3.8 .
-N- - A -J&‘ ! f::i“
.

_

; W -,

by Martin E. Lee

.

f
L '.*

Comprehension Skill Text Features

Scott Foresman Science 5.13

m Iln ISBN 0-328-13952-1 90000
1 DRI AN i
Foresman 9780328139521




p
Vocabulary

acceleration
equilibrium
force

inertia
machine
power
velocity

work
\_ y

Photographs: Every effort has been made to secure permission and provide appropriate credit for
photographic material. The publisher deeﬂy regrets any omission and pledges to correct errors called to its
attention in subsequent editions. Unless otherwise acknowledged, all photographs are the property of Scott
Foresman, a division of Pearson Education. Photo locators denoted as follows: Top (T), Center (C), Bottom
(B), Left (Ls, Right (R), Background (Bk%d).

Opener: ©Chris Hamilton/Corbis; 2 ©DK Images; 3 ©Tim Bird/Corbis; 4 (B) ©ThinkStock/SuperStock
©Alan Schein Photography/Corbis; 6 ©DK Images 7 ©Robert Methena/Fundamental Photographs;

8 Getty Images; 9 ©%K Images; 10 ©Flip Nicklin/Minden Pictures; 13 Digital Vision; 14 (TL] ©Kaz
Mori/Getty Images, (B) ©Tim Wright/Corbis; 15 ©E. Braverman/Getty Images; 19 ©Roger Wilmshurst/
Frank Lane Picture Agency/Corbis; 20 Getty Images; 21 (TR) ©Eric Fowke/PhotoEdit, (B) ©DK Images

22 ©DK Images

ISBN: 0-328-13952-1

Copyright © Pearson Education, Inc.

All Rights Reserved. Printed in the United States of America. This publication is
protected by Copyright and permission should be obtained from the publisher prior
to any prohibited reproduction, storage in a retrieval system, or transmission in any
form by any means, electronic, mechanical, photocopying, recording, or likewise. For

information regarding permissions, write to: Permissions Department, Scott Foresman,
1900 East Lake Avenue, Glenview, Illinois 60025.

345678910 VO10 131211 1009 08 07 06 05

Forces in Motion

by Martin E. Lee

PEARSON

| ——
Scott
Foresman




Other

4.0751004


How can you describe
motion?
Types of Motion

You are moving all the time. You walk around your school.
You stand up from your chair. You roll over in bed. Your heart
beats and your eyelids blink. Motion is also all around you.

Different things move at different rates. A sea star moves
very slowly. It may seem as though it is not moving at all.

An airplane propeller moves so quickly that you can’t even
see its blades.

The motion of
a sea star is
very slow.

There are many different types of motion. Earth is in
constant motion. It is always moving as it travels around the
Sun. Cars, trucks, and buses have variable motion. They can
move in many directions. They can also change their speed. A
pendulum has periodic motion. It swings back and forth when
it moves. A rubber band has vibrational motion. It vibrates
when you pluck it.

This train has variable motion.
It can speed up or slow down.




29.413738


27.53295


Speed and Velocity

Average speed tells how far an object moves in a certain
amount of time. This is the formula for average speed.

Distance
Time

Speed =

Are you in motion when you sit in a chair? You are not
moving in relation to the chair. But you are moving in relation
to the Sun. You and Earth are moving around the Sun faster
than a rocket! To measure motion, you need to look at an
object’s position when compared to a location. This location is
called a point of reference.

Speed changes with the point of reference you use. For
example, a woman walking inside of a moving train is moving
slowly. The train is moving very quickly. Her motion measured
in relation to the end of the train car is one speed. Her speed in
relation to a crossing gate next to the tracks is another.

Let’s use the end of the train as a point of reference. If the
woman walks 10 meters through the train in 5 seconds, she has
a walking speed of 2 meters per second.

Now let’s use the crossing gate as a new point of reference.
Suppose the train is going 30 meters per second. The woman
is still walking at the same rate. But with the gate as a point
of reference, she is moving about as fast as the train is. So her
speed is about 30 meters per second.

Sometimes, knowing the speed of an object is not enough.
Velocity is the speed of an object in motion and its direction.
The speed of the train is 30 meters per second. Its velocity is
30 meters per second north. A skydiver might have a velocity
of 200 kilometers per hour downward.
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50.73002


What are forces?

