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T
his maglev train is designed to
travel at speeds up to 500 km/h.
However, you won’t see any

steam or exhaust coming out of its
engine. In fact this train is not 
even touching the track. That’s
because it is suspended by magnetic
forces and propelled by a traveling
magnetic field. In this chapter, you
will learn why magnets attract certain
materials. You will also learn how
electricity and magnetism are con-
nected, and how an electric current
can create a magnetic field.

What do you think?
Science Journal Look at the picture
below with a classmate. Discuss 
what is happening. Here’s a hint:
No glue or tape is involved. Write 
your answer or best guess in your 
Science Journal.
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Perhaps you’ve driven bumper cars with your
friends, and remember the jolt you felt when you

crashed into another car. Quite a force can be gener-
ated from that small car powered by an electric motor.
How does the motor produce a force that gets the tires

moving?  The answer involves magnetism. The following activity will demon-
strate how a magnet is able to exert forces.

Observe and measure force between magnets
1. Place two bar magnets on opposite 

ends of a sheet of paper.

2. Slowly slide one magnet toward 
the other until it moves. Measure
the distance between the magnets.

3. Turn one magnet around 180°.
Repeat the activity. Then turn the
other magnet and repeat again.

4. Repeat the activity with one magnet
perpendicular to the other, in a T shape.

Observe
In your Science Journal, record your results. In each case, how close did 
the magnets have to be to affect each other?  Did the magnets move 
together or apart?  How did the forces exerted by the magnets change as the
magnets were moved closer together?  Explain.

EXPLORE
ACTIVITY

Making a Compare and Contrast Study Fold Make the following
Foldable to help you see how magnetic forces and magnetic fields are
similar and different.

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

2. Fold each side in to the fold line to divide the paper into
fourths.

3. Label the flaps Magnetic Force and Magnetic Field.

4. As you read the chapter, write information about each
topic on the inside of each flap.

FOLDABLES
Reading & Study
Skills

FOLDABLES
Reading & Study 
Skills

Magnetic
Force

Magnetic
Field
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What is magnetism?
S E C T I O N

Early Uses
Do you use magnets to attach papers to a metal surface such

as a refrigerator? Have you ever wondered why magnets and
some metals attract? Thousands of years ago, people noticed
that a mineral called magnetite attracted other pieces of mag-
netite and bits of iron. They discovered that when they rubbed
small pieces of iron with magnetite, the iron began to act like
magnetite. When these pieces were free to turn, one end pointed
north. These might have been the first compasses. The compass
was an important development for navigation and exploration,
especially at sea. Before compasses, sailors had to depend on the
Sun or the stars to know in which direction they were going.

Magnets 
A piece of magnetite is a magnet. Magnets attract objects

made of iron or steel, such as nails and paper clips. Magnets also
can attract or repel other magnets. Every magnet has two ends,
or poles. One end is called the north pole and the other is the
south pole. As shown in Figure 1, a north magnetic pole always
repels other north poles and always attracts south poles. Like-
wise, a south pole always repels other south poles and attracts
north poles.

■ Describe the behavior of magnets.
■ Relate the behavior of magnets to

magnetic fields.
■ Explain why some materials are

magnetic.

Vocabulary
magnetic field 
magnetic domain
magnetosphere

Magnetism is one of the basic forces
of nature.

Two north poles repel Two south poles repel

Opposite poles attract

Figure 1 
Two north poles or two south
poles repel each other. North
and south magnetic poles are
attracted to each other.



The Magnetic Field You have to handle a
pair of magnets for only a short time before
you can feel that magnets attract or repel with-
out touching each other. How can a magnet
cause an object to move without touching it?
Recall that a force is a push or a pull that can
cause an object to move. Just like gravitational
and electric forces, a magnetic force can be
exerted even when objects are not touching.
And like these forces, the magnetic force
becomes weaker as the magnets get farther
apart. This magnetic force is exerted through a
magnetic field. Magnetic fields surround all
magnets. If you sprinkle iron filings near a
magnet, the iron filings will outline the mag-
netic field around the magnet. Take a look at
Figure 2A. The iron filings form a pattern of
curved lines that start on one pole and end on
the other. These curved lines are called mag-
netic field lines. Magnetic field lines help show
the direction of the magnetic field.

What is the evidence that 
a magnetic field exists?

Magnetic field lines begin at a magnet’s north pole and end
on the south pole, as shown in Figure 2B. The field lines are
close together where the field is strong and get farther apart as
the field gets weaker. As you can see in the figures, the magnetic
field is strongest close to the magnetic poles and grows weaker
farther from the poles.

Field lines that curve toward each other show attraction.
Field lines that curve away from each other show repulsion.
Figure 3 illustrates the magnetic field lines between a north and
a south pole and the field lines between two north poles.
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Figure 3 
Magnetic field lines show attrac-
tion and repulsion. What would
the field between two south poles
look like?  

Iron filings show the magnetic
field lines around a bar magnet.

Magnetic
field lines start
at the north
pole of the
magnet and
end on the
south pole.

Attraction Repulsion

Figure 2 
A magnetic field surrounds a
magnet. Where the magnetic
field lines are close together,
the field is strong. For this mag-
net, where is the field strongest?



Making Magnetic Fields A magnet is surrounded by a
magnetic field that enables the magnet to exert a magnetic force.
How are magnetic fields made? A moving electric charge creates
a magnetic field.

