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A
giant solar flare erupts from
the Sun, spewing high energy
particles and other forms of

radiation toward Earth. Fortunately,
Earth’s magnetic field deflects most of
these particles so they don’t damage
you and other living creatures. In this
chapter, you will learn how magne-
tism and electricity are related, and
how some common devices use 
magnetism.

What do you think?
Look at the picture below with a
classmate. Discuss what this might be
or what is happening. Here’s a hint:
The force holding up this cube also
spins electric motors. Write your
answer or your best guess in your 
Science Journal.
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Magnets can do more than hold papers on a 
refrigerator door. Did you know that they are used

in TVs, computers, stereo speakers, and electric motors?
Magnets play an important role in making 
the electricity you use at home. Magnetism also is

used to make images of the organs and tissues inside the human body. What
properties of magnets make them so useful?  This activity will help you find out.

Observe the strength of a magnet
1. Hold a bar magnet horizontally and 

suspend a paper clip from one end of it.
Continue adding paper clips to make a
chain until the magnet will hold no more.
Record the number of paper clips the
magnet held.

2. Repeat step 1 three times. First, suspend
the paper clips about 2 cm from the end 
of the magnet, then near the center of the
magnet, and finally at the other end of 
the magnet.

Observe
In your Science Journal, compare the number
of clips suspended from each point on the
magnet. Infer which part of the magnet has the strongest attraction for the
paper clips.

EXPLORE
ACTIVITY

225

Handbook Reference

Making a Question Study Fold Asking yourself questions helps
you to stay focused and better understand magnets when you are
reading the chapter.

1. Place a sheet of paper in front of you so the
long side is at the top. Fold the paper in half
from top to bottom.

2. Make the front and back look like a magnet by
writing N for north on the left side and S for
south on the right side as shown.

3. Before you read the chapter, write two questions about magnets inside.

4. As you read the chapter, write answers to your questions.

FOLDABLES
Reading & Study
Skills

FOLDABLES
Reading & Study 
Skills



Magnetism 
S E C T I O N

Magnets 
You may be familiar with magnets because they help display

artwork on refrigerators, but magnets also fascinated early
Greek and Chinese cultures long before refrigerators were
invented. The Greeks discovered a mineral, shown in Figure 1,
that was a natural magnet. They found the mineral in a region
called Magnesia, so the Greeks called the mineral magnetic.
More than 2,000 years later, magnets play an important role in
business, medicine, transportation, and science. Today, the word
magnetism refers to the properties and interactions of magnets.

Why did the Greeks use the term magnetic? 

Magnetic Force You probably have played with magnets to
attract a metal object. You might have noticed that two magnets
also exert a force on each other. Depending on which ends of
the magnets are close together, the magnets either repel or
attract each other. You probably noticed that the interaction
between two magnets can be felt even before the magnets touch.
This interaction is called magnetic force. Its strength increases as
magnets move closer together and decreases as the distance
between the magnets increases.

� Describe the properties of tempo-
rary and permanent magnets.

� Explain how a magnet exerts a
force on an object.

� Explain why some materials are
magnetic and others are not.

� Model magnetic behavior using
magnetic domains.

Vocabulary
magnetism
magnetic pole
magnetic domain

Without magnets, you could not use
computers, CD players, or even the
lights in your home.

Figure 1
The Greeks found a mineral, now
called magnetite, with natural
magnetic properties. What 
explanations do you think they
gave for the behavior 
of magnetite? 
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Magnetic Field A magnet is surrounded by a magnetic field
that exerts the magnetic force. When objects made of iron or
another magnet is placed in this magnetic field, it reacts to the
magnetic force. The magnetic field is strongest close to the mag-
net and weakest far away The magnetic field can be represented
by lines of force, or magnetic field lines. Figure 2 shows the
magnetic field lines surrounding a bar magnet.

Magnetic Poles Look again at Figure 2. Do you notice that
the magnetic field lines are closest together at the ends of the
bar magnet? These regions, called the magnetic poles, are where
the magnetic force exerted by the magnet is strongest. All mag-
nets have a north pole and a south pole. For a bar magnet, the
north and south poles are at the opposite ends. If a bar magnet
is suspended so it turns freely, the north pole of the magnet will
point north. Even magnets with more complicated shapes have
north and south poles, as Figure 3 shows. The two ends of a
horseshoe-shaped magnet are the north and south poles. A
magnet shaped like a disk has opposite poles on the top and
bottom of the disk. Magnetic field lines always connect the
north pole and the south pole of a magnet.
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Figure 3
The magnetic field lines around horse-
shoe and disk magnets are closest
together at the magnets’ poles. Where
would a horseshoe magnet have the
weakest attraction for metal objects?

N

S

N

S

N S

Figure 2
A magnet is surrounded by a
magnetic field. A magnet’s
magnetic field is represented by
magnetic field lines. Iron
filings sprinkled around a
magnet line up along the
magnetic field lines.



How Magnets Interact Two magnets can either attract or
repel each other. If you try to bring the two north poles or the
two south poles of two magnets close to each other, you can feel
a force preventing the magnets from touching. However, north
poles always attract south poles. When two magnets are brought
close to each other, their magnetic fields can combine to pro-
duce a new magnetic field. Figure 4 shows the magnetic field
that results when like poles and unlike poles of bar magnets are
brought close to each other.

How do magnetic poles interact with 
each other?

A Compass Needle A magnet that is
free to rotate can turn when it is placed in a
magnetic field. A compass contains a needle,
a small bar magnet, that can freely rotate. If
you place a small compass near a bar mag-
net, the compass needle will turn so that the
north pole of the needle points toward the
south pole of the bar magnet. The compass
needle also lines up along the magnetic field
lines that pass near it. Figure 5 shows how
compass needles placed at several positions
around a bar magnet are aligned along the
magnetic field lines.
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Figure 4
Magnets can attract or repel each
other. Unlike poles attract.
When unlike poles are brought
together, their magnetic field
lines seem to connect with each
other. Like poles repel. When
like poles are brought together,
their magnetic field lines seem to
push away from each other. How
would two horseshoe magnets
interact?

N S

Figure 5
Compass needles rotate to line
up with the magnetic field lines
of a bar magnet.



Earth’s Magnetic Field Imag-
ine you are in a boat in the middle 
of an ocean. Without landmarks

nearby, how could you tell in which direction you were travel-
ing? A compass would help determine your direction because
the north pole of the compass needle always points north. This
is because Earth acts like a giant bar magnet and is surrounded
by a magnetic field that extends into space. Just as with a bar
magnet, the compass needle aligns with Earth’s magnetic field
lines, as shown in Figure 6.

Earth’s Magnetic Poles The north pole of a magnet is
defined as the end of the magnet that points toward the geo-
graphic north. Sometimes the north pole and south pole of
magnets are called the north-seeking pole and the south-seeking
pole. Because opposite magnetic poles attract, the north pole of
a compass is being attracted by a south magnetic pole. So Earth
is like a bar magnet with its south magnetic pole near its geo-
graphic north pole.

The location of Earth’s south magnetic pole currently is in
northern Canada about 1,500 km from the geographic north pole.
So if you were north of the south magnetic pole, your compass
needle would point south, away from the geographic north pole.

No one is sure what produces Earth’s magnetic field. Earth’s
core is made of a solid ball of iron and nickel, surround by a liq-
uid layer of molten iron and nickel. According to one theory,
circulation of the molten iron and nickel caused by heat pro-
duces Earth’s magnetic field.
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Observing Magnetic
Interference
Procedure
1. Clamp a bar magnet to a

ring stand. Tie a thread
around one end of a paper
clip and stick the paper clip
to one pole of the magnet.

2. Anchor the other end of the
thread under a book on 
the table. Slowly pull the
thread until the paper clip 
is suspended below the
magnet but not touching
the magnet.

3. Without touching the paper
clip, slip a piece of paper
between the magnet and
the paper clip. Does the
paper clip fall?

4. Try other materials, such as
aluminum foil, fabric, or a
butter knife.

Analysis
1. Which materials caused 

the paper clip to fall?  
Why do you think these
materials interfered with
the magnetic field? 

2. Which materials did not
cause the paper clip to fall?
Why do you think these
materials did not interfere
with the magnetic field? 

Figure 6
A compass needle aligns with
the magnetic field lines of
Earth’s magnetic field. Which
way would a compass needle
point if you held it while you
stood directly over the south 
magnetic pole? 

S

N

North geographic pole

South geographic pole



Every year, over 10 million cars are
scrapped. Magnets are often used to help

retrieve valuable materials from these cars
for recycling. Once the junk car has been fed
into a shredder, big magnets can easily sepa-
rate many of its metal parts from its non-
metal parts. How much of the car does a
magnet actually help separate? Use your
ability to interpret a circle graph to find out.

