
Dynamics
Applying Newton’s Laws

Rotating Frames

Lana Sheridan

De Anza College

Feb 5, 2020



Last time

• accelerated frames: linear motion



Overview

• accelerated frames: rotating frames



Rotating Frames

Consider a car making a turn to the left.
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force has acted on the puck to cause it to accelerate. We call an apparent force such 
as this one a fictitious force because it is not a real force and is due only to observa-
tions made in an accelerated reference frame. A fictitious force appears to act on an 
object in the same way as a real force. Real forces are always interactions between 
two objects, however, and you cannot identify a second object for a fictitious force. 
(What second object is interacting with the puck to cause it to accelerate?) In gen-
eral, simple fictitious forces appear to act in the direction opposite that of the acceler-
ation of the noninertial frame. For example, the train accelerates forward and there 
appears to be a fictitious force causing the puck to slide toward the back of the train.
 The train example describes a fictitious force due to a change in the train’s 
speed. Another fictitious force is due to the change in the direction of the veloc-
ity vector. To understand the motion of a system that is noninertial because of a 
change in direction, consider a car traveling along a highway at a high speed and 
approaching a curved exit ramp on the left as shown in Figure 6.10a. As the car 
takes the sharp left turn on the ramp, a person sitting in the passenger seat leans or 
slides to the right and hits the door. At that point the force exerted by the door on 
the passenger keeps her from being ejected from the car. What causes her to move 
toward the door? A popular but incorrect explanation is that a force acting toward 
the right in Figure 6.10b pushes the passenger outward from the center of the cir-
cular path. Although often called the “centrifugal force,” it is a fictitious force. The 
car represents a noninertial reference frame that has a centripetal  acceleration 
toward the center of its circular path. As a result, the passenger feels an apparent 
force which is outward from the center of the circular path, or to the right in Figure 
6.10b, in the direction opposite that of the acceleration.
 Let us address this phenomenon in terms of Newton’s laws. Before the car enters 
the ramp, the passenger is moving in a straight-line path. As the car enters the 
ramp and travels a curved path, the passenger tends to move along the original 
straight-line path, which is in accordance with Newton’s first law: the natural ten-
dency of an object is to continue moving in a straight line. If a sufficiently large 
force (toward the center of curvature) acts on the passenger as in Figure 6.10c, 
however, she moves in a curved path along with the car. This force is the force of 
friction between her and the car seat. If this friction force is not large enough, the 
seat follows a curved path while the passenger tends to continue in the straight-line 
path of the car before the car began the turn. Therefore, from the point of view of 
an observer in the car, the passenger leans or slides to the right relative to the seat. 
Eventually, she encounters the door, which provides a force large enough to enable 
her to follow the same curved path as the car.
 Another interesting fictitious force is the “Coriolis force.” It is an apparent force 
caused by changing the radial position of an object in a rotating coordinate system.
 For example, suppose you and a friend are on opposite sides of a rotating circular 
platform and you decide to throw a baseball to your friend. Figure 6.11a on page 
160 represents what an observer would see if the ball is viewed while the observer is 
hovering at rest above the rotating platform. According to this observer, who is in an 
inertial frame, the ball follows a straight line as it must according to Newton’s first 
law. At t 5 0 you throw the ball toward your friend, but by the time tf when the ball 
has crossed the platform, your friend has moved to a new position and can’t catch 
the ball. Now, however, consider the situation from your friend’s viewpoint. Your 
friend is in a noninertial reference frame because he is undergoing a centripetal 
acceleration relative to the inertial frame of the Earth’s surface. He starts off seeing 
the baseball coming toward him, but as it crosses the platform, it veers to one side 
as shown in Figure 6.11b. Therefore, your friend on the rotating platform states that 
the ball does not obey Newton’s first law and claims that a sideways force is causing 
the ball to follow a curved path. This fictitious force is called the Coriolis force.
 Fictitious forces may not be real forces, but they can have real effects. An object 
on your dashboard really slides off if you press the accelerator of your car. As you 
ride on a merry-go-round, you feel pushed toward the outside as if due to the ficti-
tious “centrifugal force.” You are likely to fall over and injure yourself due to the 
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Figure 6.10 (a) A car approach-
ing a curved exit ramp. What 
causes a passenger in the front 
seat to move toward the right-
hand door? (b) Passenger’s frame 
of reference. (c) Reference frame 
of the Earth.

We know that there is a force (the centripetal force) towards the
center of the circle.
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What does a passenger in the car feel?

