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GOALS

The Magnetism and Electricity
Module consists of five sequential
investigations, each designed
to introduce or reinforce concepts
in physical science.  The
investigations provide
opportunities for students to explore the natural and human-made
worlds by observing and manipulating materials in focused settings
using simple tools.

FOSS EXPECTS STUDENTS TO

• Observe the interaction of permanent magnets with a variety
of common materials.

• Discover that magnets display forces of attraction and
repulsion.

• Measure the change in force between two magnets as the
distance between them changes.

• Identify materials that are conductors and insulators.

• Understand and construct simple open, closed, parallel, and
series circuits.

• Learn how to make an electromagnet.

• Experience the relationship between the number of turns of
wire around an electromagnet core and the strength of the
magnetism.

• Use their knowledge of electromagnets to make a telegraph.

• Acquire vocabulary associated with magnetism and
electricity.

• Exercise language, math, and social studies skills in the
context of magnetism and electricity investigations.

• Develop and refine the manipulative skills required for
making investigations in magnetism and electricity.

• Use scientific thinking processes to conduct investigations
and build explanations:  observing, communicating, compar-
ing, and organizing.

OVERVIEW
MAGNETISM AND ELECTRICITY

GRADES 3–4

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○
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18 FULL OPTION SCIENCE SYSTEM

MAGNETISM AND ELECTRICITY MODULE MATRIX
THINKING PROCESSESSYNOPSIS SCIENCE CONTENT

1. THE FORCE
Students work with permanent magnets to
discover that iron is the only everyday
material that sticks to magnets.  They
investigate variables that influence the
force of attraction between two magnets
and look for ways to detect the presence of
a magnet.

3. ADVANCED CONNECTIONS
Students explore series and parallel
circuits and compare the functioning of the
components in each circuit.

2. MAKING CONNECTIONS
Students investigate current electricity and
circuits,  the pathways through which
electricity flows.  They find that some
materials permit the flow of electricity
(conductors), and some don’t (insulators).

4. CURRENT ATTRACTIONS
Students learn how to use electricity to
make an electromagnet.  They explore
the variables that influence the strength
of the magnetism produced by their
electromagnets.

•  Magnets stick to metal objects made of
iron.

•  Magnetic interactions are caused by the
magnetic force.

•  Magnets display forces of attraction and
repulsion that decrease with distance.

•   Magnetism can be induced in a piece of
steel that is close to or touching a magnet.

• Electricity flows through pathways called
circuits.

•   A switch is a device used to open and
close circuits.

• An open circuit is an incomplete electric
pathway; a closed circuit is a complete
pathway.

• Materials that allow electricity to flow are
conductors; those that do not are insula-
tors.

• A circuit with only one pathway for current
flow is a series circuit.  Components
“share” the electric energy.

• A circuit with two or more pathways for
current flow is a parallel circuit.
Components each have a direct pathway to
the energy source.

• A core of iron or steel becomes an
electromagnet when electricity flows
through a coil of insulated wire
surrounding it.

• There are a number of ways to change the
strength of an electromagnet, including
changing the number of winds of wire
around the core.

• Observe magnetic interactions  and sort
objects based on whether they are affected
by a magnet.

• Measure the force of attraction between
magnets.

• Record and organize results of
investigations.

• Build a test circuit and test objects for
conductivity.

• Predict conductivity of materials.
• Sort materials based on whether they

conduct electricity.

• Observe the functioning of different kinds of
circuits.

• Compare the brightness of lamps in
different kinds of circuits.

• Determine the defining characteristics of
series and parallel circuits.

• Analyze and solve circuitry problems.

• Observe the interaction between an
electromagnet and objects.

• Systematically investigate ways to
strengthen electromagnets.

• Compare the strength of electromagnets.
• Organize data.
• Conduct multiple trials, average results, and

display results in a graph.
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5. CLICK IT
Students use all the concepts they have
learned to build a telegraph system that
enables them to send and receive
messages.  The last part of the
investigation asks students to use their
inquiry skills to design, conduct, and report
their own investigations.

• An electromagnet placed in a complete
circuit can be used to make a telegraph.

•   A switch can serve as a key in a telegraph
system.

•   A code is a symbolic system used for
communication.

•  Technology is the application of science.

•  Explore the behavior of an electromagnet
under different conditions.

•  Solve circuitry problems.
•  Encode and decode clicks produced by a

telegraph.

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○
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19MAGNETISM AND ELECTRICITY

FOSS SCIENCE STORIES TECHNOLOGY/HOME CONNECTIONINTERDISCIPLINARY EXTENSIONS

Language Extension
• Write a creative story about life from a

magnet’s point of view.
Math Extension
• Problem of the week.
Science Extensions
• Make a water compass.
• Conduct more force investigations.
• Explore different magnets.

Language Extensions
• Make posters about safe electricity use.
• Write about life without electricity.
• Read Dear Mr. Henshaw.
Math Extension
•  Problem of the week.
Social Studies Extension
•  Research historical sources of energy.
Science Extension
•  Examine the inside of a lightbulb.

Language Extension
• Research inventors who have

contributed to electricity use in everyday life.
Math Extension
• Problem of the week.
Science Extensions
• Find out how houses are wired.
• Interview an electrician.
• Build a flashlight; make a burglar alarm.

Language Extension
• Write short stories describing encounters

(real or imaginary) with electromagnets.
Math Extension
• Problem of the week.
Science Extensions
• Make a rheostat.
• Detect magnetism around current wires.
• Compare magnets to electromagnets.

Home/School Connection:  Students read a
short piece about electricity and the
purpose of fuses and circuit breakers.  They
locate the box at home that contains them.

See the Science Stories folio.
•  Magnus Gets Stuck
•  Magnificent Magnetic Models
•  How Magnets Interact
•  Make a Compass

See the Science Stories folio.
•  Making Static
•   A Fictional Interview with Benjamin

 Franklin
• Two Reference Sources about Edison

See the Science Stories folio.
•  Illuminating Teamwork:  A Story of the

Edison Pioneers
•  A True Pioneer:  Lewis Latimer

See the Science Stories folio.
•  From Rags to Science:  A Story of

Michael Faraday
•  How Electromagnetism Stopped a War
•  Magnets and Electricity in Your Life

www.fossweb.com
Check the FOSS website for interactive
simulations, to communicate with a
scientist, for teaching tips, and to talk with
other classes using FOSS.

Home/School Connection:  Students
inventory electrical fixtures and appliances
in their homes and develop a list of rules
and practices for using electricity safely.

Home/School Connection:  Students are
invited to look inside broken electric and
electronic appliances and devices, like
radios, tape players, and remote controls, to
see some really advanced circuits.
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Home/School Connection:  Students look for
magnets at home.  They imagine inventing
something that uses magnets, and describe
it with pictures and words.
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Language Extension
•  Read up on codes; create a code.
Math Extension
• Problem of the week.
Science Extensions
• Build a cardboard telegraph.
• Make an electric quiz board.
• Build a model motor.

See the Science Stories folio.
•  Morse Gets Clicking:  A Story of

Samuel Morse

Home/School Connection:  Students will
need some extra time at home to work on
presenting their projects to the class.
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SCIENCE BACKGROUND
THE FORCES IN THE UNIVERSE
Scientists have identified four forces that drive and control the
universe.  Gravity, the weakest of the four, pulls masses toward each
other.  The strong nuclear force, strongest of the four, binds the atomic
nucleus together.  The weak nuclear force produces radioactivity in
certain materials.  The electromagnetic force does everything else.  It
is responsible for most of the phenomena that we describe as
electricity, magnetism, light, and heat.  It is the force that drives the
complex process of life itself.

EARLY AWARENESS OF MAGNETISM
Magnetism was first recognized as a property of a naturally occurring
mineral that today is called lodestone.  About 600 B.C.E. Greek
shepherds noted that bits of a certain kind of stone would stick to the
iron tips of their staffs, but nothing besides the novelty of the
phenomenon was understood.

As early as 1000 C.E. people knew that, if pieces of lodestone were
floated on corks placed in water, the stones could be used as crude
compasses.  In 1269 a Frenchman discovered that the magnetism in
lodestone can be detected and described as lines of force and that the
magnetic phenomenon has two different natures or poles.  In 1600
William Gilbert tested the magnetism phenomenon extensively and
found that the two ends of a magnet always behave differently.   He
called the ends the north pole and the south pole.  He also found that
opposite poles attract and similar poles repel one another.  His work
explained the behavior of the lodestone compass.  He speculated that
the entire Earth is a magnet, complete with its own set of poles.

EARLY AWARENESS OF ELECTRICITY
Electric phenomena were first investigated systematically by the
Greeks several hundred years B.C.E.  They found that rubbing a piece
of amber with cloth gave amber the ability to attract small scraps of
straw.  What they discovered was static electricity, the electricity that
makes your clothes cling, gives you fly-away hair, and zaps you when
you grab the door handle after sliding across the car seat.  The Greek
word for amber was elektron.

During the 17th and 18th centuries an understanding of electricity
slowly developed.  William Gilbert found that a variety of rubbed
surfaces could attract a variety of materials.  The attracting force was
so widespread, he thought, that it deserved to be named.  Other
careful investigators discovered that the electric force can move from
one place to another through some substances but not through others.

“Magnetism was
first recognized as a
property of a
naturally occurring
mineral that today
is called lodestone.”
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MAGNETISM AND ELECTRICITY OVERVIEW

The materials through which the charge can travel are conductors; the
others are insulators.  In 1752 Ben Franklin performed his famous kite
experiment, proving to the world that he was one lucky fellow not to
be electrocuted by such a daring act and also that, as he suspected,
lightning is electricity.

In 1800 a major discovery revolutionized the way we live.  Alessandro
Volta developed the first battery from silver and zinc disks in a
saltwater environment.  Volta’s battery produced a continuous flow of
electricity rather than an electric surge that could be discharged only
once.  What followed was a scientific and technological revolution
that changed forever the way we live.

UNIFICATION OF MAGNETISM AND ELECTRICITY
At the beginning of the 19th century magnetism and electricity were
believed to be completely separate phenomena.  This idea changed in
1820 when Hans Christian Oersted accidently discovered that a wire
carrying a current deflects a compass needle.  The wire acts like a
magnet.  A decade later an English physicist named Michael Faraday
figured that, if electricity could produce magnetism, magnetism might
create electricity.  In 1831 he demonstrated that a magnet passing
through a coil of wire induces a flow of electricity in the wire.
Faraday’s work unified magnetism and electricity as a single force.
Moving magnets and coils are the basis of modern generators.
Massive coils, driven by steam or falling water, rotate in huge
magnetic fields to produce electricity for home and industry.

Since Faraday’s time the chronicles of electric and magnetic
discoveries mark advance after advance, from electric motors and
lights to communication devices such as the telegraph, telephone,
radio, and television.  In the 1940s some scientists experimented with
a poorly conductive crystalline substance called silicon.  They
discovered that, when traces of impurities are in the material, it
conducts electricity in interesting ways.  A crystal can act like a switch
or a one-way valve, allowing electricity to flow in only one direction,
and can perform other interesting functions.  These silicon materials
came to be known as semiconductors.

The most famous semiconductor, the transistor, evolved into
integrated circuits, which are scores or even millions of transistors
and other electronic components compressed into a tiny wafer, or
chip, of silicon embedded in hard plastic.  Chips allow incredible
miniaturization of circuitry.  We can now listen to a radio that rides

“A decade later an
English physicist
named Michael
Faraday figured
that, if electricity
could produce
magnetism,
magnetism might
create electricity.”

