


1 Niustrate Draw a diagram showing how forces 2 Describe: Wr‘it_é'é""cféﬁiion for this photo
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What is a force, and how does it act
on an object?

You have probably heard the word force used in conversation.
People say, “Dox't force the issue,” or "Our team is a force to be

reckoned with.” Scientists also use the word force. What exactly is a
force, as it is used in science?

b Force is a Push or a Pull

‘ - 5 ldentify As you read, underline the unit that is used
to express force.

In science, a force is simply a push or a pull. All forces have botha
size and a direction. A force can cause an object to change its speed
or direction. When you see a change in an object’s motion, one or
more forces caused the change. The unit used to express force is
the newton {N). You will learn how to calculate force a little fater in
this lesson. .

Forces exist only when there is an object for them to act on.

" However, forces do not always cause an object to move. When you

sit in a chair, the chair does not move. Your downward force on the
chair is balanced by the upward force from the floor.

6 fdentify Draw arrows to representthe pushing forces in the image at left
and the pulling forces in the image at right.
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A Force Can Act Direcily on an
Dbject

It is not always easy to tell what is exerting a force
or what is being acted on by a force. When one
object touches or bumps into another object,

we say that the objects are in confact with each
other. A force exerted during contact between
objects is a contact force. Friction is an example
of a contact force between two surfaces. Suppose
you slide a book across your desk. The amount
of friction between the surface of the desk and
the book cover determines how easily the book
mioves. Car tires rely on friction to keep a moving
car from stiding off a road. Cars may slide on icy
roads because ice lowers the force of friction on -
the tires. '

7 ldentify The arrows in the picture betow:
represent contact and distance forces. Label each
arrow with.a “C” If it is a contact force oy “D” if it is

.a distance force.

A Force Can Act on an Object

from a Distance

Forces can also act at a distance. One force that
acts at a distance is called gravity. When you
jump, gravity puils you back to the ground even
though you are not touching Earth. Magnetic
force is another example of a force that can

act at a distance. Magnetic force can be a push
or a pull. A magnet can hold paper toa metal
refrigerator door. The magnet touches the paper,
not the metal, so the magnetic force is acting

on the refrigerator door at a distance. Magnetic
force also acts at a distance when the like poles of
two magnets push each other apart. A magnetic
levitation train floats because magnetic forces
push the train away from its track.




& ldentify Asyouread, underiine
how one determines net force.

¢ Calcuizte Calculate the netforce
acting on the appliance box and

use it to determine if the box

wilt move.

What | forces
act on an object?

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

When forces act in the same direction, you simply add them
together to determine the net force. For example, when forces of
1 N and 2 N actin the same direction on an object, the net force -

'is 1 N + 2 N = 3 N, When forces act in opposite directions, you

subtract the smaller force from the larger force to determine the
net force: 2N -1 N=1N.
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The Forces Lan Be Balanced
‘When the forces on an object produce a net
force of 0 N, the forces are balanced. Balanced
forces will not ¢ause a change in the motion of
a moving object or cause a nonmoving object to
start moving. Many objects around you have only
balanced forces acting on them. A light hanging
from the ceiling does not move, because the
force of gravity pulling downward on the light
is balanced by the force of the chain pulling the
light upward.

The Forces {an Be Unbalanced
When the net force on an object is not 0 N,

the forces are unbalanced. Unbalanced forces
produce a change in the object’s motion. It could
be a change in its speed or direction or both.
This change in motion is called acceleration. The
acceleration is always in the direction of the net
force. Tor example, when a big dog and a small
dog play with a tug toy, the bigger dog pulls
with greater force, so the acceleration is in the
direction of the bigger dog.

16 Apply The arrows in the first image show that the forces on the rope
are balanced, Draw arrows on the second image to show how the forces

on the rope are unbalanced.
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olion?

Force and motion are related. In the 1680s, Brmsh sc1entlst Sir
Isaac Newton explained this relationship between force and
motion with three laws of motion.

Newton's first law describes the motion of an object that has
a net force of O N acting on it. The law states: An object at rest stays
af rest, and an object in motion stays in motion at the same speed
and direction, unless it experiences an unbalanced force. Let's look at
the two parts of this law more closely:

A @%@@@fﬁ at Rest Stays at ﬁé%@

3 11 ldentify As you read, underime examples of
. objects affected by inertia,

Newton’s first law is also called the law of inertia. inertia
(iheNEReshuh) is the tendency of all objects to resist a change in
motion. An object will not move until a force makes it move. 5o a
chair will not slide across the floor unless a force pushes the chair,
and a golf ball will not leave the tee unti! a force pushes it oft.

1% Expiain In your own words, explai'n why the dishes remain in place
when the magician puils the cloth out from under them.




Motion 3

Now let’s look at the second part of Newton’s first law of motion. It
states that an object in motion stays in motion at the same speed
and direction, or velocity, unless it experiences an unbalanced
force. Think about coming to a sudden stop while ridingin a
car. The car stops because the brakes apply friction to the wheel,
making the forces acting on the car unbalanced. You keep moving
forward until your seat belt applies an unbalanced force on you.
This force stops your forward motion. . _ | demonstrates the concept of

Both parts of the law are really stating the same thing. After inertia. Share your reslts with
all, an object at rest has a velocity—its velocity is zero! the class.

13 Apply Create a model that-
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1% Snfei‘ What forces acted on the test dummy to
stop its forward motion?




15 identify Asyou read, underline
‘.- Newton's second law of motion.
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Sample Probiem . You Try it

vhat is Ne
otion?