She feels pushed toward the right against the side of the car.

 6.3 Motion in Accelerated Frames 159
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object in the same way as a real force. Real forces are always interactions between 
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eral, simple fictitious forces appear to act in the direction opposite that of the acceler-
ation of the noninertial frame. For example, the train accelerates forward and there 
appears to be a fictitious force causing the puck to slide toward the back of the train.
 The train example describes a fictitious force due to a change in the train’s 
speed. Another fictitious force is due to the change in the direction of the veloc-
ity vector. To understand the motion of a system that is noninertial because of a 
change in direction, consider a car traveling along a highway at a high speed and 
approaching a curved exit ramp on the left as shown in Figure 6.10a. As the car 
takes the sharp left turn on the ramp, a person sitting in the passenger seat leans or 
slides to the right and hits the door. At that point the force exerted by the door on 
the passenger keeps her from being ejected from the car. What causes her to move 
toward the door? A popular but incorrect explanation is that a force acting toward 
the right in Figure 6.10b pushes the passenger outward from the center of the cir-
cular path. Although often called the “centrifugal force,” it is a fictitious force. The 
car represents a noninertial reference frame that has a centripetal  acceleration 
toward the center of its circular path. As a result, the passenger feels an apparent 
force which is outward from the center of the circular path, or to the right in Figure 
6.10b, in the direction opposite that of the acceleration.
 Let us address this phenomenon in terms of Newton’s laws. Before the car enters 
the ramp, the passenger is moving in a straight-line path. As the car enters the 
ramp and travels a curved path, the passenger tends to move along the original 
straight-line path, which is in accordance with Newton’s first law: the natural ten-
dency of an object is to continue moving in a straight line. If a sufficiently large 
force (toward the center of curvature) acts on the passenger as in Figure 6.10c, 
however, she moves in a curved path along with the car. This force is the force of 
friction between her and the car seat. If this friction force is not large enough, the 
seat follows a curved path while the passenger tends to continue in the straight-line 
path of the car before the car began the turn. Therefore, from the point of view of 
an observer in the car, the passenger leans or slides to the right relative to the seat. 
Eventually, she encounters the door, which provides a force large enough to enable 
her to follow the same curved path as the car.
 Another interesting fictitious force is the “Coriolis force.” It is an apparent force 
caused by changing the radial position of an object in a rotating coordinate system.
 For example, suppose you and a friend are on opposite sides of a rotating circular 
platform and you decide to throw a baseball to your friend. Figure 6.11a on page 
160 represents what an observer would see if the ball is viewed while the observer is 
hovering at rest above the rotating platform. According to this observer, who is in an 
inertial frame, the ball follows a straight line as it must according to Newton’s first 
law. At t 5 0 you throw the ball toward your friend, but by the time tf when the ball 
has crossed the platform, your friend has moved to a new position and can’t catch 
the ball. Now, however, consider the situation from your friend’s viewpoint. Your 
friend is in a noninertial reference frame because he is undergoing a centripetal 
acceleration relative to the inertial frame of the Earth’s surface. He starts off seeing 
the baseball coming toward him, but as it crosses the platform, it veers to one side 
as shown in Figure 6.11b. Therefore, your friend on the rotating platform states that 
the ball does not obey Newton’s first law and claims that a sideways force is causing 
the ball to follow a curved path. This fictitious force is called the Coriolis force.
 Fictitious forces may not be real forces, but they can have real effects. An object 
on your dashboard really slides off if you press the accelerator of your car. As you 
ride on a merry-go-round, you feel pushed toward the outside as if due to the ficti-
tious “centrifugal force.” You are likely to fall over and injure yourself due to the 
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She is a non-inertial observer.
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force (toward the center of curvature) acts on the passenger as in Figure 6.10c, 
however, she moves in a curved path along with the car. This force is the force of 
friction between her and the car seat. If this friction force is not large enough, the 
seat follows a curved path while the passenger tends to continue in the straight-line 
path of the car before the car began the turn. Therefore, from the point of view of 
an observer in the car, the passenger leans or slides to the right relative to the seat. 
Eventually, she encounters the door, which provides a force large enough to enable 
her to follow the same curved path as the car.
 Another interesting fictitious force is the “Coriolis force.” It is an apparent force 
caused by changing the radial position of an object in a rotating coordinate system.
 For example, suppose you and a friend are on opposite sides of a rotating circular 
platform and you decide to throw a baseball to your friend. Figure 6.11a on page 
160 represents what an observer would see if the ball is viewed while the observer is 
hovering at rest above the rotating platform. According to this observer, who is in an 
inertial frame, the ball follows a straight line as it must according to Newton’s first 
law. At t 5 0 you throw the ball toward your friend, but by the time tf when the ball 
has crossed the platform, your friend has moved to a new position and can’t catch 
the ball. Now, however, consider the situation from your friend’s viewpoint. Your 
friend is in a noninertial reference frame because he is undergoing a centripetal 
acceleration relative to the inertial frame of the Earth’s surface. He starts off seeing 
the baseball coming toward him, but as it crosses the platform, it veers to one side 
as shown in Figure 6.11b. Therefore, your friend on the rotating platform states that 
the ball does not obey Newton’s first law and claims that a sideways force is causing 
the ball to follow a curved path. This fictitious force is called the Coriolis force.
 Fictitious forces may not be real forces, but they can have real effects. An object 
on your dashboard really slides off if you press the accelerator of your car. As you 
ride on a merry-go-round, you feel pushed toward the outside as if due to the ficti-
tious “centrifugal force.” You are likely to fall over and injure yourself due to the 
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What is an inertial observer’s explanation?

