Science ch. 15

Forces and Motion
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You can learn about science in many ways. You conl read
about it, talk about it, and think about it. You can also

Investigate it with activities and experiments. If this is

your favorite way to learn science, you might like to be a
chemical technician.
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oW forces affect the motion of objects.
OW friction affects motion.

°W gravity affects objects.

how 'o describe motion.
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P You Are Therel

Standing in front of the Leaning Tower of
Pisa, you think you must be imagining.
Why doesn't the tower fall? As the tower
was built, the soft ground shifted. The
weight of the tower pulled it over. Over
time, workers have found ways to support
the tower. Forces made the tower lean,

but forces also keep the tower from falling.
What are these forces?

Lesson |

What happens when
forces act on objects?
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More than one force usually acts on an object. Friction

the motion of two surfaces [1(1\" each other

Forces

How can this elephant balance on a
ball? Like the Leaning Tower of Pisa, the
elephant stays upright because ol the
forces acting on it. A force is a push or
pull. A force has both size and direction

Some forces act only if objects touch. For
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Forces on Objects
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Friction

Why does a soccer ball slow down when you roll it across the
ground? Friction is the reason. Friction is the force that resists the
movement of one surface past another. The rough surface of the
ground stops the soccer ball by pushing against it. Friction is a force
opposite of the direction of the ball’s motion.

The table describes three types of friction. Rolling friction and
sliding friction act on objects that are moving. Rolling friction resists
the motion of a skateboard’s wheels. Pushing a heavy box across the
floor is hard because of sliding friction. The box is easier to push,
however, after it starts to move. When you first push on the box,

static friction resists its movement. Static friction is usually strongef
than sliding friction.

m Resists the motion of o rolling

object

Resists the motion of o sliding
object

Resists the motion of gn object

The floor of a bowling Just as it beglns fo move

lane must be polished

to reduce rolling ‘
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Oil and grease are used on
engine parts to decrease
friction by reducing contact
between rough surfaces.

™
Heat produced by friction

an wear out these engine
Parts and reduce efficiency.

Helpful and Harmful Friction >

Friction is useful for many things you do every day.
Without friction, walking dcross a room would be like
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On Earth

an apple
experiences a
gravitational
force of about
T N.

Lesson 2

How does gravity
alfect objects?

All objects exert a gravitational pull on all other objects.
Gravitational force affects objects on Earth as well as stars,
planets, and all other objects in the universe.

Gravitational Force

Toss a ball into the air and you know it will fall down.
Earth’s gravity pulls all objects on Earth toward Earth’s center.
But the pull of Earth’s gravity isn’t the only gravitational force.
Grgvitational force is the force of attraction between any
object and every other object in the universe. Gravitational force
holds water in the oceans and holds the air near Earth. It affecs

the way plants grow and the way your bones develop. Life on Earth

depends on gravity in many ways.

] In the 17th century, Isaac Newton, an English scientist, was the
drst to explain many details about gravity. He realized that gravif
epends on the masses of the two objects that exert gravitational

forces on each other. The greater the mass of an object, the strond®

its gravitational force. The book
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feel the gravitational py
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I of the book because both you and the
tyou feel Earth’s gravity because Earth of
Astronauts on the Moon experiencé @ =
ause the Moon has less mass than Earth

The metric unit of force, a
Newton, is named in honor
of Isaac Newton, the 17th
century physicist who
studied gravity and

other forces.

pends on

Newton also realized that gravitational force de
the distance between two objects. If the distance between

Objects increases, the gravitational pull between them
decreqses Earth’s gravitational pull on you 13 slightly less
When yoy are in an airplane than when you are standing on
Rarth's surfqce.

. Yoy ¢an measure Earth’s gruvitutmnu] pull
i Weigh yourself. An object’s mass—the amoun |
t at Makes up the Ub](’((——is the same p\-cr\'whcn‘ in the
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Gravitational force

is not the same at all
places on Earth. This
gravitational map
shows how Earth’s
gravity varies slightly.
Red areas show where
the Earth’s gravity is
highest. Dark blue
areas show where
gravity is lowest.
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Gravity and the Universe

Newton'’s theory of gravity showed I:;dl ;‘llhl‘n‘vt\ and stars
‘ y fall to Earth also moves the pl

LIII::tI;tii:::llll :t’\"::ll\'v\ around Earth because of the (]l’(l\'ll(lil(t!l(ll
pull between the Moon and Earth. Earth und all the planets
of the solar system stay in orbit around the Sun because of
the gravitational pull between the Sun and the planets.
Without the pull of gravity, the Moon and all the planets
would shoot straight into outer space.

