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Electricity,
Magnetism,
and Motion

Reading Preview
Key Concepts
• How can electrical energy be
transformed into mechanical
energy?

• How does a galvanometer work?
• What does an electric motor do?

Key Terms
• energy • electrical energy
• mechanical energy
• galvanometer • electric motor

Target Reading Skill
Outlining As you read, make an
outline about the section that you
can use for review. Use the red
headings for the main ideas and
the blue headings for the
supporting ideas.
Electricity, Magnetism, and Motion
I. Electrical Energy and Motion
A. Types of Energy

How Does a Magnet Move a Wire?

Objectives

1. Make an electromagnet by
winding insulated copper
wire around a steel nail. Leave
30–40 cm of wire at each end
of the electromagnet.
2. Pile up some books. Place a
ruler between the top two
books.
3. Hang the electromagnet over
the ruler so that it hangs free.
4. Complete the circuit by
connecting the electromagnet
to a switch and a battery.
5. Place a horseshoe magnet near the electromagnet. Then close
the switch brieﬂy and observe what happens to the
electromagnet.
6. Reverse the wires connected to the battery and repeat Step 5.

After this lesson, students will be able to
N.3.2.1 Explain how electrical energy can be
transformed into mechanical energy.
N.3.2.2 Describe how a galvanometer works.
N.3.2.3 Describe what an electric motor
does.

Think It Over
Inferring What happened to the electromagnet when you
closed the switch? Was anything different when you reversed
the wires? How can you use electricity to produce motion?

B.
II. Galvanometers
III. Electric Motors
A.

What do you think about when you hear the word
electricity? You may think about the bright lights of
a big city, the lightning during a thunderstorm, or
the music from your stereo in the morning. You
might think about how useful electricity is. For
example, if you are familiar
with electric motors like the
one in a blender, then you
already know about an important use of electricity. Electricity can produce motion.

Electricity makes the blades spin. 
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Skills Focus Inferring
Materials 1 m insulated copper wire,
iron nail, books, metric ruler, circuit wire,
switch, battery, horseshoe magnet
Time 15 minutes
Tips The nail should be parallel to the
horseshoe magnet. Test the device in
advance to be sure the magnet is strong
enough to attract the electromagnet.

Expected Outcome The electromagnet
swings when the switch is closed and
swings in the opposite direction when
connections are reversed.
Think It Over Sample answer: Electric
current in a wire creates a magnetic field
that interacts with a magnet’s magnetic
field, and the interaction causes the wire
to move.

Target Reading Skill
Outlining Explain that using an outline
format helps students organize information
by main topic, subtopic, and details.
Answer
I. Electrical Energy and Motion
A. Types of Energy
B. Energy Transformation
II. Galvanometers
III. Electric Motors
A. How a Motor Works
B. Parts of a Motor
Teaching Resources

• Transparency N33

Preteach
Build Background
Knowledge

L2

Energy Transformations
Ask: What are some devices in your home
that are run by electric motors? (Sample
answer: Hair dryer, vacuum cleaner, electric
can opener, electric drill, fan, sewing machine,
leaf blower, electric razor) What type of
energy is put into the electric motor to make
it operate? (Electrical energy) What types of
energy do these devices produce? (Sample
answer: Mechanical energy of moving parts,
sound, heat, light) Explain to students that
in this section they will learn how electrical
energy is transformed into other types of
energy.

Instruct

Electrical Energy
and Motion
Teach Key Concepts

L2

Magnetic Force Can Produce Motion
Focus Tell students that when magnetic
fields interact, motion is the result.
Teach Ask: What is the difference between
electrical energy and mechanical energy?
(Electrical energy is the energy associated with
electric currents, while mechanical energy is
the energy an object has due to its movement
or position.) When can electrical energy
be transformed into mechanical energy?
(When a wire with a current is placed in a
magnetic field)
Apply Have students examine Figure 7. Ask:
Why does the wire move when current is
present? (The wire moves because the
magnetic field produced by the current
interacts with the magnetic field from the
permanent magnet.) Why does the wire
move up in the second case shown instead
of down as in the first case shown? (The
wire moves up in the second case because the
current through the wire has been reversed.
The direction in which the wire moves depends
on the direction of the current.) learning
modality: visual

Teaching Resources

• Transparency N34

Independent Practice
Teaching Resources

• Guided Reading and Study Worksheet:
Electricity, Magnetism, and Motion

L2

FIGURE 7
Producing Motion
The magnetic ﬁeld of a
permanent magnet interacts
with the magnetic ﬁeld
produced by a current.
Relating Cause and Effect
How does the direction of the
current affect the motion of
the wire?