4.P.7



MAGNETISM AND ELECTRICITY 5MAGNETISM AND ELECTRICITY

comfortably in our ear, watch television on our wrist (shades of Dick
Tracy), figure the family budget on calculators that store nicely in our
wallets when not in use, and carry a personal computer from place to
place in a briefcase.  Amazing, but you can rest assured that further
miniaturization of electric circuitry is to come.

HOW ELECTRICITY WORKS
Current electricity is a movement of charge.  The charge carriers are
usually electrons, those subatomic particles that travel around the
nucleus of every atom.  Electrons are negatively charged.  Inside the
nucleus of an atom are protons and neutrons.  Protons are positively
charged, and neutrons have no charge.  Under normal conditions the
number of electrons (–) is equal to the number of protons (+), so the
net charge of the atom is neutral.

But atoms are often not neutral.  Actions as simple as rubbing a glass
rod with a piece of silk can “steal” some electrons from their atoms.
They leave the glass and attach to the silk.  Thus the glass ends up
with more protons than electrons and the silk with more electrons
than protons.  This separation of charge results in a positive electric
charge for the glass rod and a negative electric charge for the silk.  We
call the separation static charge.

States of imbalance are unstable.  Electrons tend to move
instantaneously to areas of positive electric charge until balance is
achieved.  If the number of moving electrons is great, we might see
them as a spark.  When you slide across the car seat and then touch
the door handle, you feel a momentary shock as the electric charges
equalize, and then nothing.  Electricity that moves in this way is static
discharge.

Portable radios, car horns, flashlights, and all other familiar electric
devices use a different form of electricity:  current electricity.  The
simplest source of electric current is the familiar dry cell usually
called a battery.  Inside are carefully selected chemicals.  The
chemicals have a predisposition to react with one another, a process
that involves the transfer of electrons.  The battery is designed so that
the chemicals can’t interact directly.  To react they must pass electrons
from the electron-donor chemical to the electron-receiver chemical
through an external pathway.  So a battery is an engineered container
of chemicals with a potential to drive electrons from one terminal
(electrode) to the other when a conductive pathway is provided.

“Current electricity is
a movement of
charge.”
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MAGNETISM AND ELECTRICITY OVERVIEW

If a continuous pathway connects one electrode to the other and is
made of material with loosely associated electrons, the battery will
push electrons through the material.  The resulting movement of
electrons is electric current.  Materials through which electrons move
are conductors.  The outermost electrons in all metals form a kind of
electron sea surrounding the nuclei, making metals good conductors.

If the electrons are tightly attached to the nucleus, or dedicated to
forming strong bonds between nuclei, they cannot be induced to
move from one atom to the next.  No electricity will flow.  Such
materials are insulators.  Rock, wood, plastic, glass, cloth, and paper
are all good insulators.

The electromotive force is the push that moves the electrons on their
way.  It is measured in volts.  If electricity acted like water, voltage
would be the amount of pressure pushing the water through the pipe.
The number of electrons actually moving along is current.  It is
measured in amperes.  Following the water analogy, amperage is the
amount of water (number of water molecules) in motion.  The
pathway is a circuit.  If the pathway allows the electricity to flow, it is
a closed circuit; if no electricity can flow, it is an open circuit.

HOW MAGNETISM WORKS
Current electricity is the movement of charge (electrons).  Every atom
has electrons whizzing around the nucleus, so every atom is
generating an electric current.  Because electric currents create
magnetic fields, every atom in the universe has its own little magnetic
field.

In most materials the electrons spin in different directions, effectively
cancelling the magnetic fields created around each atom.  In a few
materials, such as iron, cobalt, and nickel, the magnetic atoms form
groups called magnetic domains that act like little magnets inside the
larger structure of the material.  In a piece of steel, such as a nail, the
magnetic domains are distributed randomly and have no magnetic
effect.  If the magnetic domains can be reoriented so that they are all
aligned in the same direction, the material will become a magnet.

Magnets can be made in several ways.  A very strong magnetic field
will reorient some of the magnetic domains in a piece of steel.  The
stronger the field, the stronger the magnet produced.  Also, if a piece
of steel is oriented north/south and struck a mighty blow, the

“Because electric
currents create
magnetic fields,
every atom in the
universe has its
own little
magnetic field.”
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magnetic domains will be thrown into a momentary state of chaos,
and as they settle down, Earth’s magnetic field will influence their
orientation.  A magnet can be made in this manner.

Temporary magnets are made by wrapping coils of insulated wire
around a piece of steel and running a current through the wire.  The
magnetic field created by the current reorients a large number of the
magnetic domains while the current is flowing, thus creating an
electromagnet.  When the current is interrupted, the domains return
to their random orientations, and the piece of steel loses its
magnetism.

Magnets can pose a hazard in the classroom—not to you and your
students, but to your videotapes, computer disks, and audio cassettes.
The brown tape and the black part of the computer disk have
carefully oriented domains of magnetism.  When they interact with an
electronic circuit, little pulses of electricity are generated that carry
specific messages.  If you bring a magnet close to one of these
magnetic-storage devices, you can destroy the encoded message by
reorienting the little domains of magnetism.

SCIENCE AS INQUIRY
Inquiry is the pursuit of answers to questions about the natural world.
FOSS supports the process of inquiry in many ways.  Keeping in mind
the cognitive or intellectual capabilities of elementary students, FOSS
modules begin with the teacher “thinking out loud” with students to
develop the process of inquiry.  As the module progresses, the teacher
steps back as students become more proficient at asking questions,
designing investigations, and using the data gained through
observations to develop evidence to support their positions and
conclusions.  The module ends with student projects based on
questions or ideas that have developed from the initial activities.  The
project requires students to show what they have learned about the
inquiry process by asking their own questions, setting up
investigations, and presenting their conclusions to the class for critical
discussion.

“Magnets can pose
a hazard in the
classroom—not to
you and your
students, but to
your videotapes,
computer disks,
and audio
cassettes.”
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Teacher Note for FOSS Magnetism and Electricity, Investigation 1, Part 4 
FOSS Science Stories, How Magnets Interact and Making a Compass 
 
Diagram a Magnetic Field  
 
After completing FOSS Magnetism and Electricity, Investigation 1, Part 4, Detecting the 
Force of Magnetism, have students read FOSS Science Stories, How Magnets Interact 
(page 6) and Making a Compass (pages 7–9). (FOSS Magnetism and Electricity, 
Investigation 1 folio, page 34, Step 13)  
 
Review or introduce the term magnetic field. Explain that a magnetic field is the area 
around a magnet in which the magnetic force acts. A magnetic field is sometimes called 
a force field. 
 
Look together at the diagrams at the top of page 6. Ask what the diagrams show. Based 
on students’ exploration of magnets in Investigation 1, they should reply that the 
diagrams show three different-shaped magnets with iron filings lined up around the 
poles. Tell students that the pattern of iron filings shows the shape of the magnetic field 
of each magnet.  
 
Ask, Why do you think most of the iron filings are clustered around the poles? 
The filings show the shape of the magnetic field, or where the force of the magnet acts. 
The magnetic force is strongest at the poles. 
 
Prepare packets of iron filings from the FOSS Magnetism and Electricity kit as 
described in Investigation 1, Part 4, Step 4 (Teacher Guide page 31), and give each 
team one packet of filings and one magnet. You may use the doughnut magnets from 
the kit, but also try to make bar and horseshoe magnets available so that students can 
observe the magnetic fields of different-shaped magnets.     
 
Give each student a copy of the Student Sheet Diagram of a Magnetic Field. Have 
students complete the sheet by drawing a diagram of a magnet and its magnetic field 
and answering the questions. Let students who investigated magnets of different 
shapes share their diagrams with the class. 
 
Student Sheet Sample Answers: 2. Diagrams and labels will vary depending on the shape of the 
magnet used. See FOSS Science Stories Magnetism and Electricity, page 6, for three sample diagrams. 
3. A magnetic field is the area around a magnet where its magnetic force acts. 4. The diagram showed 
me the shape of the magnetic field, that it goes out from the magnet in all directions, and that the greatest 
force is around the magnetic poles. 
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Name________________________________________ Date_________________ 
 
Diagram of a Magnetic Field 
 

1. Use a magnet and iron filings to observe a magnetic field.  
 

2. In the space below, create a diagram of the magnetic field you observed. Draw 
your magnet and label its magnetic poles. Then draw the magnetic field.   

 

 
 

3. What is a magnetic field? 
 
 ___________________________________________________________________ 
 
 ___________________________________________________________________ 
  

4. How does your diagram help you understand the magnetic field? 
 

___________________________________________________________________  
 
___________________________________________________________________  
 
___________________________________________________________________ 
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Teacher Note for FOSS Magnetism and Electricity, Investigation 2, Part 3 
FOSS Science Stories, Making Static 
 
Investigating Static Electricity   
 
After completing FOSS Magnetism and Electricity, Investigation 2, Part 3, Finding 
Insulators and Conductors, have students review Science Stories Making Static. (FOSS 
Magnetism and Electricity Science Stories, pages 10–11). 
 
Invite students to share what they know about static electricity from personal experience 
and previous hands-on science investigations, as well as from reading Making Static. 
Students may have experienced static electricity attracting or repelling objects as shown 
in the diagrams in the student book—for example, when rubbing a balloon, when 
combing their hair, or when touching a doorknob. Point out that static electricity also is 
why their hair stands up when they pull a sweater over their heads and why clothes 
stick together when taken out of the dryer. 
 
Ask, How is static electricity created? How does it occur in nature? Have students 
record their answers in their science notebooks. 
Static electricity is created when objects rub together. Charges move from one object to 
the other, and the objects become charged. The buildup of electric charge on an object 
is static electricity. Static electricity occurs in nature when clouds rub together. The 
discharge of this static electricity is a huge spark we call lightning. 
 
Discuss what students wonder about how charged objects attract or repel other objects 
or materials. Then give each student a copy of the Student Sheet Investigating Static 
Electricity, Parts 1 and 2. Explain that the student sheets are a step-by-step guide to 
designing an investigation, from stating an investigation question and writing a 
hypothesis to analyzing data and drawing conclusions.  
 
Let students work with a partner to design an investigation using static electricity to 
attract or repel a variety of materials. You may wish to provide balloons or plastic 
combs, as shown in FOSS Science Stories, for students to use in their experiments. 
They can cause one of these objects to become charged and then investigate to find 
out what the charged object will attract (or can pick up) or repel.   
 
Depending on the resources and time available, you may wish to let students conduct 
their investigations and share the results with the class.  
  
Student Sheet Sample Answers: Investigation designs will vary depending on the investigation 
questions and the materials available. 
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Name_____________________________________________ Date________________ 
 

Investigating Static Electricity               Part 1 
 
1. State the Investigation Question (What do you want to find out?) 
 
______________________________________________________________________ 
 
______________________________________________________________________ 
 
2.  Write a Hypothesis (a proposed answer to the Investigation Question) 
 
If_____________________________________________________________________ 
 
then __________________________________________________________________ 
 
3.  Test the Hypothesis by Conducting an Experiment 
 
What materials do you need?  

 
______________________________________________________________________ 
 
______________________________________________________________________ 
 
What tools will you use? 

