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Electricity and Magnetism
Introduction to Chapter 10

Electricity and magnetism are related to each other. As you will learn in this chapter,
the interactions between electricity and magnetism are the core of many important
technologies, from the generation of electricity to recording data on computer disks.

Investigations for Chapter 10

Like charges, magnets exert forces on each other. Every magnet has two distinct
ends, called the north pole and the south pole. In this Investigation, you will explore
how magnets affect each other, and discover which materials are attracted to
magnets. 

In this Investigation, you will build an electromagnet and measure the
electromagnet’s strength as the current is varied.

In this Investigation, you will design and build different electric motors and
evaluate them for speed and electric power. You will also build and test several
designs of an electric generator.

10.1 Permanent Magnets What effects do magnets have?

10.2 Electromagnets Can electric current create a magnet?

10.3 Electric Motors and 
Generators

How does an electric motor or generator work?

Chapter 10
Magnets and

Motors

3
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Learning Goals

In this chapter, you will:

Describe the properties of a permanent magnet.

Describe the forces that magnets exert on other.

Explain why materials like iron and steel are attracted to magnets.

Explain why a compass points north. 

Build an electromagnet.

Analyze how electric current affects the strength of the magnetic field in an electromagnet.

List three ways that the strength of an electromagnet can be increased.

Compare permanent magnets and electromagnets.

List several applications of electromagnets.

Explain electromagnetic induction.

Describe how electric motors and generators work.

Vocabulary

electromagnet magnetic field magnetic north pole
electromagnetic induction magnetic field intensity magnetic south pole
generator magnetic force permanent magnet



Chapter 10

�How a computer disc 
works
10.1 Permanent Magnets
What effects do magnets have, both on each other and on other materials? What is magnetic force?
What is a magnetic field? In this section you will learn about magnets, magnetic forces, and the
magnetic field. 

What is a magnet?

A magnet is a Magnetism has fascinated people since the earliest times. Up until the
159t Magnets

Computer discs are coated
with a material that can
become magnetized by tiny
electromagnets. By pulsing
on and off, an electromagnet
writes data by creating tiny
north and south poles in the
surface of the disc.

When reading data, a second
electromagnet senses the
north and south poles from
the spinning disc. When a
north pole changes to a south
pole, these changes are
converted to binary numbers
used in programs and data.

A strong magnet can change
the north and south poles on
a disc surface. This removes
the data just like an eraser
removes pencil marks.
10.1 Permanen

material that is
magnetic

Renaissance, many people thought magnetism was a form of life-force since it
could make rocks move. We know that magnets stick to refrigerators and pick up
paper clips or pins. They are also part of electric motors, computer disc drives,
burglar alarm systems, and many other common devices.

What does
magnetic mean?

Magnetic means the ability to make forces on magnets or other magnetic
materials. Some materials are actively magnetic, and we call them magnets. Other
materials are attracted to nearby magnets but do not show magnetism otherwise.
Iron and steel are in the second category because they are attracted by magnets but
are not themselves magnetic.

Permanent
magnets

A permanent magnet is a material that keeps its magnetic properties, even when it
is not close to other magnets. Bar magnets, refrigerator magnets, and horseshoe
magnets are good examples of permanent magnets.
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gure 10.1: The north and south 
les of a small rectangular magnet.

gure 10.2: Depending on their 
sition, two magnets can either 
ract each other or repel each other.
act a paperclip magnet is able to pick up a paperclip. When near the magnet, the paperclip
becomes a temporary magnet. The two magnets are then attracted to each other.
This magnetic force is so strong it easily overcomes the gravitational force that
would otherwise cause the paperclip to fall down. 

ceptional scientists: Michael Faraday

Michael Faraday was born in London in 1791. After basic schooling, Faraday
worked as a bookbinder and became very good at it. In fact, some of the books
he bound are still in existence today!
Faraday often read the books he bound. From these books, he became interested
in science and began to repeat the experiments that he read about. He was
particularly interested in electricity and chemistry. At age 21, he decided to
pursue further education in science.

t the age of 30, Faraday made his first electrical discovery. He then went on to became one of
he great scientists of his time. He invented early motors using electromagnets (you will study
hese in the next section) and made many other discoveries in physics and chemistry.
araday loved to show children demonstrations of the exciting experiments of his day. He gave
is demonstrations during an annual Christmas lecture at the Royal Institution where he
orked. This tradition is still carried on today, and is televised. If you ever go to London you

an still see Faraday’s laboratory at the Royal Institution’s museum.

Fi
po
att
perties of magnets

Magnets have
common

properties

All magnets have the following common properties:

• Magnets always have two opposite “poles,” called north and south.
• If divided, each part of a magnet has both north and south poles; we never see

an unpaired north or south pole.
• When near each other, magnets exert magnetic forces on each other. 
• The forces between magnets depend on the alignment of the poles; two unlike

poles will attract each other and two like poles will repel each other.

