Power & Propulsion and
Advanced Manufacturing & Materials
Electric Motors
Grade Level: 11th
Academic Content Area: Science, Technology, & Engineering
Topics: Physical Science and Scientific Inquiry
Recommended area of co-teaching for an AFRL Engineer or Scientist
Main Problem/ Essential Question
How can we affect the efficiency of an electric motor?

Summary
In electric vehicles, electric motors take the place of gasoline engines as a means of
propulsion. Electric motors can be used both for propulsion and for braking. When you put
electrical energy into an electric motor it converts the electrical energy into mechanical energy
and can be used to propel a vehicle. When you want to slow the vehicle down the spinning
motor can be used to convert the kinetic energy of the vehicle back into electrical energy. This
has a braking affect on the vehicle. This also puts a little energy back into the batteries since
the motor is acting as an electric generator.
In this unit, students will develop an understanding of how an electric motor works and be able
to identify the major components of a DC electric motor. The students will be given a tour of a
motor manufacturing facility, disassemble a toy DC motor, and build an electric motor that is
powered by one AA battery. They will experimentally discover factors that affect the efficiency
of electric motors.

Big Ideas / Focus
Battery powered electric vehicles (EVs) and hybrid vehicles are replacing traditional gasoline
powered vehicles. Businesses are trying to improve the efficiency of electric powered vehicles
through improving the motor design.
The more efficient the motor, the greater the percentage of energy that gets to the drive
wheels, therefore the greater the range of the EV.
Different types of wires and different numbers of turns of wire around the field coils will both
affect the efficiency of an electric motor. Cooper wire is traditionally used because it is a very
good conductor and relatively inexpensive.
The armature, brushes, commutator, field magnets, and motor shaft are the main components
of a motor. The brushes bring electric current to the commutator. The purpose of the split ring
commutator is to reverse the current every half turn.

Students will explore that a motor’s strength, or power output, can be varied through: the use of
different wires that have varying resistances, varying the length of wire which in turn increases
or decreases the number of turns, and use of field magnets of varying strengths.

Prerequisite Knowledge
Students should have a basic understanding of electricity, magnetism, and how the two interact
with each other.
Students should first build an electromagnet and experiment with ways to make it stronger
(i.e. pick up greater loads). (Refer to Additional Resources at the end of this document.)

Standards Connections
Content Area: Science
Physical Science Standard: Students demonstrate an understanding of the composition of
physical systems and the concepts and principles that describe and predict physical
interactions and events in the natural world. This includes demonstrating an understanding of
the structure and properties of matter. In addition, it includes understanding the nature, transfer
and conservation of energy; motion and the forces affecting motion; and the nature of waves
and interactions of matter and energy. Students demonstrate an understanding of the historical
perspectives, scientific approaches and emerging scientific issues associated with the physical
sciences.
Grade 11 - Benchmark D: Apply
principles of forces and motion to
mathematically analyze, describe
and predict the net effects on
objects or systems.

4. Explain how electric motors and generators work. Investigate
that electric charges in motion produce magnetic fields and a
changing magnetic field creates an electric field.

Scientific Inquiry Standard: Students develop scientific habits of mind as they use the
processes if scientific inquiry to ask valid questions and to gather and analyze information.
They understand how to develop plans of action to create and evaluate a variety of
conclusions. Students are also able to demonstrate the ability to communicate their findings to
others.
Grade 11 - Benchmark A: Make
appropriate choices when
designing and participating in
scientific investigations by using
cognitive and manipulative skills
when collecting data and
formulating conclusions from the
data.

1. Formulate testable hypotheses. Develop and explain the
appropriate procedures, controls and variables in scientific
experimentation.
3. Design and carry out scientific inquiry (investigation),
communicate and critique results through peer review.
5. Summarize data and construct a reasonable argument based
on the data and other known information.

Preparation for activity
Purchase enough DC electric motors for each pair of students to have one to disassemble.
Gather the necessary equipment for students to be able to build their own DC electric motor
with extra components so they may test variations such as the type of wire and the number of
turns of wire around the armature.
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Critical Vocabulary
Armature – a bar of soft iron or steel placed across the poles of a magnet to maintain its
strength; the moving part in an electromagnetic device, wound with coils that carry a
current.
Brush – an electrical conductor that makes sliding contact between a stationary and a moving
part of a motor while completing a circuit and conveying a current
Commutator – a device that reverses the direction of flow of electric current in an electric
motor
Field coil – a coil of wire that generates a magnetic field when an electric current is passed
through it
Torque – the force generated by an internal-combustion engine (or an electric motor) to turn a
vehicle's drive shaft
Magnetic induction – symbol = B; magnetization induced by proximity to a magnetic field.