 
______________________________________________________________________ 
 
______________________________________________________________________ 
 
Draw and label your setup.  
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Name____________________________________________ Date_______________ 
 
Investigating Static Electricity         Part 2  
Test the Hypothesis (continued) 
Describe your procedure _________________________________________________ 
 
_____________________________________________________________________ 
 
_____________________________________________________________________ 
 
In the investigation, we will change (independent variable) ______________________ 
 
_____________________________________________________________________ 
 
We will not change (constants) ___________________________________________ 
 
______________________________________________________________________ 
 
We will measure/observe (dependent variable) _______________________________ 
 
_____________________________________________________________________ 
   
4.  Collect and Record Data 
Work with a team of four and conduct at least two trials. On the back of this page or in 
your science notebook, make a chart or graph to record and display the results of your 
trials. Be sure that your measurements include both the number and the units. 
 
5.  Analyze Evidence and Draw Conclusions   

In the investigation, changing __________________________________ 

(independent variable) caused _________________________________ 

(dependent variable) to change.    

What can you conclude from the evidence of your data?  

____________________________________________________________________ 
 
____________________________________________________________________ 
 
____________________________________________________________________ 
 
____________________________________________________________________ 
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Teacher Note for FOSS Magnetism and Electricity, Investigation 4, Part 3 
FOSS Science Stories, Magnets and Electricity in Your Life, pages 28–33 
 
Changes in Energy 
 
After completing FOSS Magnetism and Electricity, Investigation 4, Part 3, Investigating 
More Electromagnets, have students review FOSS Science Stories Magnets and 
Electricity in Your Life, pages 28–33.  For background information and follow-up 
activities, see the Science Stories folio, Teacher Guide pages 22–25.  
 
Focus on page 33, Electricity. Point out that using electricity, or electric energy, usually 
involves changing it to another form of energy. Discuss the examples mentioned in the 
text. Then invite students to think about the electrical appliances, devices, and tools 
they use at home and at school. Brainstorm some ways in which these objects change, 
or transform, electric energy into a form of energy that is useful. Write notes about the 
objects and their energy transformations on the board. 
 

• A light bulb in a lamp changes electric energy to light, a form of radiant energy, to 
make a room bright. (Radiant energy is energy that travels in electromagnetic 
waves.)  

• Objects with motors, such as fans, vacuum cleaners, power drills, and mixers, 
change electric energy to the energy of motion, sometimes called mechanical 
energy, so we can do work. 

• A toaster or oven changes electric energy to thermal energy so we can toast 
bread or cook food. Heat is the movement of thermal energy.  

• Radios and telephones change electric energy to sound energy so we can hear 
music and voices.  

   
Give each student a copy of the Student Sheet How Does Energy Change Form? 
Have students complete the sheets, and then discuss their answers as a class.  
  
Student Sheet Sample Answers: 1. Telephone transforms electric energy to sound energy so we can 
hear a person’s voice. 2. Computer screen transforms electric energy to light energy so we can see what 
is on the screen. 3. Oven transforms electric energy to thermal energy so we can bake bread and cook 
pizza. 4. Fan transforms electric energy to mechanical energy (motion) so the blades turn and we stay 
cool. 
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Name________________________________________ Date_________________ 
 
How Does Energy Change Form? 
 
Using electricity usually involves changing it to another form of energy, such as  

• sound energy, a form of energy we can hear 
• light energy, a form of energy we can see 
• thermal energy, a form of energy we can feel  
• mechanical energy, the energy of motion  

 
1. Describe a device, appliance, or tool that changes electric energy to sound energy. 

Tell how this transformation makes the energy useful. 
 

_________________________________________________________ 
 
_________________________________________________________ 
 
_________________________________________________________ 
 

2. Describe a device, appliance, or tool that changes electric energy to light energy. 
Tell how this transformation makes the energy useful. 

 
_________________________________________________________ 
 
_________________________________________________________ 
 
_________________________________________________________ 
 

3. Describe a device, appliance, or tool that changes electric energy to thermal 
energy. Tell how this transformation makes the energy useful. 

 
_________________________________________________________ 
 
_________________________________________________________ 
 
_________________________________________________________ 

 
4. Describe a device, appliance, or tool that changes electric energy to mechanical 

energy. Tell how this transformation makes the energy useful. 
 

_________________________________________________________ 
 
_________________________________________________________ 
 
_________________________________________________________ 
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Teacher Note for FOSS Magnetism and Electricity, Investigation 4, Part 3 
Science Extensions, Compare Magnets to Electromagnets 
 
Permanent Magnets and Electromagnets 
 
In FOSS Magnetism and Electricity, Investigation 4, Current Attractions, students 
explore the relationships between magnetism and electricity and investigate 
electromagnets. After completing Investigation 4, Part 3, have students do the Science 
Extension, Compare Magnets to Electromagnets. (FOSS Magnetism and Electricity 
Teacher Guide, Investigation 4 folio, page 24) 

 
Science Extensions: Compare Magnets to Electromagnets 
Have students compare permanent magnets to electromagnets. These questions 
are good starting places. Does the magnetism of an electromagnet move things 
through paper or other materials like a permanent magnet does? Do two 
electromagnets attract and repel like permanent magnets? Does it matter which 
way the wire is wound for them to attract or repel? Can you measure the strength 
of an electromagnet?   

 
Discuss the questions listed in the extension. Ask students how they could find out the 
answers. If any of the electromagnet setups are still in place, give students an 
opportunity to make predictions and conduct investigations.   
 
Brainstorm a few ways in which a permanent magnet is similar to and different from an 
electromagnet. 
Similar: Both have a magnetic field. Both attract objects made of iron. 
Different: A permanent magnet keeps its magnetism, but an electromagnet is a 
temporary magnet—it can be turned on and off. 
 
Give each student a copy of the Student Sheet Permanent Magnets and 
Electromagnets. Have students work independently or with a partner to fill in the Venn 
diagram. In the diagram, they will compare and contrast a permanent magnet and an 
electromagnet. 
 
Student Sheet Sample Answers: Permanent magnet only: keeps its magnetism for a long time, may 
be found in nature; Electromagnet only: temporary magnet, has magnetism only when electric current is 
flowing, can be turned on and off, can be made stronger by wrapping more wire coils; Both: have two 
magnetic poles, have a magnetic field, attract objects made of iron, cobalt, or nickel.
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Name________________________________________ Date_________________ 
 
Permanent Magnets and Electromagnets 
 
 A Venn diagram can help you compare and contrast. Fill in the Venn diagram to show 
how a permanent magnet and an electromagnet are alike and different.  
 

 
       Permanent Magnet  Both  Electromagnet 
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Lessons 9 and 10 
Designing an Investigation 
 
Objectives 
Students 

 create a plausible hypothesis, stated in terms of cause (if) and effect (then), from 
a set of basic observations that can be tested 

 analyze the variables in a simple experiment; identify the independent variable 
and the dependent variable   

 decide which variables in a simple experiment must be held constant in order for 
the investigation to represent a fair test 

 differentiate among simple observations, conclusions, inferences, and predictions 
and correctly apply the terminology 

 make predictions and inferences and draw conclusions using graphs 
 judge which, if any, data in a simple set of results appear to be contradictory or 

unusual 
 
Schedule 
 Session I  About 40 minutes 
 Session II About 40 minutes 
 
Materials 
 For each student 
 1 Student Sheet Investigation Recording Sheet, Parts 1 and 2 
 1 Student Sheet Investigation Reflection Chart, Parts 1 and 2 
  completed copies of FOSS Magnetism and Electricity Student Sheet No. 5 
 
Preparation 
Session I  

1. Make a copy of the Student Sheet Investigation Recording Sheet, Parts 1 and 2, 
for each student. 

Session II 
2. Make a copy of the Student Sheet Investigation Reflection Chart, Parts 1 and 2, 

for each student. 
 
Guiding the Activity 
Session I 

1. In FOSS Magnetism and Electricity, Investigation 1, Part 3, Breaking the Force 
(Teacher Guide pages 23–30), students conducted an investigation to find out 
how to break the force of attraction between two magnets. Take this opportunity 
to introduce or review the scientific process involved in designing and conducting 
an investigation. Most science investigations are conducted following this 
procedure: 

• Ask a Question 
• State a Hypothesis 
• Test the Hypothesis 
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• Collect and Record Data 
• Analyze the Results 
• Draw and Share Conclusions 

 
In Step 1 (Teacher Guide page 25), students learned that “an important part of 
doing science is asking questions about things they have seen or experienced, 
and trying to set up investigations that will answer their questions.” Ask, What is 
the first step in a science investigation?  
asking a question; deciding what you want to find out   

  
Give each student a copy of the Student Sheet Investigation Recording 
Sheet, Parts 1 and 2. Explain that the class will work together to think about the 
steps they followed in the investigation they just completed, beginning with 
asking a question. Ask, What was our investigation question? What did we 
want to find out? 
Possible question: What happens to the force of attraction between two magnets 
if you put distance between the magnets? 
 
Have students record the question on their student sheets, Step 1. 

  
2. Next, introduce or review the term hypothesis to students. A hypothesis is a 

proposed answer to the investigation question. It is an educated guess or 
prediction about what will happen, based on what you already know and what 
you have learned from your hands-on science experiences.  
 
Brainstorm the hypothesis for the “breaking the force” investigation. What did 
you predict would be the answer to the investigation question?  
We predicted that the farther apart the magnets are, the weaker the magnetic 
force between them will be.  
 
Emphasize that a hypothesis is not a wild guess—instead, it is based on 
observations and prior knowledge. What did you already know or observe that 
led you to make this prediction?  
We had observed that you could break the force of a magnet by putting 
something between the magnet and what it was attracted to. 
 
After students have made suggestions, explain that a hypothesis must be worded 
so that it is testable. A hypothesis is often worded as an “if . . . then” cause-effect 
statement, such as 
 

If we separate the magnets with plastic spacers, then the force needed to pull 
them apart will be less.    

or 
If we put distance between the magnets, then fewer washers will be needed 
to break the magnetic force. 

 

4.P.22



If students have difficulty phrasing their hypotheses as “if . . . then” statements, 
challenge them to think about how they will (or did) conduct their hands-on 
experiment to test it. What they will do is the “if” clause, or the cause. What they 
expect the results to be is the “then” clause, or the effect.  
 
Have students record their hypothesis on their student sheets, Step 2.  

 
3. Remind students that the factors and conditions that can change and might affect 

the experiment are called variables. To conduct a fair test, they must control all 
of the variables except for the one they are testing. Review what makes up a 
controlled experiment, or a fair test: 
 
• The independent variable is the variable that is changed. The independent 

variable is sometimes called the experimental variable.  
• A dependent variable is a variable that changes as a result of changes to the 

independent variable. It is what you find out by doing the experiment. 
• A constant is any variable that is kept the same and does not change during 

the test or experiment. Constants are sometimes called controlled variables. 
 
In a controlled experiment, we change the independent variable and observe 
carefully to see the effects on the dependent variable. These effects are the 
results of our experiment.  
 
As an example, discuss the variables in the following imaginary experiment:  
Say, Suppose you want to investigate to find out how water temperature 
affects the speed at which sugar dissolves in water. What would be the 
independent variable, the variable you would change?  
water temperature 
 
Ask, What would be the dependent variable—what would change as a result 
of your changing the water temperature?  
speed of dissolving 
 
Ask, What variables would you keep the same, or hold constant?  
amount of water, amount of sugar, amount of stirring 
 
Now have students think again about their work in Breaking the Force and 
complete Step 3 of the student sheet, recording the materials and tools they used 
and drawing and labeling their setups. Then have students turn to Part 2 of the 
student sheet and describe their procedure by identifying 
• the independent variable, or what they changed 
• the constants, or what they kept the same 
• the dependent variable, or what changed due to changes in the independent 

variable   
 

4.P.23



Ask, Was our investigation a fair test of our hypothesis? Why do you think 
so? Yes. We changed only one thing, how far apart the magnets were, so the 
weakening of the magnetic force had to be caused by moving them farther apart.   
 