Why magnets The fact that magnets exert forces on each other explains why a permanent bar
Fi
po



Chapter 10
�Discovering and using magnetism

Natural materials
are magnetic

As early as 500 B.C. people discovered that some naturally occurring materials
have magnetic properties. These materials include lodestone and magnetite.
Ptolemy Philadelphos (367-283 B.C.) plated the entire surface of a temple in
Egypt with magnetite, a magnetic mineral capable of attracting iron. He was
hoping to suspend a statue of himself in midair! 

Lodestone In about 500 B.C., the Greeks discovered that a stone called lodestone had special
properties. They observed that one end of a suspended piece of lodestone pointed
161t Magnets

Figure 10.3: Timeline of the 
discovery of lodestone and the 
development of the modern compass.
10.1 Permanen

north and the other end pointed south, helping sailors and travelers to find their
way. This discovery was the first important application of magnetism, the
compass.

The Chinese
“south pointer”

The invention of the compass is also recorded in China, in 220 B.C. Writings from
the Zheng dynasty tell stories of how people would use a “south pointer” when
they went out to search for jade, so that they wouldn’t lose their way home. The
pointer was made of lodestone. It looked like a large spoon with a short, skinny
handle. When balanced on a plate, the “handle” was aligned with magnetic south.

The first
iron needle

compass

By 1088 A.D., iron refining had developed to the point where the Chinese were
making a small needle-like compass. Shen Kua recorded that a needle-shaped
magnet was placed on a reed floating in a bowl of water. Chinese inventors also
suspended a long, thin magnet in the air, realizing in both cases that the magnet
ends were aligned with geographic north and south. Explorers from the Sung
dynasty sailed their trading ships all the way to Saudi Arabia using compasses
among their navigational tools. About 100 years later a similar design appeared in
Europe and soon spread to the rest of the region.

The compass
allows explorers

to sail away
from land

By 1200, explorers from Italy were using a compass to guide ocean voyages
beyond the sight of land. The Chinese also continued exploring with compasses,
and by the 1400s, they were traveling to the eastern coast of Africa. The compass,
and the voyages that it made possible, led to many interactions among cultures.
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gure 10.4: A Chinese compass 
ting from 220 B.C., made of 
estone. The “handle” of the spoon 

ints south.

gure 10.5: A modern compass.
The center
of the Earth

a large magnet

It turns out that the core of our planet acts like a large magnet made of molten iron
ores. This giant magnet is roughly aligned in the north-south direction. When the
compass needle’s north pole swings towards the geographic north pole, it is
actually attracted by the magnetic south pole of Earth. The Earth’s magnetic south
pole is within a few degrees of geographic north! 

da
lod
po

Fi
w does a compass work?

e north pole of
 magnet points

north

A compass needle is a magnet that is free to spin until it lines up in the north-south
direction. The origin of the terms “north pole” and “south pole” of a magnet come
from the direction that a magnetized compass needle points. The end of the
magnet that pointed north was called the north pole of the magnet and the end that
pointed south was called the south pole. 

Remember that two unlike poles of a magnet attract each other. So the north pole
of the compass needle must point north because it is attracted by the south pole of
another magnet. Where is this other magnet?

Fi



Chapter 10
The magnetic field

 Why the
magnetic field is a

useful concept

People investigating magnetism needed a way to describe the forces between two
magnets. They knew that the force depended on the direction and orientation of
the two magnets and also on the distance between them. The model of a magnetic
field was developed to describe how a magnet exerts magnetic force. 

Imagine testing
one magnet with

another

Imagine you have a small test magnet (figure 10.6) that you are moving around
another magnet (the source magnet). The north pole of your test magnet feels a
force everywhere in the space around the source magnet. To keep track of the
163t Magnets

Figure 10.6: The magnetic field is 
defined in terms of the force exerted 
on the north pole of another magnet.

Figure 10.7: Magnetic field lines 
around a magnet.
10.1 Permanen

force, imagine drawing an arrow in the direction your test magnet is pulled as you
move it around. 

What is a field? The arrows that you draw show you the magnetic field. If you connect all the
arrows from north to south, you get lines called magnetic field lines. In physics,
the word “field” means that there is a quantity (such as force) that is associated
with every point in space. There can be many other kinds of fields. For example,
the “odor field” near a sewer would be strongest nearest the sewer and get weaker
farther away!

The magnetic field How do you interpret a drawing of a magnetic field? The number of field lines in a
certain area indicates the relative strength of the source magnet in that area. The
arrows on the field lines show where the north pole of a test magnet will point.
Figure 10.7 shows the magnetic field lines around a small rectangular magnet.