The car must exert a force on the passenger to give her an
acceleration toward the center of the circular turn.
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toward the center of its circular path. As a result, the passenger feels an apparent 
force which is outward from the center of the circular path, or to the right in Figure 
6.10b, in the direction opposite that of the acceleration.
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straight-line path, which is in accordance with Newton’s first law: the natural ten-
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path of the car before the car began the turn. Therefore, from the point of view of 
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Eventually, she encounters the door, which provides a force large enough to enable 
her to follow the same curved path as the car.
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hovering at rest above the rotating platform. According to this observer, who is in an 
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law. At t 5 0 you throw the ball toward your friend, but by the time tf when the ball 
has crossed the platform, your friend has moved to a new position and can’t catch 
the ball. Now, however, consider the situation from your friend’s viewpoint. Your 
friend is in a noninertial reference frame because he is undergoing a centripetal 
acceleration relative to the inertial frame of the Earth’s surface. He starts off seeing 
the baseball coming toward him, but as it crosses the platform, it veers to one side 
as shown in Figure 6.11b. Therefore, your friend on the rotating platform states that 
the ball does not obey Newton’s first law and claims that a sideways force is causing 
the ball to follow a curved path. This fictitious force is called the Coriolis force.
 Fictitious forces may not be real forces, but they can have real effects. An object 
on your dashboard really slides off if you press the accelerator of your car. As you 
ride on a merry-go-round, you feel pushed toward the outside as if due to the ficti-
tious “centrifugal force.” You are likely to fall over and injure yourself due to the 
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force has acted on the puck to cause it to accelerate. We call an apparent force such 
as this one a fictitious force because it is not a real force and is due only to observa-
tions made in an accelerated reference frame. A fictitious force appears to act on an 
object in the same way as a real force. Real forces are always interactions between 
two objects, however, and you cannot identify a second object for a fictitious force. 
(What second object is interacting with the puck to cause it to accelerate?) In gen-
eral, simple fictitious forces appear to act in the direction opposite that of the acceler-
ation of the noninertial frame. For example, the train accelerates forward and there 
appears to be a fictitious force causing the puck to slide toward the back of the train.
 The train example describes a fictitious force due to a change in the train’s 
speed. Another fictitious force is due to the change in the direction of the veloc-
ity vector. To understand the motion of a system that is noninertial because of a 
change in direction, consider a car traveling along a highway at a high speed and 
approaching a curved exit ramp on the left as shown in Figure 6.10a. As the car 
takes the sharp left turn on the ramp, a person sitting in the passenger seat leans or 
slides to the right and hits the door. At that point the force exerted by the door on 
the passenger keeps her from being ejected from the car. What causes her to move 
toward the door? A popular but incorrect explanation is that a force acting toward 
the right in Figure 6.10b pushes the passenger outward from the center of the cir-
cular path. Although often called the “centrifugal force,” it is a fictitious force. The 
car represents a noninertial reference frame that has a centripetal  acceleration 
toward the center of its circular path. As a result, the passenger feels an apparent 
force which is outward from the center of the circular path, or to the right in Figure 
6.10b, in the direction opposite that of the acceleration.
 Let us address this phenomenon in terms of Newton’s laws. Before the car enters 
the ramp, the passenger is moving in a straight-line path. As the car enters the 
ramp and travels a curved path, the passenger tends to move along the original 
straight-line path, which is in accordance with Newton’s first law: the natural ten-
dency of an object is to continue moving in a straight line. If a sufficiently large 
force (toward the center of curvature) acts on the passenger as in Figure 6.10c, 
however, she moves in a curved path along with the car. This force is the force of 
friction between her and the car seat. If this friction force is not large enough, the 
seat follows a curved path while the passenger tends to continue in the straight-line 
path of the car before the car began the turn. Therefore, from the point of view of 
an observer in the car, the passenger leans or slides to the right relative to the seat. 
Eventually, she encounters the door, which provides a force large enough to enable 
her to follow the same curved path as the car.
 Another interesting fictitious force is the “Coriolis force.” It is an apparent force 
caused by changing the radial position of an object in a rotating coordinate system.
 For example, suppose you and a friend are on opposite sides of a rotating circular 
platform and you decide to throw a baseball to your friend. Figure 6.11a on page 
160 represents what an observer would see if the ball is viewed while the observer is 
hovering at rest above the rotating platform. According to this observer, who is in an 
inertial frame, the ball follows a straight line as it must according to Newton’s first 