When the current is
reversed, the wire moves
in the opposite direction.

The wire moves when
current is present.
Wire moves down

Wire moves up

+
–

–

+

Electrical Energy and Motion

Making Motion
1.

Attach one end of the
wire your teacher
gives you to a terminal of
a 6-volt battery. Let the
wire hang over the edge
of a table.
2. Slowly move the north
pole of a bar magnet
toward the wire and
observe what happens.
Switch poles and repeat.
3. Attach the other end of
the wire to the other
terminal. Let the loop of
wire hang over the edge
of the table.
4. Repeat Step 2. Then
immediately disconnect
the wire.
Drawing Conclusions What
happened each time you
moved the magnet near the
wire? What can you conclude
from your observations?

As you know from Chapter 1, magnetic force can produce
motion. Magnets can move together or move apart, depending
on how their poles are arranged. You also know that an electric
current in a wire produces a magnetic field similar to that of a
permanent magnet. So a magnet can move a wire with a current, just as it would move another magnet.
In Figure 7 you can see how a wire placed in the magnetic
field of two permanent magnets can move. With current in the
wire, the magnetic field of the wire interacts with the magnetic
field of the permanent magnets. The wire moves down. If the
current is reversed, the wire moves up. The direction in which
the wire moves depends on the direction of the current.
Types of Energy When electricity and magnetism interact,

something can move—in this case, a wire moved. The ability
to move an object over a distance is called energy. The energy
associated with electric currents is called electrical energy.
And the energy an object has due to its movement or position
is called mechanical energy.
Energy Transformation Energy can be transformed from
one form into another. When a wire with a current is placed
in a magnetic field, electrical energy is transformed into
mechanical energy. This happens when the magnetic field
produced by the current causes the wire to move.
What is mechanical energy?

Student Edition on Audio CD

L2
Skills Focus Drawing conclusions
Materials 1 m insulated wire, 6-volt
battery, bar magnet
Time 15 minutes
Tips Cut and strip wire in advance. No one
should touch the wire with the magnet.
Expected Outcome Nothing happens
when only one end of the wire is attached

to a terminal. When both ends are
attached, the loop moves because the
current in the loop creates a magnetic field
that interacts with the magnet’s field.
Extend Have students experiment with
magnets of different strengths. learning
modality: kinesthetic

Galvanometers
FIGURE 8
How a Galvanometer Works
Current is in different directions in
each side of the wire loop, so one
side of the loop moves down as
the other side moves up. This
causes the loop to rotate.

The wire shown in Figure 7 that moves in the magnetic field is
straight. But what happens if you place a loop with a current in
a magnetic field? Look at Figure 8. The current in one side of
the loop is in the opposite direction than the current in the
other side of the loop. Because the direction of the current
determines the direction in which the wire moves, the two
sides of the loop move in opposite directions. Once each side
has moved as far up or down as it can go, it will stop moving.
As a result, the loop can rotate a half turn.
The rotation of a wire loop in a magnetic field is the basis of
a galvanometer. A galvanometer is a device that measures
small currents. In a galvanometer, an electromagnet is suspended between opposite poles of two permanent magnets.
The electromagnet’s coil is attached to a pointer, as shown in
Figure 9. When a current is in the electromagnet’s coil, a magnetic field is produced. This field interacts with the permanent
magnet’s field, causing the loops of wire and the pointer to
rotate. An electric current is used to turn the pointer of a
galvanometer. The distance the loops and the pointer rotate
depends on the amount of current in the wire.
A galvanometer has a scale that is marked to show how
much the pointer turns for a known current. An unknown current can then be measured using the galvanometer. So galvanometers are very useful in everyday life. For example,
electricians use them in their work and drivers of cars use them
to know when to stop for fuel.

To power
source
Current

Magnetic field

FIGURE 9
Inside a Galvanometer
An electromagnet turns
the pointer to indicate
the amount of current
present. The amount of
current can be read on
the scale.
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Where are galvanometers used?

