 nm 

92. * Calculate the gravitational force of attraction 
between the Earth and Moon, and between the 
Earth and Sun. 
1.99 x 1020 N, 3.55 x 1022 N 

93. * A mass m located on the surface of the 
Moon has a weight mgMoon which can be 
equated to the gravitational force between the 
mass and the Moon, GmM/R2 where the 
Moon’s mass is M = 7.35 × 1022 kg, and the 
Moon’s radius is R = 1.74 × 106 m. Use this 
data to calculate the gravitational field 
strength (gMoon) on the surface of the Moon. 
1.62 N/kg 



94. ** Two objects attract each other with a 
gravitational force of 2.5 × 10-10 N when they 
are 0.25 m apart. Their total mass is 4.0 kg. 
Find their individual masses. 
3.94 kg, 0.060 kg 

95. ** At what distance from the Earth will a 
spacecraft traveling directly from the Earth to 
the Moon experience zero net force because 
the Earth and Moon pull with equal and 
opposite forces? (This is called a LaGrange 
point, and interestingly there are four other 
LaGrange points for the Earth/Moon system 
as it orbits the Sun!) 
3.46 x 108 m 

 
Assignment #15 

 
Textbook: Read Section 5-8, 5-9 
 
Online: Satellite Motion Lesson 4b, 4c, 4d 
http://www.physicsclassroom.com/class/circles 
 
96. * (a) What keeps the International Space 

Station in orbit? Does it require fuel to keep 
moving? (b) If the ISS is put into a higher 
orbit, what happens to its orbital period? 
 

97. * (a) The mass of Pluto was not known until it 
was discovered to have a moon. Using 
Kepler’s 3rd law, explain how this discovery 
enabled a calculation of Pluto’s mass. 
(b) In the 1970s, spacecraft were put in orbit 
around the moonless planets Mercury and 
Venus. Without using Kepler’s 3rd law, how 
could scientist estimate the mass of these 
terrestrial planets? 
 

98. * During the Apollo lunar landing mission on 
July 20, 1969, the command module 
continued to orbit the Moon at an altitude of 
about 110 km. How long, in hours, did it take 
the command module to orbit the Moon? Mass 
and radius of Moon given in problem 93. 
1.98 hr 

99. * A geosynchronous satellite appears to 
remain over one spot on Earth because it has 
an orbital period of 24 hours. (a) Calculate the 
satellite’s altitude above the surface of the 
Earth and (b) the satellite’s orbital speed. 
3.58 x 107 m, 3070 m/s 

100. * The principal moons of Jupiter are listed in 
the table below. (a) Use the data from the 
moon Io to determine the mass of Jupiter. 
(b) Use the answer from (a) to determine the 
orbital period, in days, of Europa. (c) Use 
proportions only, without converting units, to 
determine the orbital distance of Ganymede 
and the orbital period of Callisto. 

 

 
1.90x1027 kg, 3.55 days, 1070x103 km, 16.7 days 

101. ** A satellite of mass m is orbiting a much 
larger body M at a distance R, and has a 
centripetal force mv2/R, which can be equated 
to the gravitational force between the two 
masses given by GmM/R2, to solve for the 
orbital speed v. Use this result to calculate the 
orbital speed of a GPS satellite that orbits the 
Earth at an altitude of 12,600 miles above the 
surface of Earth (in Medium Earth Orbit). 
3,870 m/s 

102. ** The Sun revolves around the center of the 
Milky Way Galaxy at a distance of 30,000 
light-years from the center (ly = 9.5 × 1015 m) 
If it takes 200 million years to make one 
revolution, estimate the mass of our galaxy 
(assuming the mass distribution is 
concentrated mostly in a central uniform 
sphere – see image below). If all the stars had 
about the mass of our Sun (2 × 1030 kg), how 
many stars would there be in our galaxy? 
 

 
1.72 x 1011 stars 