Magnets interact
through their

fields

It is useful to think about the interactions between two magnets in two steps.

• First, every magnet creates an energy field, called the magnetic field, in the
space around it.

• Second, the field (not the magnet directly) exerts forces on any other magnet
that is within its range.
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.2 Electromagnets
he last section you learned about permanent magnets and magnetism. There is another type of
net, one that is created by electric current. This type of magnet is called an electromagnet. What is
lectromagnet? Why do magnets and electromagnets act the same way? In this section, you learn
t electromagnets and how they helped scientists explain all magnetism. 

at is an electromagnet?

earching for a
connection

For a long time, people thought about electricity and magnetism as different and
unrelated effects. Starting about the 18th century, scientists suspected that the two
gure 10.8: The simplest 
ctromagnet uses a coil of wire, 
en wrapped around some iron or 
el. In the picture, the arrows 
icate the direction of current.

gure 10.9: The right hand rule: 
en your fingers curl in the 
ection of current, your thumb 
ints toward the magnet’s north pole.
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were related. As scientists began to understand electricity better, they searched for
relationships between electricity and magnetism. 

he principle of
 electromagnet

In 1819, Hans Christian Øersted, the Danish physicist and chemist (1777-1851),
noticed that a current in a wire caused a compass needle to deflect. He had
discovered that moving electric charges create a magnetic field! A dedicated
teacher, he made this discovery while teaching his students at the University of
Copenhagen. He suspected there might be an effect and did the experiment for the
very first time in front of his class. With his discovery, Øersted was the first to
identify the principle of an electromagnet. 

ow to make an
electromagnet

Electromagnets are magnets that are created when there is electric current flowing
in a wire. The simplest electromagnet uses a coil of wire, often wrapped around
some iron (figure 10.8). Because iron is magnetic, it concentrates the magnetic
field created by the current in the coil.

The north and
uth poles of an
electromagnet

The north and south poles of an electromagnet are located at each end of the coil
(figure 10.8). Which end is the north pole depends on the direction of the electric
current. When your fingers curl in the direction of current, your thumb points
toward the magnet’s north pole. This method of finding the magnetic poles is
called the right hand rule (figure 10.9). You can switch north and south by
reversing the direction of the current. This is a great advantage over permanent
magnets. You can’t easily change the poles of a permanent magnet.
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gure 10.10:  A maglev train 
ck has electromagnets in it that 
th lift the train and pull it forward. 

gure 10.11: A toaster tray is 
lled down by an electromagnet 
ile bread is toasting. When the toast 
one, current is cut off and the tray 

ps up. The cutaway shows the 
ating element -- nichrome wires 
apped around a sheet of mica.
10.2 Electr

passengers reached a world-record speed of 552 kilometers (343 miles) per hour.
Maglev trains are now being developed and tested in Germany, Japan, and the
United States.

 How does a
toaster work?

The sliding switch on a toaster does several things: First, it turns the heating
circuit on. Secondly, it activates an electromagnet that then attracts a spring-
loaded metal tray to the bottom of the toaster. When a timing device signals that
the bread has been toasting long enough, current to the electromagnet is cut off.
This releases the spring-loaded tray that then pushes up on the bread so that it pops
out of the toaster.

 How does an
ectric doorbell

work?

A doorbell contains an electromagnet. When the
button of the bell is pushed, it sends current
through the electromagnet. The electromagnet
attracts a piece of metal called the striker. The
striker moves towards the electromagnet but hits a
bell that is in the way. The movement of the
striker away from the contact also breaks the
circuit after it hits the bell. A spring pulls the
striker back and reconnects the circuit. If your
finger is still on the button, the cycle starts over
again and the bell keeps ringing.
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urrent controls
 electromagnet

By changing the amount of current, you can easily change the strength of an
electromagnet or even turn its magnetism on and off. Electromagnets can also be
much stronger than permanent magnets because the electric current can be large.
For these reasons, electromagnets are used in many applications.

Magnetically
levitated trains

Magnetically levitated (abbreviated to maglev) train technology uses
electromagnetic force to lift a train a few inches above its track (figure 10.10). By
“floating” the train on a powerful magnetic field, the friction between wheels and
rails is eliminated. Maglev trains achieve high speeds using less power than a
normal train. In 1999, in Japan, a prototype five-car maglev train carrying 15 Fi
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Make an
electromagnet

rom wire and a
nail

You can easily build an electromagnet from wire and a piece of iron, such as a
nail. Wrap the wire in many turns around the nail and connect a battery as shown
in figure 10.12. When current flows in the wire, the nail becomes a magnet. Use
the right hand rule to figure out which end of the nail is the north pole and which is
the south pole. To reverse north and south, reverse the connection to the battery,
making the current flow the opposite way. 

