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MAGNETISM AND ELECTRICITY

FOSS

1VARIABLES

GOALS

Some of the most important scientific concepts students learn are the
result of their ability to see relationships between objects and events.
Relationships always involve interactions, dependencies, and cause
and effect.  The Variables Module has four investigations that help
students discover relationships through controlled experimentation.
Students will fling, float, fly, and flip objects as they discover
relationships in each investigation.

FOSS EXPECTS STUDENTS TO

• Gain experience with the concept of variable.

• Gain experience with the concept of system.

• Design and conduct controlled experiments.

• Construct materials that will be used in the investigations.

• Acquire some understanding of the behavior of pendulums.

• Gain experience with buoyancy.

• Use data to make predictions.

• Apply mathematics in the context of science.

• Record and graph data concretely, pictorially, and

symbolically to discover relationships.

• Acquire the vocabulary associated with controlled
experimentation.

• Use scientific thinking processes to conduct investigations
and build explanations:  observing, communicating,
comparing, organizing, and relating.

OVERVIEW
VARIABLES

GRADES  5–6

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

VARIABLES MODULE MATRIX
THINKING PROCESSESSYNOPSIS SCIENCE CONTENT

1. SWINGERS
Students experiment with variables that
do and do not affect the behavior of
pendulums.  They graph their results and
use their graphs to predict the behavior
of additional pendulums.

3. PLANE SENSE
Students construct rubber-band–
powered airplanes and fly them on a
line.  They experiment with a number of
variables to see how each affects the
distance the plane travels.

2. LIFEBOATS
Students construct a fleet of paper-cup
boats and discover how many passen-
gers (pennies) each will hold before
sinking.  The variables of boat depth and
arrangement of passengers are explored.

4. FLIPPERS
Students manipulate small catapults
called flippers to investigate the
variables that contribute to the highest
and longest flips of objects.  They
conduct controlled experiments and
graph their results.

• A variable is anything that you can
change in an experiment that might
affect the outcome.

•  In a controlled experiment only one
variable is changed, and the results are
compared to a standard.

•  The length of a pendulum determines
the number of swings in a unit of time.

•  A variable is anything that you can
change in an experiment that might
affect the outcome.

•  In a controlled experiment, only one
variable is changed, and the results are
compared to a standard.

•  Capacity is the maximum volume of fluid
a container can hold.

•  A variable is anything that you can
change in an experiment that might
affect the outcome.

•  In a controlled experiment, the
    experimental variable is changed

incrementally to see how it affects the
outcome.

•  A system is a set of related objects that
can be studied in isolation.

•  A variable is anything that you can
change in an experiment that might
affect the outcome.

•  In a controlled experiment, the
    experimental variable is changed

incrementally to see how it affects the
outcome.

•  A system is a set of related objects that
can be studied in isolation.

•  Observe and compare the behavior of
pendulums.

•  Experiment to find out what variables
affect the number of cycles a pendulum
makes in a unit of time.

•  Relate pendulum length to the number of
cycles it makes in a unit of time.

•  Predict the behavior of new pendulums,
using a graph.

•  Observe and compare the buoyancy of
different boats.

•  Organize information on a graph.
•  Relate the capacity of boats to the mass

they can hold before sinking.
•  Predict the behavior of new boats, using

a graph.

•  Observe and compare the behavior of
objects flipped from a catapult.

•  Conduct controlled experiments.
•  Organize and communicate the results of

investigations.
•  Relate the effect of variables to the

trajectory of objects.
•  Predict the behavior of new objects on

the catapult.

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○
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•  Observe and compare the behavior of a
standard plane system to modified plane
systems.

•  Conduct controlled experiments.
•  Organize data in a flight log.
•  Relate the effect of variables to the

distance the plane travels.
•  Predict outcomes of plane flights.
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19VARIABLES

FOSS SCIENCE STORIES TECHNOLOGY/HOME CONNECTIONINTERDISCIPLINARY EXTENSIONS

Language Extensions
• Teach peers.
• Make a swinging bulletin board.
•  Research pendulum history.
Math Extensions
• Problem of the week.
• Play an ordered-pairs game—Hurkle.
Music Extension
• Investigate metronomes and rhythms.
Science Extensions
• Investigate linked pendulums.
• Investigate a double-decker pendulum.
• Investigate stringless pendulums.

Language Extensions
• Tell a sailor’s tale.
• Make a list of boats.
• Research boats and ships.
Math Extensions
•  Problem of the week.
•  Weigh the passengers in the lifeboat.
•  Measure displacement volume.
Science Extensions
•  Float boats in other seas.
•  Make a Cartesian diver.

Language Extensions
• Teach peers.
• Research aviation news.
• Write a flight plan.
Math Extensions
• Problem of the week.
• Determine speed.
Science Extensions
• Investigate variables with toys.
• Launch balloon rockets.

Language Extensions
• Discuss variables.
•  Research catapults.
•  Write directions for a flipper game.
•  Prepare oral presentations.
•  Describe the group experience.
Art Extension
• Design effective presentation posters.
Math Extensions
• Problem of the week.
• Investigate trajectory.
• Find the angle.
Science Extensions
• Investigate compensating variables.
•  Make a coin sorter.
•  Conduct a flipper field day.
•  Test consumer products.

Home/School Connection:  Students work
on their chosen projects at home.

