#"SECTION

What You Will Learn

@ Describe forces, and explain how
forces act on objects.

@ Determine the net force when more

than one force is acting on an object. |

@ Compare balanced and unbalanced
forces.

@ Describe ways that unbalanced
forces cause changes in motion.

Vocabulary
force

newton

net force

Reading Organizer As you read this '

section, make a table comparing bal-
anced forces and unbalanced forces.

What Is a Force?

You have probably heard the word force in everyday
conversation. People say things such as “That storm had a lot
of force” or “Our football team is a force to be reckoned with.”
But what, exactly, is a force?

In science, a force is simply a push or a pull. All forces have
both size and direction. A force can change the acceleration
of an object. This acceleration can be a change in the speed
or direction of the object. In fact, any time you see a change
in an object’s motion, you can be sure that the change in
motion was created by a force. Scientists express force using
a unit called the newton (N).

Forces Acting on Objects

All forces act on objects. For any push to occur, something has
to receive the push. You can’t push nothing! The same is true
for any pull. When doing schoolwork, you use your fingers
to pull open books or to push the buttons on a computer
keyboard. In these examples, your fingers are exerting forces
on the books and the keys. So, the forces act on the books
and keys. Another example of a force acting on an object is
shown in Figure 1.

However, just because a force acts on an object doesn’t mean
that motion will occur. For example, you are probably sitting
on a chair. But the force you are exerting on the chair does
not cause the chair to move. The chair doesn’t move because
the floor is also exerting a force on the chair.

Figure 1 The bulldozer is exerting
a force on the pile of soil. But the
pile of soil also exerts a force by
just sitting on the ground!




Unseen Sources and Receivers of Forces

It is not always easy to tell what is exerting a force
or what is receiving a force, as shown in Figure 2.
You cannot see what exerts the force that pulls
magnets to refrigerators. And you cannot see that
the air around you is held near Earth’s surface by a
force called gravity.

Determining Net Force

Usually, more than one force is acting on an object.
The net force is the combination all of the forces
acting on an object. So, how do you determine the
net force? The answer depends on the directions of
the forces.

Figure 2 Something that you
cannot see exerts a force that

Forces in the Same Direction makes this cat's fur stand up.

Suppose the music teacher asks you and a friend to move a

piano. You pull on one end and your friend pushes on the

other end, as shown in Figure 3. The forces you and your

friend exert on the piano act in the same direction. The two  force a push or a pull exerted on
forces are added to determine the net force because the forces an object in order to change the
act in the same direction. In this case, the net force is 45 N. ;‘j"g;eiizze Bbjeet fonce gk Size
This net force is large enough to move the piano—if it is on

wheels, that is! newton the SI unit for force
(symbol, N)

' How do you determine the net force on an

object if all forces act in the same direction? (See the Appendix for net force the combination of all

answers to Reading Checks.) of the forces acting on an object

Figure 3 When forces act in
the same direction, you add
the forces to determine the
net force. The net force will be
in the same direction as the
individual forces.

Net force
25N+ 20N =45 N
to the right
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Figure 4 When two forces
act in opposite directions,
you subtract the smaller
force from the larger force
to determine the net

force. The net force
will be in the same
direction as the
larger force.

Figure 5 Because all the
forces on this house of cards
are balanced, none of the
cards move.
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Net force
12N—-10N=2N
to the right

N

Forces in Different Directions

Look at the two dogs playing tug of war in Figure 4. Each dog
is exerting a force on the rope. But the forces are in opposite
directions. Which dog will win the tug of war?

Because the forces are in opposite directions, the net force
on the rope is found by subtracting the smaller force from the
larger one. In this case, the net force is 2 N in the direction
of the dog on the right. Give that dog a dog biscuit!

' (el M8 [1d'/@ What is the net force on an object when you

combine a force of 7 N north with a force of 5 N south?

Balanced and Unbalanced Forces

If you know the net force on an object, you can determine
the effect of the net force on the object’s motion. Why? The

net force tells you whether the forces on the object are bal-

anced or unbalanced.

Balanced Forces

When the forces on an object produce a net force of O N, the
forces are balanced. Balanced forces will not cause a change in
the motion of a moving object. And balanced forces do not
cause a nonmoving object to start moving.

Many objects around you have only balanced forces acting
on them. For example, a light hanging from the ceiling does
not move because the force of gravity pulling down on the
light is balanced by the force of the cord pulling upward. A
bird’s nest in a tree and a hat resting on your head are also
examples of objects that have only balanced forces acting on
them. Figure 5 shows another example of balanced forces.

Matter in Motion



Unbalanced Forces

When the net force on an object is not O N, the forces
on the object are unbalanced. Unbalanced forces pro-
duce a change in motion, such as a change in speed or
a change in direction. Unbalanced forces are necessary
to cause a nonmoving object to start moving.

Unbalanced forces are also necessary to change
the motion of moving objects. For example, consider
the soccer game shown in Figure 6. The soccer ball is
already moving when it is passed from one player to
another. When the ball reaches another player, that
player exerts an unbalanced force—a kick—on the ball.
After the kick, the ball moves in a new direction and
has a new speed.

An object can continue to move when the unbal-
anced forces are removed. For example, when it is
kicked, a soccer ball receives an unbalanced force.
The ball continues to roll on the ground long after Figure 6 The soccer ball moves because

the force of the kick has ended. the players exert an unbalanced force on
the ball each time they kick it.
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Review

Using Key Terms Math Skills

1. In your own words, write a defi- 7. A boy pulls a wagon with a
nition for each of the following force of 6 N east as another boy
terms: force and net force. pushes it with a force of 4 N

east. What is the net force?

Understanding Key Ideas

2. Which of the following may Critical Thinking

@® A force is a push or a happen when an object receives 8. Making Inferences When find-
P : unbalanced forces? ing net force, why must you

pull. Forces have size K e direct £ the £
arid dfection aint ane a. The object changes direction. now the 1rect}ons7 of the forces
expressed in newtons. b. The object changes speed. acting on an object:

@ Force is always exerted c. The object starts to move. 9. Applying Concepts List three
by one object on d. All of the above .forcesbt_hat lyou exert when rid-

: ing a bicycle.

ARGHRS Ol_jjed' ] 3. Explain the difference between 5 &

® Net force is determined balanced and unbalanced forces. 5
by combining forces. ; : SC
Forces in the same direc- 4 Give an example of an ﬁmbal-. [ INKS )
tion are added. Forces in . ancetd foice Gabligaclaios . 2 Developed and maintained by the
opposite directions are motion. __ National Science Teachers Association
subtracted. 5. Give an example of an object | For a variety of links related to this
Balanced forces produce that has balanced forces actin chapter, go to www.scilinks.org

p 8 pter, g |
no change in motion. on it. Topic: Forces k
Unbalanced forces : . :
6. Explain the meaning of the Scilinks code: HSMO0G04

produce a change in

: phrase “Forces act on objects.”
motion.



