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What Is Electromagnetism?

Reading Preview

Objectives

Key Concepts

After this lesson, students will be able to
N.3.1.1 Explain how an electric current is
related to a magnetic field.
N.3.1.2 Identify some characteristics of
a magnetic field produced by a current.
N.3.1.3 Describe the characteristics of an
electromagnet.

• How is an electric current related
to a magnetic field?

• What are some characteristics of
a magnetic field produced by a
current?

• What are the characteristics of an
electromagnet?

Key Terms

Target Reading Skill
Identifying Main Ideas Explain that
identifying main ideas and details helps
students sort the facts from the information
into groups. Each group can have a main
topic, subtopics, and details.
Answers
Sample answers:
Main Idea: A solenoid is useful because its
magnetic field can be changed.
Detail: Its magnetic field can be turned on
and off.
Detail: Its magnetic field can have its
direction changed.
Detail: Its magnetic field can have its
strength changed.

• electromagnetism
• solenoid
• electromagnet

Target Reading Skill
Identifying Main Ideas As you
read the Solenoid section, write
the main idea—the biggest or most
important idea—in a graphic
organizer like the one below. Then
write three supporting details. The
supporting details further explain
the main idea.
Main Idea

Detail

Detail

Detail

• Transparency N29

Preteach
L2

Recalling Magnetic Fields
Have students recall what they have learned
about magnets and magnetism. Ask: What
is a magnet? (Any material that attracts
iron and materials that contain iron) What
is a magnetic field? (The area of magnetic
force around a magnet) What particle within
an atom produces a magnetic field? (An
electron)
For: Links on
electromagnetism
Visit: www.SciLinks.org
Web Code: scn-1431
Download a worksheet that will guide students’ review
of Internet sources on electromagnetism.

Think It Over
Inferring What happened to the
compasses when charges flowed
through the wire? What can you
infer about electricity and
magnetism?

A solenoid is useful because its
magnetic field can be changed.

Teaching Resources

Build Background
Knowledge

Are Magnetic Fields Limited to Magnets?
1. Obtain two wires with the insulation removed from both
ends. Each wire should be 20 to 30 cm long.
2. Connect one end of each wire to a socket containing a small
light bulb.
3. Connect the other end of one of those wires to a D-cell battery.
4. Place three compasses near the wire at different positions.
Before you continue, note the direction in which each of the
compasses is pointing.
5. Center the wire over the compasses. Make sure the compass
needles are free to turn.
6. Touch the free end of the remaining wire to the battery.
Observe the compasses as charges flow through the wire.
Move the wire away from the battery, and then touch it to
the battery again. Watch the
compasses.

For: Links on electromagnetism
Visit: www.SciLinks.org
Web Code: scn-1431

In 1820, the Danish scientist Hans Christian Oersted (UR sted)
was teaching a class at the University of Copenhagen. During
his lecture he produced a current in a wire, just like the current
in the wires of your appliances at home. When he brought a
compass near the wire, he observed that the compass needle
changed direction.
Oersted was surprised. He could have assumed that something was wrong with his equipment and ignored what he saw.
Instead, he investigated further. He set up several compasses
around a wire. Oersted discovered that whenever he produced
a current in the wire, the compass needles lined up around the
wire in the shape of a circle.
Oersted’s discovery showed that magnetism and electricity
are related. But just how are they related?

L2
Skills Focus Inferring
Materials 2 wires (20–30 cm long), light
bulb, bulb holder, 3 compasses, D-cell
battery (1.5 volt)
Time 15 minutes
Tips Tell students that they’ll construct an
electric circuit that electricity will flow
through when it is closed.

Expected Outcome The light bulb lights
and some of the compass needles move
when students close the circuit.
Think It Over Sample answer: The
compass needles move when the free end
of the wire touches the battery, completing
the circuit. Current in the wire creates
a magnetic field that affects the compass.

Instruct

FIGURE 1
Currents and Magnetic Fields
Current in a wire affects nearby compasses.
Current
Magnetic field

Electric Current
and Magnetism
Teach Key Concepts

When no current is
present, the compass
needles point to
magnetic north.

When current is
present, the
compass needles
align with the
magnetic field
produced by the
current in the wire.