See the Science Stories folio.
•  What Scientists Do
•  Swinging through History

See the Science Stories folio.
•  Sink or Swim?
•   Science in the Bathtub

See the Science Stories folio.
•  Airplane Basics
•  Experimental Designs
•  Great Names in Aviation History
•  Build Your Own Paper Airplane

See the Science Stories folio.
•  Flingers
•  Prove It!

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

Home/School Connection:  Students look for
pendulums at home and make a few
pendulum timers with family and friends.

Home/School Connection:  Students build
cork rafts and aluminum-foil boats to
investigate the variables of boat design.

Home/School Connection:  Students make a
paper airplane and work with the variables
to change the way it flies.
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3VARIABLES

SCIENCE BACKGROUND
THE VARIABLE UNIVERSE
Science is an unending quest for knowledge about the universe and
all the objects in it.  Sometimes the quest simply looks at the
properties and patterns of individual objects; sometimes the quest
looks for relationships between the objects.  One of the characteristics
of science that distinguishes it from other fields of study is the
established procedures used by scientists to derive the truest
explanations of the events they observe.

One of the most important of these procedures is experimentation.
For example, an engineer designing a car for maximum fuel efficiency
may have several hundred factors to consider in the overall design.
She will have to think about body size and shape, tire size and shape,
weight, fuel type, surface, and uncountable other details.  Everything
that may contribute to the overall efficiency of the car is a variable.

After identifying a variable, such as front-end shape, the scientist
must systematically investigate how the car behaves with every
possible front-end design.  Such an investigation is called an
experiment.  Furthermore, while investigating the effect of front-end
shape, all other variables (weight, rear-end design, tires, etc.) must be
held the same, or controlled.  When she conducts a controlled
experiment, the engineer can conclude that any change in efficiency
that is observed after an experimental trial can be attributed to the one
variable that was changed—in our example, front-end shape.

A car is a fairly complex array of interacting parts.  Any association of
objects, as complicated as a car, radio, or town, or as simple as a
pencil, hammer, or paper cup, can be thought of as a system.  A
system can be thought of as isolated from the rest of the universe for
the sake of study.

With practice, elementary-school students can develop a fairly
sophisticated ability to identify variables in a system.  Designing
experiments that control all of the variables except for one is more
difficult.  With guidance and experience, however, students will start
to develop a functional understanding of this most important concept.

“Any association of
objects, as
complicated as a car,
radio, or town, or as
simple as a pencil,
hammer, or paper cup,
can be thought of as a
system.”
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VARIABLES OVERVIEW

“Galileo discovered and
described the laws that
govern the behavior of
the pendulum, and
Christiaan Huygens, a
Dutch astronomer, first
developed a functional
pendulum clock in
1657.”

THE MODULE CONTENT
The FOSS Variables Module introduces students to scientific
knowledge about relationships between things through the important
idea of a controlled experiment.  This is done from four very different
perspectives.

Swingers.  A pendulum is a mass hung by a string or bar from a fixed
point.  It is most familiar to us as the regulator tick-tock of a
grandfather clock.  When a pendulum is pulled to one side and
released, it swings back and forth under the pull of gravity.  It will
continue to swing until friction slows the pendulum and inevitably
brings it to a stop, hanging straight down, pointing toward the center
of the earth.  As the pendulum “slows” to a stop, the arc decreases
while the time needed to complete a cycle remains constant.

Galileo discovered and described the laws that govern the behavior of
the pendulum, and Christiaan Huygens, a Dutch astronomer, first
developed a functional pendulum clock in 1657.  In 1851 the French
scientist Foucault used a large iron ball on a wire about 70 m long to
show that Earth rotates.  A Foucault pendulum keeps swinging in one
direction in relation to space, but because the earth turns under it, the
direction of the pendulum’s movement in relation to the rotating
Earth changes at a regular rate.

Lifeboats.  The lifeboats used in this module are paper cups cut to
different heights and placed in water.  Pennies, representing
passengers, can be placed in the boats until they sink.  Students
investigate variables that determine the number of pennies that each
cup can hold before it sinks.  They will sense the resistance as they
press their cups deeper into the water.  This resistance is buoyancy in
action.  Students develop a rudimentary understanding of buoyancy
in the process of investigating the variables in the lifeboat systems.

About 250 B.C.E. Archimedes discovered why objects sink or float.
He had noted that, when he took a bath, the water in the tub rose and
spilled over the sides.  This observation led him to believe that, when
an object is placed in water, the amount of water the object displaces
is equal to the object’s bulk.  By testing his ideas, he found that the
apparent loss in weight of a body in water is equal to the weight of
the water it displaces.  (Upon this discovery it is said that Archimedes
shouted “Eureka!,” which means “I have found it.”)
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“Fluids, such as water,
push on objects, such
as boats, with a force
equal to the weight of
the volume of fluid
they displace.”

Using this knowledge, he was able to test the King’s crown. He had a
lump of gold identical to the one given to the goldsmith.  And he
knew that this lump of gold and the crown weighed exactly the same.
He reasoned if some of the gold had been replaced by a lighter (less
dense) metal, the crown made from this mixture of metals would be
greater in volume than the lump of gold.  The crown would cause
more water to overflow, since its bulk would have to be greater than
that of an equal weight of pure gold.  He carried out a controlled
experiment and found that the crown was made of impure gold.  The
goldsmith was executed.

Fluids, such as water, push on objects, such as boats, with a force
equal to the weight of the volume of fluid they displace.  A canoe that
weighs 50 kg will sink into the water until 50 kg of water is pushed
out of the way.  The 50 kg of displaced water presses back upon the
space occupied by the boat and thus pushes the boat upward, and it
floats.

