
SECTION 7
Centripetal Force: Driving on Curves
Section Overview 

Students identify and test the nature of centripetal 
force. A toy car is tied to the end of a string and 
released. The students then relate factors that 
control the motion of the toy car in a circular path 
to the motion of a vehicle traveling around a curve. 
This section builds on Newton’s fi rst law. The 
formula to calculate the centripetal force is provided 
at a later stage and sample problems further 
illustrate how the magnitude of force is determined 
through the given variables. Students also learn 
from their investigation what happens to an object 
moving along a circular path in the absence of a 
centripetal force. 

Background Information

Sir Isaac Newton did more than anyone else to 
unravel the mysteries of motion. Born on Christmas 
Day in 1642, this English physicist organized 
his observations into scientifi c laws that helped 
predict motion. Newton noticed objects in motion 
continued to move until a force acted upon them. 
A ball rolling would continue to move forever 
if friction did not eventually slow the ball. A 
surface, like sandpaper, with great friction would 
slow the ball faster than a surface with low friction. 
Newton’s fi rst law of motion is often called the law 
of inertia. The law states that an object in motion or 
at rest will remain in motion or at rest unless acted 
upon by an outside, unbalanced force. Therefore, 
an object moving in a straight path must have an 
outside unbalanced force acting on it to change 
its velocity (speed) or its path. Any change in the 
velocity must involve an acceleration ( )a v t= Δ Δ . 
The change in velocity can be a change in speed, 
or a change in direction, as is the case for objects 
moving in a circular path.  

In order for an object to stay in a circular path, 
there must be a force acting on the object to keep it 
from moving in a straight line (Newton’s fi rst law). 
This force is the centripetal force (Fc) which always 
acts toward the center of the circle as shown in the 
equation F mac c= .

A ball on the end of a string stays in a circular path 
because a force acts on the ball to keep it from 
going in a straight line. This force is supplied by the 
tension applied to the string from the center of the 
circle. Previously, the speed of an object was found 
by using the formula v d t= .

The same formula is used for an object traveling 
in a circular path, where the distance is the 
circumference, 2πr, and the time is the period of 
one complete rotation (called the period — T). 
Therefore, the speed of an object is v r T= 2π .

To fi nd the period, when you know the frequency,
T f= 1 .

If a turntable is revolving at 10 revolutions per 
second, the time (period) for one revolution is

T
f

= = = =1 1
10

0 1
rev/s

s/rev 0.1 s. .

Centripetal Force

According to Newton’s fi rst law of motion, an 
object in motion will continue in motion unless 
acted upon by an outside unbalanced force (a push 
or a pull). Therefore, an object that is moving at a 
constant speed in a circle must have a force acting 
on that object to keep it turning. That force is the 
centripetal force.
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The centripetal force is directed toward the center of 
the circular path. The force is supplied by the tension 
in the string on a fl ying ball, friction between the 

tires and the road of a turning vehicle, and gravity as 
the space shuttle orbits Earth.

Crucial Physics

Turning an automobile also produces acceleration.• 

A force is required to turn an automobile.• 

° The force is toward the center of the circle.

° The force is always changing direction (since it is always toward the center).

Learning Outcomes Location in the Section Evidence of Understanding

Recognize the need for a 
centripetal force when rounding 
a curve.

Investigate
Steps 2, 5-9

Students make an object go in a curve.

Predict the effect of an 
inadequate centripetal force.

Investigate
Steps 2 and 6 

Students calculate speed just before the object slides off 
the turntable. 