Inside every magnet are moving charges. All atoms contain
negatively charged particles called electrons. Not only do these
electrons swarm around the nucleus of an atom, they also spin,
as shown in Figure 4. Because of its movement, each electron
produces a magnetic field. The atoms that make up magnets
have their electrons arranged so that each atom is like a small
magnet. In a material such as iron, a large number of atoms will
have their magnetic fields pointing in the same direction. This
group of atoms, with their fields pointing in the same direction,
is called a magnetic domain.

A material that can become magnetized, such as iron or
steel, contains many magnetic domains. When the material is
not magnetized, these domains are oriented in different direc-
tions, as shown in Figure 5A. The magnetic fields created by the
domains cancel, so the material does not act like a magnet.

A magnet contains a large number of magnetic domains that
are lined up and pointing in the same direction. Suppose a strong
magnet is held close to a material such as iron or steel. The mag-
net causes the magnetic field in many magnetic domains to line
up with the magnet’s field, as shown in Figure 5B. As you can see
in Figure 5C this process magnetizes paper clips.
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Figure 5 
Some materials can become 
temporary magnets.

Figure 4 
Movement of electrons produces
magnetic fields. What are the 
two types of motion shown in the
illustration?

When a strong magnet is brought near the
material, the domains line up, and their magnetic
fields add together.

The bar magnet
magnetizes the paper
clips. The top of each
paper clip is now a north
pole, and the bottom is
a south pole.

Microscopic sec-
tions of iron and steel
act as tiny magnets.
Normally, these
domains are oriented
randomly and their
magnetic fields cancel
each other.



Finding the Magnetic Declination

The north pole of a compass points
toward the magnetic pole, rather than

true north. Imagine drawing a line
between your location and the north pole,
and a line between your location and the
magnetic pole. The angle between these
two lines is called the magnetic declina-
tion. Sometimes knowing the magnetic
declination can be important if you need
to know the direction to true north,
rather than to the magnetic pole. How-
ever, the magnetic declination changes
depending on your position.

Identifying the Problem
Suppose your location is at 50° N 

and 110° W. You wish to head true north.
The location of the north pole is at 90° N
and 110° W, and the location of the 
magnetic pole is at about 80° N and 

Problem-Solving Activity

Earth’s 
Magnetic Field 

Magnetism isn’t limited
to bar magnets. Earth has a
magnetic field, as shown in
Figure 6. The region of space
affected by Earth’s magnetic
field is called the magneto-
sphere (mag NEE tuh sfihr).
The origin of Earth’s mag-
netic field is thought to be
deep within Earth in the
outer core layer. One theory
is that movement of molten
iron in the outer core is
responsible for generating
Earth’s magnetic field. The shape of Earth’s magnetic field is
similar to that of a huge bar magnet tilted about 11° from
Earth’s geographic north and south poles.

Inner core

Crust

Outer core

Mantle

Magnetosphere

True 
S

True 
N

Magnetic north

Magnetic
south

Figure 6 
Earth has a magnetic field similar
to the field of a bar magnet.
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105° W. What is the magnetic declination
angle at your location?

Solving the Problem
1. Label a graph like the one shown above.
2. On the graph, plot your location, the 

location of the magnetic pole, and the
location of the north pole.

3. Draw a line from your location to the
north pole, and a line from your location
to the magnetic pole.

4. Using a protractor measure the angle
between the two lines.
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Nature’s Magnets Honeybees,
rainbow trout, and homing pigeons
have something in common with

sailors and hikers. They take advantage of magnetism to find
their way. Instead of using compasses, these animals and others
have tiny pieces of magnetite in their bodies. These pieces are so
small that they may contain a single magnetic domain. Scientists
have shown that some animals use these natural magnets to
detect Earth’s magnetic field. They appear to use Earth’s mag-
netic field, along with other clues like the position of the Sun or
stars, to help them navigate.

Earth’s Changing Magnetic Field Earth’s magnetic poles
do not stay in one place. The magnetic pole in the north today, as
shown in Figure 7, is in a different place from where it was 20
years ago. In fact, not only does the position of the magnetic poles
move, but Earth’s magnetic field sometimes reverses direction.
For example, 700 thousand years ago, a compass needle that now
points north would point south. During the past 20 million years,
Earth’s magnetic field has reversed direction more than 70 times.
The magnetism of ancient rocks contains a record of these mag-
netic field changes. When some types of molten rock cool, mag-
netic domains of iron in the rock line up with Earth’s magnetic
field. After the rock cools, the orientation of these domains is
frozen into position. Consequently, these old rocks preserve the
orientation of Earth’s magnetic field as it was long ago.
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Observing Magnetic
Fields
Procedure
1. Place iron filings in a 

plastic petri dish. Cover the
dish and tape it closed.

2. Collect several magnets.
Place the magnets on the
table and hold the dish over
each one. Draw a diagram of
what happens to the filings
in each case.

3. Arrange two or more mag-
nets under the dish. Observe
the pattern of the filings.

Analysis
1. What happens to the filings

close to the poles?  Far from
the poles?

2. Compare the fields of the
individual magnets. How
can you tell which magnet is
strongest?  Weakest?

1831
1904

1948

1962

1973

1984

1994
1997

Figure 7 
Earth’s magnetic pole does not
remain in one location from year 
to year. How do you think the pole
might move over the next few years?



The Compass How can humans detect and measure Earth’s
magnetic field? The compass is a useful tool for finding and
mapping magnetic fields. A compass has a needle that is free to
turn. The needle itself is a small magnet with a north and a
south magnetic pole. A magnet placed close to a compass causes
the needle to rotate until it is aligned with the magnetic field
line that passes through the compass, as shown in Figure 8.