Now think about the 50 kg of water.  Water has both mass and
volume.  If it is fresh water, 50 kg occupies about 50 liters.  In order to
float, an object must have a larger volume than the volume of water
that weighs the same as the object.  So if a 50-kg canoe is placed in
water, it will displace 50 kg or 50 liters of water.  That much water is
only about the size of a large suitcase; much less than the size of the
canoe.  So the larger volume of the canoe will cause it to float high in
the water.  However, if you invite several friends into the canoe for an
afternoon of fun, you must be careful not to overload the boat.  When
the weight of the boat and its contents exceeds the weight of the water
it displaces, the canoe will sink and the fun will be over.

Plane Sense.  A windup airplane is the vehicle for exploring the
variables in an aerodynamic system.  The variables students test are
the number of winds of the propeller, the slope of the string, the mass
of the plane system, and the kind and number of rubber bands.

Aerodynamics is the study of air moving against objects or of objects
moving through air (or other gas).  Aerodynamics is used in
designing airplanes, trains, automobiles, and other objects that must
move through the air.

Four forces act on an airplane in flight:  gravity, lift, drag, and thrust.
Gravity is the force that pulls the plane toward the center of the earth.
Gravity must be overcome for a plane to fly.  Lift is the force that
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VARIABLES OVERVIEW

“Scientists organize
the results of their
experiments in order
to communicate
with others as well
as to reveal patterns
or relationships in
the data.”

counteracts gravity.  It is created by the motion of air over and under
the wings when the plane is moving.  The edges of plane wings are
tilted up in front.  As a result, it is primarily the lower surface of the
wing that runs into the air as the plane moves forward.  The air is
forced downward and the wing is forced upward as a result of this
interaction.  The upward force on the wing is lift.  Both gravity and lift
have been effectively neutralized in this activity; the wingless planes
fly on strings.

Drag is the force that resists forward motion of an object through the
air.  The amount of drag depends greatly on the shape of the object.
The shape and smoothness of an airplane can reduce drag.  Thrust is
the force that carries the airplane forward.  It is produced by a
propeller or by jet propulsion.  In either case air is driven backward
and the propeller or engine in response is driven forward.  The
forward force is thrust.

Flippers.  This investigation uses a catapult system composed of a
flexible flip stick (a craft stick) and a base that holds it at various
lengths and angles.  The system allows students to explore variables
that influence the launching of objects:  the length of the flip stick, the
angle of the launch, the amount of energy put into the launch, and the
size of the object launched.

Ballistics is the study of bodies that are hurled through the air.
Objects can be hurled by explosive material or by the release of energy
stored in a lever or arm.  The latter method was used in ancient times
to toss heavy rocks and pieces of metal across moats and over walls
into castles.  In the peaceful Flippers investigation, students use the
system as a game, to toss coins onto targets or into cups set at certain
distances.

GRAPHING
Scientists organize the results of their experiments in order to
communicate with others as well as to reveal patterns or
relationships in the data.  Often the organization is some form of a
graph.  The first graphs that most students make are bar graphs.  Bar
graphs are useful for making comparisons.  Polls (What's your
favorite kind of pie?) and tallies (What color is your pencil?) lend
themselves to this kind of organization.  At a glance an observer can
tell that banana cream is the class's favorite pie, and that more
students use brown pencils.   Two-coordinate graphs are useful in
exposing relationships between two variables.  There are three levels
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“Inquiry is the pursuit
of answers to
questions about the
natural world.  FOSS
supports the process
of inquiry in many
ways.”

of abstraction at which data can be displayed.  The first level is
concrete.  The results of an experiment are displayed to show a
relationship.  Concrete graphing is used in Swingers when students
hang their pendulums on a number line.

What they observe is that the longest swinger hangs on the lowest
number, and the shortest swinger hangs on the highest number.
Students in the fifth and sixth grades will identify and verbalize the
relationship:  the longer the pendulum, the fewer the number of
swings in a unit of time.

The representational level of abstraction is the picture graph
(pictograph).  Students draw swingers exactly as they see them
hanging from the number line.  The finished pictograph looks like
reality, and the observer can see the relationship in the picture.

Fifth and sixth graders are also ready to record their experimental
results at the symbolic level of abstraction on graph paper.  At this
level nothing looks or feels like the real swingers—everything is
resolved into symbols (numbers).  Students plot the points
representing the length of each swinger versus the number of times it
swings in 15 seconds.  The same relationship is revealed.

In each of these two-coordinate recording systems it is possible to
draw a line that connects the pendulum bobs, the drawings of the
bobs, or the points on the graph.  The curved line that appears is an
inverse square relationship.  It is not important for elementary-school
students to be exposed to this fact, but it is important for them to see
that the relationship describes a curved line.

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 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
experiments, 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
developed from the initial investigations.  The project requires
students to show what they have learned about the inquiry process by
asking their own questions, setting up experiments, organizing the
data, and presenting their conclusions for critical discussion.
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Teacher Note for FOSS Variables, Investigation 3, Part 3 
 
Form a Hypothesis 
 
In FOSS Variables, Investigation 3, Part 3, students conduct experiments to 
investigate how variables affect the flight of a model plane (FOSS Variables Teacher 
Guide, Investigation 3, pages 20–23). 
 
Introduce or reinforce the term hypothesis to students during this investigation. 
Remind students that writing a hypothesis is an important step in the scientific 
process. All science investigations begin with a question. 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 science investigations, observations, and research. Emphasize that a 
hypothesis is not a wild guess—instead, it is based on prior knowledge and 
understanding. 
 