Increase the
strength of an
electromagnet

You might expect that more current would make an electromagnet stronger. You
would be right, but there are two ways to increase the current.
gure 10.12: Making an 
ctromagnet from a nail and wire.

gure 10.13: Adding turns of 
re increases the total current 
wing around the electromagnet. 
e total current in all the turns is 
at determines the strength of the 
ctromagnet.
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1 You can apply more voltage by adding a second battery.
2 You can add more turns of wire around the nail. 

y adding turns
works

The second method works because the magnetism in your electromagnet comes
from the total amount of current flowing around the nail. If there is 1 amp of
current in the wire, each loop of wire adds 1 amp to the total amount that flows
around the nail. Ten loops of 1 amp each make 10 total amps flowing around. By
adding more turns, you use the same current over and over to get stronger
magnetism. 

ore turns also
means more

resistance

Of course, nothing comes for free. By adding more turns you also increase the
resistance of your coil. Increasing the resistance makes the current a little lower
and generates more heat. A good electromagnet is a balance between too much
resistance and having enough turns to get a strong enough magnet.

ctors affecting
the force

The magnetic force exerted by a simple electromagnet depends on three factors:

• The amount of electric current in the wire
• The amount of iron or steel in the electromagnet’s core
• The number of turns in the coil

In more sophisticated electromagnets, the shape, size, material in the core and
winding pattern of the coil also have an effect on the strength of the magnetic field
produced.
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Figure 10.14: Atoms act like tiny 
magnets. Permanent magnets have 
their atoms partially aligned, creating 
the magnetic forces we observe.

The magnetic properties of iron occur 
because iron atoms can easily adjust 
their orientation in response to an 
outside magnetic field.
10.2 Electr

electromagnets with north and south poles!

We don’t usually see the magnetism from atoms for two reasons. 

1 Atoms are very tiny and the magnetism from a single atom is far too small to
detect without very sensitive instruments.

2 The alignment of the atomic north and south poles changes from one atom to
the next. On average the atomic magnets cancel each other out (figure 10.14). 

How permanent
magnets work

If all the atomic magnets are lined up in a similar direction, the magnetism of each
atom adds to that of its neighbors and we observe magnetic properties on a large
scale. This is what makes a permanent magnet. On average, permanent magnets
have the magnetic fields of individual atoms aligned in a similar direction.

Why iron always
attracts magnets
and never repels

them

In magnetic materials (like iron) the atoms are free to rotate and align their
individual north and south poles. If you bring the north pole of a magnet near iron,
the south poles of all the iron atoms are attracted. Because they are free to move,
the iron near your magnet becomes a south pole and it attracts your magnet.

If you bring a south pole near iron, the opposite happens. The iron atoms nearest
your magnet align themselves to make a north pole, which also attracts your
magnet. This is why magnetic materials like iron always attract your magnet, and
never repel, regardless of whether your test magnet approaches with its north or
south pole.

Non-magnetic
materials

The atoms in non-magnetic materials, like plastic, are not free to move and change
their magnetic orientation. That is why most objects are not affected by magnets.
The relationship between permanent magnets and electromagnets

 Electric currents
cause all

magnetism

Why do permanent magnets and electromagnets act the same way? The discovery
of electromagnets helped scientists to determine why magnetism exists. Electric
current through loops of wire creates an electromagnet. Atomic-scale electric
currents create a permanent magnet.

Electrons move,
creating small

loops of current

Remember, atoms contain two types of charged particles, protons (positive) and
electrons (negative). The charged electrons in atoms behave like small loops of
current. These small loops of current mean that atoms themselves act like tiny
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anent magnets and electromagnets work together to make electric motors and
rators. In this section you will learn about how a real electric motor works. The

et is in the ability of an electromagnet to reverse form north to south. By changing
direction of electric current, the electromagnet changes from attract to repel, and
s the motor! Electric motors convert electrical energy into mechanical energy. 

ng magnets to spin a disk

Imagine a
ning disk with

magnets

Imagine you have a disk that can spin. Around the edge of the
disk are magnets. You have cleverly arranged the magnets so
they alternate north and south. Figure 10.15 shows a picture of
your rotating disk. 

w to make the
disk spin

To make your disk spin, you bring a magnet near the edge. The
magnet attracts one of the magnets in the disk and repels the next
g a single magnet to spin a disk of 
 magnet in your fingers attracts 
 in the rotor, making it spin.
68

Figure 10.15: Usin
magnets. Reversing the
and repels the magnets

one. These forces make the disk spin a little way (figure 10.15)