Timeframe
Day
1

Time
Activities
Allotment
1 hour

Spend about 10-15 minutes showing video clips of different electricpowered vehicles (EV) including drag race footage. There are many videos
available online, especially on YouTube. The videos should help to dismiss
the idea that EV’s are merely slow golf carts that no one would ever want to
own.
Class discussion on electric vehicles.
Class discussion on efficiency including the definition. Explore how variable
affect this equation. Discuss how your power source will be a given
constant and how that will allow students to provide a qualitative
assessment of their experiment using this equation. Provide example
problems and assess student understanding of the equation to eliminate
any misconceptions.
Teachers Note: Use of an electronic white board and student response
systems will enhance efficient learning of this lesson.

2

1-2 hours Take a field trip to a motor manufacturer or a motor repair shop. A
technician from the electric motor shop should show the students the
insides of electric motors. He/She should explain how motors work and
discuss what materials are used in making them. He/She should explain
what materials are used in different parts of the motor (i.e. brushes,
commutator, armature, etc.). The difference between AC and DC motors
can be discussed as well as permanent magnet motors. Self-starting
motors can also be explained.
If a business tour cannot be arranged, invite a motor technician to come to
your school. Have the electric motor technician discuss and show the
students what components and materials motors are made of. He/She
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should show the students motors in various stages of disassembly and
explain how a motor works. The motor in the ForkenSwift video should be
very similar to motors that the motor technician shows the class.
Another alternative is to schedule a teleconference with an electrical
engineer to explore the topic listed above. Use of teleconferencing,
videoconferencing, or Skype can allow students the opportunity to explore
engines and EV with an actual engineer. In some instances you may
arrange for an electrical engineer to join your class and lead this exploratory
lesson.
3

1 hour

The students will disassemble a small toy DC electric motor. The students
will take apart the motor, documenting in writing every step they take and
identifying every component they remove. Students should draw detailed
diagrams as they disassemble their motor. This should be done in pairs
with a maximum of three students.

4

1 hour

Allow students time to navigate through the virtual reality Electric Motors
Module.

5

1 hour

Students can now run the computer simulation: http://www.walterfendt.de/ph14e/electricmotor.htm which shows how an electric motor works.
Teach the students the right hand rule for determining the direction that a
motor will spin and practice with this simulation.
Have the students list as many uses of electric motors as they can think of.
Allow about 10 minutes to do this.
Show the EV1 television commercial (refer to resources). Allow the
students another 5 minutes to work on their lists of uses for electric motors.
Discuss the student lists and show videos of other electric car commercials
such as the Toyota Rav4 EV.
Teachers Note: Use of an electronic white board is another effective way to
approach this lesson. Class based inquiry of the computer simulation will
allow any misconceptions to be immediately addressed. Use of the board to
merge student lists about types of electric motors will help the class deal
effectively with the class data. Also, uses of the hyperlinked websites are a
click away for the class to further investigate or review any other
misconceptions.

6

3-4 hours The students are to build a small electric motor from given criteria and
constraints based on the videos and the computer simulation they viewed
and from parts provided by the teacher. They are to use the information
they learned when they disassembled the toy motor: Once shown the
building materials they can choose from, The students will propose a set of
steps for constructing a motor. They will have to write this procedure out
clearly, including diagrams and it should be approved by the teacher before
they are allowed to begin building. The teacher should determine how
much additional directions should be given to the individual groups.
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When they finish building their motors, they should test them by connecting
their motor to an AA battery. These motors may have to be hand spun once
to get them started.
The students should now be able to list the major components of a motor
and explain how a motor works.
A guest electrical engineer could offer scaffolding to student groups in
their building and testing phase and also provide a more in depth
understanding of the physics the students are witnessing using these hands
on manipulatives. Also, a guest speaker could elaborate on current
technology and challenges in the field of electric vehicles. Teachers Note:
Make sure you provide your guest speaker with clear expectations of their
visit including talking points and a brief overview of your student’s academic
level.
7

½ hour

Students can also try to improve their motor by experimenting with the
number of turns on the field coils to see what effect this has on their motor.
They can explore how the number of coils affects the voltage needed to run
the motor or the speed that the motor will run. They can also vary the
voltage and therefore the current going through the motor. They should be
able to verify the equation
F = BIL, where F is force, B is magnetic induction, I is current, and
L is the length of the wire.

8

¼ hour

Ask the students to explain how the motor can be made to operate in the
opposite direction.
Have students try this with their motors.

Materials & Equipment
Electric vehicle videos from the Internet
•
•
•
•
•
•
•

1 toy DC electric motor for every two students
Precision screwdrivers
Wire stripper w/ Wire cutters
Metric rulers
DC power supply
Multimeter
Supplies to build a motor for every two students
a. 20 gauge bare copper wire (2 pcs – 20 cm long)
b. 22 gauge coated wire (3 pcs – 20 cm long)
c. 28 gauge enameled copper wire (1 pc – 65 cm long)
d. Flexible magnet (25x20x5 mm w/5-mm hole in center)
e. Alligator clips (2)
f. D-cell battery
g. Battery holder
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h. Switch
i. Sandpaper (5 cm square)
j. Rubber bands / masking tape
k. Plastic cup (for the base/housing)
l. shaft (steel or iron, nail or bolt, very thin)
m. straw (to insulate shaft)

Safety & Disposal
Caution students to NOT use a screwdriver as a prying tool. It should be used like a knife,
pointed away from your hand and body.
Students should use caution when working with the motor. The tools and the components of
the motor may be sharp and should be handled with care. A stalled motor can also get hot if
the electrical power is not removed.