Identifying the Problem 
The graph at the right shows the average percent by weight of the differ-

ent materials in a car. Included in the magnetic metals are steel and iron.
The nonmagnetic metals refer to aluminum, copper, lead, zinc, and magne-
sium. According to the chart, how much of the car can a magnet separate for
recycling? 

Solving the Problem 
1. What percent of the car’s weight will a magnet recover? 

Explain your answer.
2. Plastics are replacing steel in many new cars. How might this affect the

future of car recycling?

How can magnetic parts of a junk car be salvaged?

Problem-Solving Activity

Magnetic Materials   
You might have noticed that a magnet will not attract all

metal objects. For example, a magnet will not attract pieces of
aluminum foil. Only a few metals such as iron, cobalt, or nickel
are attracted to magnets or can be made into permanent mag-
nets. What makes these elements magnetic? Remember that
every atom contains electrons. Electrons have magnetic proper-
ties. In the atoms of most elements, the magnetic properties of
the electrons cancel out. But in the atoms of iron, cobalt, and 
nickel, these magnetic properties don’t cancel out. Each atom in
these elements behaves like a small magnet and has its own
magnetic field.

Even though these atoms have their own magnetic fields,
objects made from these metals are not always magnets. For
example, if you hold an iron nail close to a refrigerator door and
let go, it falls to the floor. However, you can make the nail
behave like a magnet temporarily.
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Some animals may use
Earth’s magnetic field to
help find their way around.
Some species of birds,
insects, and bacteria have
been shown to contain
small amounts of the min-
eral magnetite. Research
how one species uses
Earth’s magnetic field, 
and report your findings 
to your class.

Magnetic
metals

65%

Nonmagnetic
metals

Plastic,
glass,
and

rubber

Other

15%

10%

10%

Percentage weight of 
materials in a car



Magnetic Domains—A Model for Magnetism In iron,
cobalt, nickel, and other magnetic materials, the magnetic field
created by each atom exerts a force on the other nearby atoms.
Because of these forces, groups of atoms align their magnetic
poles so that all like poles point in the same direction. The
groups of atoms with aligned magnetic poles are called mag-
netic domains. Each domain contains billions of atoms, yet the
domains are too small to be seen with your naked eye. Because
the magnetic poles of the individual atoms in a domain are
aligned, the domain itself behaves like a magnet with a north
pole and a south pole.

Lining Up Domains An iron nail contains an enormous
number of these magnetic domains, so why doesn’t the nail behave
like a magnet? Even though each domain behaves like a magnet,
the poles of the domains are arranged randomly and point in
different directions, as shown in Figure 7A. As a result, the mag-
netic fields from all the domains cancel each other out.

If you place a magnet against the same nail, the atoms in the
domains orient themselves in the direction of the nearby 
magnetic field, as shown in Figure 7B. The like poles of all the
domains point in the same direction and no longer cancel each
other out. The nail now acts as a magnet itself. But when the
external magnetic field is removed, the constant motion and
vibration of the atoms bump the magnetic domains out of their
alignment. The magnetic domains in the nail return to random
arrangement. For this reason, the nail is a temporary magnet.
Paper clips and other objects containing iron also can become
temporary magnets.
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A normal iron nail is made up of billions of
domains that are arranged randomly.
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Making Your Own
Compass
Procedure 
WARNING: Use care when
handling sharp objects.
1. Cut off the bottom of a 

plastic foam cup to make 
a polystyrene disk.

2. Magnetize a sewing needle
by continuously stroking the
needle in the same direction
with a magnet for 1 min.

3. Tape the needle to the cen-
ter of the foam disk.

4. Fill a plate with water and
float the disk, needle side
up, in the water.

5. Bring the magnet close to
the foam disk.

Analysis
1. What happened to the nee-

dle and disk when you
placed them in the water?
Explain.

2. How did the needle and
disk move when the mag-
net was brought near it?
Explain.

The domains will align themselves along
the magnetic field lines of a nearby magnet.

Figure 7
Magnetic materials contain magnetic domains.



Permanent Magnets A permanent magnet can be
made by placing a piece of magnetic material, such as iron,
cobalt, or nickel, in a strong magnetic field. The strong
magnetic field causes a large number of the magnetic
domains in the material to line up. The magnetic fields of
these aligned domains add together and create a magnetic
field inside the material that may be several thousand times
larger than the magnetic field outside the material. This
then prevents the constant motion of the atoms from
bumping all the domains out of alignment. The material is
then a permanent magnet, and it can retain its magnetic
properties for a long time.

But even permanent magnets can lose their magnetic
behavior if they are heated or dropped. Heating causes
atoms to move faster, so they can jostle magnetic domains

out of alignment. If the material is heated enough, its atoms
may be moving fast enough to jostle all the domains out of
alignment. Then the material is no longer a magnet.

Can a pole be isolated? What happens when a magnet 
is broken in two? Can one piece be a north pole and one piece
be a south pole? Look at the domain model of the broken 
magnet in Figure 8. Recall that even individual atoms of
magnetic materials act as tiny magnets. Because every magnet is
made of many aligned smaller magnets, even the smallest pieces
have a north pole and a south pole. As a result, a magnetic pole
cannot be isolated.
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Section Assessment

1. Describe what happens when you bring
two like magnetic poles together. Draw a
picture to illustrate your answer.

2. If a compass is placed in a magnetic field,
how does the compass needle move?

3. Why aren’t all materials magnetic?

4. What would happen to the properties of a
bar magnet if it were broken in half?  In
thirds?  Explain your answer.

5. Think Critically Use the magnetic
domain model to explain why a magnet
sticks to a refrigerator door.

6. Forming Hypotheses Your younger brother
or sister played with a bar magnet. Afterward,
you noticed that it was barely magnetic. Write a
hypothesis to explain what might have hap-
pened to your magnet. For more help, refer 
to the Science Skill Handbook.

7. Communicating In your Science Journal,
make a list of all the uses you can think of for
magnets. Write a paragraph describing what
these magnets seem to have in common. For
more help, refer to the Science Skill Handbook.

Figure 8
Each piece of a broken 
magnet still has a north 
and a south pole.
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Electric Current and Magnetism   
Even in science, it can help to be lucky. In 1820, Hans 

Christian Oersted, a Danish physics teacher, found that
electricity and magnetism are related. While demonstrating
the operation of electric circuits to his class, he happened to
have a compass near a piece of wire. When current flowed
through the wire, he noticed that the compass needle was
turned, or deflected. When the current was reversed, he saw
that the compass needle was deflected in the opposite direc-
tion. The compass needle returned to its normal position
when he stopped the current in the wire. Oersted hypothesized
that the electric current must produce a magnetic field around
the wire, and the direction of the field changes with the direc-
tion of the current.

Moving Charges and Magnetic Fields It is now known
that moving charges, like those in an electric current, produce
magnetic fields. Oersted’s hypothesis that passing electric cur-
rent through a wire creates a magnetic field was correct. The
magnetic field around a current-carrying wire forms a circular
pattern about the wire, as shown in Figure 9. The direction of
the field depends on the direction of the current. The strength
of the magnetic field depends on the amount of current flowing
in the wire. When no current flows in a wire, the magnetic field
disappears. This discovery of the connection between electricity
and magnetism has led to many useful devices.

� Understand the relationship
between electric current and 
magnetism.

� Explain how electromagnets are
constructed.

� Describe how electromagnets 
are used.

� Describe how an electric 
motor operates.

Vocabulary
electromagnet
galvanometer
electric motor

Many of the devices you use every
day use the relationship between
electricity and magnetism to 
operate.

Electricity and Magnetism
S E C T I O N

Figure 9
When electric current flows
through a wire, a magnetic field
forms around the wire. The direc-
tion of the magnetic field
depends on the direction of the
current in the wire.

Magnetic field lines

Electron flow

Electron flow

Magnetic field lines
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Electromagnets
One of the most important devices that uses the connection

between electricity and magnetism is the electromagnet 
(ih lek troh MAG nut). An electromagnet is a temporary magnet
made by placing a piece of iron inside a current-carrying coil of
wire. When a current flows through a circular loop of wire, mag-
netic-field lines form all around the wire as shown in Figure 10A.
If more loops of wire are added to make a coil, the magnetic-
field lines formed around each loop will overlap and add
together, as shown in Figure 10B. As a result, the magnetic field
inside the coil is made stronger. If an iron core is inserted into
the coil as in Figure 10C, the magnetic field inside the coil causes
the iron core to become magnetized. When a magnetized iron
core and a coil are combined this way, the magnetic field comes
mostly from the iron core.