Earth’s magnetic field also causes a compass needle to rotate.
The north pole of the compass needle points toward Earth’s
magnetic pole that is near the geographic north pole. Unlike
poles attract, so this magnetic pole is actually a magnetic south
pole. Earth’s magnetic field is like that of a bar magnet with the
magnet’s south pole near Earth’s north pole.
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Section Assessment

1. Why do atoms behave like magnets?

2. Explain why magnets attract iron but do not
attract paper.

3. How is the behavior of electric charges simi-
lar to that of magnetic poles?

4. Around a magnet, where is the field the
strongest?  Where is it the weakest?

5. Think Critically A horseshoe magnet is a
bar magnet bent into the shape of the letter
U. When would two horseshoe magnets
attract each other?  Repel?  Have little effect?

6. Comparing and Contrasting Compare and
contrast the three phenomena of gravity, elec-
tricity, and magnetism. Use the terms force and
field in your comparison. For more help, refer 
to the Science Skill Handbook.

7. Communicating Imagine you are an early
explorer. In your Science Journal, explain how a
compass would change your work. Describe the
difficulties of working without a compass. For
more help, refer to the Science Skill Handbook.

Figure 8 
The compass needles align with
the magnetic field lines around
the magnet. What happens to the
compass needles when the bar
magnet is removed?

Research A compass 
needle doesn’t point directly
toward the north. How
much the needle is offset
from the north varies from
place to place. Visit the 
Glencoe Science Web site at
science.glencoe.com to
find out where the compass
points in your location.

http://science.glencoe.com


Make a half-page insert that will go into 
a wilderness survival guide to describe the
procedure for making a compass. Share 
your half-page insert with your classmates.
For more help, refer to the Science Skill
Handbook.

Make a Compass
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Conclude and Apply
1. Explain why the marked end of the needle

always pointed the same way in step 3, even
though you rotated the dish.

2. Describe the behavior of the compass when
the magnet was brought close.

3. Does the marked end of your needle point to
the north or south pole of the bar magnet?
Infer whether the marked end of your needle
is a north or a south pole. How do you know?

A valuable tool for hikers and campers 
is a compass. Almost 1,000 years ago,

Chinese inventors found a way to magnetize
pieces of iron. They used this method to 
manufacture compasses. You can use the 
same procedure to make a compass.

What You’ll Investigate
How do you construct a compass?

Materials
petri dish tape
*clear bowl marker
water paper
sewing needle plastic spoon
magnet *Alternate material

Goals
■ Observe induced magnetism.
■ Build a compass.

Safety

Procedure 
1. Reproduce the circular protractor shown. Tape

it under the bottom of your dish so it can be
seen but not get wet. Add water until the dish
is half full.

2. Mark one end of the needle with a marker.
Magnetize a needle by placing it on the mag-
net aligned north and south for 1 min.

3. Float the needle carefully in the dish. Use a plas-
tic spoon to lower the needle onto the water.
Turn the dish so the marked part of the needle
is above the 0° mark. This is your compass.

4. Bring the magnet near your compass. Observe
how the needle reacts. Measure the angle the 
needle turns.

0°
30°

60°

90°

120°

150°
180°

210°

240°

270°

300°

330°
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Current Can Make a Magnet 
Magnetic fields are produced by moving electric charges. Elec-

trons moving around the nuclei of atoms produce magnetic fields.
The motion of these electrons causes some materials, such as iron,
to be magnetic. You cause electric charges to move when you flip a
light switch or turn on a portable CD player. When electric cur-
rent flows in a wire, electric charges move in the wire. As a result, a
wire that contains an electric current also is surrounded by a mag-
netic field. Figure 9A shows the magnetic field produced around a
wire that carries an electric current.

Electromagnets Look at the magnetic field lines around the
coils of wire in Figure 9B. The magnetic fields around each coil
of wire add together to form a stronger magnetic field inside the
coil. When the coils are wrapped around an iron core, the mag-
netic field of the coils magnetizes the iron. The iron then
becomes a magnet, which adds to the strength of the magnetic
field inside the coil. A current-carrying wire wrapped around an
iron core is called an electromagnet, as shown in Figure 9C.

■ Describe the relationship between
electricity and magnetism.

■ Explain how electricity can 
produce motion.

■ Explain how motion can produce
electricity.

Vocabulary
electromagnet generator
motor alternating current
aurora transformer

The electric current that comes from
your wall socket is available because
of magnetism.

Electricity and 
Magnetism

S E C T I O N

Figure 9 
A current-carrying wire produces
a magnetic field.

Iron particles show the
magnetic field lines around a
current-carrying wire.

An iron core inside the coils
increases the magnetic field because
the core becomes magnetized.

When a wire is
wrapped in a coil, the
field inside the coil is
made stronger.



Using Electromagnets The magnetic field of an electro-
magnet is turned on or off when the electric current is turned on
or off. By changing the current, the strength and direction of the
magnetic field of an electromagnet can be changed. This has led
to a number of practical uses for electromagnets. A doorbell, as
shown in Figure 10, is a familiar use of an electromagnet. When
you press the button by the door, you close a switch in a circuit
that includes an electromagnet. The magnet attracts an iron bar
attached to a hammer. The hammer strikes the bell. When the
hammer strikes the bell, the hammer has moved far enough to
open the circuit again. The electromagnet loses its magnetic field,
and a spring pulls the iron bar and hammer back into place. This
movement closes the circuit, and the cycle is repeated as long as
the button is pushed.