I'he masses of Earth and the other planets in our solar

orce that causes

system are much less than the mass of the Sun. The pull
of the planets therefore has little effect on the Sun’s motion.
In other solar systems, some planets have masses much close:
to the masses of their stars. In those cases, the gravity of a
planet can cause a star to wobble. Astronomers use this wobble
as a way to locate faraway planets.

If gravity is larger for objects with more mass, why don't
you feel the gravitational pull of the Sun? Remember that
gravitational force depends on distance as well as mass. The
Sun’s mass is about 330,000 times greater than Earth’s mass. : ¥ TR : SR
Your distance from the Sun’s center, however. is about 23,000 P - . “ Tides '
times greater than the distance to Earth’s center. The |
of the Sun’s gravitational pull quickly de
If you were an equal distance from the

Low fide |
strength

creases with distance.

Sun and from Earth, the
much stronger. Because you are so

A tide is a rise or fall in water level near the ocean's shore.

| | itational force | . Most coastal areas around the world hm{e two highh::ives
l L"‘h Moon lowers | and two low tides each day. The illustration shows
Sun’s pull on you would be e Yoo oo el |
V - | . lyﬂl on
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) ‘ | : : e particles that make up
c'xam;.)lc, has a mass that is about one-tenth the mass of Farth. Michel and liquids than in solids. That' R
You mlght expect, then, that gr(lvity on Mars would be one- of France.

' way from

difference causes ocean water to be pu"ed; h\g:zttl:r(:m ti;e side
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the planet’s size. The
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Lesson 3

How can you
describe motion?

A description of motion depends on the frame of reference
from which the motion is viewed. Speed, velocity, and
acceleration are used to describe motion.

Observing Motion -

| e S A\Z

Riding on a roller coaster like the one to the right can make
you feel as if you are flying. You rise high into the air, then
down again, over and over. What do you see as the roller %3
coaster moves around? At the highest point, you glance
down and see other rides, games, and people that look
very small. As you loop downward, objects on the
ground seem to move toward you. Then, as you rise,
objects on the ground seem to move away. Are the
objects on the ground actually moving?

In order to determine an object’s motion, you
must view it in relation to another object that
appears to stay in place. In other words, the way
you describe motion depends on your frame of
reference. A frame of reference is the object an
observer uses to detect motion.

When riding on a roller coaster, the seat in
which you ride may be your frame of reference.
In that case, you aren’t moving relative to the
seat. If you use the ground as your frame of
reference, however, the ground seems perfectly
still. The chair in which you are riding appears
10 move up, around, and down.

How would you describe your motion
now? Motion is usually described
as a frame of reference,
still, you are not in motij
Relative to the Sun, how

right
using Earth
If you are sitting

on relative to Earth_

ever, Earth js whirling

through space. Earth i also Spinning on jts

axis. You are not aware of these motions
because objects around you are qlso
motionless in this frame of reference

——

.

Kinds of Motion

How would you describe the motion of one of the
<eats on the Ferris wheel? Its path is called circular
;qmon- Circular motion takes place around a central
"\;mt. The central point for the seat’s motion is the axle
S, the ride. When a roller coaster travels in its loops, it
too is using circular motion. Other examples of circular
motion include the orbits of planets around the Sun
and the wheel of a bicycle as it turns to move the bike.

. " - eemee RO .

Although the wheel of the bicycle moves in a circular A person observing this Ferris wheel
;)(;ttt’r‘rl ihc bike itself travels in a straight line. Straight-  from the ground probably would say

: the seats are moving. How does usin
line motion can be seen as you watch a parade move okt ‘::;ods 'h'::g' hold up the whegel
v : ” r SU
y »one ne :
down a street or when someone makes a “bee li as a frame of reference show motion?

for the door. | |
Circular motion and straight-line motion may

be easy to observe. Vibrational motion can be

more difficult to see. A vibration is a rapid

back-and-forth movement. The strings
on a cello vibrate to make sounds,

\ as do your vocal cords.

T y » LB

If you were riding in the blue seat at
the top left and using the seat as your
frame of reference, the ground would
appear to first move farther away and
then move closer.
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cribe the motion of a
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2. Writing dswu -
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write another parograp
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reference of the cat.
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velocity is the speed of an object in a particular direction. On the
bus’s first trip, 1ts velocity would be 54 km/h east. On the return trip,
its velocity would be 54 km/h west. A change in either speed or
direction causes a change in velocity.