Relate speed to centripetal force. Investigate
Step 9

Students change the speed to see a change in the 
centripetal force.
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Materials and Equipment

PLAN A
Materials and Equipment

Group 
(4 students)

Class

Stopwatch 2 per group

Ruler, metric, 30 cm 1 per group

Car, toy, battery operated 1 per group

Turn table, heavy duty 1 per group

Piece, wood, 1 in. x 2 in. x 2 in. 1 per group

Cork, accelerometer 1 per group

Ball, bocce 1 per group

Battery, AA 1 per group

Sandpaper, 60 grit 1 per group

Tape, masking 1 per class

String, ball 1 per class

Stool, rotating* 1 per class

Helmet, safety* 1 per class

Pads, knee* 1 set per class

Pads, elbow* 1 set per class

Rolled up newspaper or 
magazine* 1 per group

*Additional items needed not supplied

PLAN B
Materials and Equipment

Group 
(4 students)

Class

Stopwatch 2 per group

Ruler, metric, 30 cm 1 per group

Car, toy, battery operated 1 per group

Turn table, heavy duty 1 per class

Piece, wood, 1 in. x 2 in. x 2 in. 1 per class

Cork, accelerometer 1 per class

Ball, bocce 1 per group

Battery, AA 1 per group

Sandpaper, 60 grit 1 per class

Tape, masking 1 per class

String, ball 1 per class

Stool, rotating* 1 per class

Helmet, safety* 1 per class

Pads, knee* 1 set per class

Pads, elbow* 1 set per class

Rolled up newspaper or 
magazine* 1 per group

*Additional items needed not supplied

Note: Time, Preparation, and Safety requirements 
are based on Plan A, if using Plan B, please adjust 
accordingly. 

Time Requirement

The approximate time for this investigation will 
be 30 minutes. Extra time will be required to 
perform more tests with the block on the turntable, 
investigating different surfaces.

Teacher Preparation

•  Check to be certain that the toy cars the students 
will be using have batteries that are in good shape.

•  You might wish to tape a card to the outer edge 
of the turntable to help students in counting the 
revolutions per minute.

•  Accelerometers come in several varieties. Make 
certain you understand how each works.

•  Either a rotating stool or chair may be used for 
Step 10. If one is not available in your classroom, 
you might be able to obtain one from another lab.

Safety Requirements

•  If a student will be sitting in the rotating chair 
when holding the accelerometer, be certain that 
the student has the necessary safety gear to 
prevent injury should he or she fall out of the 
chair (helmet, kneepads, etc.).

•  If toy cars are used on the fl oor in Steps 2 and 3, 
make certain they are picked up immediately to 
prevent a tripping hazard.

•  When the ball is pushed across the fl oor with a 
magazine, make certain the area is clear of any 
obstructions the student might run into while 
concentrating on the ball. The ball must be picked 
up immediately upon completion of this part of 
the investigation. 
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NOTES
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Learning Issue Reference Augmentation and Accommodations

Creating a table to 
record data

Investigate
Steps 4-9

Augmentation
•  Students with organizational and graphomotor issues struggle to create a data 

table without a model. They are asked to record the type of surface, the radius from 
the block to the center of the turntable, the time required for 10 revolutions, the 
number of revolutions per minute, the time for one revolution, the circumference 
of the circle, and the speed of the block. All this data must be recorded for a 
number of scenarios. Instruct students to turn their page to landscape format. Then 
model how to draw a table that will fi t all of the required information. Make sure 
that students draw their tables large enough to include all the data.

Accommodation
•  Provide students with a table to tape into their Active Physics logs. Provide a ruler 

or index card to assist students in tracking columns and rows to record data. 

Completing 
calculations with 
data collected in an 
investigation

Investigate
Steps 4-9

Augmentation
•  Model one example of the correct way to collect the data needed for this 

Investigate. Then show students how to complete one row of calculations that they 
can use as a reference to complete the Investigate.

Understanding
vocabulary

Investigate
Step 11

Augmentation
•  Students are asked to push the ball with a motion that is perpendicular to the 

motion of the ball. Students may not remember what perpendicular means. Explain 
the defi nition and provide an example.

•  Model how to push the ball with a motion that is perpendicular to the ball’s 
motion.

Using text to 
fi nd answers

Checking Up Augmentation
•  Students with reading comprehension issues struggle to use texts effectively 

or effi ciently to understand new information. Instruct students to read the 
Checking Up questions before they read the Physics Talk section. This creates a 
purpose for the reading that will help students focus on the main points needed 
to answer the questions.

