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The Nature
of Force

Reading Preview

Objectives
After this lesson, students will be able to
M.2.1.1 Describe what a force is.
M.2.1.2 Explain how balanced and
unbalanced forces are related to an object’s
motion.

Key Concepts
• How is a force described?
• How are unbalanced and
balanced forces related to an
object’s motion?

Key Terms
• force
• newton
• net force
• unbalanced forces
• balanced forces

Target Reading Skill
Asking Questions Explain that changing
a head into a question helps students
anticipate the ideas, facts, and events they
are about to read.

Target Reading Skill

Answers
Sample questions and answers:
What is a force? (A force is a push or a pull.)
What happens when forces combine?
(Forces combine to produce a net force.)

Asking Questions Before you
read, preview the red headings. In
a graphic organizer like the one
below, ask a what or how question
for each heading. As you read,
write the answers to your
questions.

Teaching Resources

Preteach

Demonstrating Force
Place a book in the middle of a table. Have
students take turns moving the book, each
using a different method. As each student
moves the book, Ask: Is the book moving
because of a push or because of a pull?
(Sample answer: Because of a push) Does
the book move when there is no push or
pull? (No)

Is the Force With You?
1. Attach a spring scale to each end of a skateboard.
2.
Gently pull on one spring scale with a force of 4 N, while
your partner pulls on the other with the same force.
Observe the motion of the skateboard.
3. Now try to keep your partner’s spring scale reading at 2 N
while you pull with a force of 4 N. Observe the motion of the
skateboard.
Think It Over
Observing Describe the
motion of the skateboard
when you and your partner
pulled with the same force.
How was the motion of the
skateboard affected when
you pulled with more force
than your partner?

What Is a Force?
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Build Background
Knowledge
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Question

Answer

What is a force?

A force is . . .

A hard kick sends a soccer ball shooting down the field toward
the goal. Just in time, the goalie leaps forward, stops the ball,
and quickly kicks it in the opposite direction. In a soccer game,
the ball is rarely still. Its motion is constantly changing. Why?
What causes an object to start moving, stop moving, or change
direction? The answer is force.

What Is a Force?
In science, the word force has a simple and specific meaning.
A force is a push or a pull. When one object pushes or pulls
another object, you say that the first object exerts a force on the
second object. You exert a force on a computer key when you
push it and on a chair when you pull it away from a table.
Like velocity and acceleration, a force is described by its
strength and by the direction in which it acts. If you push on
a door, you exert a force in a different direction than if you pull
on the door.

L2
Skills Focus Observing
Materials skateboard, two spring scales
Time 15 minutes
Tips Both students should stop pulling on
their spring scale before either student lets
go of their spring scale. A third student
can record the measurements on the
spring scales.

Expected Outcome When one partner
pulls with 3 N of force, the other partner’s
spring scale will also move to read 3 N.
Think It Over The reading on my
partner’s spring scale increased to 3 N also.
Until the forces became equalized the
skateboard moved slightly in the direction
of the greater force.

FIGURE 1
Force and Motion
The force of the kick changes the
direction of the soccer ball.

Instruct

What Is a Force?
Teach Key Concepts

The strength of a force is measured in the SI unit called the
newton (N). This unit is named after the English scientist and
mathematician Isaac Newton. You exert about one newton of
force when you lift a small lemon.
The direction and strength of a force can be represented by
an arrow. The arrow points in the direction of a force. The
length of the arrow tells you the strength of a force—the longer
the arrow, the greater the force.
What SI unit is used to measure the strength
of a force?

Combining Forces
Often, more than a single force acts on an object at one time.
The combination of all forces acting on an object is called the
net force. The net force determines whether an object moves
and also in which direction it moves.
When forces act in the same direction, the net force can be
found by adding the strengths of the individual forces. In
Figure 2, the lengths of the two arrows, which represent two
forces, are added together to find the net force.
When forces act in opposite directions, they also combine
to produce a net force. However, you must pay attention to the
direction of each force. Adding a force acting in one direction
to a force acting in the opposite direction is the same as adding
a positive number to a negative number. So when two forces
act in opposite directions, they combine by subtraction. The
net force always acts in the direction of the greater force. If the
opposing forces are of equal strength, there is no net force.
There is no change in the object’s motion.
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Defining Force
Focus Remind students that the everyday
meaning of the word force is different than
its meaning in science.
Teach Write on the board: Force is a push
or a pull. Force is described by strength and
direction. The SI unit for the strength of a force
is newtons. Have students use these facts to
make a concept map describing forces.
Apply Ask: When you kick a soccer ball,
is the force a push or a pull? (A push)
learning modality: verbal
FIGURE 2
Combining Forces
The strength and direction of the
individual forces determine the
net force. Calculating How do
you ﬁnd the net force when two
forces act in opposite directions?