A hypothesis can be formed from a testable question and is often worded as an 
“if…then” cause-effect statement. For example, 

Testable question:  “How does the number of winds on the power supply affect 
the distance a model plane will fly?”  
Hypothesis: If we increase the number of winds on the power supply, then the 
plane will fly a greater distance. 

 
Give each student a copy of the Student Sheet Forming a Hypothesis. Have 
students complete the sheets, and then discuss their answers as a class. If students 
have difficulty phrasing their hypotheses as “if . . . then” statements, challenge them 
to think about the hands-on experiment they would conduct. What they would do or 
change is the “if” clause, or the cause. What they expect the results to be is the 
“then” clause, or the effect.   
 
 
Student Sheet Sample Answers: 1. If a plane is heavy, then it will not fly as far. 2. If a plant gets 
more sunlight, then it will grow taller. 3. If a hill has plants growing on it, then the soil there will erode 
more slowly.
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Name________________________________________ Date_________________ 
 
Forming a Hypothesis 
  
A hypothesis is a proposed answer to a question. Write a hypothesis for each of the 
following investigation questions. Remember to write each hypothesis as an “if . . . 
then” cause-and-effect statement.  
   
1. Does the weight of a paper airplane affect how far it can fly? 
 
 Hypothesis: If ____________________________________________________, 

 

then ____________________________________________________________ 
 

2. Does the amount of sunlight a plant gets affect how tall it grows? 
 

Hypothesis: If ____________________________________________________, 
 

then ____________________________________________________________ 
 
3. Do plants on a hillside affect the rate at which soil erodes from the hill? 
 

Hypothesis: If ____________________________________________________, 
 

then ____________________________________________________________ 
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Teacher Note for FOSS Variables, Investigations 1–4 
 
Variables and Constants  
 
In FOSS Variables, Investigations 1–4, students conducted several simple controlled 
experiments. Remind students that  

· a variable is anything that you can change in an experiment that might affect 
the outcome. 

· a controlled experiment is one in which one, and only one, variable is 
changed in order to assess its effect. To conduct a fair test or experiment, you 
must control all of the variables except for the one you are testing.  

 
Review and discuss these elements of a controlled experiment: 

· 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 simple controlled experiment, the tester changes the independent variable and 
observes carefully to see the effects on the dependent variable. These effects are 
the results of the experiment.  
 
As a class, discuss the following scenario: You want to plan an investigation to find 
out how water temperature affects the speed at which sugar dissolves. Work as a 
class to make a plan. Determine the independent variable (water temperature), the 
dependent variable (speed of dissolving), and the constants (amount of water, 
amount of sugar, amount of stirring). Also discuss how the class might show the 
results of the experiment (a graph, with water temperature on the x-axis and speed 
of dissolving on the y-axis).    
 
Next, give each student a copy of the Student Sheet Variables and Constants, 
Parts 1 and 2. Be sure that students also have access to their FOSS Variables 
Student Response Sheets. They will need to refer to them as they analyze the 
variables in the simple experiments they conducted in order to identify the 
independent and dependent variables and the constants. Go over the instructions 
together. Then have students answer the questions on their own or with their 
science partners for the experiments. 
 
 
Student Sheet Sample Answers: 1. A controlled experiment is one in which one, and only one, 
variable is changed in order to assess its effect. 2. The independent variable is the variable that is 
changed. A dependent variable is a variable that changes as a result of changes to the independent 
variable. How the dependent variable changes 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. 3. 
Does length of string affect number of swings? IV: length of string, DV: number of swings, Cs: mass 
of bob, time, release position; 4. Does the size (capacity) of a boat affect the number of passengers it 
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will hold? IV: size of boat (capacity), DV: number of passengers, Cs: gentle placement of pennies, 
even distribution of pennies, don’t shake basin, dry pennies; 5. How does number of passengers 
affect distance a plane travels? IV: number of passengers, DV: distance, Cs: slope, power supply, 
winds; 6. How does launch angle affect distance an object is flipped? IV: launch angle, DV: distance, 
Cs: launch position, object launched, flip-stick position, energy (amount depressed).
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Name________________________________________ Date_________________ 
 
Variables and Constants       Part 1
        
1. What is a controlled experiment?   

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

2. Explain the difference between an independent variable, a dependent variable, 

and a constant in a controlled experiment.  

___________________________________________________________________ 

___________________________________________________________________ 
  
___________________________________________________________________ 
 
___________________________________________________________________ 
 
___________________________________________________________________ 
 
___________________________________________________________________ 
 
 
 
Analyze the variables in the controlled experiments you conducted during this 
unit. Use your FOSS Variables Student Response Sheets for review, if necessary. 
 