Reversing the
gnet is the key

To keep the disk spinning, you need to reverse the magnet in
your fingers as soon as each magnet comes by. This way you first
attract a magnet, then reverse your magnet to repel it away again.
You make the disk spin by using your magnet to alternately
attract and repel the magnets on the disk. 

owing when to
rse the magnet

The disk is called the rotor because it can rotate. The key to
making the rotor spin smoothly is to reverse your magnet when
the disk is at the right place. You want the reversal to happen just
as a magnet passes by. If you reverse too early, you will repel the
magnet in the rotor backwards before it reaches your magnet. If
you reverse too late, you attract the magnet backwards after it
has passed. For it to work best, you need to change your magnet
from north to south just as the magnet on the rotor passes by. 
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gure 10.16: There are electric 
tors all around you, even where you 
n’t see them. The heating system in 
ur house or school uses electric 
tors to move hot air or water to 

at rooms.
10.3 Electric Motors and G

he commutator
 kind of switch

Just as with the finger magnet, the electromagnet must switch from north to south
as each rotor magnet passes by to keep the rotor turning. The switch that makes
this happen is called a commutator. As the rotor spins, the commutator switches
the direction of current in the electromagnet. This makes the electromagnet
change from north to south, and back again. The electromagnet attracts and repels
the magnets in the rotor, and the motor turns.

he three things
 need to make

a motor

All types of electric motors must have three things to work. The three things are:

1 A rotating element (rotor) with magnets.
2 A stationary magnet that surrounds the rotor.
3 A commutator that switches the electromagnets from north to south at the right

place to keep the rotor spinning.

Fi
mo
do
yo
mo
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ng electricity to reverse the magnet

How
tromagnets are
sed in electric

motors

The spinning disk of magnets is like the rotor of a real electric motor. In a real
electric motor, the magnet you reversed with your fingers becomes an
electromagnet. The switch from north to south is done by reversing the electric
current in a coil. The sketch below shows how the electromagnets switch to make
the rotor keep turning.
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otors you find around your

ouse use AC electricity.
emember, AC means
lternating current, so the
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w a battery-powered electric motor works

Inside a small
electric motor

If you take apart an electric motor that runs from batteries, it doesn’t look like the
motor you built in the lab. But the same three mechanisms are still there. The
difference is in the arrangement of the electromagnets and permanent magnets.
The picture below shows a small battery-powered electric motor and what it looks
like inside with one end of the motor case removed. The permanent magnets are
on the outside, and they stay fixed in place. 
asier to build motors.

ost AC motors use
lectromagnets for the
otating magnets on the
rmature, and also for the
tationary magnets around
e outside. The attract-repel

witching happens in both
ets of electromagnets.
e

M
e
r
a
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lectromagnets
d the armature

The electromagnets are in the rotor, and they turn. The rotating part of the motor,
including the electromagnets, is called the armature. The armature in the picture
has three electromagnets, corresponding to the three coils (A, B, and C) in the
sketch below. 

How the
tching happens

The wires from each of the three coils are attached to three metal plates
(commutator) at the end of the armature. As the rotor spins, the three plates come
into contact with the positive and negative brushes. Electric current flows through
the brushes into the coils. As the motor turns, the plates rotate past the brushes,
switching the electromagnets from north to south by reversing the positive and
negative connections to the coils. The turning electromagnets are attracted and
repelled by the permanent magnets and the motor turns.
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Figure 10.17: Electromagnetic 
induction: Moving a magnet in loops 
of wire generates current in the wire.

Figure 10.18: A computer hard 
drive uses induction to read data from 
the magnetic writing on a spinning 
disk.
10.3 Electric Motors and G

Moving magnets
make current flow

When a magnet moves into a coil of wire, it induces electric current to flow in the
coil (diagram above). The current stops if the magnet stops moving. If you pull the
magnet back out again, the current flows in the opposite direction. A changing
magnetic field is what makes the electricity flow. If the magnetic field does not
change, no electricity flows. As you might expect, the faster we make the
magnetic field change, the greater the amount of electric current we generate.

Induction and
energy

transformations

Electromagnetic induction enables us to transform mechanical energy (moving
magnets) into electrical energy. Any machine that causes magnets to move past
wire coils generates electric currents. These machines include giant electric power
plants and computer disk drives. Tiny sensors on the disk drive read data on a
magnetic disk by looking at the pulses of current that are generated as a high-
speed disk spins past the coil of wire in the drive’s sensor head (figure 10.18).
Electromagnetic force and electromagnetic induction

Electromagnetic
force

Both electrical force and magnetic force exist between electric charges. Scientists
now believe both forces are two aspects of one force, the electromagnetic force.