Pointer

Galvanometers
Teach Key Concepts
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Measuring Current
Focus Tell students that the rotation of a
wire loop in a magnetic field can be used to
measure small electric currents.
Teach Ask: In a galvanometer, what is an
electromagnet suspended between? (Unlike
poles of two permanent magnets) When a
current is in the galvanometer’s
electromagnet, what is produced? (A
magnetic field) What causes the loops of
wire and the pointer in a galvanometer
to rotate? (The interaction of the magnets’
magnetic field and the electromagnet’s
magnetic field) Why do the two sides of
a galvanometer’s wire loops move in
opposite directions? (The current in one
side of the loops is in the opposite direction of
the current in the other side, and the direction
of the current determines the direction in
which the wire moves.)
Apply Have students examine the
galvanometer shown in Figure 9. Ask: How
do you know that the galvanometer is
measuring a current? (The pointer is rotated
to the right of 0 on the scale.) If the current
suddenly increased, what would the
pointer do? Why? (The pointer would rotate
farther to the right, indicating a larger current.
The distance the pointer rotates depends on the
amount of current in the wire.) learning
modality: visual

Electromagnet

Permanent
magnet

Teaching Resources

• Transparency N35

Current

Monitor Progress
Differentiated Instruction
L1
Less Proficient Readers
Identifying Supporting Ideas Have
students listen to this section on the
Student Edition on Audio CD. As they
listen, they can identify supporting ideas
and add them under the appropriate
headings and subheadings in their section
outlines. learning modality: verbal

L1
Special Needs
Modeling a Galvanometer As students
examine Figure 8, have them hold one
hand flat, palm down, to represent the loop
of wire between the poles. Ask students
to move the hand to show what happens
to the loop of wire when current moves
through the wire. Students should rotate
the hand a quarter turn. learning

modality: kinesthetic

L2

Skills Check Have students compare and
contrast electrical energy and mechanical
energy.
Answers
Figure 7 Changing the direction of the
current in the wire changes the direction that
the wire moves.
The energy an object has due
to its movement or position
Electricians use them in
their work and drivers of
cars use them to know when to stop for fuel.

Electric Motors

Electric Motors
Teach Key Concepts

The electromagnet in the magnetic field of a galvanometer
cannot rotate more than half a turn. But suppose you could
make it rotate continuously. Instead of moving a pointer, the
electromagnet could turn a rod, or axle. The axle could then
turn something else, such as the blades of a fan or a blender.
Such a device would be what is called an electric motor. An
electric motor is a device that uses an electric current to turn
an axle. An electric motor transforms electrical energy into
mechanical energy.

L2

Electricity into Motion
Focus Tell students that the basis of the
electric motor is an electromagnet in a
magnetic field.
Teach Ask: What energy transformation
takes place in an electric motor? (An electric
motor transforms electrical energy into
mechanical energy.) Have students examine
Figure 10, and ask: Why does the armature
in an electric motor spin continuously?
(Because the current reverses every half turn)
Apply Point out that in a motor, the current
reverses after each half turn of the armature
loops. Ask: What would happen if the
current didn’t reverse but kept flowing in
the same direction? (The armature would
stop spinning, because the reversing of the
current causes the side that moved down
on the right to move back up on the left.)
learning modality: verbal

For: Links on electric motors
Visit: www.SciLinks.org
Web Code: scn-1432

FIGURE 10
An Electric Motor
A loop of wire in a motor spins
continuously because the current
reverses every half turn.
Observing What part of an
electric motor must be attached
directly to the energy source?

1 Brushes
The brushes that touch
the commutator conduct
current to the armature.
The brushes do not move.

Teaching Resources

• Transparency N36
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How a Motor Works How can you make a loop of wire
continue to spin? Recall that the direction in which the loop
moves in a magnetic field depends on the direction of the current in the loop. In a motor, current is reversed just as the loop,
or armature, gets to the vertical position. This reverses the
direction of the movement of both sides of the loop. The side
of the loop that moved up on the left now moves down on the
right. The side of the loop that moved down on the right now
moves up on the left. The current reverses after each half turn
so that the loop spins continuously in the same direction. You
can see how a motor works in Figure 10.

2 Armature
The current is in opposite
directions on each side of
the armature causing one
side to move up while the
other side moves down.

Permanent
magnet

3 Commutator
The commutator rotates with
the armature. The direction
of current reverses with each
half turn so the armature
spins continuously.