Some gauges, such as the gas gauge in a car, use a gal-
vanometer to move the gauge pointer. Figure 11 shows how a
galvanometer makes a pointer move. Ammeters and voltmeters
used to measure current and voltage in electric circuits also use
galvanometers, as shown in Figure 11.
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Pressing the
button closes
the circuit.

A

When the circuit
is closed, an
electromagnet
is turned on.

Power
source

Bell

B

The electromagnet
attracts the hammer
that strikes the bell.

C
When the hammer
strikes the bell, the
circuit is open, and
the electromagnet
is turned off.

D

A spring pulls
the hammer
back, closing
the circuit and
starting the
cycle over.

E

Figure 10 
An electric doorbell uses an electromagnet. Each
time the electromagnet is turned on, the hammer
strikes the bell. How is the electromagnet turned off?

Assembling an 
Electromagnet
Procedure
1. Wrap a wire around a 16-

penny steel nail ten times.
Connect one end of the wire
to a D-cell battery, as
shown in Figure 9C. Leave
the other end loose until you
use the electromagnet.
WARNING: When current is
flowing in the wire, it can
become hot over time.

2. Connect the wire. Observe
how many paper clips you
can pick up with the magnet.

3. Disconnect the wire and
rewrap the nail with 20 coils.
Connect the wire and
observe how many paper
clips you can pick up. Dis-
connect the wire again.

Analysis
1. How many paper clips did

you pick up each time?  Did
more coils make the electro-
magnet stronger or weaker?

2. Graph the number of coils
versus number of paper clips
attracted. Predict how many
paper clips would be picked
up with five coils of wire.
Check your prediction.



Figure  11

VISUALIZING VOLTMETERS AND AMMETERS
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A galvanometer has a pointer attached to a
coil that can rotate between the poles of a
permanent magnet. When a current flows
through the coil, it becomes an electromag-
net. Attraction and repulsion between the
magnetic poles of the electromagnet and the
poles of the permanent magnet makes the
coil rotate. The amount of rotation depends
on the amount of current in the coil.

To measure the voltage in a circuit a voltmeter is
used. A voltmeter also contains a galvanometer
and has high resistance. To measure voltage, a
voltmeter is connected in parallel in the circuit,
so almost no current flows through it. The
higher the voltage in the circuit, the more the
needle moves.
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To measure the current in a circuit an ammeter
is used. An ammeter contains a galvanometer
and has low resistance. To measure current, an
ammeter is connected in series in the circuit, so
all the current in the circuit flows through it.
The greater the current in the circuit, the more
the needle moves.

The gas gauge in a car uses a device called a galvanometer
to make the needle of the gauge move. Galvanometers
are also used in other measuring devices. A voltmeter

uses a galvanometer to measure the voltage in a electric 
circuit. An ammeter uses a galvanometer to measure electric
current. Multimeters  can be used as an ammeter or voltmeter
by turning a switch.



BatteryElectron
flow

Electron flow

+
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Magnets Push and
Pull Currents

Look around for electric appli-
ances that produce motion, such
as a fan. How does the electric
energy entering the fan become
transformed into the kinetic
energy of the moving fan blades?
Recall that current-carrying
wires produce a magnetic field.
This magnetic field behaves the
same way as the magnetic field
that a magnet produces. Two

current-carrying wires can attract each other as if they were two
magnets, as shown in Figure 12.

Electric Motor Just as two magnets exert a force on each
other, a magnet and a current-carrying wire exert forces on each
other. The magnetic field around a current-carrying wire will
cause it to be pushed or pulled by a magnet, depending on the
direction the current is flowing in the wire. As a result, some of
the electric energy carried by the current is converted into kinetic
energy of the moving wire, as shown in Figure 13A. Any device
that converts electric energy into kinetic energy is a motor. To
keep a motor running, the current-carrying wire is formed into a
loop so the magnetic field can force the wire to spin continually,
as shown in Figure 13B.
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Electron flow

Electron flow

Figure 13
In an electric motor, the force a
magnet exerts on a current-
carrying wire transforms electric
energy into kinetic energy.

Figure 12
Two wires carrying current in
the same direction attract each
other, just as unlike magnetic
poles do.

The magnetic field exerts a force on the wire loop,
causing it to spin as long as current flows in the loop.

A magnetic field like the one shown
will push a current-carrying wire upward.



Earth’s Magnetosphere The Sun emits charged particles
that stream through the solar system like an enormous electric
current. Just like a current-carrying wire is pushed or pulled
by a magnetic field, Earth’s magnetic field pushes and pulls on
the electric current generated by the Sun. This causes most of
the charged particles in this current to be deflected so they
never strike Earth, as shown in Figure 14. As a result, living
things on Earth are protected from damage that might be
caused by these charged particles. At the same time, the solar
current pushes on Earth’s magnetosphere so it is stretched
away from the Sun.

The Aurora Sometimes the Sun
ejects a large number of charged parti-
cles all at once. Most of these charged
particles are deflected by Earth’s mag-
netosphere. However, some of the
ejected particles from the Sun produce
other charged particles in Earth’s outer
atmosphere. These charged particles
spiral along Earth’s magnetic field lines
toward Earth’s magnetic poles. There
they collide with atoms in the atmos-
phere. These collisions cause the atoms
to emit light. The light emitted causes a
display known as the aurora (uh ROR
uh), as shown in Figure 15. In northern
latitudes, the aurora sometimes is
called the northern lights.
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Charged 
Particles
from the 
Sun

Earth

Magnetosphere

Figure 14
Earth’s magnetosphere deflects
most of the charged particles
streaming from the Sun. Why is
the magnetosphere stretched away
from the Sun?