Electromagnetic
induction

Many laws in physics display an elegant kind of symmetry. This symmetry is seen
in the interactions between magnetism and electricity. A current through a wire
creates a magnet. The reverse is also true: If you move a magnet through a coil of
wire, then electric current is created. This process is called electromagnetic
induction (figure 10.17) because a moving magnet induces electric current to flow.
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Figure 10.19: A power 
that turns magnets inside lo

Generating electricity

What is
a generator?

Power plants use electromagnetic induction to create
electricity. A generator is a combination of mechanical and
electrical systems that converts kinetic energy into electrical
energy (figure 10.19).

atteries are not
werful enough

Although batteries can convert energy from chemical
reactions into electrical energy, batteries are not practical for
creating large amounts of electric current. Power plants,
which supply current to homes and businesses, use
generators. 

ow a generator
works

As an example of how the electricity is made, consider a
disk with magnets in it (figure 10.20). As the disk rotates,
first a north pole and then a south pole passes the coil. When
the north pole is approaching, the current flows one way.
When the north pole passes and a south pole approaches, the
current flows the other way. As long as the disk is spinning,
enerator works. In the top sketch 
duces a south pole in the 
ent to flow one way. When the disk 
e coil is reversed, and the electric 
rses.
Figure 10.20: How a g
the north pole on the disk in
electromagnet, causing curr
rotates, the magnetism in th
current generated also reve

there is a changing magnetic field near the coil and electric
current is induced to flow.

nerators make
rnating current

Because the magnetic field alternates from north to south as
the disk spins, generators produce alternating current (AC).
Alternating current is used in the electrical system in your
home and school.

Energy is
conserved

The electrical energy created from a generator isn’t free. You
have to do work to turn the disk and make the electric
current flow. Power plants contain a rotating machine called
a turbine. The turbine is kept turning by a flow of air heated
by gas, oil, coal, or nuclear energy. One kind of energy is
transformed into another and energy is conserved. The
energy stored in the gas, oil, coal, or nuclear fuel is
transformed into the movement of the turning turbine, which
is then transformed into electrical energy.
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M  match any of the terms.

1 ce that uses electricity and magnets to 
ectrical energy into rotating mechanical 

2 ovement of electrons that causes them 
like tiny atomic magnets

3 net that is created from current through 

4 rt of an electric motor that switches the 
magnets from north to south

5 ts create this in the space around them 
exerts forces on other magnets

ce that uses magnets to tell direction

1

2

3

4

5

hapter 10 Review

ocabulary review

atch the following terms with the correct definition. There is one extra definition in the list that will not

Set One Set Two
. permanent magnet a. A naturally occurring magnetic material 1. compass a. A devi

turn el
energy

. magnetic north pole b. A material that is magnetic; it has a north and 
a south pole, and interacts with other magnets

2. magnetic field b. The m
to act 

. magnetic south pole c. The large magnet located inside the Earth 3. electromagnet c. A mag
a wire

. magnetic forces d. The end of a magnet that will point north if 
suspended in air near the surface of the Earth

4. electric motor d. The pa
electro

. lodestone e. The end of a magnet that will point south if 
suspended in air near the surface of the Earth

5. commutator e. Magne
and it 

f. The forces that magnets exert on each other f. A devi

Set Three
. generator a. The process by which a moving magnet 

creates voltage and current in a loop of wire

. electromagnetic force b. A device to float a train above the track

. electromagnetic 
induction

c. A mechanical wheel that might work with 
steam or water to turn a generator

. alternating current d. The force that exists between electric charges; 
often described as electrical force or magnetic 
force depending on how charges interact

. turbine e. Electrical current flowing back and forth

f. A device that uses electromagnetic induction 
to make electricity
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rated by a magnet moving
REASED by:

nd
ry

he

to
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cept review

Name two examples of naturally occurring magnetic materials.

What is the first known application of magnetism?

Explain the origin of the terms “north pole” and “south pole”
used to describe the two ends of a magnet.

Explain why a compass points north.

Describe the types of forces that magnetic poles exert on each
other. 

What are three ways you can increase the strength of an
electromagnet?

Explain why an electromagnet usually has a core of iron or
steel.

Name two examples of machines that use electromagnets.
Explain the purpose of the electromagnet in each machine.

In your own words, explain how atoms give rise to magnetic
properties in certain materials.

Which picture shows the correct location of the north and south
poles of the electromagnet? Choose A or B and explain how
you arrived at your choice.