Pre-Activity Discussion
Briefly review electricity, magnetism, and electromagnetism with students. If necessary, have
them build a basic electromagnet and experiment to increase the strength of it.

Teacher Instructions
Spend about 10-15 minutes showing video clips of different electric-powered vehicles (EV). A
good beginning could be the T-Zero racing against the Dodge Viper; followed by the X1 E-Car
competing with the Ferrari and the Porsche; ending with an electric dragster. There are many
more videos available online, especially on YouTube. These videos should help to dismiss the
idea that EV’s are all slow like golf carts.
Facilitate a class discussion on electric vehicles. Ask how many students know someone who
owns one, has ridden in one or has driven one. Students should reflect on this in their science
notebooks.
Electric motors develop maximum torque at start-up unlike gasoline engines, which reach
maximum torque at thousands of revolutions per minute. As shown in the drag racing videos,
this is a huge advantage at the starting line as electric racecars leap off the line. The
acceleration of an electric car designed for acceleration can be phenomenal. There is a price
for such explosive acceleration, and that is limiting the range that the vehicle can travel on a
single charge. In order to extend the range, starting and stopping should be done more
gradually. Acceleration requires force as shown by Newton’s Second Law of motion, which
states that acceleration is directly related to the applied force (F=ma).
The ForkenSwift motor video would be a good one to end with. It shows a Suzuki Swift (Geo
Metro) gasoline powered car that was converted by two individuals to an electric car. The gas
engine and its related parts were removed and replaced with an electric motor and lead acid
batteries. The motor and some of the other electrical parts came from an electric fork lift,
hence the name ForkenSwift. This video shows the initial trial run of its DC electric motor
mated to the transmission of the car. The students can see and hear the motor run in the video
(refer to resources).
Students should reflect on the videos in their science notebooks.
Take a field trip to a motor manufacturer or a motor repair shop. A technician from the electric
motor shop should show the students the insides of electric motors. He/She should explain
how motors work and discuss what materials are used in making them. He/She should explain
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what materials are used in different parts of the motor (i.e. brushes, commutator, armature,
etc.). The difference between AC and DC motors can be discussed as well as permanent
magnet motors. Self-starting motors can also be
explained.
If a business tour cannot be arranged, invite a
motor technician to come to your school. Have
the electric motor technician discuss and show
the students what components and materials
motors are made of. He/She should show the
students motors in various stages of
disassembly and explain how a motor works.
The motor in the ForkenSwift video should be
very similar to motors that the motor technician shows the class.
Another alternative is to schedule a teleconference with an electrical engineer to explore
the topic listed above. Use of teleconferencing, videoconferencing, or Skype can allow
students the opportunity to explore engines and EV with an actual engineer. In some instances
you may arrange for an electrical engineer to join your class and lead this exploratory lesson.
The efficiency of the electric motor plays a role in the range that an EV can travel. Electric
vehicles are powered by either AC or DC motors. AC motors operate on alternating current
and use the switching direction of the current to keep the motor spinning. DC motors use direct
current. Direct current is electricity that flows in only one direction so the DC motor uses a split
ring commutator to switch the direction of the current every ½ turn. The students should be
shown examples of both AC and DC motors by the motor technician, and they should be able
to discuss the major difference in the two.
Give students a small toy DC electric motor and a battery and let them test it to make certain it
is functional. The students will then disassemble the small toy DC electric motor. The students
will take apart the motor, documenting in writing every step they take and identifying every
component they remove. Students should draw detailed diagrams as they disassemble their
motor. This should be done in pairs with a maximum of three students.
Allow students time to navigate through the virtual reality Electric Motors Module. This module
provides students with the opportunity to build a virtual motor from parts provided in an
information station and then to take apart a virtual motor and place the parts in an information
station. After these activities have been done the user can advance to an activity that allows
them to diagnose problems with their virtual motor.
Students can now run the computer simulation: http://www.walterfendt.de/ph14e/electricmotor.htm which shows how an electric motor works. Teach the
students the right hand rule for determining the direction that a motor will spin and practice with
this simulation.
Have the students list as many uses of electric motors as they can think of. Allow them about
10 minutes to do this.
Show the EV1 overview. Allow the students another 5 minutes to work on their lists of uses for
electric motors.
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Some examples of uses of electric motors are:
antenna rotor