4. Complete Steps 4–6 of the student sheet. Guide students to understand that they 
collected data (number of spacers and number of washers) in a T-table. Then 
they displayed the data on the graphs they made on FOSS Student Sheet No. 5.  

 
After data is gathered and recorded, it still must be studied or analyzed to 
determine what it means. Ask, After studying the results, what conclusion did 
you draw about breaking the magnetic force between two magnets?  
The greater the distance between the magnets, the fewer the washers needed to 
break the force. As the magnets get farther from each other, the force of 
attraction between the magnets weakens or decreases in strength. 
   
Have students record their conclusions in Step 6. 
 

Session II  
5. Remind students that in the previous session, they traced the steps involved in 

designing a science investigation, following a standard procedure. Explain that in 
this session, they will think about some of the science skills they used as they 
planned and conducted.  

 
6. Introduce or review the following four science process skills: predicting, 

observing, inferring, and concluding. Discuss what each word means.  
  

• To predict is to tell what you think will happen next or in the future. A prediction 
is not a wild or random guess; it is based on prior experience or knowledge. 

• To observe is to use the senses or measuring tools to learn about an object or 
event.  

• To infer is to explain an observation based on experience or what you already 
know.  

• To conclude is to form a judgment or make a claim based on analyzing 
evidence and data.  

 
Brainstorm examples of using these skills from students’ hands-on science 
experiences. Tell students to use the terms when they share their ideas. 
• I made a prediction when . . .  
• I made an observation when . . .  
• I made an inference when . . .  
• I drew a conclusion when . . .  
 
Point out that making inferences and drawing conclusions are similar but they are 
not the same. We make an inference to explain an observation, but we draw a 
conclusion after analyzing evidence. Not all inferences are correct, and different 
people can make different inferences about the same observations. However, a 
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conclusion based on evidence is more reasoned and reliable. Scientists draw 
conclusions only after they have thoroughly investigated a question and studied 
the data.  
 

7. Give a copy of the Student Sheet Investigation Reflection Chart, Parts 1 and 
2, to each student. You may have students work independently to record their 
predictions, observations, inferences, and conclusions from the Breaking the 
Force magnet investigation. Or you may fill in the chart as a class. 

 
8. When considering the predictions made during the investigation (FOSS 

Magnetism and Electricity Investigation 1, Part 3), recall that in Step 15 (Teacher 
Guide page 28) students made predictions based on the graphs showing their 
results: “Have students look carefully at the graph and make predictions for the 
data they skipped. After they make their predictions, they can use the equipment 
to get an actual number. Have them fill in the T-table and graph, using the data.” 
Remind students to include these predictions in their reflection charts on the 
student sheet. 

 
9. Discuss and answer Questions 1 and 2 on Part 2 of the student sheet. Explain 

that sometimes the data we collect includes some results that appear to be 
unusual or that differ from everyone else’s findings. What should we do with this 
data? Emphasize that unusual or contradictory data may be the result of 
measuring or recording mistakes. They may also occur when procedures are not 
followed or when steps are done out of order. When drawing conclusions, we 
have to gather a lot of data and look for patterns. This is why scientists share and 
compare their data and make several trials in an investigation.   

   
Student Sheet Sample Answers: Investigation Recording Sheet: 1. What happens to the force of 
attraction between two magnets if you put distance between the magnets? 2. If you put distance 
between the magnets, then fewer washers will be needed to break the force of the magnets. 3. 
Materials: magnets, spacers, washers, cups; Tools: balance; Drawings should resemble illustration 
on Teacher Guide page 24; Independent variable: the distance between the two magnets by placing 
plastic spacers between them; Constants: the magnets, the size of the washers and spacers, how we 
placed washers in the cup; Dependent variable: number of washers needed to break the force of 
attraction between the two magnets. 4. Students should describe the T-table for recording data and 
the graphs they made on FOSS Student Sheet No. 5. 5. changing the distance between the magnets 
caused the number of washers needed to break the force of attraction between the magnets to 
change. 6. Conclusion: The greater the distance between the magnets, the fewer the washers 
needed to break the force. As the magnets get farther from each other, the force of attraction 
between the magnets weakens or decreases in strength. Investigation Reflection Chart: A 
prediction is what I think will happen; I predicted the number of washers needed to break the force 
using a graph; I predicted the missing data in the graph based on a pattern. An observation is 
something I find out using my senses or a tool; I observed how the mass of the washers broke the 
force of the magnets. An inference is how I explain an observation; I inferred that spacers between 
the magnets would break the magnetic force. A conclusion is an opinion or claim based on data and 
evidence; I concluded that the force a magnet has on other objects gets weaker the farther away the 
object is from the magnet. 1. Group four needed only 3 washers to break the force when there was 1 
spacer between the magnets. This was unusual because all of the other groups needed about 12 or 
13 washers. 2. Group four put 5 spacers between the magnets and threw the washers into the cup. 
They didn’t follow the procedures. 
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Name_____________________________________________ Date________________ 
 

Investigation Recording Sheet                        Part 1 
 
1. State the Investigation Question (What do you want to find out?) 
 
______________________________________________________________________ 
 
______________________________________________________________________ 
 
2.  Write a Hypothesis (Predict an answer to the Investigation Question.) 
 
If  ____________________________________________________________________ 
 
then __________________________________________________________________ 
 
3.  Test the Hypothesis by Conducting an Experiment 
 
What materials do you need?  

______________________________________________________________________ 
 
______________________________________________________________________ 
 
What tools will you use? 

______________________________________________________________________ 
 
______________________________________________________________________ 
 
Draw and label your setup.  
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Name____________________________________________ Date_______________ 
 
Investigation Recording Sheet          Part 2  
Test the Hypothesis (continued) 
Conduct your experiment and identify the variables and constants. 
 
In the investigation, we changed (independent variable) ______________________ 
 
_____________________________________________________________________ 
 
We did not change (constants) ___________________________________________ 
 
______________________________________________________________________ 
 
We measured the change in (dependent variable) __________________________ 
 
_____________________________________________________________________ 
 
4.  Collect and Record Data 
How did you record and display the results of your experiment? __________________ 
 
______________________________________________________________________ 
 
______________________________________________________________________ 
 

5.  Analyze the Results   

In the investigation, changing (independent variable) __________________________ 
 
caused (dependent variable) ___________________________________________ 
to change.    
 

6.  Draw Conclusions 

Conclusion:  

______________________________________________________________________ 
 
______________________________________________________________________ 
 
______________________________________________________________________ 
 
______________________________________________________________________
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Name____________________________________________ Date_______________ 
 

Investigation Reflection Chart  Part 1 
After completing an investigation, reflect on the work you completed and fill in the chart.         

A prediction is: 
 
 
 
 
 
 
In this investigation, I predicted: 
 
.  

An observation is: 
 
 
 
 
 
 
In this investigation, I observed: 
 
 

An inference is: 
 
 
 
 
 
 
In this investigation, I inferred: 
 
 

A conclusion is: 
 
 
 
 
 
 
In this investigation, I concluded: 
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Name______________________________________________ Date_______________ 
 
Investigation Reflection Chart  Part 2 
 
1. During the investigation, was any data different or unusual? What made the data 

appear to be unusual? 
 
______________________________________________________________________ 
 
______________________________________________________________________ 
 
______________________________________________________________________ 
 
 
2.  How do you explain why the data was unusual? 
 
______________________________________________________________________ 
 
______________________________________________________________________ 
 
______________________________________________________________________ 
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Lesson 44 
Metric Measurements of Length and Mass 

 
Objectives 
Students 

 review measurement tools and metric units for measuring length and mass  
 select and use the appropriate instruments, including centimeter rulers, meter 

sticks, scales, and balances for making basic metric measures 
 use millimeters, centimeters, meters, kilometers, grams, and kilograms in 

measurement 
 
Schedule 
 About 40 minutes 
 
Materials  

For each student 
1 Student Sheet Measuring Length and Mass, Parts 1 and 2 
 
For the class 
2 balances* 
4  bricks* 
2 centimeter rulers (with millimeters)* 

objects, assorted, to measure, such as pencils, boxes, apples, blocks, rocks, 
books, balls, and cans* 

1 marker* 
2 mass sets, 1g to 1kg* 
1  meter stick* 
1 meter tape* 
8 paper, sheets* 
2  scales, metric* 

tape, masking* 
water, 2-liter bottle* 

  
*provided by the teacher 

 
Preparation 

1. Make a copy of the Student Sheet Measuring Length and Mass, Parts 1 and 2, 
for each student.  

2. Set up eight measurement stations. At each station, students will estimate the 
length or mass of the object at the station. Then they will use the measurement 
tool at the station to check their estimates.  

• Station 1: small paperclip, centimeter ruler; students measure width  
• Station 2: pencil or similar object, centimeter ruler 
• Station 3: apple or other light object, balance, mass set 
• Station 4: rock or other heavy object, balance, mass set 
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• Station 5: soccer ball or other large ball, meter tape 
• Station 6: distance greater than 1 meter marked with masking tape, meter 

stick 
• Station 7: 2-liter bottle of water, scale 
• Station 8: four bricks, scale 

 
3. Use a marker and paper to number each station and to indicate what students 

are to estimate and measure: length (height, width), circumference (distance 
around), or mass. 

 
4. Plan how to have teams rotate through the stations.   

 
Background Information 
Estimation—a calculation that takes the place of or precedes actual measuring or 
counting—is a helpful tool that we use every day. Students may estimate how much 
time it will take to do their homework or how long it will take them to save enough 
money to purchase an item. Families may estimate how much food to cook for dinner or 
how long it will take to get to soccer practice. 
 
The more students practice estimating, the better their problem-solving skills become. If 
they take time to estimate the outcome before tackling a problem, they will have a basis 
for checking their results. As students’ skills improve in estimating measurements, they 
will develop an intuitive sense of size, mass or weight, quantity, volume, and so on. 
They will also form more accurate concepts of the various units of measure.  
 
Guiding the Activity 

1. Review measurement tools (centimeter rulers, meter sticks, scales, and 
balances) and metric units (millimeters, centimeters, meters, grams, and 
kilograms) for length and mass. Discuss which tool students would choose to 
measure different distances or objects you suggest, such as the length of the 
classroom or the mass of a dictionary. Follow up each answer by having students 
explain why the tool is appropriate for the measurement.   
 
Brainstorm with students how and when they might use kilometers as a unit of 
measure. Elicit that a kilometer is equal to 1,000 meters. If you have a running 
track in your area, it may be helpful for students to visualize that running 2 ½ 
times around a 400-meter track is equal to 1 kilometer. Have students use 
reference materials if necessary to determine that a kilometer is about .62 miles 
(about 3/5 of a mile). Ask students to mention some distances they know in miles 
(e.g., the distance to the store, the length of a road race, the length of the bus 
ride from school to home, etc.). Work together to estimate/convert these 
measurements from miles to kilometers.  
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2. Distribute a copy of the Student Sheet Measuring Length and Mass, Part 1, to 
each student. Review the directions, and then have students complete the 
activity sheet. Discuss their answers as a class.    
 
Sample Answers: 1. meter stick; 2. meter tape; 3. balance; 4. metric ruler.   

 
3. Write the word estimate on the board. Discuss with students that to estimate 

means to roughly calculate the size or amount of something instead of or before 
measuring it. Explain that a good estimate is not supposed to be the exact 
answer. Discuss why it is important to estimate before measuring.  
Elicit that if students have a rough idea ahead of time what the answer should be, 
they will later be able to tell if they have made any big mistakes in their 
measuring.   

