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Activity 9 Circular Motion

What Do You Think?
Racecars can make turns at 150 mph.

• What forces act on a racecar when it moves
along a circular path at constant speed on a
flat, horizontal surface? 

Record your ideas about this question in your Active Physics
log. Be prepared to discuss your responses with your small
group and the class.

For You To Do
1. Hold an accelerometer
in your hands and observe
it as you either sit on a
rotating stool or spin

around while standing. What is the
direction of the acceleration
indicated by the accelerometer?
(You can find out how the
cork indicates acceleration
by holding it and noting its
behavior as you accelerate forward.)

To avoid becoming
too dizzy, limit your spins
while standing to about four.

GOALS
In this activity you will:

• Understand that a
centripetal force is
required to keep a mass
moving in a circular path
at constant speed.

• Understand that a
centripetal acceleration
accompanies a centripetal
force, and that, at any
instant, both the
acceleration and force are
directed toward the center
of the circular path.

• Apply the equation for
circular motion.

• Understand that
centrifugal force is the
reaction to centripetal
force. 
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a) Make a sketch in your log to simulate a snapshot photo
taken from above as the accelerometer was moving along a
circular path. Show the circular path, the accelerometer
“frozen” at one instant, the cork “frozen” in leaning
position, and an arrow to represent the velocity of the
accelerometer at the instant represented by your sketch.

2. Review in your textbook and your log how you used a force
meter to apply a constant force to objects to cause the objects
to accelerate in Activity 2.

a) Based on the results of Activity 2, write a brief statement
in your log that summarizes how the amount and direction
of acceleration of an object depends on amount and
direction of the force acting on the object.

3. Start a ball rolling across the floor. While it is rolling, catch
up with the ball and use the force meter to push exactly
sideways, or perpendicular, to the motion of the ball with a
fixed amount of force. Carefully follow alongside the ball and,
as will be necessary, keep adjusting the direction of push so
that it is always perpendicular to the motion of the ball.

a) Make a top view sketch in your log that shows:

• a line to represent the straight-line path of the ball
before you began pushing sideways on the ball

• a dashed line to represent the straight-line path on
which the ball would have continued moving if you 
had not pushed sideways on it

• a line of appropriate shape to show the path taken by
the ball as you pushed perpendicular to the direction 
of the ball’s motion with a constant amount of force.

b) When you pushed on the ball exactly sideways to its
motion, did you cause the ball to move either faster or
slower? Explain your answer.

c) Assuming that friction could be eliminated to allow the
ball to continue moving at constant speed, describe what
you would need to do to make the ball keep moving on a
circular path.

d) If you stop pushing on the ball, how does the ball move?
Try it, and use a sketch and words in your log to describe
what happens.

APS.SE.Ch01  8/31/04  11:52 AM  Page 70



Active Physical Science 
71

Activity 9 Circular Motion

4. Review each of the items listed below. Copy each item into
your log and write a statement to discuss how each item is
related to an object moving along a circular path. If an item
does not apply to circular motion, explain why.

a) Galileo’s Principle of Inertia
b) Newton’s First Law of Motion
c) Newton’s Second Law of Motion

FOR YOU TO READ

The Unbalanced Force
Required for Circular
Motion

During the above activities you saw two things
that are related by Newton’s Second Law 
of Motion, F = ma. First, the accelerometer
showed that when an object moves in a
circular path there is an acceleration that at
any instant is toward the center of the circle.
This acceleration has a special name,
centripetal acceleration.The word
centripetal means “toward-the-center”;
therefore, centripetal acceleration refers to
acceleration toward the center of the circle
when an object moves in a circular path.

You also saw that a centripetal force, a toward-
the-center force, causes circular motion.When
a centripetal force is applied to a moving
object, the object’s path curves; without the
centripetal force, the object follows the
tendency to move in a straight line.Therefore,
a centripetal force, when applied, is an
unbalanced force, meaning that it is not
“balanced off” by another force.

Newton’s Second Law seems to apply to
circular motion just as well as it applies to
accelerated motion along a straight line, but
with a strange “twist.” It is a clearly correct
application of F = ma to say that a centripetal
force, F, causes a mass, m, to experience an
acceleration, a. However, the strange part is
that when an object moves along a circular
path at constant speed, acceleration is
happening with no change in the object’s
speed.The force changes the direction of 
the velocity.