electric car windows

hood vent above stove

blender

electric drill

house exhaust fans

CD/tape players

electric meter

ice maker

cell phone vibrator

electric mixer

microwave turntable

ceiling/box fans

electric mowers

planer, sanders

circular saws

electric pencil sharpener

refrigerators/freezers

clocks

electric weed trimmers

remote car mirrors

cooling fan in PCs

food processor

starters on cars

clothes dryer

furnace/air conditioner

vacuum cleaners

dishwasher

garage door opener

VCRs and DVD players

electric boat lift

grinder

washing machine

electric car seats

heater fan in cars

windshield wipers

Discuss the student lists and show videos of other electric car commercials such as the
Toyota Rav4 EV.
The students are to build a small electric motor from criteria and constraints pre-determined by
the teacher and based on the videos and the computer simulation they viewed. One
suggestion for teachers is to provide the materials and let students design a motor only with the
material they have available. Some of the material is extraneous. Some possible instructions
are provided for the teacher’s benefit only; do not provide these instructions to the students.
They are to use the information they learned when they disassembled the toy motor: if they
reverse the steps and diagrams, they should have a reasonable outline for constructing a
motor. They will have to write this procedure out clearly, including diagrams and it should be
approved by the teacher before they are allowed to begin building.
When they finish building their motors, they should test them by connecting their motor to a
battery. These motors may have to be hand spun to get them started.
Use a DC power supply to test the efficiency of the student motors; the lower the voltage the
motor runs at the more efficient it is. Once their motor is running, powered by the DC power
supply, slowly turn down the power supply until it stops and record the lowest voltage at which
the motor would still run.
The students should now be able to list the major components of a motor and explain how a
motor works.
One factor that affects the efficiency of an electric motor is the type of wire that is used in the
field coil and armature of the motor. The students can use different types of wire such as
copper, aluminum, steel, etc. to see which makes a more efficient motor. The students can
now try to improve the design of their motor to see which type of wire makes a more efficient
motor. Experimental designs must again be approved by the teacher prior to implementation.
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One possible experimental design is to measure the minimum voltage at which the motor will
operate using different types of wire for the field coil. The students can easily wind field coils
(with the same number of coils) out of different types of wire. Then they can easily substitute
one field coil for another and attach it to their motor base. This will be done to keep the other
variables the same so that the type of wire is the only thing being varied. The students could
then hook the motor to a variable power supply and measure the lowest voltage that the motor
will run at. The students should then explain which type of wire made the most efficient motor.
The copper wire has lower resistance, is therefore a better conductor, and allows more current
to flow through the motor. This increases the motor’s power and allows it to operate at a lower
voltage, making it more efficient. Students will discuss what factors affect the efficiency of a
motor.
Students can also try to improve their motor by experimenting with the number of turns on the
field coils to see what effect this has on their motor. They can explore how the number of coils
affects the voltage needed to run the motor or the speed that the motor will run. They can also
vary the voltage and therefore the current going through the motor. They should solidify their
conceptual understanding of equation F = BIL, where F is force, B is magnetic induction, I is
current, and L is the length of the wire through this experimentation.
Ask the students to explain how the motor can be made to operate in the opposite direction.
The motor can be made to rotate in the opposite direction by switching the positive and
negative connections, or winding the armature or field coil in the opposite direction.

Background Information
If you take apart a small electric motor, you will find that it contains the same pieces; two small
permanent magnets inside the casing, two brushes held in a housing, and an electromagnet
made by winding wire around pieces of shaped metal (laminations) on a steel shaft, known as
an armature or rotor. Almost always the rotor will have three poles or more. There are two good
reasons for a motor to have three poles or more:
1. It causes the motor to have better dynamics (movement). In a two-pole motor, if the
electromagnet is at the balance point, perfectly horizontal between the two poles of the field
magnet when the motor starts, you can imagine the armature getting "stuck" there. That
never happens in a three-pole motor, which can start turning from any starting position.
2. Each time the commutator hits the point where it flips the field in a two-pole motor, the
commutator shorts out the battery (directly connects the positive and negative terminals)
for a moment. This shorting wastes energy and drains the battery needlessly. A three-pole
motor solves this problem as well. In fact the timing of an efficient motor switches on the
armature at a point when the magnetic repulsion is strongest.

Motor assembly

Armature

Casing & Magnets

Brush housing

It is possible to have any number of poles, depending on the size of the motor and the specific
application it is being used in. Also, motors come in different shapes and sizes to fit almost
anywhere. Special, very powerful (rare earth) permanent magnets can be used to boost power
- although this increases the cost. Special brush materials can be used to improve power
handling. And these days, instead of using a mechanical switch like the commutator,
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electronics can be used to get very accurate timing and sometimes exotic sine waves. This
also eliminates sparking and brush wear problems, in turn reducing servicing.