 
Practice estimating as a class. For example, have students estimate such 
dimensions as the height (in centimeters) of a chair, the length (in meters) of a 
windowsill, the distance (in meters) from the door to the window, and the mass 
(in grams) of a block. Then let volunteers use tools to take actual measurements.   
 
Assure students that as they practice estimating before measuring, they are 
training their eyes to judge length, height, distance, weight, and so on. As a 
result, their estimates will become more and more accurate over time.     

 
4. Show students the objects, measuring tools, and instructions at the stations you 

have set up. Distribute a copy of the Student Sheet Measuring Length and 
Mass, Part 2, to each student. Look at the activity sheet together, and be sure 
that students understand the directions. Explain how the teams are to rotate 
through the stations. Then have students work together in their teams first to 
estimate length or mass at each station and then to measure. Remind students 
to record their answers using both numbers and units of measure.  
 
When students have completed their activity sheets, discuss how their estimates 
compared with their measurements.    
 
Sample Answers: Answers will vary depending on objects you have provided. 1. width of paper 
clip, estimate: 6 mm, measurement: 8 mm; 2. length of pencil, estimate: 14 cm, measurement: 
15.2 cm;  3. mass of apple, estimate: 1.5 g, measurement: 1 g; 4. mass of rock, estimate: 2 g, 
measurement: 2.4 g; 5. distance around (circumference of ) soccer ball, estimate: 44 cm, 
measurement: 58 cm; 6. distance from desk to window, estimate: 5.5 m, measurement; 6.2 m; 7. 
mass of bottle of water, estimate: 1.5 kg, measurement: 2 kg; 8. mass of 4 bricks, estimate: 9.5 
kg, measurement:10.8 kg 
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Name ___________________________________   Date_________________ 

Measuring Length and Mass            Part 1 

Use this list of tools to answer the questions below.  
balance 
measuring cup 

meter stick              
meter tape                

centimeter ruler 
rain gauge 

stopwatch 
thermometer 

1. You need to measure the height of your desk. Which tool will you choose? Why?   

________________________________________________________________ 

________________________________________________________________  

2. You want to know how big around the tree in the park is. Which tool will you 
choose? Why? 

________________________________________________________________ 

 ________________________________________________________________ 

3. You want to find out the mass of a brick. Which tool will you choose? Why? 

________________________________________________________________ 

________________________________________________________________ 

4. You have to measure the length of a paper clip. Which tool will you use? Why?   

________________________________________________________________ 

________________________________________________________________ 
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Name__________________________________________ Date________________ 
 
Measuring Length and Mass            Part 2 
 
Visit each station and read the instructions. Estimate, then measure. Record each 
estimate and measurement using a number and a unit of measure.  
 

1. I am measuring__________________ 

_______________________________ 

My estimate ____________________  

Measurement ___________________  

 
2. I am measuring__________________ 

_______________________________ 

My estimate ____________________  

Measurement ___________________ 

  
3. I am measuring__________________ 

_______________________________ 

My estimate ____________________  

Measurement ___________________  

 
4. I am measuring__________________ 

_______________________________ 

My estimate ____________________  

Measurement ___________________  

5. I am measuring__________________ 

_______________________________ 

My estimate ____________________  

Measurement ___________________ 

  
6. I am measuring__________________ 

_______________________________ 

My estimate ____________________  

Measurement ___________________ 

  
7. I am measuring__________________ 

_______________________________ 

My estimate ____________________  

Measurement ___________________  

 
8. I am measuring__________________ 

_______________________________ 

My estimate ____________________  

Measurement ___________________ 
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Lessons 45 and 46 
Forces, Motion, Kinetic Energy, and Friction 
 
Objectives 

 identify the forces that cause an object’s motion 
Students 

 infer that moving objects have kinetic energy 
 design an investigation to determine the effect of friction on moving objects    

 

 Session I  About 40 minutes 
Schedule 

 Session II About 40 minutes 
 

 For each student 
Materials 

 1 Student Sheet Forces, Motion, and Kinetic Energy 
 1 Student Sheet Investigating Friction, Parts 1 and 2 
 1 handout, “Kinetic Energy” 
 
 

assorted materials (approx. 1 m long) that have a variety of textures, such as 
aluminum foil, sandpaper, paper towel, poster board, construction paper, cotton 
towel, and carpet remnant* 

For each team of four 

1 meter stick*   
1 ramp* 
1 rolling object, such as a toy car* 

  
 

Delta Science Content Readers Forces and Motion 
For the class 

 1 rubber ball* 
 1 ruler* 

 
*provided by the teacher 
 

Session I  
Preparation 

1. Make a copy of the Student Sheet Forces, Motion, and Kinetic Energy for each 
student. 

2. Make a copy of the handout “Kinetic Energy” for each student. 
Session II 

3. Make a copy of the Student Sheet Investigating Friction, Parts 1 and 2, for each 
student. 

4. Collect supplies and materials as described in “Materials: For each team of four” 
for students to use in conducting the friction investigations they design. 
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Session I 
Guiding the Activity 

1. Distribute copies of the Delta Science Content Reader Forces and Motion to the 
class. Use the Forces and Motion Teacher’s Guide on the Planning Guide pages 
that follow to introduce the book, guide the reading, discuss text and illustrations, 
and monitor student comprehension. Read and discuss pages 2–5—“What Are 
Forces?” and “Pushes and Pulls”—in this lesson. 
 

2. After students have finished reading, lead a discussion about forces and motion. 
Invite students to share what they know about forces from personal experience 
and previous hands-on science learning, as well as from reading the student 
book. 

  
Ask, What is a force? What can a force do?  
A force is a push or a pull. A force can make an object start moving, speed up, 
slow down, stop moving, or change direction.   
 
Make available a ruler and a rubber ball, and clear an area on the classroom 
floor. Invite students to take turns using these objects to demonstrate all five 
ways a force applied to an object can affect its motion. Let other students give 
examples of ways in which they have applied force to make something move (or 
speed up, slow down, stop, or change direction).  
 

3. Tell students that whenever anything is moving, it has energy. Energy is the 
ability to make things change. The special kind of energy that a moving object 
has is called kinetic energy. Give each student a copy of the handout “Kinetic 
Energy.” Read and discuss the information about kinetic energy. Make a list on 
the board of objects that have kinetic energy. For each object students suggest, 
ask why they infer that the object has kinetic energy.   
Possible answers: a school bus being driven along; a galloping horse; a rolling 
soccer ball; a bird flying; a moving bicycle; a falling rock; a spinning merry-go-
round; an elevator going up or down. For each object, students can infer that the 
object has kinetic energy because it is in motion.   

 
4. Give a copy of the Student Sheet Forces, Motion, and Kinetic Energy to each 

student. Have students work independently to answer the questions about 
forces, motion, and kinetic energy.  
 

Session II  
5. Distribute copies of the Delta Science Content Reader Forces and Motion to the 

class. Use the Forces and Motion Teacher’s Guide on the Planning Guide pages 
that follow to continue guiding the discussion of text and illustrations and 
monitoring student comprehension. Read pages 6–9 of the student book—
”Friction,” “Gravity,” and “Magnetic Force”—in this session. 
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6. After reading, ask students what friction, gravity, and magnetic force have in 
common. Then ask how they are different. 
Alike: They are all types of forces. They all affect how objects move.  
Different: Friction is a force that slows down motion; gravity is a force that causes 
objects with mass to move toward each other; magnetic force causes certain 
objects to move toward a magnet.   

 
7. Focus on page 6, on friction. Elicit that friction happens when objects touch or 

rub against each other and that it slows down or stops motion. Brainstorm 
situations in which it would be helpful to reduce friction. Then brainstorm 
situations in which it would be helpful to increase friction. 
Less friction: oiling machine parts to make them last longer; waxing skis to be 
able to go faster   
More friction: treads on shoes for easier walking or running or playing sports; 
grips on handlebars for better gripping 

 
8. Give a copy of the Student Sheet Investigating Friction, Parts 1 and 2, to 

each student. Show them the materials you have collected with different rough 
and smooth surfaces, the ramps, and the toy cars (or other rolling objects). 
Explain that they are to work in teams of four to design an investigation to find 
out how friction affects a moving object. The student sheets will guide them 
through the steps of a science investigation. Agree on an Investigation Question 
and have all teams record it in Step 1. 
Sample Investigation Question: How does friction affect a moving object? 

 
You may decide to work through the investigation design as a class. First, come 
up with a testable hypothesis. Then determine a procedure, identifying the 
independent and dependent variables and the constants. Have teams conduct a 
fair test and collect and record data. When done, have teams analyze the data 
and report the results. What conclusions can the class draw to answer the 
Investigation Question? 

   
Student Sheet Sample Answers: Forces, Motion, and Kinetic Energy: 1. a push or a pull. 2. 
A force can make an object start moving, speed up, slow down, stop moving, or change direction. 
3. Pushing pedals made my bicycle move forward; Lifting my backback made it move from the 
floor to my back. 4. Kinetic energy is the energy of motion; any moving object has kinetic energy. 
5. All examples except the book lying on the desk have kinetic energy. 6. I can infer that a force is 
causing the train to move and that the train has kinetic energy. Investigating Friction: 1. How 
does friction affect a moving object? 2. If we roll an object onto different surfaces, then it will roll 
farthest on the smoothest surface, which has the lowest friction. 3. Materials: toy car, ramp, 
smooth surfaces (foil, poster board, uncarpeted floor), rough surfaces (construction paper, 
sandpaper, towel, carpet); Tools: meter stick; Setup drawings will vary; Procedure: Roll toy car 
down ramp onto six surfaces and measure how far it rolls each time. Independent variable: 
surface toy car rolls onto; Constants: car, slope of ramp, release point. Measurements: distance 
car rolls. 4. Data displays will vary, but should name the surfaces and show the distance traveled. 
5. In the investigation, changing the surface caused the distance the car traveled to change. 
Conclusion: The greater the friction, the shorter the distance the car travels before stopping. 
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Excerpt from DSCR Energy (red edition), © Delta Education 

Kinetic Energy
One way to describe energy is to talk about whether it is 

kinetic or potential energy. Kinetic energy is the energy 
of motion. Anything that is moving has kinetic energy. 
You have kinetic energy when you are running, jumping, 
or swimming. A bus has kinetic energy when it is rolling 
along.

Even the tiny particles that make up matter have kinetic 
energy. Matter is anything that takes up space and has 
mass. The particles that make up matter are called atoms 
and molecules. These particles are always moving. So they 
have kinetic energy.

The amount of kinetic energy a moving object has 
depends on two things.

1.  how fast the object is moving
2.  how much mass the object has

The faster an object moves, the more kinetic energy it 
has. The more mass a moving object has, the more kinetic 
energy it has.  

Which has more kinetic energy, a bird flying or a bird 
sitting on its nest? Why? 

If a bus is 
moving, it has 
kinetic energy.
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Name_____________________________________________ Date________________ 
 

Forces, Motion, and Kinetic Energy       
 
1. What is a force?  
 
______________________________________________________________________ 
 
2. List five ways a force can affect an object’s motion.  
 
______________________________________________________________________ 
 
______________________________________________________________________ 
 
______________________________________________________________________ 
 
______________________________________________________________________ 
 
______________________________________________________________________      
 
3. Give two examples of how you have applied force to an object. How did the force 

affect the object? 
 