5N

5N

10 N

=
Two forces can add together
to produce a larger net force
than either original force.

5N

10 N

5N

=
Two forces can subtract to
produce a net force in the
direction of the larger force.

5N

5N

Combining Forces
Teach Key Concepts
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Adding and Subtracting Forces
Focus Tell students that the combination of all
the forces acting on an object is the net force.
Teach Explain that a net force of 0 means
that the forces acting on an object are
balanced. A net force of anything other than
0 indicates that the forces acting on the
object are unbalanced.
Apply Ask: If the net force on an object is
0, will the object’s motion change? Why or
why not? (No, because the forces acting on the
object are balanced) learning modality:
logical/mathematical

Teaching Resources
= 0

Forces may cancel each other
and produce no net force.
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Independent Practice
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Teaching Resources

• Guided Reading and Study Worksheet:
The Nature of Force
Student Edition on Audio CD

Differentiated Instruction
L1
English Learners/Beginning
Explain
Vocabulary: Prior Knowledge
that the word net has several different
meanings in English. Explain that net force
means overall, or total, force. Ask for
volunteers to describe other meanings
of the word net with which they are
familiar. learning modality: verbal

L2
English Learners/Intermediate
Extend
Vocabulary: Prior Knowledge
the Beginning activity by having students
write sentences using different meanings
of the word net. Model this activity for
students before they begin. learning

modality: verbal

Monitor Progress

L2

Writing Have students describe two
examples of forces acting on objects that they
observed today.
Answers
Figure 2 Subtract the smaller force from the
larger force. The net force will be in the
direction of the larger force.
The strength of a force is
measured in newtons.

Individual
forces

Individual
forces

L2

Modeling Unbalanced Forces
Materials rope about 4 meters long
Time 10 min
Focus Ask: Has anyone ever played tug-ofwar? (Some students will say yes.) How does a
team win in tug-of-war? (Sample answer:
One team pulls the other team over a line.)
Why is one team able to pull the other over
the line? (Sample answer: They are stronger.)
If one team causes the other to move, what
do you know about the forces of the teams?
(They are unbalanced.)
Teach Explain that you will be modeling
forces using tug-of war teams. Remind
students that it is not a competition, but a
scientific demonstration. Caution the teams
to pull only until one side moves. Ask four
students to be on one team, and six students
to be on the other team. The teams should
pull until one side moves.
Apply Ask: Did this activity model
balanced forces or unbalanced forces?
(Unbalanced forces) learning modality:

Net force

Unbalanced Forces in the Same Direction
When two forces act in the same direction,
the net force is the sum of the two individual
forces. The box moves to the right.

Net force

Unbalanced Forces in the Opposite Direction
When two forces act in opposite directions, the net
force is the difference between the two individual
forces. The box moves to the right.

Unbalanced Forces Whenever there is a net force acting on
an object, the forces are unbalanced. Unbalanced forces can
cause an object to start moving, stop moving, or change direction. Unbalanced forces acting on an object result in a net
force and cause a change in the object’s motion.
Figure 3 shows two people exerting forces on a box. When
they both push a box to the right, their individual forces add
together to produce a net force in that direction. Since a net, or
unbalanced, force acts on the box, the box moves to the right.
When the two people push the box in opposite directions,
the net force on the box is the difference between their individual forces. Because the boy pushes with a greater force than the
girl, their forces are unbalanced and a net force acts on the box
to the right. As a result, the box moves to the right.

kinesthetic

For: Links on force
Visit: www.SciLinks.org
Web Code: scn-1321

What is the result of unbalanced forces acting on
an object?

Students can research force online.

For: Links on force
Visit: www.SciLinks.org
Web Code: scn-1321

Balanced Forces When forces are exerted on an object, the
object’s motion does not always change. In an arm wrestling
contest, each person exerts a force on the other’s arm, but the
two forces are exerted in opposite directions. Even though both
people push hard, their arm positions may not change.
Equal forces acting on one object in opposite directions are
called balanced forces. Each force is balanced by the other.