Electric Current and Magnetism
Wherever there is electricity, there is magnetism. An electric
current produces a magnetic field. This relationship between
electricity and magnetism is called electromagnetism.
You can’t see electromagnetism, but you can use a compass
and an electric current to observe its effect on objects. A compass needle normally points north because it aligns itself with
Earth’s magnetic field. It will point in a different direction only
if another magnetic field is present. For example, look at the
compasses shown in the photo on the left in Figure 1. They
surround a straight wire that has no current. Because there is
no current, the wire has no magnetic field. Therefore, the compasses align with Earth’s magnetic field and point north.
In the photo on the right in Figure 1, the wire has a current.
Notice that in this case the compasses no longer point north.
The needles of the compasses change direction because a magnetic field is produced around a wire that has a current. The
needles of the compasses align with the magnetic field that the
current produces.
In Figure 2, iron filings surround a wire that has a current.
You can see that the filings form a pattern. They map out the
magnetic field produced by the current in the wire.
What can produce a magnetic ﬁeld?

Special Needs
The Right-Hand Rule Use the “righthand rule” to teach visually impaired
students about the direction of a magnetic
field or any student having difficulty
understanding that reversing the direction
of the current reverses the direction of
the magnetic field, as shown in Figure 3.
Explain that if you point the thumb of your
right hand in the direction of the current,

A Relationship
Focus Tell students that just as a magnet
produces a magnetic field, so too does an
electric current.
Teach Ask: What is electromagnetism?
(The relationship between electricity and
magnetism) Can a magnetic field produced
by an electric current be seen? (No. A
magnetic field is invisible.)
Apply Have students study the two
situations displayed in Figure 1. Then have
students look at the photo on the left. Ask:
How can you tell there is no current in the
wire? (All the compass needles are aligned
with Earth’s magnetic field and point north.)
How are the compasses different in the
second photo? (The compass needles are all
pointing in different directions.) What caused
the compass needles to point in different
directions? (There is current in the wire,
and the compass needles align with the
magnetic field produced by that electric
current.) learning modality: visual

Independent Practice

L2

Teaching Resources

• Guided Reading and Study Worksheet:
What Is Electromagnetism?
FIGURE 2
A Magnetic Field Map
Iron ﬁlings show the magnetic
ﬁeld lines around a wire with a
current. Observing What is the
shape of the ﬁeld lines?

Differentiated Instruction
L1

L2

Student Edition on Audio CD

Monitor Progress
your fingers curve in the direction of the
magnetic field. Tell students the current
is flowing one way through a wire. Ask a
student to point the thumb of the right
hand in the direction of the current. Then
have the student wrap his or her fingers
around the wire. That is the direction of
the magnetic field. learning modality:
kinesthetic

L2

Oral Presentation Call on students to
explain in their own words the relationship
between electricity and magnetism.
Answers
Figure 2 The magnetic field lines are
circular around the wire.
Magnets and electric
currents can produce a
magnetic field.

Solenoids
Teach Key Concepts

L2

Poles Change With the Current
Focus Tell students that an electric current
through a coil of wire has a magnetic field.
Teach Ask: What are the three
characteristics of a magnetic field produced
by an electric current? (The field can be
turned on or off, have its direction reversed,
or have its strength changed.) How could
you turn off a current’s magnetic field?
(By turning off the current) How could
you change the direction of a current’s
magnetic field? (By changing the direction
of the current) What does the strength of
a current’s magnetic field depend on?
(The number of loops, or coils, in the wire)
Apply Ask: What would happen if you
increased the number of coils in a solenoid?
(The magnetic field of the solenoid would be
strengthened.) learning modality: logical/

FIGURE 3
Controlling a Magnetic Field
Both the direction and strength of a
magnetic ﬁeld produced by a current can
be controlled.
A Reversing the direction of the
current reverses the direction
of the magnetic field.

Wire

Magnetic field

Current

B Looping the wire increases the
strength of the magnetic field.

Bunched
magnetic
field

mathematical

Teaching Resources

• Transparencies N30, N31

L2

Modeling a Solenoid’s Magnetic Field

Solenoids
The magnetic field produced by a current has three
distinct characteristics. The field can be turned on or
off, have its direction reversed, or have its strength
changed. Unlike Earth’s magnetic field, you can turn a
magnetic field produced by a current on or off. To do
so you simply turn the current on or off. In addition,
you can change the direction of the magnetic field by
reversing the direction of the current. When the current reverses, the magnetic field reverses also, as shown
in Figure 3A.
You can also change the strength of a magnetic field
produced by a current. The magnetic field around a
wire with a current forms a cylinder around the wire.
If the wire is twisted into a loop, the magnetic field
lines become bunched up inside the loop, as shown in
Figure 3B. If the wire is bent into a second loop, the
concentration of magnetic field lines within the loops
is twice as great. So, the strength of the magnetic field
increases as the number of loops, or coils, increases.
By winding a wire with a current into many loops
you strengthen the magnetic field in the center of the
coil. A coil of wire with a current is called a solenoid.
The two ends of a solenoid act like magnetic poles. In
Figure 4 you can see that the iron filings around a solenoid line up much as they would around a bar magnet.
However, in a solenoid, the north and south poles
change with the direction of the current.