The velocity of an object moving along a curved path constantly
changes even if the speed of the object is constant. The velocity
changes because the direction of the object is always changing.

Calculating Speed

| The bus below is winding its way along the hilly road. How
can you figure out its speed? Speed is a measure of how fast
| an object is moving.
You can find speed by dividing the distance traveled by the
time needed to move that distance. Speed is often measured in
| kilometers per hour. If the bus travels between two points that
are 9 kilometers apart in 10 minutes, you can find its speed

using this equation: Acceleration

The motion of moving objects usually
isn't constant. The instantaneous speed
and direction of motion may change.
Acceleration is the rate at which

A speed/time graph shows the speed of an object at any
time. You can infer whether the object is accelerating.

A siraight line indicates constant acceleration. A curved
line indicates changing acceleration. A horizontal line

indicates constant speed.

distance = 9km _ 60 min

average speed = =
Cak time 10 min . 1h

= 54 km/h

This speed for the entire trip— il i velocity changes. The bus in the picture | 100 w
>4 km/h—is the average speed of t From a distance/time graph, you can infer accelerates wh?n - §peeds up- £ &0
the trip. But the bus probably didn’t | whether a moving abject’s instantaneous Acceleration isn’t just going faster. E ,
travel at the same speed during the : speed is changing. A straight line indicafes Acceleration also happens when T o
entire trip. An object’s speed at any | constant speed. an object slows down or changes } ‘
moment is instantaneous speed. | A direction. Each time the bus moves 2
The speedometer of a car tells the i ]28 —t = slower or travels around a curve, it is
instantaneous speed that the car | E® accelerating.
is traveling. : E Zg }" The velocity of an object can only

§ 50 - change if a force acts on the object.
Velocity -'é ‘3‘3 — > Acceleration is therefore the result of

How does the bus’s motion change :128 ™ B 5 ancedorees acting on the oniEt

if it makes the trip in the opposite : ~ ‘

6

A . ;
rection? The distance traveled is the | Time (5]

same. It may also have the same ¢
travel time. So the bus’s average speed
would remain the same. The direction
of motion, however, s different, Jts
velocity also changes,
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Lesson 4

What are the laws
of motion?

A force is needed to change an object’s motion. An object
accelerates in response to an unbalanced force. A force on an
object causes an equal but opposite reaction force.

Studying Motion

For hundreds of years, scientists tried diffe
experiments to try to explain motion. One
scientists was Galileo Galilei, who in the 16
falling objects and the ideq of gravity. At t
people thought that objects slowed
themselves. They did not ye

[t wasn't until 1686 that [saac Newton published his

book Principia. In it he related forces to the motion of
objects. Newton’s book put the ide

together in a way that people

rent

of those
00s studied
he time,

down and stopped by
tunderstand friction

as of many scientists
could understand them.

First Law of Motion

Newton'’s first law of mo

tion describes the i

qual forces acting on it.

know that if you place yoyy book o
book will not Move unjegs

force acts on it. If you p|
you have to kick the
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This crash-test
dummy shows the
effect of inertia. If o
car stops suddenly,
the forward motion
of people in the car
continues. The force
that stopped the car
does not stop the
people. The force
of a seat belt or air
bag stops a person’s
rward motion.
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Second Law of Motion

Newton’s first law of motion states that unbalan, 1
L&

forces cause a change in motion, but how does the

motion change? According to Newton's second law of

motion, a force causes an object to accelerate

Newton’s Second Law of Motion

Thg acceleration of an object depends on the mass of the
object and the size of the net force applied

First, consider how mass affects motion. Look at the
two dogs in the wagons. The large dog has greater
mass than the smaller dog. You have to exert only a
small force to pull the wagon with the small dog.'BuI
the same force applied to the wagon with the large dog
will not accelerate the wagon as much. In other words
if you apply the same force, the greater the mass, the
smaller the acceleration.

Now suppose you give the wagon with the small dog
a push. The wagon will travel at a certain speed. It
}_'nu glv‘c the same wagon a harder push, it will move
tcvlster. Stated another way, an object’s acceleration
will increase as the net force increases. Likewise, the
acceleration will decrease as the net force decrease>

What effect would
pulling on these
two wagons with
equal force have
on fhe w°g°ns?