Accommodation
•  Give students a copy of the Physics Talk and tell them to highlight the answers 

to the Checking Up questions. This allows students to focus only on the reading, 
instead of both reading and writing at the same time. Also, students can see the 
reading passage and questions side-by-side.

Understanding
vocabulary

Physics Essential 
Questions
Why should 
you care?

Augmentation
•  This question uses many words that may confuse students, such as “consequences,” 

“exceeding,” “imposed,” and “road-tire interface.” Ask students to restate the 
question in their own words to check for understanding, or assist a confused 
classmate before students try to answer the question on their own.

Solving word
problems

Physics to Go
Steps 1-3, 8

Augmentation
•  Remind students to use their work from the Investigate to help them solve these 

problems.

Meeting the Needs of All Students
Differentiated Instruction: Augmentation and Accommodations
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Strategies for Students with Limited English-Language Profi ciency

Cloze Activity

Consider fi nishing this section with a cloze activity. Cloze activities are useful tools for summarizing material 
and for giving English-language learners an opportunity to practice vocabulary using science words in 
context. Write the following paragraph on the board, replacing the underlined words with write-on-lines. 
Encourage volunteers to fi ll in the blanks.

1-7a Blackline Master

Centripetal acceleration involves a change in a vehicle’s velocity, but not necessarily a change in speed. In 
the equation, a v r= 2 , a is acceleration, v is velocity, and r is the radius of the curve. In the equation for 
centripetal force, F mv r= 2 , F is force and m is mass. Circular motion requires a force toward the center 
of the circle, called the centripetal force. In the case of a car going around a curve, the force is the friction 
between the tires and the road surface. The smaller the radius of a curve, the lower the maximum safe speed 
for driving around that curve. 
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Learning Issue Reference Augmentation

Following complex 
procedures

Investigate Break down the Investigate into smaller chunks that allow students to comprehend 
each portion of the investigation before moving on to the next one. This will allow 
them to get comfortable following the procedures outlined within each step, and 
also to internalize new concepts and any new vocabulary that is introduced within a 
step. Lead a brief class discussion after each step to allow students opportunities to 
demonstrate knowledge and use the vocabulary.

Calculating with pi (π) Investigate, 
Step 7

Collaborate with the students’ math teachers to determine what level of familiarity 
students have with pi (π). Also, decide on the value of π you would like students to 
use for the calculations in this section.

Inferences, Vocabulary 
comprehension

Physics Essential 
Questions 
Why should you 
care?

Ask students to infer the meaning of “road-tire interface.” Using context clues, 
students can infer that it means the common boundary of the road and the tires. 
Explain that “interface” is a combination of the base word “face” and the prefi x 
“inter,” meaning “between two faces.” It may help to connect with the geometrical 
meaning of “face”: a fl at surface of a solid. 

Vocabulary 
comprehension

Inquiring Further
Question 1

Students may not know the term “banking” in the context of a curve: to build a road 
upward from the curve’s inside edge. A car on a banked curve is not on a horizontal 
surface. You can model a car traveling on a banked curve with a toy car or even just 
your hand. 
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 What Do You See?

A vehicle speeding around a 
curve conveys the topic of this 
section in a strong visual to 
stimulate students’ curiosity. You 
might want to ask them why 
the illustrator has depicted such 
a scene and how it might relate 
to concepts they have learned in 
the previous sections. Expect a 
range of responses and prompt 
students by encouraging them 
to share their perceptions. Have 
them focus on the illustration and 
assure them that the purpose of 
the What Do You See? section 
is to engage them in an inquiry-
based discussion and not to 
determine the accuracy of their 
responses. 

SECTION 7
Teaching 
Suggestions 
and Sample 
Answers

What Do You Think?