law. At t 5 0 you throw the ball toward your friend, but by the time tf when the ball 
has crossed the platform, your friend has moved to a new position and can’t catch 
the ball. Now, however, consider the situation from your friend’s viewpoint. Your 
friend is in a noninertial reference frame because he is undergoing a centripetal 
acceleration relative to the inertial frame of the Earth’s surface. He starts off seeing 
the baseball coming toward him, but as it crosses the platform, it veers to one side 
as shown in Figure 6.11b. Therefore, your friend on the rotating platform states that 
the ball does not obey Newton’s first law and claims that a sideways force is causing 
the ball to follow a curved path. This fictitious force is called the Coriolis force.
 Fictitious forces may not be real forces, but they can have real effects. An object 
on your dashboard really slides off if you press the accelerator of your car. As you 
ride on a merry-go-round, you feel pushed toward the outside as if due to the ficti-
tious “centrifugal force.” You are likely to fall over and injure yourself due to the 
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We call the non-inertial observer’s fictitious outward force the
centrifugal “force”.
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force has acted on the puck to cause it to accelerate. We call an apparent force such 
as this one a fictitious force because it is not a real force and is due only to observa-
tions made in an accelerated reference frame. A fictitious force appears to act on an 
object in the same way as a real force. Real forces are always interactions between 
two objects, however, and you cannot identify a second object for a fictitious force. 
(What second object is interacting with the puck to cause it to accelerate?) In gen-
eral, simple fictitious forces appear to act in the direction opposite that of the acceler-
ation of the noninertial frame. For example, the train accelerates forward and there 
appears to be a fictitious force causing the puck to slide toward the back of the train.
 The train example describes a fictitious force due to a change in the train’s 
speed. Another fictitious force is due to the change in the direction of the veloc-
ity vector. To understand the motion of a system that is noninertial because of a 
change in direction, consider a car traveling along a highway at a high speed and 
approaching a curved exit ramp on the left as shown in Figure 6.10a. As the car 
takes the sharp left turn on the ramp, a person sitting in the passenger seat leans or 
slides to the right and hits the door. At that point the force exerted by the door on 
the passenger keeps her from being ejected from the car. What causes her to move 
toward the door? A popular but incorrect explanation is that a force acting toward 
the right in Figure 6.10b pushes the passenger outward from the center of the cir-
cular path. Although often called the “centrifugal force,” it is a fictitious force. The 
car represents a noninertial reference frame that has a centripetal  acceleration 
toward the center of its circular path. As a result, the passenger feels an apparent 
force which is outward from the center of the circular path, or to the right in Figure 
6.10b, in the direction opposite that of the acceleration.
 Let us address this phenomenon in terms of Newton’s laws. Before the car enters 
the ramp, the passenger is moving in a straight-line path. As the car enters the 
ramp and travels a curved path, the passenger tends to move along the original 
straight-line path, which is in accordance with Newton’s first law: the natural ten-
dency of an object is to continue moving in a straight line. If a sufficiently large 
force (toward the center of curvature) acts on the passenger as in Figure 6.10c, 
however, she moves in a curved path along with the car. This force is the force of 
friction between her and the car seat. If this friction force is not large enough, the 
seat follows a curved path while the passenger tends to continue in the straight-line 
path of the car before the car began the turn. Therefore, from the point of view of 
an observer in the car, the passenger leans or slides to the right relative to the seat. 
Eventually, she encounters the door, which provides a force large enough to enable 
her to follow the same curved path as the car.
 Another interesting fictitious force is the “Coriolis force.” It is an apparent force 
caused by changing the radial position of an object in a rotating coordinate system.
 For example, suppose you and a friend are on opposite sides of a rotating circular 
platform and you decide to throw a baseball to your friend. Figure 6.11a on page 
160 represents what an observer would see if the ball is viewed while the observer is 
hovering at rest above the rotating platform. According to this observer, who is in an 
inertial frame, the ball follows a straight line as it must according to Newton’s first 
law. At t 5 0 you throw the ball toward your friend, but by the time tf when the ball 
has crossed the platform, your friend has moved to a new position and can’t catch 
the ball. Now, however, consider the situation from your friend’s viewpoint. Your 
friend is in a noninertial reference frame because he is undergoing a centripetal 
acceleration relative to the inertial frame of the Earth’s surface. He starts off seeing 
the baseball coming toward him, but as it crosses the platform, it veers to one side 
as shown in Figure 6.11b. Therefore, your friend on the rotating platform states that 
the ball does not obey Newton’s first law and claims that a sideways force is causing 
the ball to follow a curved path. This fictitious force is called the Coriolis force.
 Fictitious forces may not be real forces, but they can have real effects. An object 
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Question