FIGURE 4
Magnetic Field Around a Solenoid
The magnetic ﬁeld around a solenoid
resembles that of a bar magnet.
Comparing and Contrasting How is a
solenoid different from a bar magnet?

What happens to the magnetic ﬁeld lines
in a twisted loop of wire?

Materials long thin rope, coiled spring toy
Time 10 minutes
Focus Tell students they can use a rope and
a spring toy to model the magnetic field of
a solenoid.
Teach Have students place the rope inside
the spring toy so the spring makes a cylinder
around the rope. Then have students tie the
ends of the rope to the outermost links of
the spring. Students can bend the rope into
a loop and observe what happens to the
spring. Students will observe that the coils
of the spring bunch up inside the loop of the
rope, just as the magnetic field lines become
bunched up inside a loop of wire.
Apply Ask: What does the rope and the
spring represent in this model of a
solenoid? (The rope represents the loop of
wire, and the spring represents the magnetic
field around the loop.) learning modality:
visual

Pole

Pole
Solenoid
Current

FIGURE 5
How a Doorbell Works
A doorbell rings as the magnetic ﬁeld
of an electromagnet changes.

Electromagnets
Teach Key Concepts

Closed Circuit
Pressing the button closes the circuit of
the doorbell. Closing the circuit turns on
the electromagnet in the doorbell.
Electromagnet
Energy
source

Current

Open Circuit
The electromagnet attracts a metal bar, and the
clapper strikes the bell. At the same time, the
circuit opens, turning off the electromagnet.
The spring returns the metal bar to its resting
position.

Bell

Metal bar

Button

Spring
Clapper

Electromagnets
If you place a ferromagnetic material such as iron inside a solenoid, the strength of the magnetic field increases. The increase
in strength occurs because the ferromagnetic material becomes
a magnet.

On/Off
What Is an Electromagnet? A solenoid with a ferromag-

netic core is called an electromagnet. The magnetic field of an
electromagnet is produced by both the current in the wire and
the magnetized core. The overall magnetic field of an electromagnet can be hundreds or thousands of times stronger than the
magnetic field produced by the current alone. An electromagnet
is a strong magnet that can be turned on and off.
You can increase the strength of an electromagnet in a number of ways. First, you can increase the current in the solenoid;
second, you can add more loops of wire to the solenoid. Third,
you can wind the coils of the solenoid closer together. Finally,
you can increase the strength of an electromagnet by using a
stronger ferromagnetic material for the core.
Common Electromagnets Electromagnets are very common. You probably use many every day. Electromagnets are
used to record information onto audiotapes, videotapes, computer hard drives, and credit cards. In addition, many devices,
such as the doorbell shown in Figure 5, use electromagnets.

1.

Your teacher
will give you a
piece of insulated copper
wire. Tightly wrap it
around a nail 10–12 times.
2. Tape one end of the wire
to a battery terminal.
3. Touch the other end of the
wire to the other battery
terminal and dip the nail
into a container of paper
clips. Slowly lift the nail
above the container.
4. Pull the wire away from
the battery terminal and
observe what happens.
Inferring Why did the paper
clips drop when you pulled
the wire away from the
battery terminal?

A Useful Solenoid
Focus Tell students that a solenoid becomes
an electromagnet with the addition of a
ferromagnetic core.
Teach Ask: Why is the strength of an
electromagnet so much greater than the
strength of a solenoid’s magnetic field?
(The ferromagnetic core becomes magnetized
by the coil’s field, and the core and the coil
together produce a much stronger magnetic
field.) What are four ways to increase
an electromagnet’s magnetic field? (By
increasing the current in the solenoid, by
adding more loops of wire to the solenoid, by
winding the coils of the solenoid closer
together, and by using a stronger
ferromagnetic material for the core)
Apply Have students study how a doorbell
works as shown in Figure 5. Ask: How does
pressing the doorbell’s button affect the
electromagnet? (Pressing the button closes the
circuit and thus turns on the electromagnet.)
What does the electromagnet attract? (The
metal bar) Why does the clapper strike the
bell? (The clapper is attached to the metal bar,
which is attracted to the electromagnet.) What
turns off the electromagnet? (The
electromagnet turns off because when it
attracts the metal bar, the rising metal bar
breaks the circuit.) learning modality:
visual