Pushes and Pulls

A force is a push or a pull that acts on an object. A force can
make an object speed up, slow down, or change its direction.

Forces have magnitude and direction. The magnitude of a
force is how strong the force is. It is measured in units called
newtons (N). The direction of a force tells which way the force is
pushing or pulling. If you hold an apple in your hand, it exerts
a downward force with a magnitude of about 1 newton.

Gravity

Every object in the universe pulls
on every other one. This pull is called
gravity. But only the gravity of a
large object such as Earth is strong
enough to be felt. Earth’s gravity pulls
all objects toward it, without even
touching them. Pendulums swing,
apples fall, and satellites stay in orbit
because of the pull of Earth’s gravity.

¢

An apple falls
m because gravity

pulls it downward.

>

Gravity makes the
velocity of the apple
increase as it falls.

s 4

Weight is the amount of gravitational force between an
object and Earth. It depends on the mass of the object and the
Earth’s mass. It also depends on how far above Earth the object
is. You weigh a bit less when you fly in an airplane high above
Earth. Your weight would be different on other planets. This is
because other planets have different masses, so they pull with
different amounts of gravitational force. The chart shows how
much an object that weighs 100 newtons on Earth would weigh
on other planets.

__Planet | Weight (in newtons) |

7

753

Gravity is what makes a pendulum
swing downward. The pendulum then
swings upward until gravity stops it.
Then, as gravity pulls it back down, it
swings in the other direction.

>
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Magnetism and Electricity

Magnetism is a force that pushes and pulls objects. The force
is strongest at the poles of a magnet. All magnets have a north
pole and a south pole. Magnets pull strongly on objects made
of iron, cobalt, and nickel. The force of a magnet also works on
other magnets. The north pole of one magnet will attract, or
pull on, the south pole of another. Two poles that are the same
will push each other away.

Electric forces act between objects that have electrical
charges. All atoms have electrons, which are negatively
charged, and protons, which are positively charged. An object is
negatively charged if it gains electrons. It is positively charged
if it loses electrons. If you rub silk and glass together, electrons
move from the glass to the silk. This gives the glass a positive
charge and the silk a negative charge.

All objects with electrical charges push or pull on each other.
It is similar to the way magnets work. Objects with opposite
charges pull toward each other. Objects with the same charge
push away from each other.

The force of the
magnet pulls bits
of iron toward it.

Gravity, Electricity, and Magnetism

Magnetic and electric forces can act even if the objects do not
touch. All these forces get stronger as the objects get closer to
each other.

Gravity is different from electricity and magnetism in two
important ways. First, you can block the forces of magnetism
and electricity. All you have to do is put certain kinds of
materials between the objects. But you cannot block gravity.
The second difference is in the direction that the forces work.
Electricity and magnetism can push or pull on objects. Gravity
can only pull on objects.

The magnetic field of this
stone attracts metal pins
to its surface.




77.00894


40.071815


Friction

Friction is the force that results when two materials rub
against each other. This force can slow the motion of an
object or keep it from moving. Friction depends on the
objects that rub together. The shape, speed, or texture of
one object can affect the amount of friction with another
object. The texture of your socks lets you slide across a
smooth floor. But the texture of your shoes does not. There
is more friction when you try to slide in your shoes.

Air and water resist motion when moving objects push
against them. Air or water flowing over a surface causes
friction. Cars and airplanes are designed to cause little
friction with the air. Submarines and ships are designed to
cause little friction with the water.

The shark’s shape and
its special skin reduce its
friction with water. This
helps the shark to swim
smoothly and swiftly.

10 ‘

Work and Power

Work has a special meaning in science. Work is the energy
used when a force moves an object. If an object does not move,
no work is done.

Work is calculated by multiplying the force used to move an
object by the distance the object is moved.

Work = Force x Distance

Work is measured in units
called joules. One joule (]) is the
amount of work done when a
force of 1 newton (N) moves an
object a distance of 1 meter (m).