Armature
2

Electric Motor

Direction
of rotation

Materials parts of an electric motor,
including armature, commutator, brushes
Time 10 minutes
Focus Tell students they will be able to
observe the insides of an electric motor.
Teach Ask an automobile repair shop,
especially one that repairs electric motors,
to borrow an old, disassembled starter
motor. Display the parts for students to
observe. Challenge students to identify the
armature, commutator, and brushes.
Apply Hold up the armature of the motor,
and ask: What are the advantages of having
so many loops? (Having many loops increases
the strength of the motor and allows the
armature to rotate more quickly.) learning
modality: visual

For: Links on electric
motors
Visit: www.SciLinks.org
Web Code: scn-1432
Download a worksheet that will guide students’ review
of Internet sources on electric motors.

Commutator

3
Current
–
+

Brush
1

+

Energy
source

–

Parts of a Motor Notice that the armature in
Figure 10 is only one loop of wire. However, practical armatures, like the one shown in Figure 11,
have dozens or hundreds of wire loops wrapped
around a ferromagnetic core. Using many loops
increases the strength of the motor and allows it to
rotate more smoothly. Large electric motors also
use electromagnets instead of permanent magnets to
increase the strength of the magnetic field.
A commutator repeatedly reverses the flow of current
through the armature. A commutator is a ring split in half. Each
half is attached to one end of the armature. When the armature
rotates, the commutator rotates as well. As it moves, the commutator slides past two contact points called brushes. Each half
of the commutator is connected to the current source by one of
the brushes. As the armature rotates, each part of the commutator contacts one brush and then the other. Because the brushes
conduct the current, changing brushes reverses the direction of
the current in the armature. The reversing of the direction of
the current causes the armature to spin continuously.

Armature

FIGURE 11
Inside a Motor
The armature inside this motor
contains hundreds of loops of
copper wire wrapped around
a ferromagnetic core.
Applying Concepts How does
a motor transform energy?

How can the strength of a motor be increased?

2

Section 2 Assessment

Target Reading Skill Outlining Use the
information in your outline about electricity,
magnetism, and motion to help you answer the
questions below.
Reviewing Key Concepts
1. a. Identifying What is energy?
b. Applying Concepts What energy
transformation occurs when a wire with a
current is placed in a magnetic field?
c. Predicting If a wire with a current moved
upward in a magnetic field, how would it
move when the direction of the current
reversed?
2. a. Reviewing What does a galvanometer
measure?
b. Describing What energy transformation
occurs in a galvanometer?
c. Relating Cause and Effect What causes the
pointer to move in a galvanometer?

3. a. Deﬁning What is an electric motor?
b. Classifying What type of energy

transformation occurs in a motor?
c. Relating Cause and Effect What does the

commutator do in an electric motor?

Make a List Make a list of at least ten
motor-operated devices in your community.
Beside each device, describe the motion
produced by the motor.

Monitor Progress

L2

Answers
Figure 10 The brushes
Figure 11 An electric motor transforms
electrical energy into mechanical energy.
Using many loops of wire in
the armature increases the
strength of a motor. Using an electromagnet
instead of a permanent magnet also increases
the strength.

Assess
Reviewing Key Concepts
1. a. The ability to move an object over a
distance b. Electrical energy is transformed
into mechanical energy. c. The wire would
move downward.
2. a. Small currents b. Electrical energy is
transformed into mechanical energy. c. An
electric current is used to turn the pointer
of a galvanometer. The distance the pointer
rotates depends on the amount of current in
the wire.
3. a. A device that uses an electric current to
turn an axle b. Electrical energy is
transformed to mechanical energy. c. The
commutator reverses the flow of the current
through the armature. The reversing of the
direction of the current causes the armature
to spin continuously.

Reteach

L1

Call on students to define in their own
words the key terms energy, electrical energy,
mechanical energy, galvanometer, and electric
motor.

Performance Assessment

L2

Drawing Have students draw a diagram
of an electric motor and write captions and
labels to describe the relationships among
its parts.
Teaching Resources

Keep Students on Track Make sure
students are making daily entries into their
data tables. As they begin to total the amount
of time each appliance was in use, help
them convert minutes to decimal hours
so they can compare results more easily. For
example: 6 min = 6 min ÷ 60 min/h = 0.1 h.