Figure 15
An aurora is a natural light show
that occurs in the southern and
northern skies.



Using Magnets to Create Current
In an electric motor, a magnetic field turns electricity into

motion. A device called a generator uses a magnetic field to turn
motion into electricity. Electric motors and electric generators
both involve conversions between electric energy and kinetic
energy. In a motor, electric energy is changed into kinetic energy.
In a generator, kinetic energy is changed into electric energy.
Figure 16 shows how a current can be produced in a wire that
moves in a magnetic field. As the wire moves, the electrons in the
wire also move in the same direction, as shown in Figure 16A.
The magnetic field exerts a force on the moving electrons that
pushes them along the wire, as shown in Figure 16B, creating an
electric current.

Electric Generators To pro-
duce electric current, the wire is
fashioned into a loop, as in Figure
17. A power source provides the
kinetic energy to spin the wire
loop. With each half turn, the cur-
rent in the loop changes direction.
This causes the current to alternate
from positive to negative. Such a
current is called an alternating
current (AC). In the United States,
electric currents change from posi-
tive to negative to positive 60 times
each second.

50 ◆ N CHAPTER 2 Magnetism

Current

Power source
turns loop

Electron
flow   

If a wire is pulled through a magnetic
field, the electrons in the wire also move
downward.

The magnetic field then exerts a force on
the moving electrons, causing them to move
along the wire.

Figure 16
When a wire is made to move
through a magnetic field, an
electric current can be produced
in the wire.

Figure 17
In a generator, a power source
spins a wire loop in a magnetic
field. Every half turn, the current
will reverse direction. This type
of generator supplies alternating
current to the lightbulb.



Types of Current A battery produces direct current instead
of alternating current. In a direct current (DC) electrons flow in
one direction. In an alternating current, electrons change their
direction of movement many times each second. Some generators
are built to produce direct current instead of alternating current.

What type of currents can be produced by a
generator?

Power Plants Electric generators produce almost all of the
electric energy used all over the world. Small generators can
produce energy for one household, and large generators in elec-
tric power plants can provide electric energy for thousands of
homes. Different energy sources such as gas, coal, and water are
used to provide the kinetic energy to rotate coils of wire in a
magnetic field. Coal-burning power plants, like the one pictured
in Figure 18, are the most common. More than half of the elec-
tric energy generated by power plants in the United States
comes from burning coal.

Voltage The electric energy produced at a power plant is car-
ried to your home in wires. Recall that voltage is a measure of
how much energy the electric charges in a current are carrying.
The electric transmission lines from electric power plants trans-
mit electric energy at a high voltage of about 700,000 V. Trans-
mitting electric energy at a low voltage is less efficient because
more electric energy is converted into heat in the wires. How-
ever, high voltage is not safe for use in homes and businesses. A
device is needed to reduce the voltage.

Research Visit the 
Glencoe Science Web site 
at science.glencoe.com
for more information about
the different types of power
plants used in your region of
the country. Communicate to
your class what you learn.

Figure 18
Coal-burning power plants sup-
ply much of the electric energy
for the world.
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Changing Voltage
A transformer is a device that changes the voltage of an

alternating current with little loss of energy. Transformers are
used to increase the voltage before transmitting an electric cur-
rent through the power lines. Other transformers are used to
decrease the voltage to the level needed for home or industrial
use. Such a power system is shown in Figure 19. Transformers
also are used in power adaptors. For battery-operated devices, a
power adaptor must change the 110 V from the wall outlet to
the same voltage produced by the device’s batteries.

What does a transformer do?

A transformer usually has two coils of wire wrapped around
an iron core, as shown in Figure 20. One coil is connected to an
alternating current source. The current creates a magnetic field in
the iron core, just like in an electromagnet. Because the current is
alternating, the magnetic field it produces also switches direction.
This alternating magnetic field in the core then causes an alter-
nating current in the other wire coil.
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Input

Output

Figure 19
Electricity travels from a 
generator to your home.

Figure 20
A transformer can increase or
decrease voltage. The ratio of
input coils to output coils equals
the ratio of input voltage to out-
put voltage. If the input voltage
here is 60 V, what is the output
voltage? 

Water or steam turns
an electric generator. 

A transformer increases 
the voltage for transmission.

 Another transformer decreases the 
voltage for a neighborhood.  Some 
industries use this high voltage,  which 
might be several thousand volts.

A house-supply transformer 
decreases the voltage to 110 V.   
The electric current is used 
to run appliances,  such as 
electric lights and motors.



The Transformer Ratio Whether a transformer increases
or decreases the input voltage depends on the number of coils
on each side of the transformer. The ratio of the number of coils
on the input side to the number of coils on the output side is the
same as the ratio of the input voltage to the output voltage. For
the transformer in Figure 20 the ratio of the number of coils on
the input side to the number of coils on the output side is three
to nine, or one to three. If the input voltage is 60 V, the output
voltage will be 180 V.

In a transformer the voltage is greater on the side with more
coils. If the number of coils on the input side is greater than the
number of coils on the output side, the voltage is decreased. If
the number of coils on the input side is less than the number on
the output side, the voltage is increased.

Superconductors
Electric current can flow easily through materials, such as

metals, that are electrical conductors. However, even in conduc-
tors, there is some resistance to this flow and heat is produced as
electrons collide with atoms in the material.