Properties of Electromagnets Electromagnets are tem-
porary magnets because the magnetic field is present only when
current is flowing in the wire coil. The strength of the magnetic
field can be increased by adding more turns to the wire coil or
by increasing the current passing through the wire.

An electromagnet behaves like any other magnet when cur-
rent flows through the wire coil. One end of the electromagnet
is a north pole and the other end is a south pole. If placed in 
a magnetic field, an electromagnet will align itself along the
magnetic field lines, just as a compass needle will. An electro-
magnet also will attract magnetic materials and be attracted or
repelled by other magnets. What makes electromagnets so useful
is that their magnetic properties can be controlled by changing
the electric current flowing through the wire coil.

When current flows through the electromagnet and it moves
toward or away from another magnet, it converts electric energy
into mechanical energy to do work. Electromagnets do work in
various devices such as stereo speakers and electric motors.
They also can lift large metal objects.

Figure 10
An electromagnet is made from
a current-carrying wire.

Electron 

flow

Wire

Magnetic field line

When many loops of 
current-carrying wire are formed
into a coil, the magnetic field is
increased inside the coil. The coil
has a north pole and a south
pole. What would happen 
if you switched the direction of the
current in the coil?

N S

Electron

flow

An iron core inserted
into the coil becomes a
magnet.
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Magnetic field lines 
circle around a loop of current-
carrying wire.



Music to Your Ears—Stereo Speakers How does
musical information stored on a CD become sound you can
hear? The sound is produced by a stereo speaker that contains
an electromagnet. The electromagnet changes electrical energy
to mechanical energy that vibrates parts of the speaker to pro-
duce sound.

How does an electromagnet allow a stereo
speaker to produce sound?

When you listen to a CD, the CD player produces an electric
current that changes according to the musical information on
the CD. This varying electric current passes through a coiled
wire inside the speaker that is part of an electromagnet, as in
Figure 11. A magnetic field is generated in the electromagnet.
This magnetic field changes depending on the varying charac-
teristics of the electric current. The electromagnet is then
attracted to or repelled by a permanent, fixed magnet, making
the electromagnet move back and forth. This movement
vibrates the speaker’s flexible surface and produces sound. The
vibration of the speaker cone reproduces the original musical
information stored on the CD.
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Figure 11
The electromagnet in a speaker
turns electrical energy into
mechanical energy  to produce
sound.
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Figure 12
When current flows through

the coil, an electromagnet is
formed that is attracted to and
repelled by the poles of the per-
manent magnet. The mag-
netic forces on the coil cause it
to rotate, aligning it with the
field of the permanent magnet.
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flow
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2 3
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1

0 Meter face
Needle

Permanent

magnet

Coil Spring

Figure 13
A galvanometer includes a per-
manent magnet, an electro-
magnet that rotates against a
spring, and a scale that gives a
measurement of the current.
Would it matter which way you
hooked up the galvanometer to the
two terminals of the circuit you
were testing?  Why?

Galvanometers You’ve probably noticed the gauges in the
dashboard of a car. One gauge shows the amount of gasoline left,
and another shows the engine temperature. How does a change
in the amount of gasoline in a tank or the water temperature in
the engine make a needle move in a gauge on the dashboard?
These gauges are galvanometers (gal vuh NAHM ut urs), which
are devices that use an electromagnet to measure electric current.
For example, a temperature sensor in the engine sends an electric
current to the temperature gauge. This current changes as the
engine temperature changes. The needle of the temperature
gauge is connected to an electromagnet. This electromagnet is
suspended so it can rotate between the poles of a permanent,
fixed magnet. When current flows through the coil, the electro-
magnet rotates so that its north and south poles are aligned
along the magnetic-field lines of the permanent magnet, as
shown in Figure 12.

What is measured by a galvanometer?
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Using Galvanometers If the coil is connected to a small
spring, then the coil can act as a galvanometer. If the current
through the coil is small, only a weak magnetic field is produced
in the electromagnet. Then the magnetic force between the elec-
tromagnet and the permanent magnet is weak. The coil can
rotate only a small amount against the resistance of the spring,
and the needle moves by only a small amount. When a large cur-
rent flows in the coil, the magnetic force between the electromag-
net and the permanent magnet is stronger. The coil rotates
further, and the needle moves further along the scale. To be used
as a gauge, a galvanometer must be calibrated by sending a
known current through the coil and seeing how much the needle
is deflected. Figure 13 shows an example of a galvanometer.

Electric Motors
On sizzling summer days, do you ever use an electric fan to

keep cool? A fan uses an electric motor, which is a device that
changes electrical energy into mechanical energy. The motor in
a fan turns the fan blades, moving air past your skin to make
you feel cooler.

Like a galvanometer, an electric motor contains an electro-
magnet that is free to rotate between the poles of a permanent,
fixed magnet. The coil in the electromagnet is connected to a
source of electric current, such as a battery, as shown in Figure 14.
When a current flows through the electromagnet, a magnetic
field is produced in the coil.
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Power

source

Electromagnet

Permanent

magnet

Figure 14
A basic electric motor has a
power supply, a permanent 
magnet, and an electromagnet
that can rotate. How could you
attach other components so that
they could be moved by the motor? 

Research Visit the 
Glencoe Science Web site at 
science.glencoe.com for
more information about how
motors do work in electric
devices. In your Science Jour-
nal, summarize the similari-
ties among the motors you
learn about.

http://www.science.glencoe.com


Switching Poles Figures 15A and 15B show how the mag-
netic force between the electromagnet and the permanent magnet
causes the coil to turn. Just as in a galvanometer, the coil in an
electric motor turns so that its north and south poles are aligned
along the magnetic-field lines of the permanent magnet.

However, once the coil is aligned, there is no longer a force
that will keep the coil rotating. Now suppose that the magnetic
field in the coil is flipped so the north and south poles switch
ends. The direction of the coil’s magnetic field can be flipped  by
reversing the direction of the electric current in the coil. Then
the like poles of the coil and magnet will be next to each other.

After flipping the field, the coil will be repelled and will
rotate further, as shown in Figures 15C and 15D. The coil will
then rotate until it is once again aligned along the field lines of
the permanent magnet. Then the current is reversed again. In
this way, the coil is kept rotating.

In some motors a switch called a commutator reverses the
current in the coil. Other motors don’t need a commutator
because they use household alternating current, which reverses
direction 120 times a second.

Controlling Electric Motors Electric motors can be more
useful if their rotation speed can be controlled. One way to do
this is to vary the amount of current flowing through the coil.
Because the coil is an electromagnet, its magnetic field becomes
stronger if more current flows through the coil. This causes the
magnetic force between the coil and the permanent magnet to
increase. As a result, the coil turns faster.
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A battery causes an electric current to flow
through the coil of the electromagnet.

Figure 15
The shaft of an electric motor is made to rotate by
the forces between magnets.

Unlike poles of the two magnets attract each
other, and the like poles repel. This causes the 
coil to rotate until the opposite poles are next to 
each other.
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Section Assessment

1. Does a straight wire or a looped wire 
have a stronger magnetic field when 
both carry the same amount of current?
Explain.

2. How is the magnetic field of an electro-
magnet controlled?

3. What are galvanometers used for?

4. How does an electric motor rotate once its
electromagnet is aligned along the mag-
netic field of its permanent magnet?

5. Think Critically Could an electro-
magnet use a nickel core in the coil of 
wire instead of iron?  Why or why not? 

6. Comparing and Contrasting Compare and 
contrast galvanometers and electric motors.
For more help, refer to the Science Skill 
Handbook.

7. Using an Electronic Spreadsheet Take an
inventory of all the devices in your home or
school that use an electric motor. Organize your
inventory using a database or spreadsheet to
indicate the following: name of the device, the
place you found it, the power source used, and
which parts the motor causes to move. For more
help, refer to the Technology Skill Handbook.

If the current in the coil is switched, the direc-
tion of the coil’s magnetic field also switches. The
north and south poles of the magnet trade places.

The coil is repelled by and attracted once again to
the poles of the permanent magnet. The coil rotates until
it is again aligned with the permanent magnet’s field.