Differentiated Instruction
L1
English Learner/Beginning
Vocabulary: Word Analysis Contrast
the meanings of the words balanced and
unbalanced. Write the words on the board
and underline the prefix un-. Point out that
the prefix changes the meaning of the
word. Ask students to supply examples of
other words that have the prefix un-.
(Sample answer: untie, unavailable)

learning modality: verbal

L2
English Learners/Intermediate
Vocabulary: Word Analysis Students
can expand on the Beginning strategy by
writing sentences using words that have the
prefix un-. Model this activity for students
before they begin. Ask for volunteers to
read their sentences aloud. learning

modality: verbal

Individual
forces

Monitor Progress
FIGURE 3

Balanced and Unbalanced Forces

Net force = 0

When the forces acting on an object are
unbalanced, a net force acts on the object.
The object will move. When balanced forces act
on an object, no net force acts on the object.
The object’s motion remains unchanged.
Predicting If both girls pushed the box on the
same side, would the motion of the box change?
Why or why not?
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Answers
Figure 3 Yes. The two forces would act in
the same direction and the box would move
in that direction.
Unbalanced forces cause a
change in an object’s
motion.

Assess
Reviewing Key Concepts
1. a. A force is a push or a pull. b. A force

Balanced Forces in Opposite Directions
When two equal forces act in opposite directions,
they cancel each other out. The box doesn’t move.

Balanced forces acting on an object do not change the
object’s motion. When equal forces are exerted in opposite
directions, the net force is zero. In Figure 3, when two people
push on the box with equal force in opposite directions, the
forces cancel out. The box does not move.

Reteach

1
Section 1 Assessment
Target Reading Skill Asking Questions Use
the answers to the questions you wrote about the
headings to help you answer the questions below.
Reviewing Key Concepts
1. a. Deﬁning What is a force?
b. Explaining How is a force described?
c. Interpreting Diagrams In a diagram, one
force arrow is longer than the other arrow.
What can you tell about the forces?
2. a. Reviewing How can you find the net force
if two forces act in opposite directions?
b. Comparing and Contrasting How do
balanced forces acting on an object affect
its motion? How do unbalanced forces
acting on an object affect its motion?

Students should
explain that balanced forces do not
cause a change in an object’s motion. So,
when the cards are not moving you
know that the forces acting on them are
balanced. When the student exerts a
force on one of the cards, the forces are
no longer balanced, and the position of
the cards changes.

House of Cards L1

is described by the direction in which it acts
and its strength, or magnitude. c. The
longer force arrow represents a force with a
greater strength, or magnitude.
2. a. To calculate the net force, you combine
the opposing forces by subtraction.
b. Balanced forces cancel and do not change
the object’s motion. Unbalanced forces cause
the object’s motion to change. c. The net
force is 270 N.

c. Calculating You exert a force of 120 N on a

desk. Your friend exerts a force of 150 N in
the same direction. What net force do you
and your friend exert on the desk?

House of Cards Carefully set two playing
cards upright on a ﬂat surface so that their top
edges lean on each other. The cards should be
able to stand by themselves. In terms of
balanced forces, explain to a family member
why the cards don’t move. Then exert a force on
one of the cards. Explain to a family member the
role of unbalanced forces in what happens.

L1

Have students use Figure 3 to reinforce the
definitions of force, net force, balanced forces,
and unbalanced forces.

Performance Assessment

L2

Drawing Have students sketch armwrestling matches in which balanced and
unbalanced forces are demonstrated.
Students can keep their drawings
in their portfolio.
Teaching Resources

• Section Summary: The Nature of Force
• Review and Reinforce: The Nature of Force
• Enrich: The Nature of Force

Sticky Sneakers

L2

Prepare for Inquiry
Key Concept
Sneaker soles can be used to illustrate
friction.
Skills Objectives
After this lab, students will be able to
• control variables in an investigation of
friction
• interpret data to determine if the type of
sneaker is related to the type of friction
observed
Prep Time 30 minutes
Class Time 40 minutes

Advance Planning
Assemble the spring scales, paper clips,
tape, balance, and mass sets. Bring in an
assortment of sneakers and ask students
to volunteer their sneakers.
Safety
Review the safety guidelines in
Appendix A.
Teaching Resources

• Lab Worksheet: Sticky Sneakers

Sticky Sneakers
Problem
Friction is a force that acts in the opposite
direction to motion. How does the amount of
friction between a sneaker and a surface
compare for different brands of sneakers?

Skills Focus
controlling variables, interpreting data

Materials
• three or more different brands of sneakers
• 2 spring scales, 5-N and 20-N, or force sensors
• mass set(s)
• tape
• 3 large paper clips
• balance

Procedure
1. Sneakers are designed to deal with various
friction forces, including these:
• starting friction, which is involved when
you start from a stopped position
• forward-stopping friction, which is
involved when you come to a forward stop
• sideways-stopping friction, which is involved
when you come to a sideways stop
2. Prepare a data table in which you can record
each type of friction for each sneaker.