Instructional tips
It is important for students to closely inspect the commutator piece to see how much the
insulator covers and where the conductor connects to the different parts of the armature/field
coils. (The insulator separates the commutator from the shaft.)
Other efficient DC designs do not have a conventional iron armature, but instead have an
ironless copper winding (a wire cylinder) very close to a permanent magnet. (This is what the
attached instructions depict.)
Allowing students to choose the wire they wanted to use for their field coils worked well
because we had varying levels of success with different wires.
Make certain you only have the correct size of precision screwdrivers (these are eyeglass
repair screwdrivers that can be picked up inexpensively at drugstores). Do not offer the
students the selection of various sizes that come in a scientific set. The students will use the
precision screwdrivers to pry some of the components apart and the very small screwdrivers
can break.

Assignment of Student Roles and Responsibilities
Students will all assume the same role at different times:
Role Name

Brief Description

Motor
Technician

Disassemble a DC electric motor. Build a small electric motor from given
criteria and constraints and from parts provided.

Electrical
Engineer

Improve the design of their motor using different types of wire and
experimenting with the number of turns on the field coils.

Student instructions
Reflect on the class discussion about electric vehicles in your science notebooks.
Reflect on the EV videos in your science notebooks.
Reflect on the field trip/guest speaker in your science notebooks. Specifically mention what
you remember about the components of an electric motor and discuss the major differences
between AC and DC motors.
Test a small toy DC electric motor by connecting it to the battery provided to you by your
teacher to be certain it is fully functional.
Disassemble the small toy DC electric motor. Document every step in writing and identify
every component you remove as you take apart the motor. Draw detailed diagrams as you
disassemble the motor. Remember to label your diagram.
Navigate through the virtual reality Electric Motors Module. Go through all of the pages of the
introduction before beginning the “Build It” or “Break It” activities. You may choose which of
these activities you want to do first but you must complete both of them before you will be
allowed to advance to the “Diagnose It” activity. Enjoy!
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Run the computer simulation: http://www.walter-fendt.de/ph14e/electricmotor.htm which shows
how an electric motor works. Practice the right hand rule with this simulation for determining
the direction that a motor will spin.
In your science notebook, list as many uses of electric motors as you can.
Build a small electric motor from given criteria and constraints based on the videos and the
computer simulation you viewed and from parts provided by the teacher. Your procedure must
be approved by the teacher before you are allowed to begin building.
Test your motor by connecting it to a battery. It may have to be hand spun to get it started.
Your teacher will provide a DC power supply to help you test the efficiency of your motor. Ask
for his/her assistance with this.
List the major components of a motor and explain how a motor works in your science notebook.
Brainstorm, in your science notebook, options on how you could increase the range of an
electric vehicle.
Try to improve the design of your motor to see which type of wire makes a more efficient motor.
Experimental designs must again be approved by the teacher prior to implementation.
Try to improve your motor by experimenting with the number of turns on the field coils to see
what effect this has on your motor. Experimental designs must again be approved by the
teacher prior to implementation.
In your science notebook, explain how your motor can be made to operate in the opposite
direction.

Formative Assessments
Rubric for Collaborative Work Skills
Use any combination of categories on any day.
Students should be provided with a copy or access to this rubric.
(You do NOT have to use all categories every day.)
CATEGORY

4

3

2

1

Contributions

Routinely provides
useful ideas when
participating in the
group or classroom
discussion.
Contributes a lot of
effort.

Usually provides
useful ideas when
participating in the
group or classroom
discussion. A strong
group who shows
effort!

Sometimes
provides useful
ideas when
participating in the
group or classroom
discussion. A
satisfactory group
member who does
only what is
required.

Rarely or never
provides productive
ideas when
participating in the
group or classroom
discussion.

Problem-solving

Actively looks for
and suggests
solutions to
problems.

Refines solutions
suggested by
others but does not
provide any original
ideas.

Does not suggest or
refine solutions, but
is willing to try out
solutions suggested
by others.

Does not try to
solve problems or
help others solve
problems. Lets
others do the work.
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Focus on
the task

Consistently stays
focused on the task
and what needs to
be done. Very
motivated in this
challenge.

Focuses on the task
and what needs to
be done most of the
time.

Focuses on the task
and what needs to
be done some of
the time. (Other
group members
may need to urge
this individual to
stay on-task.)

Rarely focuses on
the task and what
needs to be done.
Lets others do the
work.

Preparedness

Brings needed
materials to class
and is always ready
to work.

Almost always
brings needed
materials to class
and is ready to
work.

Almost always
brings needed
materials but
sometimes needs to
settle down and get
to work.

Often forgets
needed materials or
is rarely ready to
get to work.

Work Ethic

Work reflects best
effort from this
student.

Work reflects a
strong effort from
this student.

Work reflects some
effort from this
student.

Work reflects very
little effort on the
part of this student.

Collaboration

Almost always
listens to, shares
with, and supports
the efforts of others.
Has demonstrated
great cooperation.

Usually listens to,
shares, with, and
supports the efforts
of others, generally
cooperative.