Writing Mode Description
Scoring Rubric
4 Exceeds criteria; accurately and creatively
describes more than 10 devices
3 Meets criteria
2 Meets some criteria; includes descriptions
of less than 10 devices
1 Fails to describe 10 devices or inaccurately
describes their function

• Section Summary: Electricity, Magnetism,
and Motion
• Review and Reinforce: Electricity,
Magnetism, and Motion
• Enrich: Electricity, Magnetism, and Motion

Technology and
Society
Magnetic Resonance
Imaging

Magnetic Resonance Imaging

Electromagnets are used in a technology that
can safely scan the human body.

Imagine powerful magnets and electromagnetic energy scanning you
from head to toe. Science fiction? No, it’s magnetic resonance imaging
(MRI.) MRI is a safe and painless way of looking inside the body. The
technology uses large electromagnets, radio waves, and computers to
make a three-dimensional model of the body.

Build Background Knowledge

Hydrogen, Magnets, and Radio Waves

Electromagnets
Help students recall what they have learned
about electromagnets. Ask: What is an
electromagnet? (An electromagnet is a
solenoid with a ferromagnetic core.) How
does the ferromagnetic core affect the
strength of an electromagnet? (The overall
magnetic field of an electromagnet can be
hundreds or thousands of times stronger than
the magnetic field produced by the electric
current alone.) How can you vary the
strength of an electromagnet? (You can
vary the strength of the current in the solenoid.
You can wind the coils of the solenoid closer
together or farther apart. You can add more
coils. And you can use a stronger or weaker
ferromagnetic material for the core.)

Different types of body tissue contain different amounts of
hydrogen atoms. The MRI machine uses the magnetic
properties of hydrogen atoms to create images. The main
electromagnet of an MRI machine creates a strong
magnetic field that causes the magnetic fields of the
hydrogen atoms in a body to align. Three weaker magnetic
coils—the X-coil, the Y-coil, and the Z-coil—specify an
area, or “slice,” of the body to be imaged.
Short pulses of radio waves knock
the hydrogen atoms out of alignY-Coil
ment. When the radio wave
pulses are stopped, the atoms
realign. As they do, they release
energy in the form of radio
signals. The signals are collected
and sent to a computer that
translates them into images.

Key Concept

Introduce the Debate
Point out that MRI technology is a safe way
to examine the insides of a human body. The
problem for some people is that they cannot
afford an MRI scan because an MRI machine
is costly to build and use. This is especially
a concern for people who have no health
insurance. Tell students that they will debate
this proposition: “The use of MRI
technology should be provided for all
patients in the United States, regardless
of their means to pay for the scan.”

Radio-frequency Coil
This coil applies short
radio pulses to knock
the hydrogen atoms
in a person’s body
out of alignment. It
also acts as an antenna,
receiving radio signals
from the realigning atoms.

Z-Coil
X-Coil

Facilitate the Debate
• Have students read the feature and
answer the Weigh the Impact questions
individually as a homework assignment.
The next day, organize the class into small
groups for discussion. Have students
consider these questions: Why can’t
everyone afford to pay for an MRI scan?
Is the use of advanced technology in
healthcare a right that everyone has? Do
the taxpayers of the United States have an
obligation to pay for MRI scans for people
who cannot afford to pay on their own?

Main Electromagnet
The main electromagnet
produces an even,
strong magnetic ﬁeld
around the patient.

• Organize the class into two groups.
Arbitrarily assign one group to argue that
people should be provided MRI scans
despite not being able to pay. Assign the
other group to argue that U.S. taxpayers
cannot afford to pay for this expensive
technology for everyone. Alternately call
on students from each group to state the
group’s position or refute an idea from
someone in the other group.

Weigh the Impact
1. Sample answer: The doctor might

X-coil image

Y-coil image

Z-coil image

Seeing Inside the Body
X-coil
The X-coil
magnet scans
from side to
side.

Y-coil
The Y-coil
magnet scans
from front to
back.

Z-coil
The Z-coil
magnet scans
from top to
bottom.