Students will come up with 
various answers. List all the 
answers on the board, and 
emphasize the importance of 
previous concepts in the chapter. 
Point out that the new concepts 
they are about to learn hinge on 
their understanding of factors 
infl uencing the motion of objects. 
While it is not necessary for all 
answers to be correct, they should 
be relevant to the context of the 
question. The What Do You 
Think? questions should lead to a 
formative discussion. 

What Do You Think?

A Physicist’s Response

The sign is indicating to slow down 
because at the posted speed limit, 
which is okay for the straight 
road, there will not be enough 
friction to make the curve. From 
the banking angle of the road, 
and the friction between road and 
tires, and from Newton’s second 
law, one can fi nd the maximum 
velocity with which one can 
negotiate the curve.

Students’ Prior Conceptions

1.  A force is needed to keep an object moving with a 
constant speed. Students should explore what happens 
to the motion of the vehicle when the force maintaining 
motion along the curve ceases to exist. For example, 
the friction between the tires and the road diminishes 
drastically, such as in a skid on an icy road. A classroom 
demonstration to promote brainstorming on this topic 
is to twirl a foam ball attached to a string overhead and 
then quickly release the string from the hand. Describe 
the motion of the foam ball immediately as it is released 
from the hand.

2.  Students tend to think of force as a property of an object 
rather than as a relation between objects. This section 
offers another opportunity to explore the nature of pairs 

of action-reaction forces, as they apply to the friction 
between the wheels of the vehicle and the surface of 
the road. Encourage students to identify the pair of 
forces involved and to correlate them with the objects 
interacting with each other. What forces act on which 
objects?

3.  Students may confuse friction with inertia. When 
explaining the feelings experienced by the human body 
when riding as a passenger in a vehicle traveling quickly 
around a tight curve. Inertia wants the passenger’s body 
to continue moving along a straight line tangent to the 
path of the circular motion, whereas the friction between 
the seat and the clothes, and the force of the seatbelt 
maintain the inward centripetal pull on the passenger. 
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Student Edition pg 105Student Edition pg 105

Students often say that there is a force pushing them 
outward, away from the center of the motion along the 
curve; they believe this force, due to friction, is pressing 
them against the door. With investigation and analysis, 
students should alter this prior conception to align with 
the theory that identifi es the vehicle as pushing inward 
on the passenger’s body to maintain circular motion, 
while inertia wants the body to go straight at every point 
along the curve.

4.  Students may say that the force required to accelerate 
an object at rest is working against friction, not inertia. 
This section is helpful in reviewing this prior conception 
of students, and to reinforce scientifi c explanations on 
inertia—perhaps to even mention the historical scientifi c 

developments on inertia and motion promoted by 
Galileo Galilei.

5.  Students may believe that the effects of inertia while 
rounding a curve are due to a “centrifugal force” or one 
that pushes an object outward, away from the center of 
the circular motion. This prior conception correlates with 
the notion of “feeling” something pushing your body 
against the door of the vehicle while rounding a curve. 
As mentioned before, inertia wants the body to continue 
to move in a straight line, tangent to the curve of the 
traveling vehicle, while the centripetal forces act to push 
the body inward along a radial line of the curve. Students 
interpret this interaction as being pushed outward.

Investigate

1.a) 

Student answers will demonstrate 
their misconceptions. The correct 
answer is diagram B. The toy car 
continues on the way it was going 
(in a straight line after the string 
was released). Do not expect or 
offer the correct answer.
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2.a) 

The string pulls the car toward 
the center of the circle.

2.b) 

Along the tangent to the circle — 
note that it is not a radial path.

3.a) 

Make sure students realize the 
car is travelling in a circular 
curve. Students’ diagram should 
resemble the one below.

4.a) 

Students record the data.

5.

Students spin the turntable to 
observe the property of friction.