Teaching Resources

• Transparency N32

Monitor Progress

L1
Skills Focus Inferring
Materials 1 m insulated copper wire,
electric tape, iron nail, D-cell battery,
container of paper clips
Time 15 minutes
Tips Use wire with very thin insulation so
that a large number of turns fit easily in a
compact space. Caution students not to
close the circuit for too long, because the

nail may become magnetized and attract
paper clips when the current is off.
Expected Outcome When the device is
“on,” or connected, it attracts paper clips
because of the magnetic field produced.
When the device is “off,” or disconnected,
it drops the paper clips because there is
no magnetic field. learning modality:
kinesthetic

L2

L2

Drawing Have each student draw a labeled
diagram of an electromagnet and explain
how it works.
Have students keep their drawings
in their portfolios.
Answers
Figure 4 In a solenoid, the north and south
poles change with the direction of the
current and the magnetic field can be turned
on and off.
The magnetic field lines
become bunched up inside
the loop.

Assess
Ferromagnetic core

Reviewing Key Concepts
1. a. Hans Christian Oersted b. An electric
current produces a magnetic field. c. A
magnetic field is produced around a wire
that has a current.
2. a. A solenoid is a coil of wire with a
current. b. The magnetic field can be turned
on and off, have its direction reversed, or
have its strength changed. c. By increasing
the number of loops, or coils, in the wire of
a solenoid
3. a. An electromagnet has ferromagnetic
material inside a solenoid, and the
ferromagnetic material becomes a magnet.
The magnetized core and the solenoid
together produce a much stronger magnetic
field. b. Increase the current in the solenoid,
add more loops of wire to the solenoid, wind
the coils of the solenoid closer together, and
use a stronger ferromagnetic material for
the core

Reteach

Solenoid

Using Electromagnets Electromagnets are
used to lift heavy objects. For example, at a junkyard, old cars and other heavy metal objects can be
moved by a strong electromagnet on a crane. To
lift the object a switch is turned on in the crane so
that a current is produced in the electromagnet.
The current forms a strong magnetic field that
attracts metal objects. When the object needs to be
dropped, the switch is turned off and the object
falls from the magnet.

FIGURE 6
Electromagnets at Work
These heavy loads can be lifted easily
because of powerful electromagnets.

L1

Use Figure 5 to reteach how electricity and
magnetism are related, what a solenoid is,
and how an electromagnet works.

Performance Assessment
Writing Ask students to design an
electromagnet for a specific purpose.
Students should describe how the
electromagnet works and name one way
it can be strengthened.
Teaching Resources

• Section Summary: What Is
Electromagnetism?
• Review and Reinforce: What Is
Electromagnetism?
• Enrich: What Is Electromagnetism?

1

Section 1 Assessment
L2

Target Reading Skill Identifying Main Ideas
Use your graphic organizer to help you answer
Question 2 below.

3. a. Reviewing What makes an electromagnet

stronger than a solenoid?
b. Describing What are four ways to make an

Reviewing Key Concepts
1. a. Identifying Who discovered that electricity
and magnetism are related?
b. Explaining What is the relationship between
an electric current and a magnetic field?
c. Relating Cause and Effect How can a
magnetic field be produced around a wire?
2. a. Deﬁning What is a solenoid?
b. Explaining What are the three characteristics
of a magnetic field produced by a current?
c. Applying Concepts How could you increase
the strength of a solenoid?

Keep Students on Track Make sure
students are listing the appliances in their
homes that use electrical energy. Mention to
students appliances they may not have
thought about, such as an electric water
heater or a furnace fan. Help students
approximate electrical energy use for
appliances that run discontinuously
throughout the day, such as a refrigerator
(about 2 kWh/day).

electromagnet stronger?

Product Description Suppose you are an
inventor who just built a device that will lift
heavy objects using an electromagnet. Write
a description for your product brochure that
explains how the magnet can move heavy
objects.

Writing Mode Description
Scoring Rubric
4 Exceeds criteria; includes an imaginative
and accurate description of an
electromagnet
3 Meets criteria
2 Meets some criteria; includes a somewhat
accurate description
1 Includes an inaccurate and/or incomplete
description of how an electromagnet works