______________________________________________________________________ 
 
______________________________________________________________________ 
 
4. What is kinetic energy?  
 
______________________________________________________________________ 
 
5. Circle the objects that have kinetic energy.  
  

ball rolling downhill    fan blades spinning 
 
book lying on a desk  caterpillar crawling on a twig 
 
student running a race  shopping cart being pushed   

  
6. Suppose you see a train rolling along the tracks. What can you infer about the train?  
 
______________________________________________________________________ 
 
______________________________________________________________________ 
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Name_____________________________________________ Date________________ 
 

Investigating Friction                  Part 1 
 
1.  State the Investigation Question (What do you want to find out?) 
 
______________________________________________________________________ 
 
______________________________________________________________________ 
 
2.  Write a Hypothesis (a proposed answer to the Investigation Question) 
 
If  ____________________________________________________________________ 
 
then __________________________________________________________________ 
 
3.  Test the Hypothesis by Conducting an Experiment 
 
What materials do you need?  
 
______________________________________________________________________ 
 
______________________________________________________________________ 
 
What tools will you use? 
 
______________________________________________________________________ 
 
______________________________________________________________________ 
 
Draw and label your setup.  
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Name____________________________________________ Date_______________ 
 
Investigating Friction          Part 2  
Test the Hypothesis (continued) 
 
What procedure will you follow? _________________________________________ 
 
_____________________________________________________________________ 
 
_____________________________________________________________________ 
 
_____________________________________________________________________ 
 
In the investigation, we will change (independent variable) _____________________ 

 
_____________________________________________________________________ 
 
We will not change (constants) ___________________________________________ 
 
_____________________________________________________________________ 
 
We will measure________________________________________________________ 
 
_____________________________________________________________________ 
   
4.  Collect and Record Data 
Work with a team of four and conduct at least two trials. In your science notebook, make 
a chart or graph to record and display the results of your trials. Be sure that your 
measurements include both the number and the units. 
 
5.  Analyze Evidence and Draw Conclusions   

In the investigation, changing (independent variable) _________________________ 
 
caused _______________________________________________________________ 
to change (dependent variable).    

 

What can you conclude from the evidence of your data?  

_____________________________________________________________________  
 
_____________________________________________________________________ 
 
_____________________________________________________________________ 
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Lesson 47 
Motion and Speed 
 
Objectives 
Students 

 describe the position of objects 
 explore how motion is described by an object’s direction and speed 
 describe the direction of an object’s motion: up, down, forward, backward 
 explain that speed is a measure of motion 
 collect and display in a table and line graph time and position data for a moving 

object 
 measure length (distance) in metric units 
 measure elapsed time using a stopwatch or clock 
 interpret data to determine if the speed of an object is increasing, decreasing, or 

remaining the same 
 
Schedule 
 About 40 minutes 
    
Materials 
 For each student 
 1 Student Sheet Motion and Speed 

 
 For each team of four 
 1 calculator (optional)* 

1 stopwatch or clock* 
  
 For the class 

Delta Science Content Readers Forces and Motion 
 

*provided by the teacher 
 
Preparation 

1. Make a copy of the Student Sheet Motion and Speed for each student. 
2. Ahead of time, measure and mark a 200-m walking loop on school grounds. 

Arrange for the class to spend about 10–15 minutes there, undisturbed by other 
students, during class time to collect time and position data. Teams will need a 
stopwatch and a calculator (optional).   

 
Guiding the Activity 

1. Distribute copies of the Delta Science Content Reader Forces and Motion to the 
class. Use the Forces and Motion Teacher’s Guide on the Planning Guide pages 
that follow to continue guiding the discussion of text and illustrations and 
monitoring student comprehension. Read and discuss the second main section in 
the student book (pages 10–17)—“How Do We Describe Motion?”—in this 
lesson. 
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2. After students have finished reading, lead a discussion about position, motion, 
direction, and distance. Ask, What is position? 
location, where something is located compared to other objects 
 
Have students describe the position of various objects in the classroom. List 
position words they use on the board, such as above, below, next to, beside, to 
the left or right of, on, under, along, in, and so on. 
 
Ask, When we say that an object is moving, what does that mean? How can 
we tell if an object is moving, or in motion?  
A moving object is changing position from one place to another. We can tell by 
following and measuring its position over time or by comparing it with objects that 
are standing still (frame of reference). 
 
Ask, What are some ways we can describe an object’s motion? 
accept all answers 
 
Discuss that one way to describe a moving object is to tell about its direction. 
Have students silently think of some directions in which objects can move, and 
have volunteers pantomime them for other class members to describe. List the 
directions they name on the board (up, down, forward, backward, right, left, and 
so on). 
 
Elicit that a moving object also moves a distance. Distance is how far it is from 
one place to another. Ask, How do we measure distance? 
Short distances are measured in millimeters and centimeters, while longer 
distances are measured in meters and kilometers. 
 
Review some distances that might be measured in millimeters or centimeters and 
in meters or kilometers. 
millimeters and centimeters: the distance from one end of a paper clip to the 
other end, from my elbow to my thumb, from one desk to the next desk 
meters and kilometers: the distance from one soccer goal to the other, from one 
side of the classroom to other, from one city to another 

 
3. Focus on pages 14–15, on speed. Invite students to share what they know about 

speed and how it is measured from personal experience and previous hands-on 
science learning, as well as from reading the student book.  
Students may know that car speed is measured in miles or kilometers per hour. 
They may mention things whose speed is fast (cheetah, jet plane) or slow (turtle, 
snail). 

  
Elicit that speed is a measure of how fast something is moving, or how quickly its 
position changes. Ask, What do we need to know to find out an object’s 
speed? 
how far it travels (distance) and how long it takes to travel that far (time) 
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How do we measure speed? 
To measure speed, we divide distance by time.  
 
To help students become familiar with calculating speed, pose some simple 
speed problems, such as the ones mentioned in the student book or the 
following: Say an airplane travels from Richmond, VA, to San Francisco, CA, 
a distance of 4,000 km, in 5 hours. What is the airplane’s speed? 
4,000 km/5 hr or 800 km/hr 

  
4. Give a copy of the Student Sheet Motion and Speed to each student and go 

over the instructions together. Explain that they will be going outside to take 
measurements and calculate walking speed. Tell them that you have already 
measured the distance that students will walk. Ask what else they need to 
measure to find out speed and what they need to take that measurement. 
the time it takes to walk the distance; stopwatch or watch with a second hand 

 
Explain that the time that passes from the start of an activity to the end of the 
activity is called elapsed time. They will be measuring the elapsed time for each 
lap, and also the total elapsed time for all the laps. Divide the class into teams of 
four and give each team a stopwatch or clock and a calculator (optional).   

 
As needed, review how to use the split time function on the stopwatch to 
measure walking time for four laps. If your devices do not have that function, 
students can measure laps separately and add times. Remind them that when 
adding times or when calculating speed in meters per second, they will have to 
convert all times to seconds. For example, 1 minute 40 seconds equals 100 
seconds; 2 minutes and 14 seconds equals 134 seconds.   
 

5. Take students outside to the walking loop you have measured and marked 
ahead of time. Tell each team to select one member to be the “walker.”  

 
In Step 1, students collect data and display time and position in a line graph. If 
needed, review line graphs.  
 
In Step 2, students interpret data on a moving object (the walker) and determine 
if his or her speed is increasing, decreasing, or remaining the same.   

     
Student Sheet Sample Answers: 1. Time data will vary, but total distance for laps will be 200 m, 
400 m, 600 m, and 800 m. Calculated speed will vary. Graphs will depend on the data. Students 
should display time on the x-axis, perhaps in increments of 25 seconds (25, 50, 75, 100, and so 
on) and position on the y-axis in increments of 200 meters (200 m, 400 m, 600 m, 800 m). 2. 
Answers will depend on data. The lap run in the shortest time will be the fastest; the longest time, 
the slowest; the same times, same speed. If the lap times became longer, speed was decreasing; 
shorter times, increasing speed; same times, same speed. 
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Name__________________________________________ Date________________ 
 

Motion and Speed       
 
1. Work in teams of four. Choose one team member to walk or run the 200-m loop 

marked out by your teacher four times. Use the stopwatch or clock to measure the 
time it takes to complete each lap. Record your data. Then find the total elapsed 
time and total distance. 

 
Lap  Time Distance 

1   

2   

3   

4   

    
        Total Elapsed Time___________ Total Distance___________ 

 
In your science notebook, display the data above in the form of a line graph.  
 
Calculate the average speed. To do this, divide the total distance (in meters) by the 
total elapsed time (in seconds). Record the speed in meters per second (m/sec). 
 
Speed: ____________________________________________________________                                        
 

2. Look at the lap times recorded in your table. Which lap was run with the fastest 
speed? How do you know? 

 
___________________________________________________________________ 

 
 Which lap was run with the slowest speed? 
 

___________________________________________________________________ 
 
 Were any laps run at the same speed? Which ones? 
 

___________________________________________________________________ 
 

Over the four laps, did the walker’s speed increase, decrease, or remain the same?     
  

___________________________________________________________________  
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Lesson 48 
Investigating Mass, Force, and Motion 
 
Objectives 

 design an investigation to test the following hypothesis: “If the mass of an object 
increases, then the force needed to move it will increase.” 

Students 

 measure force and mass in metric units 
 

 About 40 minutes 
Schedule 

 

 For each student 
Materials 

 1 Student Sheet Investigating Mass, Force, and Motion, Parts 1 and 2 
  
 

2 books, hardcover* 
For each team of four 

2 rubber bands, thick* 
1 spring scale* 
1  balance* 
1 mass set* 

 
 

Delta Science Content Readers Forces and Motion 
For the class 

 
*provided by the teacher 
 

1. Make a copy of the Student Sheet Investigating Mass, Force, and Motion, Parts 1 
and 2, for each student. 

Preparation 

2. Assemble the materials listed above for teams of four to use in exploring the 
relationship between force, mass, and motion.  

 

1. Distribute copies of the Delta Science Content Reader Forces and Motion to the 
class. Use the Forces and Motion Teacher’s Guide on the Planning Guide pages 
that follow to continue guiding the reading and monitoring student 
comprehension. Read and discuss the last section in the student book (pages 
18–23)—“What Are Newton’s Laws of Motion?”—in this lesson. 

Guiding the Activity 

 
2. To be sure that students understand Newton’s three laws of motion, have them 

paraphrase the laws in their own words and provide examples. Discuss why 
Newton’s first law is also known as the law of inertia. Inertia is the tendency of 
an object to remain either at rest or in motion. Ask a volunteer to contrast the 
inertia of an object at rest with the inertia of an object in motion. (An object at rest 
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will not move unless a net force acts on it, whereas a moving object will continue 
to move at the same speed and in the same direction until a net force acts on it.) 

 
3. Focus on page 22, Newton’s Second Law of Motion. Newton’s second law of 

motion tells us how acceleration (or change in motion), force, and mass relate to 
one another. As needed, review the definitions of force (a push or a pull) and 
mass (the amount of material in an object) from page 4 of the student book. Ask, 
Do you think it takes more force to roll a bowling ball or a tennis ball 
across the classroom?  
Students may guess it takes more force to move the bowling ball. They may infer 
from Newton’s law that this is because the bowling ball has the greater mass. 

 
Explain that students will now design and conduct an investigation to find out 
how mass, force, and motion are related.  

 
4. Give each student a copy of the Student Sheet Investigating Mass, Force, and 

Motion, Parts 1 and 2. Remind students of the steps in a science investigation. 
All science investigations begin with a science question. Tell students you would 
like to find out the answer to this investigation question: How is the mass of an 
object related to the force needed to move it?  