Often listens to,
shares with, and
supports the efforts
of others, but has
been uncooperative
at times.

Rarely listens to,
shares with, and
supports the efforts
of other, is
generally
uncooperative.

Modification/
Testing

Clear evidence of
troubleshooting,
testing, and
refinements based
on data or scientific
principles.

Clear evidence of
troubleshooting,
testing and
refinements.

Some evidence of
troubleshooting,
testing and
refinements.

Little evidence of
troubleshooting,
testing or
refinement.

Scientific
Knowledge

Explanations
indicate a clear and
accurate
understanding of
scientific principles
underlying the
construction and
modifications.

Explanations
indicate a relatively
accurate
understanding of
scientific principles
underlying the
construction and
modifications.

Explanations
indicate a basic
understanding of
scientific principles
underlying the
construction and
modifications.

Explanations do not
illustrate any
understanding of
the scientific
principles
underlying the
construction and
modifications.

Information
Gathering

Accurate
information taken
from at least 3
sources in a
systematic manner.

Accurate
information taken
from 2 sources in a
systematic manner.

Accurate
information taken
from at least 2
sources but not
systematically.

Information taken
from only one
source and/or
information not
accurate.
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Plan

Plan is neat with
clear
measurements and
labeling for all
components.

Plan is neat with
clear
measurements and
labeling for most
components.

Plan provides clear
measurements and
labeling for most
components.

Plan does not show
measurements
clearly or is
otherwise
inadequately
labeled.

Data Collection

Data taken several
times in a careful,
reliable manner.

Data taken twice in
a careful, reliable
manner.

Data taken once in
a careful, reliable
manner.

Data not taken
carefully OR not
taken in a reliable
manner.

Construction:
Material usage

Appropriate
materials were
selected and
creatively modified
in ways that made
them even better.

Appropriate
materials were
selected and there
was an attempt at
creative
modification to
make them better.

Appropriate
materials were
selected.

Inappropriate
materials were
selected and
contributed to a
product that
performed poorly.

Science Notebook

Notebook provides
a complete record
of planning,
construction,
testing,
modifications, and
reasons for
modifications.
Some reflection
about the strategies
used and the
results is also
provided.

Notebook provides
a complete record
of planning,
construction,
testing,
modifications, and
reasons for
modifications.
There is no
reflection on
strategies or
results.

Notebook provides
a detailed but not
complete record of
planning,
construction,
testing,
modifications, and
reasons for
modifications.

Notebook provides
little detail about
planning,
construction,
testing,
modifications, and
reasons for
modifications.

Post-Activity Discussion
Discuss with students the components of electric motors and the functions they serve.
Ask students to share the results of their experiments with the different wires to determine
which wire provided the best efficiency. Make certain there is a class-wide consensus on the
wire choice. If one group has a different result, all should analyze why.
Ask students to share the results of their experiments with the different number of turns on the
field coils in an attempt to get the greatest efficiency. Have the class determine the final
answer, possibly by averaging the group results.
You may want to ask students to share some of their reflections from their science notebooks,
if time allows.
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Pre-Test / Post-Test
Grade Level: 11
1. Have motor parts lying out on a table and numbered. The students will fill in the name of
the labeled parts on a piece of paper.

5

A. motor shaft
B. armature
C. commutator

4

D. field magnets
E. brush

1

3
2

2. What is the purpose of the brushes in an electric motor? The brushes bring electric current
to the commutator.
3. What is the purpose of a split ring commutator in a DC motor? The purpose of the split ring
commutator is to reverse the current every half turn.
4. Why is copper wire often used in a motor? Copper wire is often used in a motor because it
a very good conductor and is relatively inexpensive.
5. List three ways to increase the strength of an electric motor.
•
•
•

Lower the resistance / use wire with lower resistance.
Increase the length of the wire (more turns) used in the armature.
Increase the strength of the field magnets.

6. How does the efficiency of an electric motor affect the range of an EV? The more efficient
the motor the greater the amount of energy there is to propel the vehicle, therefore the
greater the range of the EV.

Pre-Test/ Post-Test Rubric
Use this rubric to score individual exams.
QUESTION 1. Identify the labeled parts of this electric motor.
5 points

Student correctly identifies all 5 parts of the electric motor provided.

4 points

Student correctly identifies 4 parts of the electric motor provided.

3 points

Student correctly identifies 3 parts of the electric motor provided.

2 points

Student correctly identifies 2 parts of the electric motor provided.

1 point

Student correctly identifies only 1 part of the electric motor provided.
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Question 2. What is the purpose of the brushes in an electric motor?
5 points

Explanation indicates an accurate understanding that the purpose of the brush in an electric
motor is to bring electric current to the commutator of the motor.

3 points

Explanation indicates some understanding that the purpose of the brush in an electric motor
is to bring electric current to the commutator of the motor.