Using Electric Motors The first electric motor to be
widely used was developed in 1873. This motor used direct cur-
rent. The first motor to use alternating current was invented in
1888. Since that time many additional developments have made
electric motors smaller, more powerful, and more efficient.
Today electric motors are used everywhere. Almost every appli-
ance with moving parts uses an electric motor. Can you find an
electric motor in every room of your home?
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Producing Electric Current
S E C T I O N

From Mechanical to Electrical Energy   
After it was discovered that an electric current could prod-

uce a magnetic field, some people wondered whether the oppo-
site could happen: could a magnetic field produce an electric
current? Working independently in 1831, Michael Faraday in
Britain and Joseph Henry in the United States found that moving
a loop of wire through a magnetic field caused an electric current
to flow in the wire. They also found that moving a magnet
through a loop of wire produces a current. In both cases the
mechanical energy associated with the motion of the wire loop
or the magnet is converted into electrical energy associated with
the electrical current in the wire. Producing an electric current
by moving a loop of wire through a magnetic field or moving a
magnet through a wire loop is called electromagnetic induction
(ihn DUK shun). The discovery of electromagnetic induction
has led to many applications.

Generators How is the electricity that comes to your home
and school produced? Most of the electricity you use each 
day is produced by generators using electromagnetic induction.
A generator produces electric current by rotating a coil of wire
in a magnetic field. Just as in a galvanometer or an electric
motor, the wire coil is wrapped around an iron core and placed

between the poles of a permanent magnet. The coil is
rotated by an outside source of mechanical energy, as
shown in Figure 16. As the coil turns within the mag-
netic field of the permanent magnet, an electric current
flows through the coil.

How does a generator use
electromagnetic induction?

� Describe how a generator pro-
duces an electric current.

� Distinguish between alternating
current and direct current.

� Explain how a transformer can
change the voltage of an alternat-
ing current.

Vocabulary
electromagnetic induction
generator
turbine
direct current (DC)
alternating current (AC)
transformer

Power plants use electromagnetic
induction to generate electricity for
you to use at home and school.

Figure 16
The electromagnet in a generator is rotated by some
outside source of mechanical energy. In this setup, a
student can rotate a crank to turn the electromagnet.
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Figure 17
The direction that current flows
in a wire coil depends on how
the wire coil is aligned with the
permanent magnet. Would a
generator still work if the electro-
magnet were held steady and 
the permanent magnet moved
around it?  Explain.

S

N

Electron flow

S

N
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flow

Switching Direction As the generator’s wire coil rotates
through the magnetic field of the permanent magnet, current
flows through the coil. After the wire coil makes one half of a
revolution, the ends of the coil are moving past the opposite
poles of the permanent magnet. This causes the current to
change direction. Remember that the current flowing to a motor
must switch directions periodically so the electromagnetic coil
can keep turning. In a generator, as the electromagnetic 
coil continuously turns, the current that is produced periodi-
cally changes direction, as Figure 17 shows. The direction of the
current in the coil changes twice with each revolution. The fre-
quency with which the current changes direction can be con-
trolled by regulating the rotation rate of the generator. In the
United States, current is produced by generators that rotate 60
times a second, or 3,600 revolutions per minute.

Using Electric Generators The type of generator shown
in Figure 17 is used in a car, where it is called an alternator. The
alternator provides electrical energy to operate lights and other
accessories. Spark plugs in the car’s engine also use this electric-
ity to ignite the fuel in the cylinders of the engine. Once the
engine is running, it provides the mechanical energy that is used
to turn the coil in the alternator.

Suppose instead of using mechanical energy to rotate the
coil in a generator, the coil was fixed, and the permanent magnet
rotated instead. In fact the current generated would be the same
as when the coil rotates and the magnet doesn’t move. The huge
generators used in electric power plants are made this way. The
current is produced in the stationary coil, and mechanical
energy is used to rotate the magnet.
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Generating Electricity for Your Home You probably do
not have a generator in your home that supplies all the electric-
ity you need to watch television or wash your clothes. Your elec-
tricity comes from a power plant with huge generators like the
one in Figure 18. The electromagnets in these generators are
made of many coils of wire wrapped around huge iron cores.
The rotating magnets are connected to a turbine (TUR bine)—a
large wheel that rotates when pushed by water, wind, or steam.

For example, some power plants first produce thermal
energy by burning fossil fuels or using the heat produced by
nuclear reactions. This thermal energy is used to heat water and
produce steam. Thermal energy is then converted to mechanical
energy as the steam pushes the turbine blades. The generator
then changes the mechanical energy of the rotating turbine into
an electric current that flows to your home. In some areas, fields
of windmills like those in Figure 19 can be used to capture the
mechanical energy in wind to turn generators. Other power

plants use the mechanical energy in
falling water to drive the turbine.
Look at Figure 20 to compare and
contrast the characteristics of gen-
erators and motors.

Figure 18
Electric power plants use huge
generators such as the ones
shown here to produce the elec-
tric current you use every day.

Figure 19
These windmills harness the energy in
wind so it can be transformed into elec-
trical energy by a generator. What are
some advantages and disadvantages of
using windmills?

A dam can be placed on 
a river to create a lake.
Water can then be released
slowly from the dam to
turn the turbines in a gen-
erator. Discuss with your
classmates what effects a
dam would have on the
environment.



What does it do?

What makes its 
electromagnetic 
coil rotate?

How often does the
current in the coil
change direction?

What is the source
of the current that
flows in its coil?

Attractive and repulsive forces between
the coil and the permanent magnet

Twice during each rotation of 
the coil

Twice during each rotation of 
the coil

An outside source of mechanical 
energy 

Permanent
magnet

Generator

An outside power source

Changes movement 
into electricity

Electromagnetic induction from
moving the coil through
the field of the 
permanent magnet

coil

magnet

Figure  20

E lectric motors power many everyday
machines, from CD players to vacuum
cleaners. Generators produce the elec-

tricity those motors need to run. Both motors
and generators use electromagnets, but 
in different ways. The table below compares
motors and generators.

VISUALIZING MOTORS AND GENERATORS
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Coil

Changes electricity 
into movement

Electric Motor

Coil

Permanent
magnet



Direct and Alternating Currents   
Modern society relies heavily on electricity. Just how much

you rely on electricity becomes obvious during a power outage.
Out of habit you might walk into a room and flip on the light
switch. You might try to turn on a radio or television or check
the clock to see what time it is. Because power outages occur,
some electrical devices, like the one in Figure 21, use batteries as
a backup source of electrical energy. Is the current produced by
a battery the same as the current from a generator? Both devices
cause electrons to move through a wire. However, the currents
produced by these electric sources are different from each other
in an important way.

A battery produces a direct current. Direct current (DC)
flows in only one direction through a wire. When you plug your
CD player or any other appliance into a wall outlet, you are
using alternating current. Alternating current (AC) reverses the
direction of the current flow in a regular way. In North America,
generators produce alternating current at a frequency of 60
cycles per second, or 60 Hz. The electric current produced by a
generator changes direction twice during each cycle or each
rotation of the coil. So a 60-Hz alternating current changes
direction 120 times each second.

Transformers   
The current that flows in an electric circuit carries electrical

energy. This electrical energy is related to the voltage in 
the circuit. The alternating current traveling through 
power lines is at an extremely high voltage. Before alternating
current from the power plant can enter your home safely, its
voltage must be decreased. The voltage is decreased by passing

the current through a transformer.
A transformer is a device that increases
or decreases the voltage of an alter-
nating current.

A transformer is made of two coils of
wire called the primary and secondary
coils. These coils are wrapped around the
same iron core. As an alternating current
passes through the primary coil, the iron
core becomes an electromagnet. The cur-
rent changes direction many times each
second, so the magnetic field of the iron
core also changes direction. This changing
magnetic field induces an alternating cur-
rent in the secondary coil.
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Figure 21
Some devices can use either
direct or alternating current.
Why might it be a good idea to
keep batteries in a clock or a VCR?

Research Visit the 
Glencoe Science Web site at
science.glencoe.com for
more information about how
transformers are used in
transmitting electric current.
Communicate to your class
what you learned.

http://www.science.glencoe.com


Stepping Up and Stepping
Down If the secondary coil in a
transformer has more turns of wire
than the primary coil does, then the
transformer increases, or steps up,
voltage. For example, the secondary
coil of the step-up transformer in
Figure 22A has two times more
turns than the primary coil has.
This means than an input voltage
in the primary coil of 60 V would
increase by two times to 120 V in
the secondary coil.

A transformer that reduces
voltage is called a step-down trans-
former. Figure 22B shows how the
output voltage of a transformer is
decreased if the number of turns in
the secondary coil is less than the
number of turns in the primary
coil. If the secondary coil of a
transformer has half as many turns
as the primary coil does, the output
voltage will be half the input voltage.

What type of transformer has more turns of
wire in the secondary coil than the primary coil?