Unlike an electrical conductor, a material known as a super-
conductor has no resistance to the flow of electrons. Supercon-
ductors are formed when certain materials are cooled to low
temperatures. For example, aluminum becomes a superconduc-
tor at about �272ºC. When an electric current flows through 
a superconductor, no heat is produced and no electric energy 
is converted into heat.

Superconducto r s
and Magnets Super-
conductors also have
other unusual properties.
For example, a magnet is
repelled by a supercon-
ductor. As the magnet
gets close to the super-
conductor, the supercon-
ductor creates a magnetic
field that is opposite to
the field of the magnet.
The field created by 
the superconductor can
cause the magnet to float
above it, as shown in 
Figure 21.

Figure 21
A small magnet floats above a
superconductor. The magnet
causes the superconductor to
produce a magnetic field that
repels the magnet.
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Using Superconductors Large electric currents can flow
through electromagnets made from superconducting wire and
can produce extremely strong magnetic fields. The particle
accelerator shown in Figure 22 uses more than 1,000 supercon-
ducting electromagnets to help accelerate subatomic particles to
nearly the speed of light.

Other uses for superconductors are being developed. Trans-
mission lines made from a superconductor could transmit elec-
tric power over long distances without having any electric
energy converted to heat. It also may be possible to construct
extremely fast computers using microchips made from super-
conductor materials.

Magnetic Resonance Imaging
A method called magnetic resonance
imaging, or MRI, uses magnetic
fields to create images of the inside of

a human body. MRI images can show if tissue is damaged or
diseased, and can detect the presence of tumors.

Unlike X-ray imaging, which uses X-ray radiation that can
damage tissue, MRI uses a strong magnetic field and radio
waves. The patient is placed inside a machine like the one shown
in Figure 23. Inside the machine an electromagnet made from
superconductor materials produces a magnetic field more than
20,000 times stronger than Earth’s magnetic field.
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Figure 23
A patient is being placed inside
an MRI machine.The strong mag-
netic field inside the machine
enables images of tissues inside
the patient’s body to be made.

Figure 22
The particle accelerator at Fermi National Accelerator 
Laboratory near Batavia, Illinois, accelerates atomic 
particles to nearly the speed of light. The particles travel
in a beam only a few millimeters in diameter. Magnets
made of superconductors keep the beam moving in a 
circular path about 2 km in diameter.



Producing MRI Images About 63 percent
of all the atoms in your body are hydrogen
atoms. The nucleus of a hydrogen atom is a
proton, which behaves like a tiny magnet. The
strong magnetic field inside the MRI tube causes
these protons to line up along the direction of
the field. Radio waves are then applied to the
part of the body being examined. The protons
absorb some of the energy in the radio waves,
and change the direction of their alignment.

When the radio waves are turned off, the
protons realign themselves with the magnetic
field and emit the energy they absorbed. The
amount of energy emitted depends on the type
of tissue in the body. This energy emitted is
detected and a computer uses this informa-
tion to form an image, like the one shown in
Figure 24.

Connecting Electricity and Magnetism Electric forces
and magnetic forces are similar in some ways. Both forces can
repel or attract. Like electric charges repel each other, and like
magnetic poles repel each other. Positive and negative electric
charges attract, and north and south magnetic poles attract.

Electric charges and magnets are connected in another
important way. Moving electric charges produce magnetic
fields, and magnetic fields exert forces on moving electric
charges. It is this connection enables electric motors and genera-
tors to operate.
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Section Assessment

1. What is an electromagnet?  How can you
make one in the classroom?

2. How does a transformer work?

3. How does a magnetic field affect a current-
carrying wire?

4. How does a generator turn motion into
electrical energy? 

5. Think Critically How is an electric motor
similar to an aurora?  Use the terms current,
field, and kinetic energy in your answer.

6. Researching Information Research the types
of power plants in your state. Make a poster
showing the fuels that are used. For more help,
refer to the Science Skill Handbook.

7. Calculating Ratios A transformer has ten
turns of wire on the input side and 50 turns of
wire on the output side. If the input voltage is
120 V, what will the output voltage be?  For
more help, refer to the Math Skill Handbook.

Figure 24
This MRI image shows a side view
of the brain. An MRI scan can pro-
duce images from several angles,
as well as cross-sections.



How does an electric 
motor work?

Safety Precautions

Hold only the insulated part of each
wire when they are attached to the 
battery. Use care when hammering 
the nails. After cutting the wire,
the ends will be sharp.

Materials
22-gauge enameled wire (4 m)
steel knitting needle
*steel rod
nails (4)
hammer
ceramic magnets (2)
18-gauge insulated wire (60 cm)
masking tape
fine sandpaper
approximately 15-cm wooden board
wooden blocks (2)
6-V battery 
*1.5-V batteries connected in a series (4)
wire cutters
*scissors
*Alternate materials

E lectric motors are used in many appliances. For example, a computer contains a
cooling fan and motors to spin the hard drive. A CD player contains electric motors

to spin the CD. Some cars contain electric motors that move windows up and down,
change the position of the seats, and blow warm or cold air into the car’s interior.
All these electric motors consist of an electromagnet and a permanent magnet.
In this activity you will build a simple electric motor that will work for you.

What You’ll Investigate
How can you change electric energy into motion?

Goals
■ Assemble a small electric motor.
■ Observe how the motor works.

56



Procedure

Conclude and Apply

1. Use sandpaper to strip the enamel
from about 4 cm of each end of the
22-gauge wire.

2. Leaving the stripped ends free, make
this wire into a tight coil of at least 30
turns. A D-cell battery or a film canis-
ter will help in forming the coil. Tape
the coil so it doesn’t unravel.