MRI has advantages over X-ray scanning.
MRI is safer because it doesn’t use radiation.
Also, unlike an X-ray machine, MRI shows
soft tissues clearly. Therefore, MRI is used
to examine ligaments and parts of organs,
such as the brain and circulatory system.
Why isn’t MRI used more often? There
are many answers. An MRI machine is
costly to build and use. Very large people
cannot fit inside the machine. People with a
pacemaker or with some types of metallic
implants in their bodies cannot have MRI.
In addition, some people find this
procedure uncomfortable because the
machine is noisy and they must lie very still
inside it for a long time.

consider the part or system of the body that
needs to be examined. Other considerations
include the size of the person to be scanned,
whether the person has some type of metallic
implant, and whether the person would be
bothered by the noise and the confined space
of an MRI machine.
2. Students could use an Internet search
engine to find web sites that include
information about MRI technology. They
might also consult with the school librarian
or a reference librarian at a public library to
find books and reference materials that have
information about MRI technology. Ask that
students take notes about what they have
found and record the name of the web sites
or publications they used.
3. Students’ pamphlets should include basic
information about how an MRI machine
functions and what it is used for, as well as
a description of the experience a person
would have who is scanned by the machine.
Students should also include up-to-date
information about the improvements being
made in MRI technology.
For: More on magnetic
PHSchool.com resonance imaging

Visit: PHSchool.com
Web Code: cgh-4030

Students can research this issue online.

1. Identify the Need
MRI is not used in every medical situation.
What factors might a doctor consider before
ordering an MRI test?
2. Research
Explore the latest MRI technology on the
Internet. Focus on how MRI technology is
being improved for children.

3. Write
Use your research to create a pamphlet for
children describing an MRI test. Include facts
about how MRI technology is improving.

PHSchool.com

For: More on magnetic resonance imaging
Visit: PHSchool.com
Web Code: cgh-4030

Background
Facts and Figures The main
electromagnet used in an MRI machine
is extremely powerful. Magnetic field
strength is commonly measured
using a unit called gauss, named
after a nineteenth-century German
mathematician; 10,000 gauss = 1 tesla.
Earth’s magnetic field is rated at 0.5 gauss.
An MRI machine’s main electromagnet
range from 0.5 tesla to 2.0 tesla.

Improvements in MRI technology
include the development of very small
scanners. Instead of a person having to
enter the machine, such a small scanner
can simply be placed on the part of the
body that needs to be scanned. This
technology could prove to be very useful
when the patient is an infant or small
child.

Extend
Encourage interested students to check with
a local hospital to find out more about MRI
technology in their area. A first step might
be asking a family physician where a patient
might go to have an MRI test. Groups of
students might schedule a visit to an MRI
laboratory where they could talk with a
doctor or technician who carries out the
MRI scans.

L3

Building an Electric
Motor
Prepare for Inquiry
Key Concept
A motor is a device that transforms electrical
energy into mechanical energy.
Skills Objectives
After this lab, students will be able to:
• classify which part of the setup contains
a permanent magnet
• infer what the effect was of removing all
the insulation from only one end of the
wire coil
• draw a conclusion about how magnetism
and electricity interact to cause the wire
coil to rotate.
Prep Time 20 minutes
Class Time 40 minutes

Building an Electric Motor
Procedure

Problem
Electric trolley cars, food blenders, garage door
openers, and computer disk drives are only some
of the everyday devices that have electric
motors. How does an electric motor operate?

Skills Focus
classifying, inferring, drawing conclusions

Materials
• D-cell
• 2 large paper clips
• permanent disk magnet
• 3 balls of clay
• empty ﬁlm canister
• pliers
• sandpaper
• 2 insulated wires, approximately 15 cm each
• enamel-coated wire, 22–24 gauge,
approximately 1 meter

1. Wrap about 1 meter of enamel-coated wire
around a ﬁlm canister to produce a wire coil.
Leave approximately 5 cm free at each end.
2. Remove the ﬁlm canister and wrap the two
free ends three or four times around the
wire coil to keep the coil from unwinding.
3. Use sandpaper to scrape off all the enamel
from about 2 or 3 centimeters of one end of
the wire coil.
4. Use sandpaper to scrape off one side of the
enamel from about 2 or 3 centimeters of
the other end of the wire. See the illustration below.
5. Bend two paper clips as shown in the photo
on the next page.

Advance Planning
Construct a motor yourself to make sure the
materials you have available are appropriate
and functional. Test the batteries to be
certain they are strong enough to operate
the motor.
Alternative Materials
If film canisters are unavailable, use plastic
test tubes, glue sticks, thick markers, or any
cylinder that is 1.5–3 cm in diameter as a
guide for wrapping the coil.