Power is the rate at which
work is done. Power is increased
when work is done faster.
Walking and running up a hill
take the same amount of work.
But running up the hill is faster,
so it takes more power. Power is
measured in units called watts
(W). To compute power, divide
the amount of work done by the
amount of time it takes to do
the work.

Holding the ball takes force. But work is
done only when a force moves an object.
Since the ball does not move, no work is

being done.
' 11
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What are Newton’s
laws of motion?

Sir Isaac Newton (1642-1727) was one of the world’s most
important scientists. His work led to three laws that explain
why objects move as they do.

Net Forces

Many forces can act on an object at once. They may act in
different directions. Some may be stronger than others. The
combined forces on an object is the net force. The net force
controls whether the object will start moving, stop moving, or
change its direction.

Forces can be balanced. This
occurs when equal forces act on
an object in opposite directions.
When this happens, the net
force is zero. An object is
in a state of equilibrium
when all forces acting on
it balance each other.

A moving object in
equilibrium keeps
moving at a constant
speed in a straight
line. A motionless
object in equilibrium
will not start
to move.

The 5 N force and the
10 N force add up to
a net force of 15 N.

12 ‘

Unbalanced forces make an
object change its motion. Forces
are out of balance if the forces
acting in one direction are greater
than the forces acting in another.
If two people push on a box from
opposite directions with the same
amount of force, the box will not
move. But if one person pushes
with more force than the other,
the forces are unbalanced. There
is a net force in the direction of the
stronger push. The box moves in
that direction.

Balanced forces push against
the box. There is no net force.
The box does not move.

Unbalanced forces push

against the box. There is a
net force in the direction of
the stronger force. The box

m moves in that direction.

A jet moves in a straight line
at a constant speed. But forces
are acting on it. Drag pushes
against the jet's forward
motion. Drag slows it down.

rh =

Lift pushes the jet up
against the downward
pull of gravity.

Thrust pushes
the jet forward.

13
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Newton’s First Law

Newton’s first law of motion says that an object will stay
in constant motion until a net force acts upon it. An object
at rest will stay at rest until a net force moves it. An object
moving at a constant speed will keep moving in a straight
line at that speed. If a net force acts upon it, it can change
speed or direction

Obijects tend to resist any change in motion. This is known
as inertia. Objects with greater mass have more inertia than
objects with less mass. Your body'’s inertia is what pushes you
against the side of a car as it goes around a curve. Your body
tends to keep moving in a straight line. Then the car turns. It
takes a moment for the motion of your body to adjust.

A full truck has more
inertia than an empty
truck. It will take more
effort to make the heavy
truck stop or speed up.

Inertia will keep
the football moving
after the kick.
Eventually, gravity
will pull the ball

to the ground.

The football stays at rest
on the tee until the force of
the kick causes it to move.

A space probe is an example of Newton’s first law. Inertia
keeps the probe moving through space. Probes need very little
fuel after they get into space. There is no net force to slow them
down. They usually need fuel only to change direction or to
slow down.

The vehicle stops when
it crashes, but the test
dummy keeps moving
because of inertia.
Only the seat belt
holds it back.
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8.3592


17.920027


13.426975


8.933895


/ Newton’s Second Law
Newton'’s second law of motion
describes how net force, mass,
and acceleration are related.
_ [ J Acceleration is the rate at which
the velocity of an object changes

The net force on the box over time. The net forces acting on
equals the mass of the box an object can change its velocity.
times its acceleration. You may think of accelerating as
speeding up. But acceleration can
mean speeding up, slowing down,
or changing direction.

This formula shows Newton'’s
second law of motion.

Y

Fore = Mass x Acceleration

The formula can be written as

F=mxa.
The greater the net force
on the box, the greater its To find an object’s acceleration,
acceleration will be. the formula can be written as
F
a= —.
m

To find the mass of an object,
the formula is written as

The greater the mass
of the box, the less its
acceleration will be.

s 4

Newton’s Third Law

Newton’s third law of motion states that when one object
pushes or pulls on another, the second object pushes or pulls
back on the first object. This is also called the action-reaction
law of motion. Action-reaction forces are always equal and
opposite. They always come in pairs.

You can see this law at work every day. When you see an
object move because of a force, there will also be an equal and
opposite force. It is impossible to have one force without an
equal and opposite force!