Students’ Prior Conceptions (continued)

6.  Acceleration is always in a straight line. In order to apply 
Newton’s second law of motion to motion along a curve, 
it is helpful for the teacher to interpret the mathematical 
statement, ΣF = ma, as the sum of the net forces acting on 
an object equals the product of its mass and acceleration. 
Both force and acceleration are vectors, whereas mass is 
a scalar. The mass of the student remains constant for the 
short duration of motion; mathematically, this enables 
the teacher to highlight the direct relationship between 
the net force and acceleration. They must be in the 
same direction, parallel to one another. In order to have 
centripetal motion, a force acts upon an object to push 
or to pull it in toward the center of the curve; hence, the 
acceleration also acts inward, toward the center of the 

curve, perpendicular to the straight-line motion at every 
point along the curve.

7.  Students may not recognize that a force perpendicular to 
the straight-line motion of a vehicle is needed at every 
point along the motion in order for a vehicle to travel 
along a curve. Centripetal force, which is a radial force 
acting toward the center of the curve, confuses students. 
Prior student knowledge discussed above directly resolves 
this confusion. 
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7.a) 

Students use v r t= 2π  to 
calculate the speed.

7.b) 

Students use v r t= 2π .

8.a) 

Students record data.

8.b)

Students use v r t= 2π  to 
calculate the speed. 

8.c)

The greater the force of friction, 
supplied by the sandpaper or 
rubber mat, the greater the speed 
of the turntable before the block 
fl ies off. On a surface with higher 
friction, an automobile has a 
higher safe speed while rounding 
a curve.

9.a) 

The students should fi nd that the 
block will stay on the turntable 
if the speed remains the same 
when at a larger radius. If the 
revolutions per minute are kept 
the same, the velocity will be 
greater at the edge, and the block 
will fl y off sooner due to the 
increased speed and increased 
radius. 

6.a)

By timing 10 revolutions, the 
error in starting and stopping the 
clock is spread out over a longer 
time, resulting in less fractional 
error and higher precision.

6.b) 

Write the answer of 6.a) in 
rev/s. To convert rev/s into 
rev/min, multiply by 60 s/min.

6.c) 

Time for one revolution or period 
is equal to 1/frequency. Therefore, 
from the example above, 
1 period s/rev or 5 s= 1

2 0. .

6.d)

Students observe when the block 
slides off and records the rpm.
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9.b)

As the radius increases, the speed 
at which the block can travel 
around the circle without fl ying 
off will increase. Make certain 
the students actually calculate the 
speed and do not substitute the 
rpm. The turntable must spin at 
fewer rpms for the block to have 
the same linear speed at a larger 
radius.

9.c)

As the radius of the curve 
decreases, the cart will fl y off at 
progressively lower speeds.

10.a) 

When the automobile brakes, the 
necklace swings forward; when 
the automobile speeds up, the 
necklace swings backward; when 
the automobile turns, the necklace 
swings to one side.

10.b) 

For a cork-level accelerometer, 
students should see the cork 
pointing toward the center of the 
circle. Have students compare 
the direction of their acceleration 
with the indication on the 
accelerometer.

10.c)

Students’ sketches should look 
like the one below.

push

push

11.a) 

Students’ sketches should look 
like the one at right.

Chapter 1  Driving the Roads

Active Physics
210

APTE_C1_S3_7.indd   210APTE_C1_S3_7.indd   210 7/28/09   3:52:38 PM7/28/09   3:52:38 PM



11.b) 

The speed will not change because 
you are never pushing in or against 
the direction of motion, but the 
direction of motion changes.

11.c) 

Tether the ball to the center 
somehow, or always push only 
toward the center to provide the 
center-seeking force, keeping it on 
a circular path.

11.d)

With no friction, the ball 
continues to move with constant 
speed in a straight line. 

12.a) 

As speed of the ball increases, 
students will have to push harder 
to keep the ball going in the same-
size circle.

13.a)

A larger force is needed to make 
the ball go in a smaller circle at 
the same speed.

13.b)

When driving on a curve on dry 
pavement, friction between the 
tires and the road provides the 
force toward the center that is 
needed to make the car change 
direction. When driving on ice 
around a curve, the friction is so 
low that the tires probably will 
not have enough friction to make 
the car change direction and the 
car will go straight off the road.