Quick Quiz 6.31 Consider the passenger in the car making a left
turn. Which of the following is correct about forces in the
horizontal direction if she is making contact with the right-hand
door?

The passenger is ...

(A) in equilibrium between real forces acting to the right and real
forces acting to the left.

(B) subject only to real forces acting to the right.

(C) subject only to real forces acting to the left.

(D) None of those statements is true.

2Serway & Jewett, page 160.
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Rotating Frames: Coriolis “Force”

There is another fictitious force that non-inertial observers see in a
rotating frame.

160 Chapter 6 Circular Motion and Other Applications of Newton’s Laws

Coriolis force if you walk along a radial line while a merry-go-round rotates. (One 
of the authors did so and suffered a separation of the ligaments from his ribs when 
he fell over.) The Coriolis force due to the rotation of the Earth is responsible for 
rotations of hurricanes and for large-scale ocean currents.

Q uick Quiz 6.3 Consider the passenger in the car making a left turn in Figure 6.10.  
Which of the following is correct about forces in the horizontal direction if she 
is making contact with the right-hand door? (a) The passenger is in equilibrium 
between real forces acting to the right and real forces acting to the left. (b) The 
passenger is subject only to real forces acting to the right. (c) The passenger is sub-
ject only to real forces acting to the left. (d) None of those statements is true.

Friend at
t ! 0

You at
t ! 0

Friend at
t ! tf

Ball at
t ! tf

You at
t ! tf Ball at

t ! 0

By the time tf  that the ball arrives at the other side 
of the platform, your friend is no longer there to 
catch it. According to this observer, the ball follows 
a straight-line path, consistent with Newton’s laws.

From your friend’s point of view, the ball veers to 
one side during its flight. Your friend introduces a 
fictitious force to explain this deviation from the 
expected path.

a b

Figure 6.11 You and your friend stand at the edge of a rotating circular platform. You throw the 
ball at t 5 0 in the direction of your friend. (a) Overhead view observed by someone in an inertial ref-
erence frame attached to the Earth. The ground appears stationary, and the platform rotates clock-
wise. (b) Overhead view observed by someone in an inertial reference frame attached to the platform. 
The platform appears stationary, and the ground rotates counterclockwise.

Pitfall Prevention 6.2
Centrifugal Force The commonly 
heard phrase “centrifugal force” 
is described as a force pulling 
outward on an object moving in a 
circular path. If you are feeling a 
“centrifugal force” on a rotating 
carnival ride, what is the other 
object with which you are interact-
ing? You cannot identify another 
object because it is a fictitious 
force that occurs when you are in 
a noninertial reference frame. 

Example 6.7   Fictitious Forces in Linear Motion 

A small sphere of mass m hangs by a cord from the ceiling of a boxcar that is accelerating to the right as shown in Fig-
ure 6.12. Both the inertial observer on the ground in Figure 6.12a and the noninertial observer on the train in Figure 
6.12b agree that the cord makes an angle u with respect to the vertical. The noninertial observer claims that a force, 
which we know to be fictitious, causes the observed deviation of the cord from the vertical. How is the magnitude of 
this force related to the boxcar’s acceleration measured by the inertial observer in Figure 6.12a?