11. An electric generator is
constructed that uses a
rotating disk of magnets
that spin past a coil of wire
as shown in the diagram.
Which of the following
statements are TRUE?

a. Turning the disk 2 times fast
electricity.

b. Turning the disk 2 times fast
electricity.

c. Doubling the number of m
much electricity.

d. Doubling the number of ma
fast generates 4 times as muc

12. The amount of electricity gene
through a coil of wire can be INC

a. Using a stronger magnet a
holding the magnet stationa
in the coil.

b. Moving the magnet through t
coil faster.

c. Adding more turns of wire 
the coil.

d. Moving the magnet mo
slowly through the coil so t
coil has time to feel the effe
of the magnetic force.
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oles of the magnet. 

l all parts including

ives rise to both electricity and

eds to have three things. Which of

lectromagnets at the right time.

magnets.

nets.

h magnets.

m a single 1.5-volt battery draws a
 electric power does the motor use

ommutator in an electric motor.
roblems

. A student knocked a ceramic magnet off her desk and it
shattered when it hit the floor. Copy the broken pieces and label
the north and south poles on each one.

. A student placed two magnets with opposite poles facing each
other. He slowly brought the two magnets closer and observed
the distance at they first interacted with each other. The student
observed that one magnet could move the other at a distance of
33 millimeters.

a. Next, he placed the two north poles facing one another.
Predict the distance at which he would observe one magnet
moving the other through repelling forces.

b. The student put one of his magnets on his wooden desk
with the north pole down. If the desk top is 2.5 centimeters
thick, do you think he could move the top magnet by
sliding another magnet under the desk? Explain how the
observed data supports your answer.

. The atoms of a permanent magnet can’t move, and the electrons
in the atoms are lined up so that a magnetic field is created
around the magnet. The atoms in iron or steel can move.
Describe what you think happens to the atoms of a steel
paperclip when the paperclip is near a permanent magnet. 

4. A magnet attracts a pin, as sh
pin has become a tempora
picture and then, using w
magnetic forces, label the n
the pin. 

5. A horseshoe magnet is show
picture and then draw the m
between the north and south p

6. Draw an electromagnet. Labe
the magnetic poles.

7. What property of matter g
magnetism? 

8. A working electric motor ne
the following are the three?

a. A device to switch the e

b. A moving element with 

c. An even number of mag

d. A stationary element wit

9. An electric motor running fro
current of 1 amp. How much
in watts?

10. Describe the function of the c
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1.
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evice that you place on the
urn the wheel, the generator
e light goes out. Explain how
s electricity. 

le to make an electric car that
ver needs gas or recharging.
r moves, the wind created by
t turns a generator to make
. Do you believe the car can
nt: Think about conservation
lying your knowledge

� You read that Ptolemy Philadelphos (367-283 BC) covered
the entire surface of a temple in Egypt with magnetite, a
magnetic stone capable of attracting iron. He was hoping to
suspend a statue of himself in midair. Ptolemy’s experiment
did not work, but you can suspend something using magnets.
Build a device like the diagram below and see if you can make
the lower magnet float. See how much weight you can hang
from the lower magnet by changing the distance between the
upper and lower magnets. 

� Speakers and microphones use electromagnets to turn
electric currents into sound, and vice versa. Research how
electromagnets are used in sound systems. Draw a diagram that
shows the location of permanent magnets and eletromagnets in
a speaker. How does the electromagnet produce vibrations that
create sound?

3. A bicycle light generator is a d
wheel of your bike. When you t
powers a light. When you stop, th
you think the bike generator make

4. A clever inventor claims to be ab
makes its own electricity and ne
The inventor claims that as the ca
its motion spins a propeller tha
electricity and power the wheels
work, and why (or why not)? (Hi
of energy.)


	Title Page
	Credits
	Introduction
	Table of Contents
	Unit 1: Forces and Motion
	CH 1: Science and Measurement
	1.1 Time and Distance
	1.2 Investigations and Experiments
	1.3 Speed
	Chapter 1 Review

	CH 2: Mathematical Models
	2.1 Using a Scientific Model to Predict Speed
	2.2 Position and Time
	2.3 Acceleration
	Chapter 2 Review

	CH 3: Forces and Motion
	3.1 Force, Mass, and Acceleration
	3.2 Weight, Gravity, and Friction
	3.3 Equilibrium, Action, and Reaction
	Chapter 3 Review


	Unit 2: Work and Energy
	CH 4: Machines and Mechanical Systems
	4.1 Forces in Machines
	4.2 The Lever
	4.3 Designing Gear Machines
	Chapter 4 Review

	CH 5: Work, Energy, and Power
	5.1 Work
	5.2 Energy Conservation
	5.3 Energy Transformations
	Chapter 5 Review


	Unit 3: Electricity and Magnetism
	CH 6: Electricity and Electric Circuits
	6.1 What Is a Circuit?
	6.2 Charge
	Chapter 6 Review

	CH 7: Measuring Electricity
	7.1 Voltage
	7.2 Current
	7.3 Resistance
	Chapter 7 Review

	CH 8: Electrical Relationships
	8.1 Ohm's Law
	8.2 Work, Energy, and Power
	Chapter 8 Review