1 point

Explanation indicates little to no understanding that the purpose of the brush in an electric
motor is to bring electric current to the commutator of the motor but includes the phrase
"electric current" and/or “circuit”.

Question 3. What is the purpose of a split ring commutator in a DC motor?
5 points

Explanation indicates an accurate understanding that the purpose of the split ring
commutator in a DC motor is to reverse the current every half turn

3 points

Explanation indicates some understanding that the purpose of the split ring commutator in a
DC motor is to reverse the current every half turn

1 point

Explanation indicates little to no understanding that the purpose of the split ring commutator
in a DC motor is to reverse the current every half turn, but includes the phrase "reverse
current".

Question 4. Why is copper wire often used in a motor?
5 points

Explanation indicates an accurate understanding that copper wire is often used in a motor
because it is a very good conductor AND is relatively inexpensive.

3 points

Explanation indicates some understanding that copper wire is often used in a motor because
it is a very good conductor OR it is relatively inexpensive.

1 point

Explanation indicates little understanding that copper wire is often used in a motor EITHER
because it is a very good conductor OR because it is relatively inexpensive.

Question 5. List three ways to increase the strength of an electric motor.
5 points

Response states in an accurate manner, all three ways to increase the strength of an electric
motor: 1. Lower the resistance / use wire with lower resistance. 2. Increase the length of the
wire (more turns) used in the armature. 3. Increase the strength of the field magnets.

4 points

Response clearly states two ways to increase the strength of an electric motor. Possible
responses: 1. Lower the resistance / use wire with lower resistance. 2. Increase the length of
the wire (more turns) used in the armature. 3. Increase the strength of the field magnets.

3 points

Response states only one way to increase the strength of an electric motor. Possible
responses: 1. Lower the resistance / use wire with lower resistance. 2. Increase the length
of the wire (more turns) used in the armature. 3. Increase the strength of the field magnets.
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2 points

Response attempts to convey information about current, resistance, magnets, or armature
as effective variables but does not provide specific details.

1 point

Response does not indicate understanding of a way to increase the strength of an electric
motor but states one of the correct terms (current, resistance, magnets, and armature).

Question 6. How does the efficiency of an electric motor affect the range of an Electric
Vehicle?
5 points

Explanation indicates an accurate understanding that the more efficient the motor the greater
the percentage of energy available for the drivable range of the EV.

1 point

Explanation indicates very little understanding that the more efficient the motor the greater
the percentage of energy available for the drivable range of the EV.

Technology Connection
The ADISC Model of technology created by ITEL:
Integration Model

Application Description

Technology that supports students and
Student Response System
teachers in adjusting, adapting, or
augmenting teaching and learning to meet
the needs of individual learners or groups
of learners.
Technology that supports students and
teachers in dealing effectively with data,
including data management, manipulation,
and display.

Electronic White Board

Technology that supports students and
teachers in conducting inquiry, including
the effective use of Internet research
methods.

Electronic White Board

Student Response System

Toy Motor
Multi meter
Teleconference/Videoconference or Skype
Some of the electric car video’s currently available
online are listed below:
Dodge Viper 500 hp vs. TZero Electric (2:00)
www.youtube.com/watch?v=pm6gD6r3cw&feature=related
Electric Drag Race 8 (0:50)
www.youtube.com/watch?v=zp_jwE0KdOk
Tom Hanks Electric Car (5:33)
http://www.youtube.com/watch?v=aNZT61Dgbvs
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Technology that supports students and
teachers in conducting inquiry, including
the effective use of Internet research
methods. (continued)

#1)Project ForkenSwift electric car conversion:1
powerup (1:17)
www.youtube.com/watch?v=NebLkPulpNg
Speed Records Shawn Lawless Orange Juice
Electric Dragster (4:14)
www.youtube.com/watch?v=dyomA2oEtl4
Wrightspeed X1 Electric Car beats Ferrari
and Porsche
http://www.youtube.com/watch?v=8qDZOBQs60w
EV1 Ad 2 (0:54)
www.youtube.com/watch?v=-QDvXQ43LYg
Toyota Rav4 EV Advertisement (0:32)
http://www.youtube.com/watch?v=9bsi2N8Q7DU
Note: If you cannot download videos from
YouTube at school, download the video at home
to a flash/thumb/jump drive using zilla.com and
then bring it to school.

Technology that supports students and
teachers in simulating real world
phenomena including the modeling of
physical, social, economic, and
mathematical relationships.

Use the computer simulation:
http://www.walterfendt.de/ph14e/electricmotor.htm which shows
how an electric motor works

Technology that supports students and
Electronic White Board
teachers in communicating and
Student Response Systems
collaborating including the effective use of
Teleconference/Videoconference or Skype
multimedia tools and online collaboration.

Interdisciplinary Connection
Notebook entries can be used for further reflection, organization, and evaluation. The use of
the student’s technical writing can address literary standards in writing processes, writing
applications, writing conventions, and communications.
Utilization of the multimeter for data collection on different tested variables throughout the lab
can be linked to math in data analysis and probability standards.