Guide Inquiry
Invitation
Have a student wearing sneakers
demonstrate three types of friction forces:
stopping, starting, and sideways. Ask: What
does friction depend on? (Sample answer:
Friction depends on the kinds of surfaces
involved and how hard the surfaces push
together.) Have students discuss how
different kinds of sneakers might have
different kinds of friction.
Introduce the Procedure
Demonstrate how to zero and use a spring
scale. Show students how to measure the
force of sliding friction with a spring scale by
pulling an object with a slow, constant
motion. Tell students to pull an object
forward to measure forward-stopping
friction and sideways to measure sidewaysstopping friction.

3. Place each sneaker on a balance. Then put
masses in each sneaker so that the total mass
of the sneaker plus the masses is 1,000 g.
Spread the masses out evenly inside the
sneaker.

4.

You will need to tape a paper clip to
each sneaker and then attach a spring scale
to the paper clip. (If you are using force sensors, see your teacher for instructions.)
To measure
• starting friction, attach the paper clip to
the back of the sneaker
• forward-stopping friction, attach the
paper clip to the front of the sneaker
• sideways-stopping friction, attach the
paper clip to the side of the sneaker

Data Table
Sneaker

Starting Friction (N)

A
B

Troubleshooting the Experiment
• Students should zero the spring scale each
time it is used. If the spring scale is
calibrated in grams, multiply by 0.01 to
obtain the approximate value in newtons.
• The spring scale should not be angled to
the side or up and down while it is used, or
the measurements will not be accurate.

Sideways-Stopping
Friction (N)

Forward-Stopping
Friction (N)

Expected Outcome
Results will vary depending on the type of
sneakers.

5. To measure starting friction, pull the sneaker
backward until it starts to move. Use the
20-N spring scale ﬁrst. If the reading is less
than 5 N, use a 5-N scale. The force necessary
to make the sneaker start moving is equal to
the friction force. Record the starting friction
force in your data table.
6. To measure either type of stopping friction,
use the spring scale to pull each sneaker at a
slow, constant speed. Record the stopping
friction force in your data table.
7. Repeat Steps 4–6 for the remaining sneakers.

Analyze and Conclude
1. Controlling Variables What are the manipulated and responding variables in this experiment? Explain. (See the Skills Handbook to
read about experimental variables.)
2. Observing Why is the reading on the spring
scale equal to the friction force in each case?
3. Interpreting Data Which sneaker had the
most starting friction? Which had the most
forward-stopping friction? Which had the
most sideways-stopping friction?

4. Drawing Conclusions Do you think that using
a sneaker with a small amount of mass in it is a
fair test of the friction of the sneakers? Why or
why not? (Hint: Consider that sneakers are
used with people’s feet inside them.)
5. Inferring Why did you pull the sneaker at a
slow speed to test for stopping friction? Why
did you pull a sneaker that wasn’t moving to
test starting friction?
6. Developing Hypotheses Can you identify a
relationship between the brand of sneaker
and the amount of friction you observed? If
so, describe the relationship. What do you
observe that might cause one sneaker to grip
the ﬂoor better than another?
7. Communicating Draw a diagram for an
advertising brochure that shows the forces
acting on the sneaker for each type of
motion.

Design an Experiment
Wear a pair of your own sneakers. Start running
and notice how you press against the ﬂoor with
your sneaker. How do you think this affects the
friction between the sneaker and the ﬂoor?
Design an experiment that will test for this variable. Obtain your teacher’s permission before
carrying out your investigation.

Analyze and Conclude
1. The manipulated variable is the sneaker;
the responding variable is the amount of
friction.
2. Friction is a force that acts in the opposite
direction of motion. So, just as the sneaker
begins moving the spring scale shows the
amount of friction opposing motion.
3. Students’ answers will depend on the
types of sneakers tested. In general running
sneakers have more starting friction,
basketball sneakers exert more forwardstopping friction, and tennis shoes exert
more sideways-stopping friction.
4. No, in actual use there is much more mass
in the sneakers.
5. You pull the sneaker at a slow speed to test
stopping friction because your sneaker is
sliding slowly along the ground or floor
when you stop running. You pull a sneaker
that is not moving to test starting friction
because your sneaker is not moving when
you start running.
6. Students’ answers may state that one
brand of sneaker provides better traction
than another because the soles are made of
different materials or have different tread
designs.
7. Students’ diagrams should be clearly
labeled with force arrows reflecting sizes and
directions of the forces.

Extend Inquiry
Design an Experiment Sample answer:
When I start to run, I increase the force with
which the sneaker and floor press against
each other. That seems to increase the
friction force. To test for this variable, I could
repeat the lab with weights, such as a
resealable plastic bag filled with sand, inside
each sneaker.