When an unbalanced force acts on an object, the object accelerates.
Newton's second law describes this motion. The law states: The
acceleration of an object depends on the mass of the object-and the
amount of force applied. :

In other words, objects that have different massés will have
different accelerations if the same amount of force is used. Imagine
pushing a shopping cart. When the cart is empty; you need only
a small force to accelerate it. But if the cart is full of groceries, the
same amount of force causes a much smaller acceleration.

rton’s Second Law of

Force Equals Mass Times Acceleration
Newton's second law links force, mass, and acceleration. We can
express this relationship using the equation F = ma, where F stands
for applied force, m stands for mass, and a stands for acceleration.
This equation tells us that a given force applied to a large mass wil
result in a small acceleration. When the same force is applied to a
smaller mass, the acceleration will be larger.

e AL B L e s Sl LS et

These players train by pushing a massivé object. 16 Calculate For a more difficult training session, the
If the players push with a force of 150 N, and the mass to be pushed is increased to 160 kg. If the

object has a mass of 75 kg, what is the object’s :
acceleration? One newton is equal to 1 kgem/s?,

players still push with a force of 150 N, what is the
acceleration of the object?

Use Newton's law: Use Kewtor's taw: F—
F = ma : - ma
150 kgem/st = (75 kg)(a) - BON =
a = 150 m/isf : |
5
a=2.0m/s
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17 lmfer Suppose yod were standing on a scale in an 19 Compave in what ways are rotler coaster ridés'_
elevator in free fall. What would the scale read? similar to and different from training simdations in
a NASA plane?

18 Synthesize Explain why the feeling of
weightlessness in free fall is not the same as truly
beihg weightless.




rfon’s Third Law of

Newton also devised a third law of motion. The law states:
Whenever one object exerts a force on a second object, the second
object exerts an equal and opposite force on the first.
So when you push against a wall, Newtor's law tells you that
" the wall is actually pushing back against you.

Objects Exert Force on Each Other

Newton’s third law also can be stated as: All forces act in pairs.
Whenever one object exerts a force on a second object, the second
object exerts an equal and opposite force on the first. There are
action forces and reaction forces. Action and reaction forces are
present even when there is no motion. For example, you exert a
force on a chair when you sit on it. Your weight pushing down on
the chair is the action force. The reaction force is the force exerted
by the chair that pushes up on your body.

Forces in Pairs Have Equal Size but
Dppesite Direclions | o
When an object pushes against another object, that object pushes
. back equally hard. But the second object pushes back in the
opposite direction. In the pool below, the swimmer feet push
against the wall as he moves forward. This push is the action force.
The wall also exerts a force on the swimmer. This is the reaction
force, and it moves the swimmer forward. The forces do not act on.

26 Appily The arrow below

represents the action force . :
exerted by the swimmer. the same object. Read on to find out why the swimmer moves but

Draw an arrow that . ;thé'*:'Wal'i‘dﬁ?e'S'ﬂf’.t_!
represents the reaction force. Y
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FoTTes af%iil}:“ ng in Paivs Lan Have
Uneguat Efects

Even ’ah.ough action and reaction forces are
equal in size, their effects are often different.
Gravitation is a force pair between two objects.

If you drop a ball, gravity in an action force pulls

the ball toward Earth. But the reaction force pulls

Earth toward the ball! If’s easy to see the effect of
the action force. Why don’t you see the effect of
the reaction force—Earth being pulled upward?
Newton’s second law answers this question. The

force on the ball is the same size as the force on

Rarth. However, Earth has much more mass than
the ball. So Eartls acceleration is much smaller
than that of the ball!

k .

21 identify Label the action force and reaction
force in the image betow.

Farces Can Act in Multiple Pairs
An object can have multiple forces acting on it
at once. When this happens, each force is part
of a force pair. For example, when a baseball bat
hits a baseball, the bat does not fly backward..

A force is exerted on the ball by the bat. The
~bat does not fly backward, because the player’s
hands are exerting another force on the bat.
What then keeps the player’s hands from flying
backward when the bat hits the ball? The bones
and muscles in the player’s arms exert a force on
the hands. As you can see, a simple activity such
' as playing baseball involves the action of many
forces at the same time. ‘

22 Bescnbe tn your own words expLam Newton’s third taw of mo‘ucn
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28 Inthe formula

2% forces in the same pair have equa] size but

opposite
e I | - , 5
Synthesize A car designer is designing anew modcel of a popular car. =
He wants to use the same engine as in the old model, but improve the -
new car's acceleration. Use Newton’s second iaw to explain how to Ef
improve the car's acceleration without redesigning the engine, E
£
g
=
2
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E
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Yocabulary

Draw a line to connect the following terms to
- their definitions.

- 1 force A resistance of an objéct to a
3 inertia change in motion
3 newton B the unit that expresses force
' € apushorapull
Hey Concepis

& Describe What is the action force and the
reaction force when you sit down on a chair?

5 Summarize How do you determine net force?

& Explain How do tests with crash dummies,
seat belts, and air bags ﬂlustrate Newton's first
law of motlon?

Critical Thinking

Use this photo to answer the foHowmg quesﬂons

-7 identlw This rock, known as Balanced Rock,

sits on a thin spike of rock in a canyon in Idaho.
Explain the forces that keep the rock balanced
on its tiny pedestal.

2 Caiculate Balanced Rock has a mass of about

36,000 kg, 1f the acceleration due to gravity
is 9.8 m/s?, what is the force that the rock is
exerting on its pedestal?

9 Infer What would happen to the moon if Earth
stopped exerting the force of gravity.on it?

Lesson 3 Forces &%