-

Using an Equation

The second law of motion can be written as an equation
acceleration = force ~ mass

In the equation, force refers to the net force applied to the
object. Mass refers to the object’s mass, and acceleration to the
object’s acceleration. The equation shows that both force and
mass affect acceleration.

Not all forces cause a change 11
forces cause an object to accelerate. |
on opposite sides of a box with the sam
not move. However, if you push with a gr
friend does, the box will begin 1o ac celerate.

accelerate as long as the forces on the box are
leration depends on the

1, motion. Only unbalanced

f vou and a friend push

e force, the box will
eater force than your
It will continue 1O
not balanced

The direction of an object’s acce
direction of the forces on the object Place a coin

give it a small push. The coin ac celerates in the dire
om two directions, it acce

ction of

the force. If you push on itir
the direction of the unbalanced force.

Ch |Aw s the relgtions D
] ‘/ eckpoint Newton s second law show

among which three quantities?
’ @ Predict Suppose you aré riding

i _\' 13
ploce Q heo\y ObJOCY on the back of he

increased mass affect the bike s OctE

, - 4 ',, N ?,\‘
on o bicycle. You s1Op ¥
hike How W!'.' the

) O n
leraghion it you p&h. W

p—_—rTe
r ~eONINg
E\\.A»" N

'he same {’OTC(‘? Exp'(} n youl

on a desk and

lerates In

The force of the
snowplow causes
the ice and snow
to accelerate. If
the force of friction
equals the force of
the snowplow, the
ice and snow will
not accelerate.
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Third Law of Motion

Why does a rubber ball bounce if you toss it on the
grouﬁd? The force of your hand is downward, but the
ball bounces upward. Newton'’s third law of motion
explains the motion of the ball.

Newton’s Third Law of Motion

When a force is applied to an object, the object
exerts an equal force in the opposite direction.

A falling ball exerts a downward force on the
ground, and the ground exerts an equal but
upward force on the ball. The push of the ground
causes the ball to bounce upward.

Newton’s third law of motion is sometimes called
the law of action and reaction. For every action,

there is an equal and Opposite reaction. When you pull
on a doorknob to open a door, you feel a force working
against you. Your pull on the doorknob is the action force,

.

its feet very hard against the ground.
equal force, pushing the cat into the
the ground is the action force. The gr
push is the reaction force.
Newton’s third law of motion
two objects collide, or hit agai
basketball rolling along th

that is sitting still. During the collision, the two balls exert equal

and opposite forces on each other. The mass of the bowling ball

is mth greater than the mass of the basketbaq]. The basketball

air. The cat’s push against
ound’s opposite but equal

explains the result when

Why does this leopard move
Upward when it pushes
downward on the rock?

What action-reaction forces cause
this rowing boat fo move forward? £

These oryx are

applying equal
but opposite force.

Momentum

The difference in the reactions of the basketball
and the bowling ball is explained by r_nnmentum
Momentum can be used to find the force needed
to stop a moving object. An ob.]ect s momentum
depends on its mass and velocity. The more

. ] R :
momentum an object has, the harder it is to stoj

the object or change its direction. -
When a moving object hits unothcr_‘oh;euT

or all of the momentum of the first object

d to the other object. The total

fore the collision equals the total

rwards. This is known as the law

some
is transferre
momentum be
momentum afte
of conservation of momentum. .
The momentum of the basketball before 1t hits
1€ | ‘
bowling ball must equal the momentum ¢ f
( -

= tball and bowling ball after the collision.

the baske ) B |
The bowling ball starts moving because 1t gets
1€ -

> "o l”
yme momvntum from the hu\l\ttl (
S

\/ Lesson Checkpoint

trikes @
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YO =

bowling pin Whi
ball on the pinor!
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or a peé C |

. | 3 e skaing
: An ( {ult O""d a &”--d are I C
' )p ¢t An aaui
2 © fedl(

|
)l > }dL !
T e h |i pU\hCS away ‘Vg-ﬂ the C
he Cchiik S S
bo K\\d'd W hat will napf
S C

T"\(\ ( n O
n to the aauli

move



/!/ - ".. L - ‘.', - f}

; Mth nSoience <\ 7=
PRUPORIIGNS
TSP RN G

&
T—— -t e St s

- Pogo sticks were first patented in 1919 and were very , i | | Use the information on page 444 fo answer each question
- popular in the 1920s. There were theater shows on pogo | |
= sticks and contests for the most jumps. Some people are

| still enjoying pogo sticks today.