Velocity describes both the amount of speed
and the direction of motion of an object.
Thinking about the velocity of an object
moving with constant speed on a circular path,
it is true that the velocity is changing
from one instant to the
next not in the amount
of the velocity, but
with respect to the
direction of the velocity.
The diagram shows an
object moving at constant
speed on a circular path.Arrows are used to
represent the velocity of the object at several
instants during one trip around the circle.

➔

Physics Words
centripetal acceleration:
the inward radial
acceleration of an object
moving at a constant
speed in a circle.
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Physicists have shown that a special form of
Newton’s Second Law governs circular motion:

Fc = mac = ��
m
r
v2
�

where Fc is the centripetal force in newtons,
m is the mass of the object moving on the
circular path in kilograms,
ac is the centripetal acceleration in m/s2,
v is the velocity in m/s, and
r is the radius of the circular path in meters.

Sample Problem 

Find the centripetal force required to cause 
a 1000.0-kg automobile travelling at 27.0 m/s 
(60 miles/hour) to turn on an unbanked curve
having a radius of 100.0 m.

Strategy: This problem requires you to find
centripetal force.You can use the equation that
uses Newton’s Second Law to calculate Fc .

Givens:
m = 1000.0 kg

y = 27.0 m/s

r = 100.0 m/s

Solution:
Fc = ��

m
r
v2
� 

= 

= 

= 7300 N

If the force of friction is less than the above
amount, the car will not follow the curve and
will skid in the direction in which it is travelling
at the instant the tires “break loose.”

(1000.0 kg × 730 m2/s2)
���

100.0 m

(1000.0 kg (27.0 m/s)2

��
100.0 m
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Reflecting on the Activity  and the Challenge
Both circular motion and motion along curved paths that are
not parts of perfect circles are involved in many sports. For
example, both the discus and hammer throw events in track
and field involve rapid circular motion before launching a
projectile. Track, speed skating, and automobile races are done
on curved paths. Whenever an object or athlete is observed to
move along a curved path, you can be sure that a force is acting
to cause the change in direction. Now you are prepared to
provide voice-over explanations of examples of motion along
curved paths in sports, and in many cases you perhaps can
estimate the amount of force involved.

Physics To Go
1. For the car used as the example in the For You To Read,

what is the minimum value of the coefficient of sliding
friction between the car tires and the road surface that 
will allow the car to go around the curve without skidding?
(Hint: First calculate the weight of the car, in newtons.)

2. If you twirl an object on the end of a string, you, of course,
must maintain an inward, centripetal force to keep the object
moving in a circular path. You feel a force that seems to be
pulling outward along the string toward the object. But the
outward force that you detect, called the “centrifugal force,” is
only the reaction to the centripetal force that you are
applying to the string. Contrary to what many people believe,
there is no outward force acting on an object moving in a
circular path. Explain why this must be true in terms of
what happens if the string breaks while you are twirling 
an object.

3. A 50.0-kg jet pilot in level flight at a constant speed of 
270.0 m/s (600 miles per hour) feels the seat of the airplane 
pushing up on her with a force equal to her normal weight,
50.0 kg × 10 m/s2 = 500 N. If she rolls the airplane on its side
and executes a tight circular turn that has a radius of 
1000.0 m, with how much force will the seat of the airplane
push on her? How many “g’s” (how many times her normal
weight) will she experience?
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4. Imagine a video segment of an athlete or an item of sporting
equipment moving on a circular path in a sporting event.
Estimate the mass, speed, and radius of the circle. Use the
estimated values to calculate centripetal force and identify
the source of the force.

5. Below are alternate explanations of the same event given by
a person who was not wearing a seat belt when a car went
around a sharp curve:

a) “I was sitting near the middle of the front seat when the
car turned sharply to the left. The centrifugal force made
my body slide across the seat toward the right, outward
from the center of the curve, and then my right shoulder
slammed against the door on the passenger side of the car.”

b) “I was sitting near the middle of the front seat when the
car turned sharply to the left. My body kept going in a
straight line while, at the same time due to insufficient
friction, the seat slid to the left beneath me, until the door
on the passenger side of the car had moved far enough to
the left to exert a centripetal force against my right
shoulder.”

Are both explanations correct, or is one right and one wrong?
Explain your answer in terms of both explanations.

6. People seem to be fascinated with having their bodies put in
a state of circular motion. Describe an amusement park ride
based on circular motion that you think is fun, and describe
what happens to your body during the ride.

7. a) Explain why football players fall on a wet field while
changing directions during a play.

b) Include the concepts centripetal force and Newton’s Laws
in a revised explanation.

c) In a new revision, make the explanation exciting enough to
include in your sports video voice-over.
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