Transmitting Alternating Current When an electric cur-
rent flows in a wire, some of the energy carried by the current is
lost as heat. This heat loss is due to the resistance of the wire
and increases as the wire is made longer. If the current pro-
duced by a power plant is transmitted over long distances, as
much as ten percent of the electrical energy can be lost as heat.
This energy loss can be reduced greatly by transmitting the
power at high voltages. Power plants commonly produce alter-
nating current because the voltage can be increased or decreased
with transformers. In the United States, some power lines carry
power at voltages as high as 750,000 V—high voltage indeed
although most power lines you see carry lower voltages.

Such high voltage is dangerous and cannot be used in home
appliances. Step-down transformers reduce the voltage of the
alternating current to 120 V before it enters your home. You can
then operate devices such as microwaves and hair dryers with
120-V household current.
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240 volts 

AC in

120 volts 

AC out

Primary coil

40 turns of wire

Secondary coil

20 turns of wire

Decrease

2 times

60 volts 

AC in

120 volts 

AC out

Primary coil

10 turns of wire

Secondary coil

20 turns of wire

Increase

2 times

Figure 22
Transformers can increase or
decrease voltage.

A step-up transformer
increases voltage. The secondary
coil has more turns than the pri-
mary coil does.

A step-down transformer
decreases voltage. The secondary
coil has fewer turns than the pri-
mary coil does.



Section Assessment

1. How does a generator use electromagnetic
induction to produce a current?

2. A transformer contains 20 turns in the
primary coil and 80 turns in the secondary
coil. Which is greater—the output voltage
or the input voltage?

3. Contrast alternating and direct current.

4. What type of current do power plants 
produce?  Why is it convenient?

5. Think Critically Why can’t a transformer
step up the voltage in a direct current?

6. Concept Mapping Prepare an events chain
concept map to show how electricity is pro-
duced by a generator. For more help, refer to
the Science Skill Handbook.

7. Using Proportions An alternating current in a
wire has a voltage of 2,800 V. It needs to be
reduced to 70 V. The wire makes 120 turns in the
primary coil of a step-down transformer. How
many turns of wire need to be in the secondary
coil?  For more help, refer to the Math Skill
Handbook.

Electric current in your home Think back over this sec-
tion. You have learned how electromagnetic induction, genera-
tors, alternating current, and transformers all work together to
make your electric fan operate. Figure 23 illustrates the series of
steps used in producing, transporting, and delivering alternating
current to your home in a form that you can use safely.
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Step-down

transformer

Motor

Electric

fan

Generator

Step-up

transformer

Steam from boiler

or water from lake 

or dam

Turbine

Figure 23
Many steps are involved in 
the creation, transportation,
and use of the electric current 
in your home. Which steps involve
electromagnetic induction?



Compare the currents generated by different
members of the class. For more help, refer
to the Science Skill Handbook.

ACTIVITY 247

Electricity and Magnetism

5. Pull the magnet out of the coil and repeat.
Record the reading on the meter. Move the
magnet at different speeds and record your 
measurements.

6. Watch the meter and move the bar magnet
in different directions around the outside of
the coil. Record your observations.

Conclude and Apply
1. Which circumstances that you tested 

generated the greatest current?

2. Does the current generated by moving the
magnet always flow in the same direction?
How do you know?

3. Predict what would happen if you tried 
the experiment with a coil made with fewer
turns of wire.

4. Infer whether a current would have been
generated if the cardboard tube were left in
the coil. Why or why not?  Try it.

Huge generators in power plants produce
electricity by moving magnets past coils of

wire. How can you use a magnet to make your
own electric current? 

What You’ll Investigate
How can a magnet be used to create an 
electric current?

Materials
cardboard tube thin, flexible, insulated wire
scissors galvanometer or ammeter
bar magnet

Goals
� Observe how a magnet can produce an 

electric current in a wire.
� Compare and contrast the currents created

by moving the magnet in different ways.

Safety Precautions

Be careful with scissors. Do not touch bare wires
when current is running through them.

Procedure
1. Wrap the wire around a cardboard tube to

make a coil of about 20 turns. Leave about 
15 cm for a lead at each end of the wire.

2. Use the scissors to cut through the insulation
2 cm from each end of the wire. Pull the insu-
lation off with your fingers. Remove the tube
from the coil.

3. Connect the ends of the wire to a galvano-
meter or ammeter. Record the reading on 
your meter.

4. While closely watching the meter, insert 
one end of the bar magnet into the coil.



Goals
� Make electromagnets.
� Measure relative strengths of 

electromagnets.
� Modify electromagnets to change

their strength.
� Determine which factors affect 

the strength of an electromagnet.
� Determine which 

factor has the most
effect on its strength.

� Describe how you could
control the strength of
an electromagnet.

Possible Materials
22-gauge insulated wire
16-penny iron nail

Aluminum rod or nail
0-6 v DC power supply
Three 1.5 -V  “D” cells
Steel paper clips
Magnetic compass
Duct tape (to hold  “D” cells together)

Safety Precautions

Do not leave the electromagnet 
connected for a long time because the
battery will run down. Magnets with
only a few turns of wire will get hot.
Use caution in handling them when
current is flowing through the coil. Do
not apply voltages higher than 6 V to
your electromagnets.

You have learned that a current flowing through loops of wire around an iron core
forms an electromagnet. You use electromagnets every day in electric motors,

stereo speakers, power door locks and many other devices. To make electromagnets
work in these devices, you must be able to control the strength of their magnetic
fields. When might you want to make a magnet stronger?  When would you want to
make it weaker?

Recognize the Problem
How can you control the strength of an electromagnet?

Form a Hypothesis
Think about how an electromagnet is constructed. As a group, write down the com-
ponents of an electromagnet which might affect the strength of its magnetic field.
Which component could have the most effect on the strength of the electromagnet?
Which could be easiest to control?  Form a hypothesis about the best way to control an
electromagnet's strength.

Putting Electromagnets to Work
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Test Your Hypothesis

Analyze Your Data

Draw Conclusions

would be the most sensi-
tive?  Be prepared to
change test methods if
necessary.

4. Write your plan of inves-
tigation. Make sure your
plan tests only one vari-
able at a time.

Do
1. Before you begin to build

and test the electromagnets,
make sure your teacher approves 
of your plan.

2. Carry out your planned investiga-
tion. Record your results.

Plan
1. Write your hypothesis for the best

way to control the strength of an
electromagnet.

2. As a group, decide how you will
assemble and test the electromag-
nets. Which features will you
change to determine effect on the
strength of the magnetic fields?
How many changes will you need to
try? How many electromagnets do
you need to build? 

3. Decide how you are going to test
the strength of your electromag-
nets. Several ways are possible with
the materials listed. Which way

2. Examine the trends shown by your
data. Are there any data points
which seem out of line?  How can
you account for them?

1. Make a table showing how the
strength of your electromagnet
depends on changes you made in its
construction or operation.

4. Did your results support your
hypothesis?  Why or why not?

1. How did the strength of the electro-
magnet depend on its construction
or operation?

2. Which feature of the electromag-
net's construction had the greatest
effect on its strength?  Which do
you think would be easiest to 
control?

3. How might you use your electro-
magnet to make a doorbell?  Would
it work with both AC and DC?

Compare your group’s results with those of
other groups. Did any other group use a dif-
ferent method to test the strength of the
magnet?  Did you get the same results?

ACTIVITY 249
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The year is 1975. A surgeon stands
facing an exposed human brain. She
has already removed part of the

patient’s skull and is looking for a growth 
on the brain. From the patient’s symptoms,
the surgeon can only infer where to find the
tumor. But can she find it and remove it
without causing more damage than the
tumor was causing? “We’re going in,” the
doctor says. She puts out her hand to the
nurse. “Scalpel.” 

Flash forward to the present day. 
The surgeon turns the computer screen

so the patient can see it. Pointing to a dark
area on a colorful image of the patient’s
brain, she reassures the worried patient.

“This MRI shows exactly where your tumor
is. We can remove it with very little danger
to you.” “Thank goodness for the MRI,” the
patient says in relief.

MRI for the Soft Stuff
MRI stands for “magnetic resonance

imaging.” It’s a way to take 3-D pictures of
the inside of your body. Before the 1980s,
doctors could x-ray solid tissue like bones,
but had no way to see soft tissue like the
brain. Well, they had one way—surgery,
which sometimes caused injury and infec-
tion, risking a patient’s health. 

MRIs were originally used to identify
substances in chemistry and physics labs. 

Body Art

These are MRI scans of brains from different people. The colors help
doctors read the scans more easily, and detect any problems.

The invention of a machine 
that uses magnetism means
better l ives for many

250



Then after research and modifications in the
method, doctors began to use MRIs to
make images of the tissues inside the
human body.