Physics Talk

Students gain a clearer 
understanding of centripetal force 
through examples of different 
experiments conducted in the 
Investigate. In order to reinforce 
the concept of centripetal 
acceleration, try to come up with 
additional examples of objects 
traveling in a circular path, such 
as clothes spinning in a washing 
machine or amusement park 
rides. Ask students to indicate 
the direction of the velocity at 
any given point, and the direction 
of the centripetal force and 
centripetal acceleration. Engage 
students in discussing how their 
knowledge of centripetal force 
would help them in navigating 
a curved path while driving. 
Ask students to explain the 
factors that must be taken into 
consideration when they are 
driving to safely negotiate a curve. 
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Checking Up

1. 

The force that is needed to keep 
an object moving in a circle is 
always directed toward the center 
of the circle along the radius.

2.

The force that keeps an object, 
moving in a circle, directed 
toward the center, is called the 
centripetal force.

3.

For an automobile going around 
a circular path on the road, the 
force of friction between the 
tires and the road provides the 
centripetal force.

4.

Velocity is a vector quantity. All 
vectors have two components — 
size and direction. The size of the 
velocity vector is called the speed. 
When a moving object changes 
direction, the object’s velocity 
changes whether the speed 
changes or not. 

5.

Acceleration can occur when an 
object speeds up, slows down, or 
changes direction. An automobile 
has three “accelerators” — the 
gas pedal to speed up, the brake 
to slow down, and the steering 
wheel to change direction. All 
three will cause the velocity to 
change, and therefore accelerate 
the automobile.

6.

The force that keeps Earth 
moving in a (roughly) circular 
path around the Sun is the 
force of gravitational attraction 
between Earth and the Sun. This 
force on Earth is always directed 
toward the center of the solar 
system (the Sun).
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Active Physics Plus

Have students write in their 
logs what they know by now 
about centripetal force. Asking 
them to consider the direction 
of centripetal force and how the 
size of this force is determined 
will help them solve the problems 
in this section. You might want 
one student to come up to the 
board and show the solution to a 
problem. You could then use this 
opportunity to direct questions 
to the other students in your 
class so that each student has the 
opportunity to understand how 
mathematical calculations explain 
concepts. 
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1.a)

The force of friction must be 
suffi cient to provide the necessary 
centripetal force for the automobile
to negotiate the curve. Using the 
formula for centripetal force,

F
mv
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kg m/s
m

N

= =

=

2

21000 14
40

4900
( )( ) .

1.b) 
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m
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additional frictional force.

00

1.c) 

Reducing the frictional force in 
a) by half would make it 2450 N. 
Using

F
mv

r

v
rF
m

c

c

m)( N)
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m/s

=
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=
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1000

9 9
(
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What Do You 
Think Now?
Ask students to go back to the What 
Do You Think? questions and revise 
their responses in light of what they 
have learned about centripetal force. 
Be sure to insist that speed limits are 
posted to ensure the safety of drivers 
and passengers. You should be able 
to gauge their level of confi dence 
by how comfortable and quick they 
are in responding to the questions. 
Toward the end of your discussion, 
you may provide them with answers 
in A Physicist’s Response.
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Refl ecting on the 
Section and the 
Challenge

Ask students to refl ect on how 
they can use their knowledge of 
friction and centripetal force in 
their Chapter Challenge. They 
should be able to extend their 
learning by explaining why it is 
safer to drive at slower speeds 
around a curve. In their challenge, 
students should mention the 
factors that can be controlled 
to avoid the possibility of an 
accident while driving around a 
curve. They should also mention 
factors that cannot be controlled 
while driving around a curve.

Physics Essential Questions

What does it mean?

A centripetal force is a force that keeps an object 
moving in a circle at constant speed. The centripetal 
force is the additional name given to the friction 
between the road and the tires that keeps the 
automobile moving in a circular path. It is not an 
additional force. (The sketch should have an arrow from 
the circumference of the circle pointing to the center 
along a radial line. The velocity is along a tangent to 
the circle.)