 
Discuss that, next, scientists come up with a hypothesis, or a proposed answer to 
their investigation question. Then, they test the hypothesis to determine if their 
answer is correct. Ask, Based on Newton’s Second Law, what would be a 
testable hypothesis for our Investigation Question? Guide students to 
develop the following hypothesis: If the mass of an object increases, then the 
force required to move the object will increase. 

 
5. Divide students into groups of four, and challenge each group to design and 

conduct an investigation to test the hypothesis. Distribute a spring scale, a 
balance, a mass set, two thick rubber bands, and two books to each group. 
Explain that they can use these materials to test the hypothesis. Allow time for 
students to design and conduct their investigations. Have them record their 
procedures and data and answer the questions on the student sheets. 

  
6. Finally, have teams communicate the results of their investigations to the class. 

Did all the teams reach the same conclusion?   
  

Student Sheet Sample Answers: 1. How is the mass of an object related to the force needed to 
move it? 2. If the mass of an object increases, then the force needed to move it will increase. 3. 
Materials: two books and rubber bands; Tools: spring scale for measuring force, balance for 
measuring mass of books; Setup drawings will vary. Procedure: In the investigation, we will 
change the mass of the object being moved. We will not change the distance the object is moved, 
the way it is moved, or the measurement tools. 4. Trial data will vary depending on the objects 
being moved. 5. In the investigation, changing the mass of the object caused the force needed to 
move it to change (dependent variable). Conclusion: The greater the mass of an object, the 
greater the force needed to move it. 
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Name__________________________________________ Date________________ 
 

Investigating Mass, Force, and Motion       Part 1 
 
1. State the Investigation Question (What do you want to find out?) 
 
___________________________________________________________________ 
 
___________________________________________________________________ 
 
 
2.  Write a Hypothesis (a proposed answer to the Investigation Question) 
 
If  _________________________________________________________________ 
 
then _______________________________________________________________ 
 
 
3.  Test the Hypothesis by Conducting an Experiment 
 
What materials do you need?  

___________________________________________________________________ 
 
___________________________________________________________________ 
 
What tools will you use? 

___________________________________________________________________ 
 
___________________________________________________________________ 
 
Draw and label your setup.  
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Name____________________________________________ Date_______________ 
 
Investigating Mass, Force, and Motion          Part 2  
Test the Hypothesis (continued) 
 
What procedure will you follow? _________________________________________ 
 
_____________________________________________________________________ 
 
_____________________________________________________________________ 
 
_____________________________________________________________________ 
 
In the investigation, we will change (independent variable) _____________________ 

 
_____________________________________________________________________ 
 
We will not change (constants) ___________________________________________ 
 
_____________________________________________________________________ 
 
We will measure________________________________________________________ 
 
_____________________________________________________________________ 
   
4.  Collect and Record Data 
Work with a team of four and conduct at least two trials. In your science notebook, make 
a chart or graph to record and display the results of your trials. Be sure that your 
measurements include both the number and the units. 
 
5.  Analyze Evidence and Draw Conclusions   

In the investigation, changing (independent variable) _________________________ 
 
caused _______________________________________________________________ 
to change (dependent variable).    

 

What can you conclude from the evidence of your data?  

_____________________________________________________________________  
 
_____________________________________________________________________ 
 
_____________________________________________________________________ 
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1

TM

Red Edition 
Grade 3–4 
reading level

Purple Edition
Grade 4–5 
reading level

Teacher’s Guide

Objectives
• Describe how forces can change the motion of objects.

• Explain what happens when many forces act on one 
object at the same time.

• Examine friction, gravity, and magnetic force.

• Compare ways we tell about the position and motion 
of objects, such as speed, velocity, and acceleration.

• Understand the scientifi c study of motion.

• Explore three important principles—Newton’s laws of 
motion—that help us explain and predict the motion 
of objects.

Reading Comprehension Skills
Preview the Book   ◆   How to Read Charts

Cause and Effect

Skillbuilders are available for this title.

Supporting English Learners
Teach Academic English Make school language 
comprehensible to English Learners. Carefully select 
words related to academic tasks, such as preview, 
summarize, and chart, and teach them in meaningful 
contexts. Provide daily, explicit instruction to teach both 
science vocabulary and school language.

Summary
What are forces? How are forces related to motion? 
In the Delta Science Content Reader Forces and 
Motion, students learn about forces such as pushes 
and pulls, friction, gravity, and magnetic force. 
Students also learn about ways to describe and 
measure motion, including speed, velocity, and 
acceleration. They learn that all motion and every 
change in motion is caused by a force. The book 
concludes with a discussion of the scientifi c study 
of motion and Newton’s three laws of motion.

Science Background
Most of the activities we perform each day involve 
moving things. For an object to move, a force—
a push or a pull—must act upon it. The stronger 
the net force, the farther and faster an object will 
move. Likewise, the more massive the object, the 
more force it will take to move it.

Forces are acting on objects all the time. Regardless 
of how it may feel, no surface is perfectly smooth. 
Friction is a force that opposes motion when two 
surfaces come in contact with each other. Gravity 
is another force. Every particle of matter attracts 
every other particle of matter. The greater the par-
ticles’ masses and the closer they are, the stronger 
the attraction. The attraction of gravity affects 
everything. Magnetic force is another force in our 
everyday lives.

Motion occurs when an object changes 
position . Forces cause motion. We 
can measure many aspects of motion, 
including distance, speed, velocity (a 
measure of both speed and direction), 
and acceleration (a change in velocity).

Sir Isaac Newton (1642–1727) 
answered many questions about 
the relationship between forces and 
motion. The physics of motion that 
Newton developed, called Newtonian 
mechanics, transformed the under-
standing of objects in motion from 
the smallest grains of sand on 
Earth to the largest planets in 
the solar system.

T h ’ G id

4.P.53



2Delta Science Content Readers

What Are Forces? 
(pages 2–9)

Before Reading

Discuss the Cover 
Cover Image Discuss the photograph on the cover 
of Forces and Motion. Use the information on the 
inside front cover to support the discussion.

Science Statement Discuss the science statement. 
Ask: Do you think forces cause changes to objects in 
sports? What kind of forces do you think these might 
be? How might forces affect a ball in a soccer match?

Build Reading Skills (page 2)

Preview the Book Use Build Reading Skills on page 2 
to review how to preview the book. Discuss the 
steps. Then model previewing the red headings.

Think Aloud Maybe the red headings break each 
main section into smaller parts. Do they? On 
page 3, I see that the main section is about the 
question “What Are Forces?” On page 4, I see the 
red heading “Pushes and Pulls.” Below this, I read 
that a force is needed to make an object move. 
So this part tells what a force is. On page 6, I see 
another red heading, “Friction.” This part tells 
about a kind of force. So I was right.

Guide students as they fi nish previewing Forces and 
Motion. Focus on nonfi ction text features.

• Prompt them to look at the headings, photo-
graphs, captions, and diagrams. Ask questions 
such as Why do you think that feature is there? 
How will it help you understand what you read?

• Prompt them to look at the bold Vocabulary 
words. Guide the class in looking up a 
Vocabulary word in the Glossary.

Students can apply the skill in the Refl ect on Reading 
activity on page 9.

K-W-L Chart Have students begin a K-W-L chart. 
They should add to it after each section.

What I Know What I Want 
to Learn

What I 
Learned

Forces move 
objects.

What makes 
objects stop?

Make a Connection (page 3)

Make a Connection Discuss the Make a Connection 
questions. Use this discussion to build background 
and activate prior knowledge about forces. (Possible 
answers: Gravity makes objects fall to Earth. Maybe 
the parachute catches the air.)

Find Out About Read each statement to help 
students set a reading purpose. Explain that these 
are the important topics that they will learn about 
in this section. 

Vocabulary Read the Vocabulary words aloud. 
Explain to students that they will see these words in 
bold in this section. Start a word web on the board 
with Forces in the center. As they read, have students 
add kinds of forces to the web.

 During Reading

Pushes and Pulls (page 4)

• Ask: What are the ways in which a force can 
change motion? (can make an object start moving; 
can make a moving object speed up, slow down, 
or stop; can change the direction in which an 
object moves)

• Ask: How is the size of a force related to 
motion? (When you apply more force to an 
object, the object’s motion changes more.)

• Help students understand that mass is not weight. 
Mass is the amount of material, or matter, in an 
object. Ask: When is more force needed? (to move 
objects with more mass)

• Have students look at the photograph of the 
tug-of-war game on page 5. Ask: What two forces 
are acting on the rope to move the fl ag? (two 
teams pulling in opposite directions)

• Ask: Where would the fl ag be if these forces were 
balanced? Are the forces balanced? How do you 
know? (on the white line; No, because the red 
fl ag is moving past the white line.)

• Provide additional support for the word net in 
the term net force. Say: If you earned twenty 
dollars and spent twenty dollars, you would have 
zero dollars left. Zero dollars would be your net 
amount of money. If you earned twenty dollars 
and spent fi fteen, you would have fi ve dollars left. 
Five dollars would be your net amount of money. 
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  Checkpoint (Possible answer: I lifted my backpack 
and took out the trash. The backpack took more 
force to move because it had more mass.)

Friction (page 6)

• Ask: When does friction happen? (when two 
objects touch, roll, rub, or slide against each other)

• Ask: When do we want less friction? (when it 
causes machine parts to slow down or wear out)

• Ask: When does friction help us? (when it lets us 
grip things more tightly)

• Explain that friction can work for us as well as 
against us. Point out the photograph of the bike 
tire with the rough treads on page 6 as an example 
of helpful friction. 

• Explain that air resistance is a kind of friction. 
An airplane experiences air resistance as it fl ies 
through the air. Cars also experience air resistance. 
Cars are designed with special shapes in order to 
reduce the effects of air resistance. 

✔ Checkpoint (Friction acts against an object’s 
motion. It can stop an object from moving or slow 
down a moving object.)

Gravity (page 7)

• Ask: What is gravity? (It is a force that acts 
between all objects that have mass. It pulls objects 
toward each other.)

• Addressing Misconceptions. Students may think of 
weight, and sometimes gravity, as a property of 
objects rather than as a force. Make sure students 
understand that weight is a measurement of the 
force of gravity pulling on an object. 

• Ask: Have you ever seen pictures of astronauts 
jumping on the surface of the Moon? Why do they 
seem to bounce when they walk? (The Moon’s 
mass is less than Earth’s, so the force of gravity 
pulling on the astronauts is not as strong on the 
Moon.)

• Ask: Would you have less mass on the Moon than 
on Earth? (no)

✔ Checkpoint (The force of gravity is stronger 
between objects that have more mass.)

Magnetic Force (page 9)

• Ask: Where on a magnet is the magnetic fi eld 
strongest? (at the poles)

• Ask: If the distance between the object and the 
magnet increases, what happens to the magnetic 
attraction? (It gets weaker.)

• Explain that Earth is like a giant bar magnet. 
Earth has a magnetic north pole and a magnetic 
south pole. Earth also has a magnetic fi eld.

• Addressing Misconceptions. Earth’s magnetic poles 
are not in the same places as Earth’s geographic 
North and South poles. The location of the mag-
netic poles moves a little every year. In fact, every 
200,000 years or so, the magnetic north and 
south poles switch places.

• Some rocks found in nature are magnetic. These 
rocks are called lodestone or magnetite. They 
once were called magic stones.

✔ Checkpoint (The paper clip might not be made of 
iron, nickel, or cobalt.)

After Reading
Refl ect on Reading (page 9) Ask: What different 
kinds of forces did you learn about? (pushes and 
pulls; friction; gravity; magnetic force) Which book 
features helped you understand about different kinds 
of forces? (Answers will vary.)