Half of
coating
removed

All coating
removed

Safety
Caution students not to poke
themselves with the sharp ends of the
coil wire. If the coil is left on the paper clip
supports for more than about 10 seconds,
it may become very hot. Review the safety
guidelines in Appendix A.
Teaching Resources

• Lab Worksheet: Building an Electric Motor

Guide Inquiry
Invitation
Ask: What are some examples of electric
motors? (Sample answer: Motors in vacuum
cleaners, electric clocks, refrigerators, hair
dryers, and remote-controlled cars) Explain
that most electric motors are very similar,
even though they may perform very different
functions.

Introduce the Procedure
Have students read the procedure, and
answer any questions. Before students begin,
demonstrate how to wrap the wire around
the film canister. Also show students how to
sand the ends of the wire. For best results,
hold the coil edgewise while sanding off the
lower half of the insulation from one end of
the wire.

5. Drawing Conclusions How do magnetism
and electricity interact to cause the wire coil
to rotate?

6. Place the free ends of the wire coil on the
paper clips. Make sure the coil is perfectly
balanced. Adjust the paper clips and wire so
that the coil can rotate freely.
7. Use clay to hold a permanent magnet in
place directly below the wire coil. The coil
needs to be able to rotate without hitting
the magnet.

6. Communicating Your motor produced
motion, but it does not yet do useful work.
Think of an object your motor might cause to
move. Consider how you could modify the
motor to move that object. Write a procedure
for changing your motor to carry out the task.

Design an Experiment
You have built a simple electric motor. List three
factors that may affect the motion of the coil.
Design an experiment to test one of those factors. Obtain your teacher’s permission before
carrying out your investigation.

8. Remove the insulation from the ends of two
15-cm insulated wires. Use these wires to
connect the paper clips to a D-cell.
9. Give the coil a gentle push to start it turning.
If it does not spin or stops spinning after a
few seconds, check the following:
• Are the paper clips in good contact with
the D-cell?
• Will the coil spin in the opposite direction?
• Will the coil work on someone else’s
apparatus?

Analyze and Conclude
1. Observing Describe the movement of the
wire coil when your setup was complete and
working.
2. Classifying Which part of your setup contained a permanent magnet? Describe the
location of the magnetic ﬁeld produced by
that magnet.

Extend Inquiry
Design an Experiment Students’ plans
should identify three factors that may affect
the rotation of the coil, such as the voltage
applied, whether the coil is balanced, and
whether the ends of the wire are insulated.
Students should describe an experiment to
test one of those factors. Check students’
plans for safety before giving permission to
carry out the investigations.

3. Inferring What was the effect of removing
all the insulation from one end of the wire
coil but only half from the other end?
4. Inferring Explain how a magnetic ﬁeld is
produced when the motor is connected to
the D-cell.

Troubleshooting the Experiment
If students have difficulty getting their
motors to operate, try the following:
• Check both ends of the wire to see that one
end has all the insulation sanded off and
the other has only half sanded off.
• Check the balance of the coil. If it has
more weight on one side, it will not spin
freely.
• Make sure the paper clips make firm
contact with the D-cell.

Analyze and Conclude
1. Sample answer: The coil rotated
continuously.
2. The permanent magnet was directly
below the coil of wire. The magnetic field
of the permanent magnet surrounded the
magnet.
3. Sample answer: When both uninsulated
ends are in contact with the supports, the
current flows and the coil rotates. If the
current did not change, the coil would be
able to turn only half way. The insulated part
of the wire turns the current off, so the coil is
allowed to continue turning. As it turns, the
uninsulated parts again complete the circuit.
This produces a current, and the coil turns
completely around.
4. Sample answer: The D-cell produces an
electric current in the coil, creating a
magnetic field that surrounds the coil.
5. Sample answer: The magnetic field
produced by an electric current in the coil
causes sides of the coil to be pushed or pulled
as the field interacts with the field of the
permanent magnet.
6. Students’ procedures should reflect their
suggested modifications. Sample answer: A
foam or cork cylinder could be added at one
end of the coil of wire. One end of a piece of
string could be attached to the other end of
the cylinder. If the other end of the string
were attached to a small object such as a
paper clip, the string would lift the object as
the motor turned.

• Try the coil on another group’s apparatus.
• Move the paper clips downward so the coil
is closer to the permanent magnet.
• Lift the coil, reverse its connections, and
then set it back on the supports.
• Substitute a stronger permanent magnet.
Expected Outcome
Students will build a working electric motor
that transforms electrical energy into
mechanical energy.