3. Insert the knitting needle through
the coil. Center the coil on the 
needle. Pull the wire’s two ends to
one end of the needle.

4. Near the ends of the wire, wrap
masking tape around the needle 
to act as insulation. Then tape one
bare wire to each side of the needle
at the spot where the masking 
tape is.

5. Tape a ceramic magnet to each 
block so that a north pole extends
from one and a south pole from 
the other.

6. Make the motor. Tap the nails into
the wood block as shown in the fig-
ure. Try to cross the nails at the same
height as the magnets so the coil
will be suspended between them.

1. Describe what happens when you
close the circuit by connecting the
wires. Were the results expected?

2. Describe what happens when you
open the circuit.

3. Predict what would happen if you
used twice as many coils of wire.
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Compare your conclusions with other stu-
dents in your class. For more help, refer to
the Science Skill Handbook.

7. Place the needle on the nails. Use
bits of wood or folded paper to
adjust the positions of the magnets
until the coil is directly between the
magnets. The magnets should be as
close to the coil as possible without
touching it.

8. Cut two 30-cm lengths of 18-gauge
wire. Use sandpaper to strip the
ends of both wires. Attach one wire
to each terminal of the battery.
Holding only the insulated part of
each wire, place one wire against
each of the bare wires taped to the
needle to close the circuit. Observe
what happens.
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Science  &   Language ArtsandandandScience           Language Arts

Respond to the ReadingRespond to the Reading

1. How can you tell the
importance of con-
stellations to the Inuit
for telling direction?

2. How is it possible 
that the Inuit could
see the constellations
in the morning sky?

The following are “magic words” that are spoken before the
Inuit (IH noo wut) people go seal hunting. Inuit are native people
that live in the arctic region. Because the Inuit live in relative
darkness for much of the winter, they have learned to find their
way by looking at the stars to guide them.

The verse below was collected by an ethnographer. An
enthnographer studies the practices and beliefs of people in differ-
ent cultures. The poem is about two constellations that are impor-
tant to the Inuit people because their appearance marks the end
of winter when the Sun begins to appear in the sky again.

By which way, I wonder the mornings—
You dear morning, get up!

See I am up!
By which way, I wonder,

the constellation Aagjuuk rises up in the sky?
By this way—perhaps—by the morning

It rises up!

Morning, you dear morning, get up!
See I am up!

By which way, I wonder,
the constellation Sivulliit

Has risen to the sky?
By this way—perhaps—by the morning.

It rises up!

1Inuit name for the constellation of stars called Aquila (A kwuh luh)

2Inuit name for the constellation of stars called Bootes (boh OH teez)

“Aagjuuk1 and Sivulliit2”
from Intellectual Culture of the Copper Eskimos

by Knud Rasmussen, told by Tatilgak
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Expository Writing Pretend
your family is traveling from 
St. Louis, Missouri, to Madison,
Wisconsin, on a summer evening.
Use the library or the Internet to
research the constellations in the
summer sky in North America.
Then write a paragraph describ-
ing the constellations that will
help you and your family navigate
north toward Wisconsin.

andandand
Linking Science           Linking Science           

France Anne Cordova is familiar with the properties of gravity and
magnetism in her innovative work with telescopes. Cordova was born
in Paris, France to a Mexican American diplomat and grew up in
California taking care of her 11 brothers and sisters. As a college stu-
dent she became inspired by the first Apollo space mission and went
on to earn a Ph.D. in physics from the California Institute of
Technology. She was one of only two women in her graduating class.
Cordova now serves as the vice chancellor for research at the
University of California at Santa Barbara.

To learn more about careers in astrophysics, visit
the Glencoe Science Web site at science.glencoe.com.

Astrophysicist
�

CareerCareer ConnectionConnection

Understanding Literature
Ethnography Ethnography is a description of a cul-
ture. To write an ethnography, an ethnographer col-
lects cultural stories, poems, or other oral tales from
the culture that he or she is studying. Ethnographies of
the Inuit are full of stories about the stars and constel-
lations, but other forms of navigation are also impor-
tant to the Inuit. It is important for the Inuit to be
skilled in navigation because they must travel over vast
areas of frozen ground that has few landmarks. The
Inuit use other clues to navigate such as wind direc-
tion, sea currents, snowdrifts, and clouds.

Science Connection In this chapter you learned that
Earth has a magnetic field. Earth’s magnetic field
causes the north pole of a compass needle to point in a
northerly direction. Using a compass helps a person to
navigate and find his or her way. However, at the far
northern latitudes where the Inuit live, a compass
becomes more difficult to use. Some Inuit live north of
Earth’s northern magnetic pole. In these locations a
compass needle points in a southerly direction. As a
result, the Inuit developed other ways to navigate.

Ethnography
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Section 2 Electricity and Magnetism
1. Electric current creates a magnetic field.

Electromagnets are made from a coil of wire
that carries a current, wrapped around an
iron core. How is this crane able to lift the
scrap iron particles?

2. A magnetic field exerts a force on a moving
charge or a current-carrying wire.

3. Motors transform electric energy into kinetic
energy. Generators transform kinetic energy
into electric energy.

4. Transformers are
used to increase
and decrease volt-
age in AC circuits.
In this step-down
transformer, which
has more turns,
the input coil or
the output coil?
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Section 1 What is magnetism?
1. All magnets have two poles—north and

south. Like poles repel each other and unlike
poles attract.

2. Electrons act like tiny magnets. Groups 
of atoms can align to form magnetic
domains. If
domains align,
then a magnet 
is formed. Why
do magnets stick
to some objects,
such as refriger-
ators, but not 
others?