MRI uses a strong magnet and radio
waves. Tissues in your body contain water
molecules that are made of oxygen and
hydrogen atoms. The nucleus of a hydro-
gen atom is a proton, which behaves like a
tiny magnet. A strong magnetic field inside
the MRI tube makes these proton magnets
line up in the direction of the field. Radio
waves are then applied to the body. The
protons absorb some of the radio-wave
energy, and flip their direction.

When the radio waves are turned off,
the protons realign themselves with the
magnetic field and emit the energy they
absorbed. Different tissues in the body
absorb and emit different amounts of
energy. The emitted energy is detected,
and a computer uses this information to
form images of the body.

Your Brain Is Getting Bigger!
MRI has been most useful in finding

and treating tumors. But it has also turned
into an important research tool. For exam-
ple, Elizabeth Sowell’s research team at the
University of California, Los Angeles, used
MRIs to study the brain growth of middle
school students. She and other researchers
have found that the brain grows rapidly 
during adolescence. Before this ground-
breaking research, people thought that the
brain stopped growing in childhood. MRI
has proved that adolescents are getting
bigger brains all the time.

CONNECTIONS Interview As an oral history project, interview a
retired physician or surgeon. Ask him or her to discuss with you how tools
such as the MRI changed during his or her career. Make a list of the tools
and how they have helped improve medicine.

For more information, visit
science.glencoe.com

A girl gets ready for an MRI scan. 
It doesn’t hurt!

An MRI scan of a brain shows a tumor on
the pituitary gland. The gland is the large
pink area in the middle of the photo.

http://www.science.glencoe.com
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Section 3 Producing Electric Current
1. By moving a magnet near a wire, you can

create an electric current in the wire. This is
called electromagnetic induction.

2. A generator produces electric current by
rotating a coil of wire in a magnetic field.
How does the dam in the picture below help
make electricity?

3. Direct current flows in one direction
through a wire. Alternating current 
reverses the direction of current flow in 
a regular way.

4. The number of turns of wire in the 
primary and secondary coils of a trans-
former determines whether it increases 
or decreases voltage.

Section 1
Magnetism

1. A magnetic
field surrounds
a magnet and
exerts a mag-
netic force. Why
is this magnet 
attracted to the
refrigerator but not to the cupboard?

2. All magnets have two poles: a south pole
and a north pole.

3. Opposite poles of magnets attract; like
poles repel.

4. Groups of atoms with aligned magnetic
poles are called magnetic domains.

Section 2 Electricity and Magnetism
1. An electric current flowing through a wire

produces a magnetic field.

2. An electric current passing through a coil of
wire can produce a magnetic field inside the
coil. The coil becomes an electromagnet.
One end of the coil is the north pole, and
the other end is the south pole.

3. The magnetic field
produced by an
electromagnet
depends on the cur-
rent and the number
of coils. How is an
electromagnet used in
this temperature
gauge from a car?

4. An electric motor contains a rotating 
electromagnet that converts electrical
energy to mechanical energy.

To help you review what
you’ve learned about
magnets, use the 

Question Study Fold you made at the begin-
ning of this chapter.

After You Read
FOLDABLES
Reading & Study
Skills

FOLDABLES
Reading & Study 
Skills

Study GuideChapter
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Vocabulary Words
a. alternating current (AC)
b. direct current (DC)
c. electric motor
d. electromagnet
e. electromagnetic induction
f. galvanometer
g. generator
h. magnetic domain
i. magnetic pole
j. magnetism
k. transformer 
l. turbine

Using Vocabulary
Each of the following sentences is false. Make

the sentence true by replacing the underlined
word with a vocabulary word.

1. An electric motor can be used to change the
voltage of an alternating current.

2. Flat current does not change direction.

3. A magnetic domain is the region where the
magnetic force of a magnet is strongest.

4. Current flows in the coil of a galvanometer
because of electromagnetic induction.

5. The properties and interactions of magnets
are called electricity.

6. A transformer can rotate in a magnetic field
when a current passes through it.

7. A generator uses alternating current to pro-
duce an electric current.

Complete the following concept map on how an electric motor works.

Place electromagnet between poles of a permanent, fixed magnet.

Connect coil of electromagnet to source of electric current.

Coil turns in order to align its north and south poles to 
magnetic field lines of _____________

Reverse______________

Coil flips to _____________

N

S

N

S

N

S

N

S

Study the material you don’t understand as well
first!  It’s easy to review the material you know,
but harder to force yourself to really go over the
tough stuff.

Study Tip
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Choose the word or phrase that best answers
the question.

1. Where is the magnetic force exerted by a
magnet strongest?
A) both poles C) north pole
B) south pole D) center

2. What happens to the magnetic force as the
distance between two magnetic poles
decreases?
A) stays constant C) increases
B) decreases sharply D) decreases slightly

3. What type of magnetic poles do the
domains at the north pole of a magnet have?
A) north magnetic poles only
B) south magnetic poles only
C) no magnetic poles
D) north and south magnetic poles

4. Which of the following would not change
the strength of an electromagnet?
A) increasing the amount of current
B) changing the current’s direction
C) inserting an iron core inside the coil
D) increasing the number of loops

5. Which of the following would NOT be part
of a generator?
A) turbine C) electromagnet
B) battery D) permanent magnet

6. Which conversion does an electric 
motor make? 
A) electrical energy to mechanical energy
B) thermal energy to wind energy
C) mechanical energy to electrical energy
D) wind energy to electrical energy

7. Which of the following describes the direc-
tion of the electric current in AC?
A) remains constant C) changes regularly
B) is direct D) changes irregularly

8. Before current in power lines can enter your
home, what must it pass through?
A) step-up transformer 
B) step-down transformer
C) commutator 
D) motor

9. A generator creates a 40-Hz alternating cur-
rent. How many times does the current
change direction every second?
A) 40 times C) 80 times
B) 60 times D) 20 times

10. When current flows through a wire, what is
created around the wire?
A) an electromagnet C) a magnetic field
B) a galvanometer D) a direct current

11. How could you use a horseshoe magnet to
find the direction north? 

12. In Europe, generators produce alternating
current at a frequency of 50 Hz. How is the
frequency of this current changed by a 
step-down transformer? How is it changed
by a step-up transformer?

13. Audiotapes, computer disks, and videotapes
are recorded using magnets, and their infor-
mation is coded magnetically. Why would it
be harmful to a tape or computer disk, to
expose it to a strong magnetic field?

14. A step-down transformer reduces a 1,200-V
current to 120 V. If the primary coil has 
100 turns, how many must its secondary 
coil have?

15. Suppose the magnetic fields of magnets
were not strongest at the magnets’ poles.
Would motors, galvanometers, and genera-
tors still work? Why or why not?
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16. Comparing and Contrasting Compare and
contrast electric and magnetic forces.

17. Forming Hypotheses A compass needle
will point north due to the magnetic field 
of Earth. When a bar magnet is brought
near the compass, the needle is attracted 
or repelled by the bar magnet. Propose a
hypothesis about the relative strengths of
a bar magnet and Earth’s magnetic field.

18. Interpreting Scientific Illustrations Review
Figure 14 and describe the function of each
labeled part of the motor.

19. Comparing and Contrasting Compare and
contrast electromagnetic induction and the
formation of electromagnets.

20. Concept Mapping Complete the following
Venn diagram of AC generators and DC
motors.

21. Invention Invent a device that uses an elec-
tric motor. Describe it to your class.

AC generators DC motors

Go to the Glencoe Science Web site at 
science.glencoe.com or use the 
Glencoe Science CD-ROM for additional
chapter assessment.

TECHNOLOGY

Test Practice

The diagram below is taken from 
the instructions that come with a blank 
videocassette.

Study the diagram and answer the 
following questions.

1. Why do videocassettes come with 
a warning to avoid strong magnetic
fields?
A) The videocassette will be turned

into a powerful magnet.
B) The information on the video-

cassette will be damaged.
C) The videocassette’s case will become

electrically charged.
D) The videocassette will melt.