Conceptualize Place yourself in the role of each of the two observers in Figure 6.12. As the inertial observer on the 
ground, you see the boxcar accelerating and know that the deviation of the cord is due to this acceleration. As the 
noninertial observer on the boxcar, imagine that you ignore any effects of the car’s motion so that you are not aware of 
its acceleration. Because you are unaware of this acceleration, you claim that a force is pushing sideways on the sphere 
to cause the deviation of the cord from the vertical. To make the conceptualization more real, try running from rest 
while holding a hanging object on a string and notice that the string is at an angle to the vertical while you are acceler-
ating, as if a force is pushing the object backward.

AM

S O L U T I O N

The Coriolis “force” appears as a fictitious sideways force to a
non-inertial observer.



Rotating Frames: Coriolis “Force”

We can detect the effect of Earth’s rotation: they manifest as
Coriolis effects.

eg. ocean surface currents:

1Figure from http://www.seos-project.eu/



Example, Force on rotating object
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of kinetic friction mk between the backpack and the 
elevator floor.

 25. A small container of water is placed on a turntable 
inside a microwave oven, at a radius of 12.0 cm from 
the center. The turntable rotates steadily, turning one 
revolution in each 7.25 s. What angle does the water 
surface make with the horizontal?

Section 6.4 Motion in the Presence of Resistive Forces
 26. Review. (a) Estimate the terminal speed of a wooden 

sphere (density 0.830 g/cm3) falling through air, tak-
ing its radius as 8.00 cm and its drag coefficient as 
0.500. (b)  From what height would a freely falling 
object reach this speed in the absence of air resistance?

 27. The mass of a sports car is 1 200 kg. The shape of the 
body is such that the aerodynamic drag coefficient 
is 0.250 and the frontal area is 2.20 m2. Ignoring all 
other sources of friction, calculate the initial accelera-
tion the car has if it has been traveling at 100 km/h 
and is now shifted into neutral and allowed to coast.

 28. A skydiver of mass 80.0 kg jumps from a slow-moving 
aircraft and reaches a terminal speed of 50.0 m/s.  
(a) What is her acceleration when her speed is 30.0 m/s?  
What is the drag force on the skydiver when her speed 
is (b) 50.0 m/s and (c) 30.0 m/s?

 29. Calculate the force required to pull a copper ball of 
radius 2.00 cm upward through a fluid at the con-
stant speed 9.00 cm/s. Take the drag force to be pro-
portional to the speed, with proportionality constant 
0.950 kg/s. Ignore the buoyant force.

 30. A small piece of Styrofoam packing material is dropped 
from a height of 2.00 m above the ground. Until it 
reaches terminal speed, the magnitude of its accelera-
tion is given by a 5 g 2 Bv. After falling 0.500 m, the 
Styrofoam effectively reaches terminal speed and then 
takes 5.00 s more to reach the ground. (a) What is the 
value of the constant B? (b) What is the acceleration at 
t 5 0? (c) What is the acceleration when the speed is 
0.150 m/s?

 31. A small, spherical bead of mass 3.00 g is released from 
rest at t 5 0 from a point under the surface of a vis-
cous liquid. The terminal speed is observed to be vT 5  
2.00 cm/s. Find (a) the value of the constant b that 
appears in Equation 6.2, (b) the time t at which the 
bead reaches 0.632vT, and (c) the value of the resistive 
force when the bead reaches terminal speed.

 32. At major league baseball games, it is commonplace to 
flash on the scoreboard a speed for each pitch. This 
speed is determined with a radar gun aimed by an 
operator positioned behind home plate. The gun uses 
the Doppler shift of microwaves reflected from the 
baseball, an effect we will study in Chapter 39. The gun 
determines the speed at some particular point on the 
baseball’s path, depending on when the operator pulls 
the trigger. Because the ball is subject to a drag force 
due to air proportional to the square of its speed given 
by R 5 kmv2, it slows as it travels 18.3 m toward the 
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lowest point instead of swinging up? (e) Explain your 
answer to part (d).

 19. An adventurous archeologist (m 5 85.0 kg) tries to cross 
a river by swinging from a vine. The vine is 10.0 m long, 
and his speed at the bottom of the swing is 8.00 m/s.  
The archeologist doesn’t know that the vine has a 
breaking strength of 1 000 N. Does he make it across 
the river without falling in?