3. A magnetic force acts through a magnetic
field. Magnetic fields extend through space
and point from a north pole to a south pole.

4. Earth has a magnetic field that can be
detected using a compass. What might be the
cause for these green and red lights above
Earth in the photo taken from the space shuttle
in orbit?

Study GuideChapter 22

Using the information on
your Foldable, compare
and contrast the terms

magnetic force and magnetic field. Write your
observations under the flaps in your Foldable.

After You Read
FOLDABLES
Reading & Study
Skills

FOLDABLES
Reading & Study 
Skills
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Vocabulary Words
a. alternating current f. magnetic field
b. aurora g. magnetosphere
c. electromagnet h. motor
d. generator i. transformer
e. magnetic domain

Using Vocabulary
Explain the relationship that exists between

each set of vocabulary words below.

1. generator, transformer

2. magnetic force, magnetic field

3. alternating current, direct current

4. current, electromagnet

5. motor, generator

6. electron, magnetism

7. magnetosphere, aurora

8. magnet, magnetic domain

Study GuideChapter 22

Look for examples in your home of what you are
studying in science class. For instance, where can
you find electric motors in your home?

Study Tip

Complete the following concept map.

are used by

in which

Generators

causes

Kinetic energy

that generates

A wire loop 
to rotate

An electric 
current

are made from

in which

Magnetic
materials

produce

Moving elec-
trons in atoms

that line up to make

Magnetic 
fields

A magnetic
domain

are used by

in which

Electric 
motors

generates

An electric 
current

that produces

A magnetic 
field

Kinetic 
energy

Magnets



AssessmentChapter 22

Choose the word or phrase that best answers
the question.

1. What can iron filings be used to show?
A) magnetic field C) gravitational field
B) electric field D) none of these

2. Why does the needle of a compass point to
magnetic north?
A) Earth’s north pole is strongest.
B) Earth’s north pole is closest.
C) Only the north pole attracts compasses.
D) The compass needle aligns itself with

Earth’s magnetic field.

3. What will the north poles of two bar 
magnets do when brought together?
A) attract
B) create an electric current
C) repel
D) not interact 

4. How many poles do all magnets have?
A) one C) three
B) two D) one or two

5. When a current-carrying wire is wrapped
around an iron core, what can it create?
A) an aurora C) a generator
B) a magnet D) a motor

6. What does a transformer between utility
wires and your house do?
A) increases voltage
B) decreases voltage
C) leaves voltage the same
D) changes DC to AC

7. Which energy transformation occurs in an
electric motor?
A) electrical to kinetic
B) electrical to thermal
C) potential to kinetic
D) kinetic to electrical

8. What prevents most charged particles from
the Sun from hitting Earth?
A) the aurora 
B) Earth’s magnetic field
C) high-altitude electric fields
D) Earth’s atmosphere

9. Which of these objects do magnetic fields
NOT interact with?
A) magnets C) current
B) steel D) paper

10. Which energy transformation occurs in an
electric generator?
A) electrical to kinetic
B) electrical to thermal
C) potential to kinetic
D) kinetic to electrical

11. Why don’t ordinary bar magnets line them-
selves up with Earth’s magnetic field when
you set them on a table?

12. If you were given a magnet with unmarked
poles, how could you determine which pole
was which?

13. A nail is magnetized
by holding the south
pole of a magnet
against the head of
the nail. Is the point
of the nail a north or
a south pole? Sketch
your explanation.

14. If you add more coils to an electromagnet,
does the magnet get stronger or weaker?
Why? What happens if the current 
increases?

15. What are the sources of magnetic fields?
How can you demonstrate this?

62 ◆ N CHAPTER ASSESSMENT



CHAPTER ASSESSMENT N ◆ 63

16. Identifying and Manipulating Variables and
Controls How could you test and compare
the strength of two different magnets?

17. Forming Operational Definitions Give an
operational definition of an electromagnet.

18. Concept Mapping Explain how a doorbell
uses an electromagnet by placing the follow-
ing phrases in the cycle concept map: circuit
open, circuit closed, electromagnet turned on,
electromagnet turned off, hammer attracted to
magnet and strikes bell, and hammer pulled
back by a spring.

19. Multimedia Presentation Prepare a multi-
media presentation to inform your class-
mates on the future uses of magnets and
magnetism.

Magnetism affects all aspects of mod-
ern life. The table below lists some exam-
ples of processes involving magnetic fields.

Study the table and answer the following
questions.

1. According to this information, which
process most likely occurs naturally?
A) conversion of electrical energy into

kinetic
B) conversion of mechanical energy

into electric energy
C) trapped charged particles in Earth’s

magnetosphere
D) voltage changes through power lines

2. Hydroelectric power plants use the
gravitational potential energy of water
to turn generators, which then produce
electricity. According to the table above,
which process is this an example of?
F) motor H) charged particles
G) generator J) transformer

Test Practice

Example

Processes Involving Magnetic Fields

Motor

Generator

Charged
particles
from Sun

Transformer

Used in 
elecric fans

Produce
light

Aurora

Deliver
current

to homes

Process Result

Converts electrical
energy into kinetic

Converts mechanical
energy into

electrical

Charged particles
trapped in Earth’s
magnetosphere

Change voltage
through power lines

AssessmentChapter 22

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

TECHNOLOGY

electromagnet
turned on

electromagnet
turned off

circuit closed

hammer pulled 
back by a spring

hammer 
attracted to magnet

and strikes bell

circuit open

http://science.glencoe.com
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