How do you know?

When the toy car is attached to a fi xed string, the car 

moves in a circle. If the string breaks or is let go, the car 
travels along a straight line.

Why do you believe?

Acceleration can produce a change in direction of 
the velocity. Since acceleration is defi ned as a change 
in velocity with respect to time, the magnitude or 
direction of the velocity or both can change during 
acceleration.

Why should you care?

If you exceed the speed limit, the force of friction may 
not be large enough to provide the required centripetal 
force to keep your automobile moving in a circle. The 
automobile would then slip off the road, hitting a tree 
or a guard rail, or whatever comes in its way.
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Physics to Go 

1.
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3. 

The time for one revolution of the 
blade is 

t = =1
60

rev
s

0.017 s,   

and the distance traveled is
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4.a) 

As the curve gets sharper, the 
force of friction required to 
hold the automobile on the road 
needs to increase; otherwise, the 
automobile may go off the road. 

4.b)

If the road becomes slippery, 
the friction will be reduced. 
Therefore, the automobile must 
travel at a slower speed.
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4.c)

If the turn is both tighter and 
more slippery, the automobile 
has to go much slower than 
otherwise.  

5. 

Many examples will come from 
the students. Check the physics 
involved with their explanations, 
and the centripetal force is in 
fact acting toward the center 
of the curve. The clothes in a 
spin dryer will be getting the 
centripetal force from the drum 
of the dryer acting toward the 
center of the dryer. The Moon 
gets its centripetal force from the 
gravitational force exerted by 
Earth on the Moon.

6. 

The graph should show that the 
radius is directly proportional 
to the velocity squared. This 
relationship should be a straight 
line. If the radius is plotted 
against only the velocity, then 
there will still be an increasing 
relationship — as the radius 
increases, the velocity increases, 
but the increase is not linear.

7.

If there were no friction, the 
automobile would continue in 
a straight line even if the driver 
turned the steering wheel. It is 
the friction of the road on the 
tire that causes the automobile to 
turn.

8. 

Active Physics

Plus

a
v
r
 g

= = =
2 270

73
( m/s)
1000 m

m/s

or 7.4

2
2

With the plane of the circle 
parallel to the ground, the 
acceleration points horizontally 
from the plane to the center of the 
circle. Students’ sketches should 
appear like the one below.

path

centripetal
acceleration

9. 

The person will go straight 
unless there is a centripetal force 
to make him or her go around 
the curve with the automobile. 
This force would be supplied 
by the door. The person who 
claimed a force pushed him or 
her outward is incorrect. There 
was no real force acting on the 
person, since he or she was merely 
going straight as the automobile 
turned inward and the seat slid 
underneath. In terms of “force” 
as it’s meant in Newton’s laws of 
motion, the second explanation 
is correct. The “force” described 
in the fi rst explanation only 
appears to the person traveling in 
a circle and not to anyone who is 
observing from a stationary point 
of view. 

Section 7  Centripetal Force: Driving on Curves

Active Physics
217

CH
A

PTER
 1

APTE_C1_S3_7.indd   217APTE_C1_S3_7.indd   217 7/28/09   3:52:41 PM7/28/09   3:52:41 PM



10.

Answers will vary. Frictional 
forces on the wheels are needed 
to supply the centripetal force 
to keep the race car moving in a 
curved path. Without friction (the 
outside unbalanced force), the 
inertia of the object will keep it 
moving in a straight line.

11. 

Vehicles can negotiate a curve 
with a large radius more quickly 
than one with a smaller radius. 
If the curve radius decreases (the 
curve gets “tighter”), the driver 
may not lower the vehicle’s speed 
enough to allow friction to apply 

the necessary centripetal force, 
and go off the road. A tight 
curve requires a greater frictional 
centripetal force than a more 
open one at the same speed.

12.