Section 6.3 Motion in Accelerated Frames
 20. An object of mass m 5 

5.00  kg, attached to a 
spring scale, rests on a 
frictionless, horizontal 
surface as shown in Fig-
ure P6.20. The spring 
scale, attached to the 
front end of a boxcar, 
reads zero when the  
car is at rest. (a) Determine the acceleration of the car 
if the spring scale has a constant reading of 18.0 N 
when the car is in motion. (b) What constant reading 
will the spring scale show if the car moves with con-
stant velocity? Describe the forces on the object as 
observed (c) by someone in the car and (d) by some-
one at rest outside the car.

 21. An object of mass m 5 
0.500 kg is suspended 
from the ceiling of an 
accelerating truck as 
shown in Figure P6.21. 
Taking a 5 3.00 m/s2, 
find (a) the angle u that 
the string makes with 
the vertical and (b) the 
tension T in the string.

 22. A child lying on her back experiences 55.0 N tension in 
the muscles on both sides of her neck when she raises 
her head to look past her toes. Later, sliding feet first 
down a water slide at terminal speed 5.70 m/s and rid-
ing high on the outside wall of a horizontal curve of 
radius 2.40 m, she raises her head again to look for-
ward past her toes. Find the tension in the muscles on 
both sides of her neck while she is sliding.

 23. A person stands on a scale in an elevator. As the elevator 
starts, the scale has a constant reading of 591 N. As the 
elevator later stops, the scale reading is 391 N. Assum-
ing the magnitude of the acceleration is the same  
during starting and stopping, determine (a) the weight 
of the person, (b) the person’s mass, and (c) the accel-
eration of the elevator.

 24. Review. A student, along with her backpack on the 
floor next to her, are in an elevator that is accelerat-
ing upward with acceleration a. The student gives her 
backpack a quick kick at t 5 0, imparting to it speed 
v and causing it to slide across the elevator floor. 
At time t, the backpack hits the opposite wall a dis-
tance L away from the student. Find the coefficient 

m

Figure P6.20

u
m
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Figure P6.21
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Example, Force on rotating object

Hint: consider the forces that act on a small blob of water in the
container.

This situation is similar to the banked turn problem from the
previous lecture.

v =
2πr

T
, r = 0.12 m , T = 7.25 s

v =
2πr

T

v =
2π(0.12)

(7.25)

v = 0.1040 m/s
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Example, Force on rotating object

y -direction:

Fnet,y = 0

=⇒ ny = mg

n cos θ = mg

n =
mg

cos θ

x-direction:

Fnet,x =
mv2

r

=⇒ nx =
mv2

r

n sin θ =
mv2

r
mg

cos θ
sin θ =

mv2

r

θ = tan−1

(
v2

rg

)

θ = tan−1

(
(0.1040)2

(0.12)g

)
θ = 0.527◦
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you found in part (c). (d) How far to 
the west of the hole does the ball land?

 68. A single bead can slide with negligible 
friction on a stiff wire that has been 
bent into a circular loop of radius 
15.0 cm as shown in Figure P6.68. The 
circle is always in a vertical plane and 
rotates steadily about its vertical diam-
eter with a period of 0.450 s. The posi-
tion of the bead is described by the 
angle u that the radial line, from the center of the loop 
to the bead, makes with the vertical. (a) At what angle 
up from the bottom of the circle can the bead stay 
motionless relative to the turning circle? (b) What If? 
Repeat the problem, this time taking the period of the 
circle’s rotation as 0.850 s. (c) Describe how the solu-
tion to part (b) is different from the solution to part 
(a). (d) For any period or loop size, is there always an 
angle at which the bead can stand still relative to the 
loop? (e) Are there ever more than two angles? Arnold 
Arons suggested the idea for this problem.

 69. The expression F 5 arv 1 br 2v2 gives the magnitude of 
the resistive force (in newtons) exerted on a sphere of 
radius r (in meters) by a stream of air moving at speed 
v (in meters per second), where a and b are constants 
with appropriate SI units. Their numerical values are 
a 5 3.10 3 1024 and b 5 0.870. Using this expression, 
find the terminal speed for water droplets falling under 
their own weight in air, taking the following values for 
the drop radii: (a) 10.0 mm, (b) 100 mm, (c) 1.00 mm. 
For parts (a) and (c), you can obtain accurate answers 
without solving a quadratic equation by considering 
which of the two contributions to the air resistance is 
dominant and ignoring the lesser contribution.