2. According to this diagram, all of the
following could be harmful to a 
videocassette EXCEPT______.
F) air conditioning
G) moisture
H) direct sunlight and heat
J) dust

Avoid exposing cassettes to:

Proper Storage

Humidity

Strong magnetic fields

Dust

Direct sunlight and heat
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	Physical Science
	Contents in Brief
	Table of Contents
	Unit 1: Energy and Motion
	Chapter 1: The Nature of Science
	Explore Activity: Discover how long a foot is
	Before You Read
	Section 1: The Methods of Science
	Science Online
	Life Science Integration
	Earth Science Integration
	Science Online

	Section 2: Standards of Measurement
	Math Skills Activity: Converting Units of Measure
	Earth Science Integration
	Science Online
	MiniLAB: Determining the Density of a Pencil
	Visualizing SI Dimensions

	Section 3: Communicating with Graphs
	Math Skills Activity: Line Graphing
	MiniLAB: Observing Change Through Graphing
	Activity: Converting Kitchen Measurements
	Activity: Setting High Standards for Measurement
	Science and Language Arts: Thinking in Pictures and other reports from my life with autism

	Chapter 1 Assessment

	Chapter 2: Motion and Speed
	Explore Activity: Calculate your speed
	Before You Read
	Section 1: Describing Motion
	Astronomy Integration
	MiniLAB: Describing the Motion of a Car
	Science Online
	Math Skills Activity: Calculating Time from Speed
	Science Online

	Section 2: Acceleration
	Life Science Integration
	Visualizing Acceleration

	Section 3: Motion and Forces
	Science Online
	MiniLAB: Observing Inertia
	Activity: Force and Acceleration
	Activity: Comparing Motion from Different Forces
	Science and Language Arts: A Brave and Startling Truth

	Chapter 2 Assessment

	Chapter 3: Forces
	Explore Activity: Observe free-falling objects
	Before You Read
	Section 1: Newton's Second Law
	Science Online
	Math Skills Activity: Calculating Acceleration
	MiniLAB: Comparing Friction

	Section 2: Gravity
	Science Online
	Earth Science Integration
	MiniLAB: Observing Centripetal Force

	Section 3: The Third Law of Motion
	Health Integration
	Visualizing Rocket Motion
	Activity: Measuring the Effects of Air Resistance
	Activity: The Momentum of Colliding Objects
	Science Stats: Moving and Forcing

	Chapter 3 Assessment

	Chapter 4: Energy
	Explore Activity: Model how a light bulb works
	Before You Read
	Secton 1: The Nature of Energy
	Science Online
	MiniLAB: Interpreting Data from a Slingshot
	Math Skills Activity: Calculating Gravitational Potential Energy
	Earth Science Integration
	Activity: Bouncing Balls

	Section 2: Conservation of Energy
	Visualizing Energy Transformations
	Environmental Science Integration
	MiniLAB: Transforming Energy Using a Paper Clip
	Science Online
	Activity: Swinging Energy
	Science and History: The Impossible Dream

	Chapter 4 Assessment

	Chapter 5: Work and Machines
	Explore Activity: Construct a Pulley
	Before You Read
	Section 1: Work
	Math Skills Activity: Calculating Work Given Force and Distance
	MiniLAB: Calculating Your Work and Power
	Science Online
	Math Skills Activity: Calculating Power Given Work and Time

	Section 2: Using Machines
	MiniLAB: Machines Multiplying Force
	Chemistry Integration

	Section 3: Simple Machines
	Visualizing Levers in the Human Body
	Activity: Levers
	Activity: Work Smarter
	Science and Society: The Science of Very Small Machines

	Chapter 5 Assessment

	Chapter 6: Thermal Energy
	Explore Activity: Observe the effects of molecules at different temperatures
	Before You Read
	Section 1: Temperature and Heat
	Science Online
	Chemistry Integration
	Math Skills Activity: Calculating Changes in Thermal Energy

	Section 2: Transferring Thermal Energy
	Visualizing Convection Currents
	MiniLAB: Observing Heat Transfer by Radiation
	MiniLAB: Comparing Thermal Conductors
	Activity: Convection in Gases and Liquids

	Section 3: Using Heat
	Science Online
	Earth Science Integration
	Activity: Conduction in Gases
	Science Stats: Surprising Thermal Energy

	Chapter 6 Assessment

	Standardized Test Practice

	Unit 2: Electricity and Energy Resources
	Chapter 7: Electricity
	Explore Activity: How many ways?
	Before You Read
	Section 1: Electric Change
	Science Online
	Visualizing Lightning
	MiniLAB: Investigating Charged Objects

	Section 2: Electric Current
	MiniLAB: Investigating Battery Addition
	Health Integration
	Activity: Identifying Conductors and Insulators

	Section 3: Electrical Energy
	Earth Science Integration
	Science Online
	Math Skills Activity: Calculating Energy
	Activity: Comparing Series and Parallel Circuits
	Science and Language Arts: The Invisible Man

	Chapter 7 Assessment

	Chapter 8: Magnetism and Its Uses
	Explore Activity: Observe the strength of a magnet
	Before You Read
	Section 1: Magnetism
	MiniLAB: Observing Magnetic Interference
	Life Science Integration
	Problem-Solving Activity: How can magnetic parts of a junk car be salvaged?
	MiniLAB: Making Your Own Compass

	Section 2: Electricity and Magnetism
	Science Online

	Section 3: Producing Electric Current
	Environmental Science Integration
	Visualizing Motors and Generators
	Science Online
	Activity: Electricity and Magnetism
	Activity: Putting Electromagnets to Work
	Science and History: Body Art

	Chapter 8 Assessment

	Chapter 9: Radioactivity and Nuclear Reactions
	Explore Activity: Model the space inside an atom
	Before You Read
	Section 1: Radioactivity
	Science Online

	Section 2: Nuclear Decay
	MiniLAB: Modeling the Strong Force

	Section 3: Detecting Radioactivity
	Math Skills Activity: How can radioactive half lives be used to measure geological time?
	Earth Science Integration

	Section 4: Nuclear Reactions
	MiniLAB: Modeling a Nuclear Reaction
	Science Online
	Chemistry Integration
	Visualizing Pet Scans
	Activity: Chain Reactions
	Activity: Modeling Transmutation
	Oops! Accidents in Science: X-Ray Surprise

	Chapter 9 Assessment

	Chapter 10: Energy Sources
	Explore Activity: Observe solar heating
	Before You Read
	Section 1: Fossil Fuels
	Visualizing the Formation of Fossil Fuels
	MiniLAB: Designing an Efficient Water Heater

	Section 2: Nuclear Energy
	Life Science Integration
	Earth Science Integration
	Science Online
	Problem-Solving Activity: Can a contaminated radioactive site be reclaimed?

	Section 3: Renewable Energy Sources
	MiniLAB: Using Solar Power at Home
	Science Online
	Activity: Solar Heating
	Activity: How much does energy really cost?
	Science and Society: Reacting to Nuclear Energy

	Chapter 10 Assessment

	Standardized Test Practice

	Unit 3: Energy on the Move
	Chapter 11: Waves
	Explore Activity: Demonstrating energy transfer
	Before You Read
	Section 1: The Nature of Waves
	Visualizing Formation of Ocean Waves
	Science Online

	Section 2: Wave Properties
	MiniLAB: Observing Wavelength
	Earth Science Integration
	Math Skills Activity: Calculating Wave Speed
	Activity: Waves in Different Mediums

	Section 3: The Behavior of Waves
	Science Online
	Health Integration
	MiniLAB: Experimenting with Resonance
	Activity: Measuring Wave Properties
	Science and History: Making Waves

	Chater 11 Assessment

	Chapter 12: Sound
	Explore Activity: Create music with a ruler
	Before You Read
	Section 1: The Nature of Sound
	MiniLAB: Observing Sound in Different Materials
	Life Science Integration

	Section 2: Properties of Sound
	Science Online
	MiniLAB: Making a Model for Hearing Loss
	Astronomy Integration

	Section 3: Music
	Science Online
	Activity: Making Music

	Section 4: Using Sound
	Visualizing Bat Echoloation
	Math Skills Activity: Calculating Distance with Sonar
	Health Integration
	Activity: Blocking Noise Pollution
	Science and Society: Turning Up the Volume

	Chapter 12 Assessment

	Chapter 13: Electromagnetic Waves
	Explore Activity: Observe damage by ultraviolet waves
	Before You Read
	Section 1: What are electromagnetic waves?
	MiniLAB: Investigating Electromagnetic Waves
	Problem Solving Activity: What is scientific notation?