3. Analyze FOSS Investigation 1, Swingers, Part 2, Student Sheet No. 7. 

Question you investigated: ________________________________________  

Independent Variable: ____________________________________________ 

 Dependent Variable: _____________________________________________ 

 Constants: ______________________________________________________ 

_______________________________________________________________ 
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Name________________________________________ Date_________________ 
 
Variables and Constants       Part 2 
 

4. Analyze FOSS Investigation 2, Lifeboats, Part 2, Student Sheet No. 10. 

Question you investigated: ________________________________________ 

Independent Variable: ____________________________________________ 

 Dependent Variable: _____________________________________________ 

 Constants: ______________________________________________________ 

_______________________________________________________________ 

 
 
5. Analyze FOSS Investigation 3, Plane Sense, Part 3, Student Sheet No. 15. 

Question you investigated: ________________________________________ 

Independent Variable: ____________________________________________ 

 Dependent Variable: _____________________________________________ 

 Constants: ______________________________________________________ 

_______________________________________________________________ 

 

6. Analyze FOSS Investigation 4, Flippers, Part 3, Student Sheet No. 20. 

Question you investigated: ________________________________________ 

Independent Variable: ____________________________________________ 

 Dependent Variable: _____________________________________________ 

 Constants: ______________________________________________________ 

_______________________________________________________________ 
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Lesson 34 
Inferences and Conclusions 
 
Objectives 

 make inferences and draw conclusions 
Students 

 distinguish between inferences and conclusions 
 

 About 40 minutes 
Schedule 

 

 For each student 
Materials 

 1 Student Sheet Inferences and Conclusions 
  

  Make a copy of the Student Sheet Inferences and Conclusions for each student. 
Preparation 

 

1. Arrange for someone to drop a book on the floor outside the classroom, within 
hearing distance but out of sight. Have them leave the book on the floor. Ask 
students what they think has happened.  

Guiding the Activity 

Something fell on the floor. 
 
What makes you think so?  
We heard the sound, and we are guessing based on where it happened and 
what it sounded like.  
  
Do you know for sure what happened? 
No. 

 
Guide students to understand that their possible explanation of what they 
observed with their ears (the sound) is called an inference. To infer is to 
explain or interpret an observation based on prior experience and knowledge. 
Making inferences is an important science skill. 

 
2. Brainstorm how they could find out what actually happened to produce the 

sound they heard. Elicit that they would need to investigate to get evidence. 
How could we get evidence? 
Look in the hallway to see what object is on the floor. Ask if anyone saw 
something happen. 
 
Explain that once all that evidence is gathered and analyzed, students would 
be able to draw a conclusion about what actually happened. Let students 
collect evidence and then ask, Based on the evidence, what conclusion 
can you draw? 
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A person intentionally dropped a book on the floor to make a loud sound.  
 
What is the difference between an inference and a conclusion? 
An inference is an explanation or interpretation of an observation. A 
conclusion is a judgment or claim based on analyzing evidence and data.   

 
Point out that not all inferences are correct, and different people can make 
different inferences about the same observations. However, a conclusion 
based on evidence is more reasoned and reliable. Scientists draw 
conclusions only after they have thoroughly investigated and analyzed the 
evidence. And when they share their conclusions with others, they also share 
the data on which the conclusions are based. 
 
Summarize that making inferences and drawing conclusions are important 
science skills. They are similar but they are not the same. We make an 
inference to explain an observation, but we draw a conclusion after analyzing 
evidence. 

  
3. Distribute a copy of the Student Sheet Inferences and Conclusions to each 

student. Have students answer the questions on their own, and then discuss 
their answers as a class. Invite students to share their scenarios, and let 
others suggest whether they represent inferences or conclusions.   
 
Student Sheet Sample Answers: 1. An inference is an explanation or interpretation of an 
observation. Suppose I smell cinnamon in our house. I might infer that my dad is baking 
cinnamon rolls because he has done that in the past. 2. A conclusion is a judgment or claim 
based on analyzing evidence and data. If I hear the timer on the stove go off, smell the warm 
cinnamon smell, observe my dad pulling the cinnamon rolls out of the oven, and see the 
cookbook on the counter, I can conclude that my dad did bake cinnamon rolls. 3. When you 
make an inference, you explain an observation based on prior knowledge and experience. 
When you draw a conclusion, you base it on analyzing evidence.  
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Name________________________________________ Date__________________ 
 
Inferences and Conclusions   
 
1.  What is an inference?  
 

________________________________________________________________ 
 
________________________________________________________________ 
 
Describe a situation in which you might make an inference. What would you 
infer? 

 
________________________________________________________________ 
 
________________________________________________________________ 
 
________________________________________________________________ 
 
________________________________________________________________ 
 

 
2.  What is a conclusion? 
 

________________________________________________________________ 
 
________________________________________________________________ 

 
Describe a situation in which you could draw a conclusion. What would you 
conclude? 

 
________________________________________________________________ 
 
________________________________________________________________ 
 
________________________________________________________________ 

 
 
3.  What is the difference between making an inference and drawing a conclusion? 
 

________________________________________________________________ 
 
________________________________________________________________ 
 
________________________________________________________________ 
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Lesson 35 
Estimating and Measuring Length, Mass, and Volume 
 
Objectives 
Students 

  make estimates and measurements of length, mass, and volume in metric 
units 

  select and use proper tools for accurately measuring length, mass, and 
volume  

 
Schedule 
 About 40 minutes 
 
Materials 
 For each student 
 1 Student Sheet Estimating and Measuring Length, Mass, and Volume, Parts 1 

and 2 
1 Measurement Units chart 

 
 For each team of four 

 balance and mass pieces*  
1 graduated cylinder, 1L* 
1  meter stick* 
2  plastic cups or containers of water to measure* 
1 ruler, centimeter* 
 tap water*  
  

 For the class 
1 set of the metric tools listed above, for display* 
1  set of additional measuring tools, such as a thermometer, beaker, clock or 

stopwatch, measuring cups and spoons, measuring tape or meter tape, meter 
stick, scale, and spring scale* 

 
*provided by the teacher 
 
Preparation 

1. Make a copy of Student Sheet Estimating and Measuring Length, Mass, and 
Volume, Parts 1 and 2, and the Measurement Units chart for each student. 