 70. Because of the Earth’s rotation, a plumb bob does not 
hang exactly along a line directed to the center of the 
Earth. How much does the plumb bob deviate from a 
radial line at 35.08 north latitude? Assume the Earth is 
spherical.

Q/C

 66. For t , 0, an object of mass m experiences no force and 
moves in the positive x direction with a constant speed 
vi. Beginning at t 5 0, when the object passes position 
x 5 0, it experiences a net resistive force proportional  
to the square of its speed: F

S
net 5 2mkv2

 î, where k is a 
constant. The speed of the object after t 5 0 is given by 
v 5 vi/(1 1 kvit). (a) Find the position x of the object as 
a function of time. (b) Find the object’s velocity as a 
function of position.

 67. A golfer tees off from 
a location precisely at 
fi 5 35.08 north lati-
tude. He hits the ball 
due south, with range 
285  m. The ball’s ini-
tial velocity is at 48.08 
above the horizontal. 
Suppose air resistance 
is negligible for the golf 
ball. (a) For how long 
is the ball in flight? 
The cup is due south 
of the golfer’s location, and the golfer would have a 
hole-in-one if the Earth were not rotating. The Earth’s 
rotation makes the tee move in a circle of radius  
RE cos fi 5 (6.37 3 106 m) cos 35.08 as shown in Fig-
ure P6.67. The tee completes one revolution each day. 
(b) Find the eastward speed of the tee relative to the 
stars. The hole is also moving east, but it is 285 m 
farther south and thus at a slightly lower latitude ff . 
Because the hole moves in a slightly larger circle, its 
speed must be greater than that of the tee. (c) By how 
much does the hole’s speed exceed that of the tee? 
During the time interval the ball is in flight, it moves 
upward and downward as well as southward with the 
projectile motion you studied in Chapter 4, but it 
also moves eastward with the speed you found in part  
(b). The hole moves to the east at a faster speed, how-
ever, pulling ahead of the ball with the relative speed 

S

North
Pole

Radius of circular
path of tee

Tee Golf ball
trajectory

Hole

Equator

RE cos fi

RE

fi

Figure P6.67

u

Figure P6.68

REarth = 6.37× 106 m, Trev = 24 h× 3600 s h−1 = 86, 400 s
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Rotating Frame Problem

       

P6.70 At a latitude of 35°, the centripetal acceleration of a plumb bob is directed at
35° to the local normal, as can be seen from the following diagram below at
left.

Therefore, if we look at a diagram of the forces on the plumb bob and its
acceleration with the local normal in a vertical orientation, we see the second
diagram in ANS. FIG. P6.70:

ANS. FIG. P6.70
We first find the centripetal acceleration of the plumb bob. The first figure shows

that the radius of the circular path of the plumb bob is 
R cos 35.0°, where R is the radius of the Earth. The acceleration is

 
Apply the particle under a net force model to the plumb bob in both x and y

directions in the second diagram:


Divide the equations:






 

ANSWERS TO EVEN-NUMBERED PROBLEMS
 

P6.2 (a) 1.65 × 103 m/s; (b) 6.84 × 103 s

P6.4 215 N, horizontally inward

P6.6 (a) ; (b) 6.53 m/s, 

P6.8 (a) ; (b) a = 0.857 m/s2

P6.10 The situation is impossible because the speed of the object is too small,

1Figure from Serway & Jewett Instructor materials.



Rotating Frame Problem

v = ∆x
∆t =

2πr
Trev

Let the y -direction be radial from the center of the Earth and the
x-direction be tangent to the Earth’s surface.

Fnet,y = −
mv2

r
cos(35)

T cosφ−mg = −
mv2

r
cos(35)

T cosφ = mg −
mv2

r
cos(35)

Fnet,x =
mv2

r
sin(35)

T sinφ =
mv2

r
sin(35)

Dividing:

tanφ =
v2

r sin(35)

g − v2

r cos(35)
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Rotating Frame Problem

φ = tan−1

(
v2

r sin(35)

g − v2

r cos(35)

)

REarth = 6.37× 106 m, Trev = 24 h× 3600 s h−1 = 86, 400 s

v2

r = 1
r

(
2πr
T

)2
= 4π2(REarth cos(35))

T 2
rev

φ = 0.0928◦



Summary

• accelerated frames: rotating frames

• practice with rotating frames

Test Monday, Feb 10.

(Uncollected) Homework
Serway & Jewett,

• Read Chapter 6 if you haven’t already.

• Ch 6, onward from page 171. Probs: 7, 59, 67(don’t spend
too long on it)