	Section 2: The Electromagnetic Spectrum
	MiniLAB: Heating Food with Microwaves
	Health Integration
	Activity: The Shape of Satellite Dishes

	Section 3: Radio Communication
	Visualizing Radio Broadcasts
	Astronomy Integration
	Science Online
	Science Online
	Activity: Radio Frequencies
	Science and Society: Cell Phones

	Chapter 13 Assessment

	Chapter 14: Light
	Explore Activity: Make your own rainbow
	Before You Read
	Section 1: The Behavior of Light
	MiniLAB: Observing Refraction in Water

	Section 2: Light and Color
	Life Science Integration

	Section 3: Producing Light
	MiniLAB: Discovering Energy Waste in Lightbulbs
	Science Online
	Visualizing Lasers
	Chemistry Integration

	Section 4: Using Light
	Science Online
	Activity: Make a Light Bender
	Activity: Polarizing Filters
	Science and Language Arts: A Haiku Garden

	Chapter 14 Assessment

	Chapter 15: Mirrors and Lenses
	Explore Activity: Observe objects through a drop of water
	Before You Read
	Section 1: Mirrors
	Life Science Integration
	MiniLAB: Observing Images
	Activity: Reflections of Reflections

	Section 2: Lenses
	Problem-Solving Activity: Comparing Object and Image Distances
	Science Online
	Health Integration
	Visualizing the Silicon Retina

	Section 3: Optical Instruments
	Science Online
	MiniLAB: Experimenting with Focal Lengths
	Activity: Up Close and Personal
	Science and Society: Sight Lines

	Chapter 15 Assessment

	Standardized Test Practice

	Unit 4: The Nature of Matter
	Chapter 16: Solids, Liquids, and Gases
	Explore Activity: Observe the expansion and contraction of air
	Before You Read
	Section 1: Kinetic Theory
	Health Integration
	Activity: How Thermal Energy Affects Matter

	Section 2: Properties of Fluids
	MiniLAB: Observing Density and Buoyancy of Substances
	Math Skills Activity: Calculating Forces Using Pascal's Principle
	Science Online
	Earth Science Integration

	Section 3: Behavior of Gases
	Visualizing Atmospheric Layers
	Science Online
	Math Skills Activity: Using Boyle's Law
	MiniLAB: Observing Pressure
	Activity: Testing the Viscosity of Common Liquids
	Science Stats: Hot and Cold

	Chapter 16 Assessment

	Chapter 17: Classification of Matter
	Explore Activity: Demonstrate the distillation of water
	Before You Read
	Section 1: Composition of Matter
	Visualizing Elements
	MiniLAB: Separating Mixtures
	Activity: Elements, Compounds, and Mixtures

	Section 2: Properties of Matter
	Environmental Science Integration
	MiniLAB: Identifying Changes
	Earth Science Integration
	Math Skills Activity: Calculations with the Law of Conservation of Mass
	Science Online
	Activity: Checking Out Chemical Changes
	Science Stats: Intriguing Elements

	Chapter 17 Assessment

	Chapter 18: Properties of Atoms and the Periodic Table
	Explore Activity: Inferring what you can't observe
	Before You Read
	Section 1: Structure of the Atom
	Science Online
	MiniLAB: Modeling an Aluminum Atom
	Vizualizing the Atomic Model

	Section 2: Masses of Atoms
	Life Science Integration
	Problem-Solving Activity: Radioactive Isotopes Help Tell Time

	Section 3: The Periodic Table
	MiniLAB: Organizing a Personal Periodic Table
	Physics Integration
	Science Online
	Science Online
	Activity: A Periodic Table of Foods
	Activity: What's in a Name?
	Science and History: A Chilling Story

	Chapter 18 Assessment

	Chapter 19: Chemical Bonds
	Explore Activity: Separating liquids
	Before You Read
	Section 1: Stability in Bonding
	Science Online
	Activity: Atomic Trading Cards

	Section 2: Types of Bonds
	Life Science Integration
	Science Online
	MiniLAB: Observing Bond Type
	Visualizing Polar Molecules

	Section 3: Writing Formulas and Naming Compounds
	Earth Science Integration
	Math Skills Activity: Writing Formulas
	Problem-Solving Activity: Can you name binary ionic compounds?
	MiniLAB: Making a Hydrate
	Activity: Become a Bond Breaker
	Oops! Accidents in Science: A Sticky Subject

	Chapter 19 Assessment

	Standardized Test Practice

	Unit 5: Diversity of Matter
	Chapter 20: Elements and Their Properties
	Explore Activity: Observe colorful clues
	Before You Read
	Section 1: Metals
	MiniLAB: Discovering What's in Cereal
	Earth Science Integration

	Section 2: Nonmetals
	MiniLAB: Identifying Chlorine Compounds in Your Water
	Environmental Science Integration
	Activity: What type is it?

	Section 3: Mixed Groups
	Science Online
	Math Skills Activity: Using Circle Graphs to Illustrate Data
	Visualizing the Discovery of Elements
	Science Online
	Activity: Slippery Carbon
	Science and History: The Gas that Glows

	Chapter 20 Assessment

	Chapter 21: Organic Compounds
	Explore Activity: Identify a common element
	Before You Read
	Section 1: Simple Organic Compounds
	MiniLAB: Modeling Structures of Octane

	Section 2: Other Organic Compounds
	Astronomy Integration
	Activity: Alcohols and Organic Acids

	Section 3: Petroleum—A Source of Carbon Compounds
	Visualizing Petroleum Products
	MiniLAB: Visualizing Polymers
	Science Online

	Section 4: Biological Compounds
	Science Online
	Problem Solving Activity: Selecting a Balanced Diet
	Health Integration
	Activity: Preparing an Ester
	Oops! Accidents in Science: A Spill for a Spill

	Chapter 21 Assessment

	Chapter 22: New Materials Through Chemistry
	Explore Activity: Compare Properties
	Before You Read
	Section 1: Materials with a Past
	MiniLAB: Observing Properties of Alloys
	Earth Science Integration
	Science Online

	Section 2: Versatile Materials
	MiniLAB: Modeling a Composite Material
	Problem-Solving Activity: Can you choose the right material?
	Visualizing the History of Computers
	Science Online

	Section 3: Polymers and Composites
	Environmental Science Integration
	Science Online
	Science Online
	Activity: What can you do with this stuff?
	Activity: Can polymer composites be stronger than steel?
	Science and Society: Wonder Fiber

	Chapter 22 Assessment

	Standardized Test Practice

	Unit 6: Interactions of Matter
	Chapter 23: Solutions
	Explore Activity: Identify the solution by solvent subtraction
	Before You Read
	Section 1: How Solutions Form
	Visualizing Metal Alloys
	MiniLAB: Observing the Effect of Surface Area
	Math Skills Activity: Calculating Surface Area

	Section 2: Dissolving Without Water
	MiniLAB: Clinging Molecules
	Science Online
	Health Integration

	Section 3: Solubility and Concentration
	Section 4: Particles in Solution
	Life Science Integration
	Activity: Boiling Points of Solutions
	Activity: Saturated Solutions
	Science Stats: Weird Solutions

	Chapter 23 Assessment

	Chapter 24: Chemcial Reactions
	Explore Activity: Observe which metal reacts
	Before You Read
	Section 1: Chemical Changes
	Science Online
	MiniLAB: Designing a Team Equation

	Section 2: Chemical Equations
	Science Online

	Section 3: Classifying Chemical Reactions
	Math Skills Activity: Using Coefficients to Balance Chemical Equations

	Section 4: Chemical Reactions and Energy
	Visualizing Chemical Energy
	MiniLAB: Colorful Chemical Reaction
	Environmental Science Integration
	Activity: Catalyzed Reaction
	Activity: Fossil Fuels and Greenhouse Gases
	Oops! Accidents in Science: A Clumsy Move Pays Off

	Chapter 24 Assessment

	Chapter 25: Acids, Bases, and Salts
	Explore Activity: Determine how acid rain affects limestone and marble
	Before You Read
	Section 1: Acids and Bases
	MiniLAB: Observing Acid Relief
	Life Science Integration
	Science Online

	Section 2: Strength of Acids and Bases
	Activity: Strong and Weak Acids

	Section 3: Salts
	Visualizing Salt
	Science Online
	MiniLAB: Testing a Grape Juice Indicator
	Problem-Solving Activity: How can you handle an upsetting situation?
	Environmental Science Integration
	Activity: Be a Soda Scientist
	Science and Society: Acid Rain

	Chapter 25 Assessment

	Standardized Test Practice

	Student Resources
	Skill Handbooks
	Science Skill Handbook
	Organizing Information
	Investigating and Experimenting
	Analyzing and Applying Results

	Technology Skill Handbook
	Math Skill Handbook

	Reference Handbook
	Safety in the Science Classroom
	SI—Metric/English, English/Metric Conversions
	Periodic Table of the Elements

	English Glossary
	Spanish Glossary
	Index
	Credits


	Feature Contents
	Interdisciplinary Connections
	National Geographic
	Unit Openers
	Visualizing

	TIME Science and Society
	TIME Science and History
	Oops! Accidents in Science
	Science and Language Arts
	Science Stats

	Activities
	Full Period Labs
	MiniLAB
	Explore Activity
	Problem Solving Activities
	Math Skills Activities
	Skill Builder Activities
	Science
	Math
	Technology


	Science Connections
	Science Integration
	Science Online
	The Princeton Review




	Help
	Internet Link
	Previous Document
	Search - Document
	Search - Full
	Page Navigator
	Exit