Home Connection
Students can ask the adults at home if they know someone who owns an electric vehicle, has
ridden in one or has driven one. They can discuss what each knows about electric vehicles.

Differentiated Instruction
Step by step instructions for each phase of the lab can be provided as scaffolding when
augmentation is required.
Labeled diagrams of motors, multi meter, or supplies can be provided to offer further direction.
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Streaming video of the computer simulation can be left running on a screen for students to refer
back to as they explore their motors and variables.
Additional check in times throughout the lab can be required. Also, a progress report card can
be created for students to use as a check point with the teacher and an opportunity to reflect on
specific milestones throughout the lab.

Extension
Investigate the acceleration of an electric vehicle. Rapid acceleration from an electric vehicle is
available, but the trade-off is a limited range the vehicle can travel on a single charge. To
extend the range, starting and stopping should be done more gradually.
This lab could be extended into a science fair project in which the student designs a working
model electric vehicle.
This lesson can serve as a lead-in to electricity.
This lesson could be revisited and change the variable of the battery to investigate power
sources. There is a lot of current research in improving battery life and power. Lithium air
batteries are of great technical and industrial interest. Have students investigate this form of
batteries. Discuss the implications of this battery on consumer use or even military use.
An engineer could come into the class and discuss current research in this field including
the implications and benefits of this cutting edge technology.

Career Connection
This activity can be related to electrical engineering. The design of car engines for greater fuel
efficiency is prominent today. There is also a demand for fuel cell design and hybrid engines
for personal vehicles.

Additional Resources
Resources:

Purpose and Application

http://www.sciencenetlinks.com/pdfs/build_ A lesson on how to build a basic electromagnet.
actsheet.pdf
http://electronics.howstuffworks.com/motor
1.htm.

If you are unfamiliar with DC motors and how to
take them apart, here is a very good tutorial. This
site has several pages with photographs of the
components in a toy DC motor and photographs
of a disassembled motor. Search for DC motors.

http://vimeo.com/4711714?pg=embed&sec Videos of the Tesla electric cars. Search for
=
Tesla Electric Car.
http://www.whipnotic.com/videos/viewvideo
-580.html
http://www.cbc.ca/national/blog/special_fea
ture/fast_forward/more_about_tesla_1.html
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Cynmar Corporation www.cynmar.com
FisherScientific www.fisheredu.com

DC motors that are easy to disassemble can be
purchased for approximately $1.50 to $4.00 each.
Search for DC electric motors.

Sargent-Welch www.sargentwelch.com
Cynmar Corporation www.cynmar.com
FisherScientific www.fisheredu.com

Motor kits are available from science supply
companies for around $5.00 each. Search for
Motor kits.

Sargent-Welch www.sargentwelch.com

Credits
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Teacher Reflection
Were students focused and on task throughout the lesson? Yes. If not, what
improvements could be made the next time this lesson is used? Once students were
given the motor to disassemble, they did not even want to stop for lunch. When I said they had
succeeded in making a motor they looked at me in askance, wanting to do more. I offered
suggestions of what they could continue with, if they wanted.
Were the students led too much in the lesson or did they need more guidance? In the
beginning the students were given complete freedom to build their motors. Their only
constraint was the availability of the materials. When they built a motor that did not function,
some students demanded more guidance while others asked if they could start over.
How did students demonstrate that they were actively learning? I was walking around and
asking questions about what they were doing and based on their responses I knew they
understood. Sometimes instead of a response they would demonstrate with their motor or
electromagnet. Students would call me over to their lab station and show me each time they
had a small success.
Did you find it necessary to make any adjustments during the lesson and if so what were
they? Yes. Since these were not my students, I was not aware of how much they knew about
electromagnetism. I had to go back after their first prototypes and have them build an
electromagnet and let them experiment with increasing its strength. This helped them to
understand how the electric motor worked and they were much more successful after that.
Did the materials that the students were using affect classroom behavior or
management? The classroom was loud with student activity, but it was not poor behavior, it
was active learning and collaboration within and between groups.
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What were some of the problems students encountered when using the equipment?

Are there better items that can be used next time?

Which equipment worked particularly well?

Did the students learn what they were supposed to learn?

How do you know?

Additional Comments
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NAME ________________________________
DATE_________________________________
Electric Motors Written Assessment
1. Label the motor parts using the provided word bank

E
A.
D

B.

C

A

B

C.
D.
E.

WORD BANK
Brush

Field Magnets

Resistor

Commutator

Motor Shaft

Armature

2. What is the purpose of the brushes in an electric motor?

3. What is the purpose of a split ring commutator in a DC motor?

4. Why is copper wire often used in a motor?
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5. List three ways to increase the strength of an electric motor.

6. How does the efficiency of an electric motor affect the range of an EV?
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