2. Set up stations with materials for each team. Set out two containers of water 
for each team to measure. Collect and display assorted measuring tools. 

 
Guiding the Activity 

1. Have students recall hands-on science or math lessons in which they have 
used measuring tools. Discuss and list the tools they used, what they 
measured, and the units of measure.  

 

5.P.21



Show students the measuring tools you have collected. Let them take turns 
selecting a tool and describing a measurement they might take with the tool. 
Sample Answer: I chose a meter stick, and I might use it to measure the 
height of the classroom door.  

 
2. Explain that two systems of measurement are used in the United States 

today. In everyday life, people often use the U.S. Customary system. This 
system measures in feet and inches, pounds and ounces, and cups and 
gallons. Scientists in the United States and around the world use the metric 
system. The basic units in the metric system are the meter, the gram, and the 
liter. Distribute a copy of the Measurement Units chart to each student.  

 
Review together the metric units: millimeter, centimeter, meter, and kilometer 
for length and distance; milligram, gram, and kilogram for mass; and milliliter 
and liter for volume. Guide students to see that the metric system is based on 
multiples of 10. 

 
Remind students that in their investigations they have often used the metric 
system, just as scientists around the world do. In this activity, they will 
estimate and measure using the metric system.  

 
3. As needed, review or reinforce that to estimate is to form an approximate idea 

of a measurement or calculation. For example, ask, What do you estimate is 
the width of your desks? the height of our fish tank? the mass of this 
book?  
Answers will vary, but students should be able to give reasonable estimates 
using appropriate metric units of measure. 
 

 After each estimate, have a volunteer select the appropriate tool and measure 
the object. Assure students that the more they practice measuring, the better 
they will be able to estimate measurements without measuring or before 
measuring. Discuss with students that in many investigations that they plan 
and conduct, estimating and accurately measuring will be necessary. 

 
Work together to come up with some simple benchmarks that students can 
use when they estimate. For example, a millimeter is about as wide as a 
pencil lead; a centimeter is about as wide as your pointer finger; a meter is 
about as long as a baseball bat.   

 
4. Distribute a copy of the Student Sheet Estimating and Measuring Length, 

Mass, and Volume, Parts 1 and 2, to each student. Divide the class into 
teams of four, and make available the measuring tools they will need. Go over 
the instructions together. Have students work in teams to complete the 
sheets. Students can estimate independently, but tell teams to have at least 
two students take every measurement.   

 

5.P.22



Student Sheet Sample Answers: Answers will vary depending on the objects students 
measure. Tools: length: metric ruler, meter stick, or meter tape; mass: balance and mass pieces; 
volume: graduated cylinder.    
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Name________________________________________  Date_________________ 
 
Estimating and Measuring Length, Mass, and Volume  Part 1 

 
Make a plan with your team. For each of the following, choose objects to measure. 
First, estimate the measurement in metric units. Second, choose what tools you will 
use to make your measurements in metric units. Third, measure your objects. 
Remember to include the number and unit in each measure. Compare your 
measurements to be sure you have measured accurately. 
 
Length and Distance 
1. Estimate and measure the length (or width or height) of two objects in your 

classroom.  
 
Object A: ________________________________________________________  

Tool used ________________________________________________________ 

System Estimate Actual Length 

Metric   

 
Object B: ________________________________________________________ 

Tool used ________________________________________________________ 

System Estimate Actual Length 

Metric   

 
 

2. Estimate and measure a distance in your classroom.  

We measured the distance from ___________________ to __________________ 

Tool used _________________________________________________________ 

System Estimate Actual Distance 

Metric   
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Name________________________________________  Date_________________ 
 
Estimating and Measuring Length, Mass, and Volume  Part 2 
 

Mass 
3.   Estimate and measure the mass of two objects in your classroom.  
 
Object A: ________________________________________________________ 

Tool used ________________________________________________________ 

System Estimate Actual Mass 
Metric   

 

Object B: ________________________________________________________ 

Tool used ________________________________________________________ 

System Estimate Actual Mass 
Metric   

 
 

4. Estimate and measure the volume of the water in the containers supplied by your 
teacher. 

Volume 

 
Container A  
 Tool used ________________________________________________________ 

System Estimate Actual Volume 
Metric   

 
Container B  
 Tool used ________________________________________________________ 

System Estimate Actual Volume 
Metric   
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Lesson 36 
Estimating and Measuring Elapsed Time 
 
Objectives 
Students 

 make estimates of elapsed time 
 select and use proper tools for accurately measuring elapsed time 

 
Schedule 
 About 40 minutes 
 
Materials 
 For each student 
 1 Student Sheet Estimating and Measuring Elapsed Time 
  
 For each team of four 
 1 stopwatch* 
 
 For the class 
 1 classroom clock with second hand* 
 
* provided by the teacher 
 
Preparation 
  Make a copy of the Student Sheet Estimating and Measuring Elapsed Time for 

each student. 
 
Guiding the Activity 

1. Ask students how long a minute is.  
 60 seconds; 1/60th of an hour 

 
Then challenge them to tell when a minute has passed. Have them face away 
from the classroom clock or close their eyes. Say that you will tell them when 
the minute begins and they are to raise their hands when they think a minute 
has passed. Announce the start time, and note how accurately students 
estimate when a minute has passed.  
 
Discuss the results, including whether students found it easy or hard to 
estimate time. Review or reinforce that to estimate is to form an approximate 
idea of a measurement or calculation.  