Have you ever ridden in a bumper car? A moving car may
bump into a stopped car. Both drivers will feel the force of the
impact. The force slows down the moving car and puts the
stopped car in motion.

Bumper cars exert equal and
opposite forces on each other.

4

L
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- - force of the red car orce of the purple
E{J the purple car car on the red car
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What are simple

machines?
Machines and Work

A machine is a device that
changes the direction or amount of ﬁ
force needed to do work. Simple
machines have only a few parts. ‘/
Four simple machines are the -
pulley, the wheel and axle, the
lever, and the inclined plane.

Machines do not reduce the
amount of work that needs
to be done. They can make
it easier to do the work. A
machine can allow you to
use less force to do work. In
exchange, you must apply
that force over a greater
distance. This balance lets
the total amount of work
stay the same. A machine

\

might make work easier by
changing the direction of
the force.

18 ‘

This pulley changes
the direction of force.

Pulley

A pulley is one type of simple machine that changes the
direction of the force needed. A pulley is a rope or cable that
runs around a grooved wheel. Flagpoles use pulleys. So do some
kinds of curtains. A block and tackle is a system of pulleys. The
block and tackle can make it easier to lift heavy objects.

Wheel and Axle

A wheel and axle has a round object, such as a doorknob,
and a shaft. The wheel and axle reduces the amount of force
needed to do work. Think how hard it would be to pull a bucket
of water up and out of a well. Instead of pulling the bucket in a
straight line, you turn the crank in a circle. The steering wheel
of a car is another kind of wheel and axle.

The crank on this well
is a kind of wheel and
axle.




42.788612


46.9683


Lever Inclined Planes

A lever is another simple machine that changes the direction Have you ever carried something heavy up a flight of stairs?
of a force. A lever has a bar that rotates on a fixed point. Rolling the load up a ramp would be much easier. A ramp is
That fixed point is called the fulcrum. Levers use the bar, the a type of simple machine called an inclined plane. It is a flat
fulcrum, and a force that you apply to move a load. surface with one end higher than the other. The inclined plane

A see-saw is a lever that changes the direction of force. To use can be a big ramp that a car might go up. Or it can be a small
a see-saw to lift a box, you push down at one end. The box goes wedge such as a doorstop.
up at the other end. The amount of force needed to move the
box will change if you change the position of the fulcrum. The
farther you are from the fulcrum, the easier it is to push down m
on the lever. Pushing a wheelchair

Look at the picture below of the person using a lever to lift a up a ramp uses less
box. The person applies less force than the weight of the box. f‘?"ce overa I°f‘5!e’
But the person must apply that force for 1 m. The box rises ?hsmnce than lffing

it up the steps.

only 0.5 m.

.

¥

L

T
Other Simple Manylfver)idoy
items have levers.
Levers g ) How do the parts
of these items help

people do things?

20 21
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Complex Machines

Many machines combine two or more simple machines.
These are called complex machines. They might use burning
fuel, gravity, human power, electricity, or magnetism to
do work. Look at the picture of the go-cart. It uses many simple
machines to move the driver along.

A go-cart is a
complex machine.

22

The go cart’s steering wheel is a wheel and axle. This simple
machine is connected to levers that turn the front wheels. The
pedals the driver uses to control the engine and brakes are also
levers. Gears, a type of wheel and axle system, connect the
engine to the cart’s rear wheels. The engine itself is a complex
machine. It is made up of many small simple machines.

23



21.524874


25.495428


Glossary

acceleration
equilibrium

force

inertia
machine

power
velocity

work

24 ‘

the rate at which the velocity of an object
changes over time

a state in which all forces acting on an object
balance each other

a push or a pull that acts on an object

the tendency of an object to resist any change
in motion

a device that changes the direction of force or
the amount of force needed to do work

the rate at which work is done
the speed and direction of an object’s motion

the energy used when a force moves
an object

What did you learn?

1.
2.

3.

How does friction affect movement?

What is inertia and how does it affect the way an object
moves?

What are the parts of a lever?

L T RIERSTSERTSER On your own paper, write fo

explain what weight is and what factors have an effect on it.
Use details from the book to support your answer.

@ Cause and Effect How can the forces in a game of
tug-of-war result in equilibrium?
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