	CH 9: Circuits
	9.1 More Electric Circuits
	9.2 Series Circuits
	9.3 Parallel Circuits
	Chapter 9 Review

	CH 10: Magnets and Motors
	10.1 Permanent Magnets
	10.2 Electromagnets
	10.3 Electric Motors and Generators
	Chapter 10 Review


	Unit 4: Sound and Waves
	CH 11: Harmonic Motion
	11.1 Harmonic Motion
	11.2 Graphs of Harmonic Motion
	11.3 Simple Mechanical Oscillators
	Chapter 11 Review

	CH 12: Waves
	12.1 Waves
	12.2 Waves in Motion
	12.3 Natural Frequency and Resonance
	Chapter 12 Review

	CH 13: Sound and Music
	13.1 Sound
	13.2 Properties of Sound
	13.3 Music
	Chapter 13 Review


	Unit 5: Light and Optics
	CH 14: Light and Color
	14.1 Introduction to Light
	14.2 Color
	Chapter 14 Review

	CH 15: Optics
	15.1 Seeing an Image
	15.2 The Human Eye
	15.3 Optical Technology
	Chapter 15 Review


	Unit 6: Properties of Matter
	CH 16: What is Matter?
	16.1 Classifying Matter
	16.2 Measuring Matter
	16.3 States of Matter
	Chapter 16 Review

	CH 17: Properties of Matter
	17.1 Properties of Solids
	17.2 Density of Fluids
	17.3 Buoyancy of Fluids
	17.4 Viscosity of Fluids
	Chapter 17 Review

	CH 18: Atoms and Elements
	18.1 Atomic Structure
	18.2 Comparing Atoms
	18.3 The Periodic Table of Elements
	Chapter 18 Review


	Unit 7: Changes in Matter
	CH 19: Molecules and Compounds
	19.1 Bonding and Molecules
	19.2 Chemical Formulas
	19.3 Comparing Molecules
	Chapter 19 Review

	CH 20: Chemical Reactions
	20.1 Chemical Changes
	20. 2 Chemical Equations
	20.3 Conservation of Mass
	20.4 Using Equations as Recipes
	Chapter 20 Review

	CH 21: Types of Reactions
	21.1 Classifying Reactions
	21.2 Energy in Reactions
	Chapter 21 Review

	CH 22: Chemistry and the Environment
	22.1 Nuclear Reactions
	22.2 Carbon Reactions
	Chapter 22 Review


	Unit 8: Water and the Environment
	CH 23: Water and Solutions
	23.1 Water
	23.2 Solutions
	23.3 Solubility
	23.4 Acids, Bases, and pH
	Chapter 23 Review

	CH 24: Earth's Water Systems
	24.1 The Water Cycle
	24.2 Water Quality
	24.3 Acid Rain
	24.4 Oceans
	Chapter 24 Review


	Unit 9: Energy in the Earth System
	CH 25: Measuring Heat
	25.1 Measuring Heat
	25.2 Flow of Heat
	25.3 Heat Transfer
	Chapter 25 Review

	CH 26: Energy in the Atmosphere
	26.1 The Atmosphere
	26.2 Layers of the Atmosphere
	26.3 Energy in the Atmosphere
	Chapter 26 Review

	CH 27: Weather and Climate
	27.1 Variations in the Heating and Cooling of Earth
	27.2 Global Winds and Ocean Currents
	27.3 Weather Patterns
	27.4 Storms
	27.5 Weather and Climate
	Chapter 27 Review


	Unit 10 Earth Science
	CH 28: The Changing Earth
	28.1 Understanding Earth
	28.2 Plate Tectonics
	28.3 Earthquakes
	Chapter 28 Review

	CH 29: Formation of Rocks
	29.1 Volcanoes
	29.2 The Surface of Earth
	29.3 Rocks and Minerals
	Chapter 29 Review


	Unit 11: Astronomy
	CH 30: What is Astronomy?
	30.1 Cycles on Earth
	30.2 Tools of Astronomy
	Chapter 30 Review

	CH 31: The Solar System
	31.1 Earth and Moon
	31.2 The Solar System
	31.3 The Sun
	Chapter 31 Review

	CH 32: The Universe
	32.1 Stars
	32.2 Galaxies and the Universe
	Chapter 32 Review


	Glossary
	A
	B
	C
	D
	E
	F
	G
	H
	I
	J
	K
	L
	M
	N
	O
	P
	R
	S
	T
	U
	V
	W
	Y

	Index
	A
	B
	C
	D
	E
	F
	G
	H
	I
	J
	K
	L
	M
	N
	O
	P
	Q
	R
	S
	T
	U
	V
	W
	X
	Y