 
2. Review the importance of measuring as a science skill. As appropriate, 

remind students that scientists collect data for their investigations by 
measuring size, distance, mass, volume, density, temperature, speed, and 
many other properties and variables, including elapsed time. Elapsed time is 
the time that passes from the start of an activity to the end of the activity. 
Elapsed time may be measured in a wide range of units, from fractions of 
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seconds to millions of years. Science classroom measurements of elapsed 
time are most often measured in seconds, minutes, hours, or days.  
 
Have students think about and list science experiments they have planned 
and conducted in which they measured and recorded elapsed time. Or 
brainstorm investigation questions involving how long an event or process 
takes to occur. 
Students may suggest measuring how long it takes liquids to come to a boil, 
seeds to germinate, a puddle to evaporate, Earth to rotate one time, thunder 
to follow lightning, or a sphere to roll down a track. 

  
3. Tell students that now they will observe an activity from start to finish and 

estimate the elapsed time. Ask, What measuring tool should we use to 
measure elapsed time? 
a stopwatch; if students mention a clock or watch with a second hand, confirm 
that these also may be used, but point out that clocks and watches require 
calculations (subtracting start time from end time) that are not necessary with 
a stopwatch. 
 
Choose one volunteer to perform a simple activity, such as writing his or her 
name on the board five times or counting aloud backward from 50 to 1. Give 
another volunteer a stopwatch to time the activity. Perform the activity, have 
students share their estimates, and have the timekeeper announce the actual 
time. Again, discuss the results. Did students tend to overestimate or 
underestimate the elapsed time? 
 
Assure students that the more they practice measuring time, the better able 
they will be to estimate time measurements instead of or before measuring. 

 
4. Distribute a copy of the Student Sheet Estimating and Measuring Elapsed 

Time to each student. Divide the class into teams of four, and give each team 
a stopwatch. Go over the instructions together. Have students work in teams 
to complete the sheets.  

 
Student Sheet Sample Answers: 1. Elapsed time is the time that passes from the start of 
an activity to the end of the activity. 2. Sample answers: a car moving on a ramp; time it takes 
a chemical reaction to occur; changes in the length and position of shadows; growth of a 
plant 3. Estimates and measurements will vary depending on the timed activities or 
processes students choose to measure. All estimates and measurements should include both 
a number and a unit, such as seconds, minutes, or hours.   
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Name__________________________________________ Date________________ 
 
Estimating and Measuring Elapsed Time 
 
1.  What is elapsed time? ______________________________________________ 
 
___________________________________________________________________ 
 
2.  Name a process or event for which a scientist might measure elapsed time  
 
in seconds:  ________________________________________________________ 

in minutes: ________________________________________________________ 

in hours: ________________________________________________________ 

in days: ________________________________________________________ 

3.  Work with a team of four and a stopwatch. Take turns planning and conducting 
timed activities while teammates estimate and measure the elapsed time, as 
follows: 

· Student 1 performs an activity, such as drinking a cup of water. 
· Student 2 uses a stopwatch to measure how long this activity takes. 
· Students 3 and 4 estimate the elapsed time. 
· Then rotate and repeat so that every team member can do all three jobs. 

 
4. Fill in the chart with your estimates and measurements.  

Activity Estimate 1 
of Elapsed Time 

Estimate 2 
of Elapsed Time 

Actual 
Elapsed Time 
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MAGNETISM AND ELECTRICITY 1PHYSICS OF SOUND

GOALS

The Physics of Sound Module consists of four
sequential investigations, each designed  to
expose a specific set of concepts.  Students learn
to discriminate between sounds generated by
dropped objects, how sounds can be made louder
or softer and higher or lower, how sounds travel
through a variety of materials, and how sounds
get from a source to a receiver.  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 and compare sounds to develop discrimination
ability.

• Communicate with others using a drop code.

• Learn that sound originates from a source that is vibrating
and is detected at a receiver such as the human ear.

• Understand the relationship between the pitch of a sound
and the physical properties of the sound source (i.e. length
of vibrating object, frequency of vibrations, and tension of
vibrating string).

• Compare methods to amplify sound at the source and at the
receiver.

• Observe and compare how sound travels through solids,
liquids, and air.

• Use knowledge of the physics of sound to solve simple
sound challenges.

• Acquire vocabulary associated with the physics of sound.

• Exercise language, social studies, and math skills in the
context of the physics of sound.

• Develop and refine the manipulative skills required for
investigating sound.

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

OVERVIEW
PHYSICS OF SOUND

GRADES 3–4

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

OVERVIEW CONTENTS
Goals 1

FOSS and National Science
Education Standards 2

Science Background 3

Working in Collaborative
Groups 8

Encouraging Discourse 9

Guiding FOSS Investigations 10

Assessing Progress 11

Integrating the Curriculum 12

FOSS for All Students 13

The FOSS Teacher Guide
Organization 14

The FOSS Investigation
Folio Organization 15

Scheduling the Physics
of Sound Module 16

Safety in the Classroom 17

Physics of Sound
Module Matrix 18

FOSS Staff 20
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18 FULL OPTION SCIENCE SYSTEM

PHYSICS OF SOUND MODULE MATRIX
THINKING PROCESSESSYNOPSIS SCIENCE CONTENT

1. DROPPING IN
Students explore their ability to
discriminate between sounds, by
dropping objects into a drop chamber
and identifying each object by the
property of its sound.  They develop a
code by assigning letters to objects and
send messages to one another by using
their drop code.