When driving on the right-hand 
side of the road, if the road curves 
to the right, and the automobile 
loses friction, the automobile 
will go into the oncoming lane of 
traffi c. If the road curves to the 
left under the same circumstances, 
the automobile would skid off the 
road.

13.

Preparing for the 
Chapter Challenge

Students’ answers should include 
a discussion of how the safe speed 
to travel around a curve depends 
upon the friction available (dry 
roads will have greater friction 
than wet roads, or roads with 
snow) and the radius of the curve 
(the larger the radius, the greater 
the safe speed).

NOTES
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Inquiring Further

1.

Students may choose to duplicate 
the exercise they completed with 
the turntable. The students should 
suggest using the procedure in the 
Investigate, substituting blocks 
of different masses to simulate 
vehicles of varying mass as they 
negotiate the curves. 

2.

As the mass of an automobile 
increases, the force of friction 
between the automobile and 
the road also increases in direct 
proportion, providing the 
required centripetal force for the 
automobile. If the students do not 
understand fully, point out that 
this is the reason posted speed 
limits for curves are the same for 
all vehicles. It should be pointed 
out that these posted limits might 
not apply to large trucks for a 
different reason. Although the 
frictional force also increases for 
trucks, the location of the force 
(on the tires) may cause a different 
effect on an automobile than on 
a truck.
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SECTION 7 QUIZ 

1-7c Blackline Master

1.  The diagram to the right shows a model airplane attached to a 
wire fl ying in a horizontal circle in the clockwise direction. 
If the wire breaks when the plane is in the position shown, 
the airplane will move toward point

a) A b) B

c) C d) D

                       

A

B

C

D

plane

wire

2.   The centripetal force acting on the plane at the position shown is directed toward point

a) A b) B

c) C d) D

3.  A ball attached to a string is moving at a constant speed in a 
horizontal circular path. A target is near the path as shown in the 
diagram to the right. At which point along the path should the 
string be released if the ball is to hit the target?

a) A b) B

c) C d) D

                       

string

A

D

C

B

ball

4.  A student is spinning a turntable with a wooden block resting on it. The block is located 
10 cm from the center of the table, and the turntable is rotating 15 times every minute. 
What is the speed of the wooden block on the turntable?

a) 1.5 cm/s b) 31.4 cm/s

c) 20.7 cm/s d) 15.7 cm/s

5.  In Question 4, the force that holds the wooden block on the turntable while it is 
spinning is provided by the force of

a) gravity. b) the student’s hand.

c) Earth’s magnetic fi eld. d) friction.
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SECTION 7 QUIZ ANSWERS

1   b)  The velocity of an object traveling in a circular path is always tangent to the 
circle at that point. If the centripetal force stops (the wire breaks), the plane will 
continue in a straight-line path, according to Newton’s fi rst law.

2  c)  The centripetal force is provided by the wire, which is being pulled toward the 
center of the circle, at point C.

3   b)  Because an object’s velocity is always tangent to the circle when it is traveling 
around a circular path, the object must be released at point B to strike the target. 
This can be verifi ed by drawing a tangent to the circle pointing in the direction 
of rotation at all four positions. It will be seen that only the tangent from point B 
intersects the target, giving a hit.

4   d)  The speed of the spinning block is given by v d t= , where d is the 
circumference. The circumference cm cm= = × =2 2 3 14 10 62 8π r ( . ) ( ) . . The time 
it takes the block to rotate around the table, covering a distance equal to the 
circumference is derived from the rotations/minute − 60 s for 15 rotations means 
4 s for 1 rotation. To fi nd the speed, v d t= = =( . ) ( ) .62 8 4 15 7cm s cm/s.

5   d)  The force of friction is what keeps the block on the spinning turntable. Although 
the force of gravity helps to determine the size of the frictional force, it is in the 
wrong direction (downward) to provide the needed horizontal force to keep the 
block spinning in a circle. The student’s hand is not holding the block on the 
table, but rather spinning the turntable.
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