If o total force of 400 N on a pogo stick compresses the
spring 20 cm, how much total force is needed to compress the

S : same spring 32 cm?
A spring is the main part in o pogo stick. The distance a spring

stretches or is squeezed is direct| ' .k
_ y proportional to the force put onit. = |d this spring compress
| This means that if the force pulling or pushing on q spring doubles, -‘ total force of 230 N. How much would this spring comp

. . to the
the s ' Wi w | force of 300 N? Round your answer
Pring Vf"” §tretch [or be squeezed) twice as much, three times o i erfeio -
the force will triple the stretch or squeeze, and so on | & . nearest tenth of a centimeter.

On another pogo stick, the spring compresses 15 cm with @

t W:e; {25y T e Pogo stick and the tip comes down to 4 — ~ . After its maximum compression, iesgpiing i Se S}:'Ck
 fouch the ground, the spring compresses—gets squeezed. £ ! : will begin to expand. It will keep expanding to @ e

The spri : : '
® spring reaches !ts maximum compression quickly. The | it greater than its original length before the | i o It a 40 cm
maximum compression is proportional to t | h of 44 cm, what is the percent

he total force pushing } e : spring expolnds t}:)?o lengt
increase in length

Saclh s 2

Y Take-Home Activity

400 200 . N/
20 <~ T e ’.- . 5\ This activity will he'p you de(:ud
ule for springs 15
Hook a bent paper clip

ke o basket. Hang

e if the
also true

S ‘ proporhonolityr

[i for rubber bands

' to ma

through a plastic bag }

- ‘ her end of the clipon @ rubbef ban

9 will compress 10 | oo B

. v Put two pennies In the bag as W g e
measure the stretch of the rubber ban

f A
"" EP™\ o.ble when the we'd \

N ——7m | 2724 s

C:]O

ht doubled? Explain




B il

Chapter 15 Review and Teést py,

Use Vocabulary

acceleration inertia (p. 437)
lp- 433) momentum

force (p. 423) (p. 441)

friction (p. 426) speed (p. 434)

gravitational
force (p. 428)

velocity (p. 435)

Use the vocabulary term from the list above
that best completes each sentence.

1. The mass and acceleration of an object
determines its

2. Aforce that opposes the motion of a ball
rolling across the ground is

3. Your weight is the

—_that pulls you
toward Earth.

4. The speed and direction of an object is its

+  The product of mass and velocity is

An object remains at rest unless g force
acts on it because of its

A measure of how fast an object moves is

Unbalanced forces on an object cause

446 OJQIMndPoinf,?:e s

- Explain Concepts

9. After reading Newton’s first law of
motion, a student claims that an object
moving at a constant speed in q straight
line has no forces acting on it. Is the
student correct? Explain your answer.

. 10. Identify the effect of each of the actions
below. Use Newton's laws to explain the
results.

A. You pushed against a wall.

B. An unbalanced force acts on an
object.

C. An empty grocery cart runs into a
parked car.

+ 11. The length of the force arrows in the
picture below shows the relative streng!h
of the forces acting on the box. If the
box were sitting still on a table, what
would be the result of all the forces acfid
on the box?

A

proceSS S”’s

12. Communicate Prepare and give
a presentation to the class about
how friction is important in football,
gymnastics, or some other sport.

13. Make a Hypothesis Make a ramp
by supporting one end of a long board
with a book. Attach a rubber band to
a toy car and pull the rubber band to
move the car up the ramp. Note how far
the rubber band stretches as you pull on
the car. How far do you think the rubber
band will stretch if you cover the board
with sandpaper? Test your prediction and
explain the results.

@ Predict

14, An object weighs 100 N. Predict how the
object’s weight would change if it were
placed on Mars. Use a graphic organizer
like the one below.

. 16. Which is a force that keeps planets in |

@Test Prep

: Choose the letter that best completes the
. statement or answers the question.

. 15. Which type of friction acts on a box that

is moving down o ramp?
® gliding

rolling

© sliding

© static

orbit?

® friction
@ inertia
® gravity
@ speed

17. Which can be used to figure out the force |

needed to stop a moving object?
® acceleration

® friction

© momentum

© speed

© 18. Which is the unit of force?

® m/s
@ kilogram
# newton

® km/h

19. Explain why the answer you chose for

Question 17 is best. For each of the
answers you did not choose, give o
reason why it is not the best choice

' 20 Persuosive Write

a paragraph in support of having airbags
in cars. Use Newton's second low of

motion to support your argument