Apply Science Concepts (page 9) This activity 
applies a concept from Find Out About on page 3. 
(Possible answer: You apply force to make it move. 
The ball rises through the air and then is pulled 
down through the net and to the fl oor by the force 
of gravity. Some friction from the net probably slows 
down the ball.)

How Do We Describe 
Motion? (pages 10–17)

Before Reading

Build Reading Skills (page 10)

How to Read Charts Use Build Reading Skills on 
page 10 to review how to read charts. Discuss the 
tips. Then model how to read the chart on page 15.

Think Aloud When I read the column headings 
across the top, I learn that the chart lists speeds 
of animals and objects. I also learn that the chart 
tells speeds in two units, metric and customary. 
The row headings down the side name each animal 
or object. The fi rst row heading is “Snail.” If I 

✔
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follow the row, I learn that a snail’s speed is 0.045 
km/hr, which is 0.028 mi/hr.

Guide students to fi nd the fastest speed of an animal 
in the chart on page 15. (a diving peregrine falcon) 
Students can apply the skill in the Refl ect on Reading 
activity on page 17.

Make a Connection (page 11)

Make a Connection Discuss the Make a Connection 
question. Use this discussion to build background 
and activate prior knowledge about motion. (Possible 
answer: The cars are moving fast. They are moving 
along a curve, not in a straight line. Their position 
is always changing. They come back to the same 
position every time they fi nish a lap.)

Find Out About Read the statement to help students 
set a reading purpose. Explain that this is the impor-
tant topic that they will learn about in this section. 

Vocabulary Read the Vocabulary words aloud. 
Explain to students that they will see these words 
in bold in this section. Start a T-chart on the board 
with the headings Position and Motion. Have students 
add examples to each column as they read.

During Reading

Position and Motion (page 12)

• Ask: What is position? (the location of an object)

• Ask: How could you describe your position right 
now? (Possible answer: in my classroom; sitting at 
my desk; between two other students)

• Ask: When does motion happen? (when an object 
changes position) What causes motion? (forces) 

• Ask: Can you give an example you saw today of a 
force, or forces, causing motion? (Possible answer: 
I pulled my chair away from my desk so I could sit 
down. The force I used made the chair move.)

• Ask: What is distance? (how far it is from one 
point to another)

✔ Checkpoint (It changes position compared to an 
object that is not moving.)

Speed (page 14)

• Ask: What is speed? (the measure of how quickly 
an object’s position changes)

•  Ask: What is the formula for speed? (speed = 
distance ÷ time)

  Checkpoint (the distance the object moved and 
the amount of time it took to move that distance)

Velocity (page 16)

• Ask: What does velocity measure? (speed and 
direction)

• Ask: If you walk west to get to school, and your 
speed is fi ve kilometers per hour, what is your 
velocity? (5 km/hr, west)

✔ Checkpoint (They can be going in different 
directions.)

Acceleration (page 17)

• Ask: What is acceleration? (any change in an 
object’s velocity) What causes acceleration? (a net 
force acting on the object)

• Ask: How does mass affect acceleration? (It takes 
more force to accelerate objects with more mass.)

✔ Checkpoint (by slowing down, speeding up, or 
changing direction)

After Reading
Refl ect on Reading (page 17) Once students have 
shared their ideas, challenge them to research the 
actual average speed of their favorite animal.

Apply Science Concepts (page 17) This activity 
applies a concept from Find Out About on page 11. 
Before students write, help them think about the 
relationship between position and motion. Review 
the defi nitions of speed, velocity, and acceleration.

What Are Newton’s 
Laws of Motion? 
(pages 18–23)

Before Reading

Build Reading Skills (page 18)

Cause and Effect Use Build Reading Skills on 
page 18 to review cause and effect. Discuss the tips. 
Then read aloud the fi rst paragraph of regular text 
on page 21, and model identifying cause and effect.

Think Aloud What do I learn fi rst? No acceleration 
happens without a net force. When I read on, 
I learn a net force is needed to make an object 

✔
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start moving, speed up, slow down, change 
direction, or stop. What causes these changes? 
The net force. What is the effect? Acceleration.

Guide students to look for effects as they read. 
Students can apply the skill in the Refl ect on 
Reading activity on page 23.

Make a Connection (page 19)

Make a Connection Discuss the Make a Connection 
question. Use this discussion to build background 
and activate prior knowledge about how forces 
affect motion. (Possible answer: When you apply 
force to the water in one direction, it can cause 
motion in the other direction.)

Find Out About Read each statement to help 
students set a reading purpose. Explain that these 
are the important topics that they will learn about 
in this section.

Vocabulary Read the Vocabulary word aloud. 
Explain to students that they will see this word 
in bold in this section. Start a word web on the 
board with Inertia in the center. Have students add 
examples of inertia as they read.

During Reading

The Science of Motion (page 20)

• Show students a Newton’s Cradle toy or a pic-
ture of one. Newton’s Cradle is a set of identi-
cal pendulums that transfer their momentum to 
each other as they collide. Newton used a similar 
device to study forces, motion, and momentum. 
Doing experiments with these pendulums led 
Newton to develop his third law of motion. 

✔ Checkpoint (Galileo rolled balls down ramps, 
tossed objects into the air, and swung weights on 
ropes. Newton read about Galileo’s work, watched 
how things in nature move, and worked with 
ramps and other machines.)

Newton’s First Law of Motion 
(page 21)

• Emphasize that changes in speed or direction of 
motion are caused by forces.

• Ask: What is inertia? (a property of objects that 
tells how objects keep moving or stay still until a 
net force acts on them)

  Checkpoint (Inertia keeps the book on the desk 
until a force acts on it. A force could act on the book 
by lifting it, pushing it, opening it, and so on.)

Newton’s Second Law of Motion 
(page 22)

• Ask: How is acceleration related to force? (When 
more force acts on an object, the object accelerates 
more.)

• Ask: How does mass change the amount of force 
needed to make an object accelerate? (Objects 
with more mass need more force to accelerate.)

• Emphasize that the greater the net force is, the 
greater the change in motion.

✔ Checkpoint (The more force is acting on an object, 
the more the object will accelerate. The more 
mass an object has, the more force is needed to 
make it accelerate.)

Newton’s Third Law of Motion 
(page 23)

✔ Checkpoint (The action force is the force an object 
applies to another object. The reaction force is the 
force the second object applies back to the fi rst 
object. The reaction force is equal to the action 
force in strength and opposite in direction.)

After Reading
Refl ect on Reading (page 23) (Possible answer: An 
object keeps moving or stays still until a net force 
acts on it.) Once students have completed their 
charts, have them work in pairs or small groups 
to test some of their ideas in the classroom.

Apply Science Concepts (page 23) This activity 
applies a concept from Find Out About on page 19. 
(When you push off the ground, the ground pushes 
back against you and you accelerate into the air. New-
ton’s fi rst and third laws tell us about this. How much 
acceleration you have when you jump depends on the 
force you used when jumping and on how much mass 
you have. Newton’s second law tells us about this. You 
keep moving up until gravity has slowed you down 
enough to cause you to stop, change direction, and 
come back down. Newton’s fi rst law tells us about this.)

➥ Continued on last page 

✔
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Test: Forces and Motion
Part A: Vocabulary

distance force friction gravity

inertia magnetic force motion position

Choose the correct vocabulary word for each defi nition. Write the word on the line.

 1. It takes more ________________________ to move objects with more mass.

 2. When two objects touch, rub, roll, or slide against each other, 
________________________ acts against their motion.

 3. The force of ________________________ pulls objects toward each other.

 4. Objects containing iron can be attracted by ________________________.

 5. If you tell someone where you are, you tell them your 
________________________.

 6. Your frame of reference helps you know you are in ________________________.

 7. You need to know ________________________ as well as time to fi nd an 
object’s speed.

 8. Because of ________________________, bowling pins don’t move until a ball 
hits them or another net force acts on them.

Part B: Science Concepts
Mark the best answer to each question.

 9. Measured in newtons, the force of gravity on an object is called ____________. 

A  friction C  motion

B  weight D  inertia

 10.  In order to accelerate, objects with more mass need more ____________.

A  speed C  inertia

B  gravity D  force
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Test: Forces and Motion (continued)

 11.  Which best describes how people in history studied the motion of objects?

A  They read what others wrote and did their own experiments.

B  They only did experiments and did not write things down.

C  They tied weights to ropes and rolled balls down ramps.

D  They read about what Greek philosophers thought.

 12. A rolling ball will keep rolling until a net force acts on it. This is an example 
of ____________. 

A  velocity C  position

B  speed D  inertia

Write the answer. 

 13.  What happens to an object when the net force acting on it is zero? What 
happens to that object when the net force is greater than zero? Explain.

 14. Look at the diagram below. Does the car’s velocity change at Point A or 
Point B? Explain your answer. Be sure to use the word acceleration.

 15.  What are three ways a force can change an object’s motion?

A  B

STOP
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Let’s Review  
(inside back cover)
Have students complete their K-W-L charts before 
answering these questions. Possible answers are 
shown.

1. Cover Connection (Students may mention the fact 
that a net force is needed to make an object accel-
erate. They may also point out that acceleration is 
any change in velocity, which is a measure of both 
speed and direction.)

2. (The forces of the kick, friction from the grass, and 
gravity act on the ball. These affect the distance 
the ball travels, its speed and velocity, and its 
acceleration.)

3. (18 kilometers per hour, north)

4. (Because the robot dog is running in a circle, it 
is constantly changing direction. An object 
accelerates if it slows down, stops, speeds up, or 
changes direction. The robot dog is accelerating 
even though it isn’t speeding up, slowing down, 
or stopping.)

5. Compare and Contrast (Less force is needed to 
start the empty wheelbarrow moving and to keep 
it moving than to do the same things to the full 
wheelbarrow. This is because the empty wheelbar-
row has less mass than the full wheelbarrow.)

6. Write (Newton’s third law explains why a ball 
bounces. When the ball hits the fl oor, it pushes 
against the fl oor. This is the action force. The fl oor 

pushes back with an equal amount of force that 
is opposite in direction. This is the reaction force. 
The reaction force acts on the ball, pushing it back 
up off the ground.)

Try It! If students have diffi culty, ask: What force 
pushes the toy car forward? (force from the move-
ment of someone’s hand) What other force acts 
against this force? (friction) Which surface creates 
more friction? (carpet or rug)

Science at Home Have students do this activity 
with a family member. They may be surprised at the 
number of velocity changes. Suggest that they think 
about where such changes almost always occur 
(near traffi c lights, for example). 

Answers to Test 
(Teacher’s Guide pages 6–7)
1. force 2. friction 3. gravity 4. magnetic force 5. position 6. motion 
7. distance 8. inertia 9. B 10. D 11. A 12. D 13. If the net force is 
zero, the forces acting on it are equal and balanced so the object 
does not move. If the net force is greater than zero, then the force 
in one direction is greater than the force in the other direction, so 
the object moves in the direction of the greater force. 14. The car’s 
velocity changes at both points. Point A: The car slows and stops. 
Point B: The car changes direction and may also slow down again. 
These are both examples of changes in velocity, or acceleration. 
15. A force can make an object start moving, slow down, stop 
moving, speed up, or change direction.

ADDITIONAL ASSESSMENT OPPORTUNITIES  Use the 
Checkpoints, Refl ect on Reading, and Apply Science 
Concepts features and Let’s Review questions as 
additional assessment opportunities.

This teacher’s guide is available online at

www.deltaeducation.com
1-800-442-5444

Copyright © 2009 Delta Education LLC, 
a member of the School Specialty Family. 
All rights reserved.
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