3. HOW SOUND TRAVELS
Students work in collaborative groups on
miniactivities that introduce a sound
source and a medium of sound travel.
They observe and compare how sound
travels through solids, water, and air.

2. GOOD VIBRATIONS
Students explore sound generators and
musical instruments in miniactivities to
find out what causes sound and what
changes the pitch.  They investigate
variables that affect changes in pitch:
the length of vibrating objects and the
tension on vibrating strings.

4. SOUND CHALLENGES
Students investigate the nature of our
sound receivers, ears.  They are
challenged to put their knowledge of
sound sources, sound travel, and sound
receivers to work.  They take one of the
instruments they used earlier and change
its pitch, make its sound travel farther, or
make it louder.

• Objects can be identified by the sounds
they make when dropped.

• Sounds have identifiable characteristics.
• Sounds can convey information.
• Sound is caused by vibrations.
• A sound source is an object that is

vibrating.
• A sound receiver detects sound

vibrations.

• Sound originates from vibrating sources.
• Pitch is how high or low a sound is.
• Differences in pitch are caused by

differences in the rate at which objects
vibrate.

• Several variables affect pitch, including
size (length) and tension of the source
material.

• Sound travels through solids, water,
and air.

• Sound vibrations need a medium to
travel.

• Sound that is directed travels better
through air.

• Our outer ears are designed to receive,
focus, and amplify sounds.

•  Several variables affect pitch, including
size (length), tension, and thickness of
the source material.

• Sound can be directed through air, water,
or solids to the sound receivers.

• The medium that sound passes through
affects its volume and the distance at
which it can be heard.

•  Observe sounds made by objects when
dropped.

•  Communicate with others using a code.
•  Compare sounds to develop

discrimination.

•  Observe that sound originates from a
vibrating source.

•  Compare high-, low-, and medium-
pitched sounds.

•  Record observations on sound.
•  Relate the pitch of a sound to the

physical properties of the sound source.

•  Observe that sound travels through
solids, water, and air.

•  Compare how sound travels through
different mediums.

•  Record observations on sound.

•  Observe that the outer ear is designed to
receive sounds.

•  Compare different ways of amplifying
sounds and making them travel longer
distances.

•  Record observations of how sound
travels.

•  Report findings in a class presentation.

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○
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19PHYSICS OF SOUND

FOSS SCIENCE STORIES TECHNOLOGY/HOME CONNECTIONINTERDISCIPLINARY EXTENSIONS

Language Extensions
• Drop multiple-letter objects.
• Send mystery letters.
• Create whole-word codes.
• Drop in other languages.
• Write sound stories with feeling.
• Explore onomatopoeia.
Math Extensions
• Problem of the week.
• Create a number drop.
Science Extensions
• Create a sound-matching game.
• Start a learning center.
• Play Where’s That Sound?

Language Extensions
• Research whale and dolphin

communication.
• Research bat navigation.
• Compare animal ears.
Math Extension
• Problem of the week.
Art Extension
• Hold a fabulous ear contest.
Science Extensions
• Observe speed of sound through air.
• Investigate string telephones.
• Compare sound mufflers.
• Make an air cannon.

Language Extensions
• Research hearing aids.
• Describe the group experience.
Math Extension
• Problem of the week.
Social Studies and Science
Extensions
• Imagine life without phones and

stereos.
• Discuss disability awareness.
•  Investigate sound-making toys.
• Make animal quackers.

Home/School Connection: Students will
need some extra time at home to work on
their projects and get them ready to
present to the class.

See the Science Stories folio.
• “Seeing”  the World through Sound
• Listen to This
• Animal Babble
• Your Source and Receiver

See the Science Stories folio.
•  Highs and Lows
• Making Waves
• Sound Off!
• Scoping Out Sound

See the Science Stories folio.
• Moving Along
• Bouncing Back
• Energy

See the Science Stories folio.
• Lights!  Camera!  Action!
• Grandmother’s Hearing Test

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

Home/School Connection: Students look
for the noisiest and quietest spots in their
neighborhood.  They ask family members
about hearing protection or augmentation
at the job site.

Home/School Connection: Students and
their families assemble a homemade band
with pots and pans.  If they are able to
create a scale, they might play and record
a few tunes.

Home/School Connection:  Students
investigate bathtub science by listening to
sounds generated in air and in water while
their ears are above water and
submerged.
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Language Extensions
•  Research animal sounds.
•  Research the Adam’s apple.
Math Extensions
•  Problem of the week.
•  Notate string-beam music.
Science Extension
•  Make a duck flute or rubber-band guitar.
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SCIENCE BACKGROUND
WHAT IS SOUND?
An ancient philosophical question asks, “If a tree falls in the forest
when no one is around, does it make a sound?”  The usual first
response is to say, “Sure, something as big as a tree will certainly
make a loud crash when it falls.”  But maybe not.  First we have to
consider an even more fundamental question:  What is sound?  Is
sound real and tangible, with an existence independent of a listener,
or is sound a sensory process totally dependent on a living
interpreter?  To answer these questions, let’s review what we know
about sound.

Sound is a form of energy.  The branch of physics that is concerned
with this form of energy is acoustics.  Like other forms of energy,
sound can be generated, it can move from one place to another, it can
do work, and it dissipates over time and distance.  Some sounds carry
tremendous amounts of energy—the explosion of the volcano
Krakatoa was heard 10,000 km away.  Other sounds, like the plop of a
pebble dropped into a pond, have almost no energy at all.  No matter
what their level of energy, all sounds behave in the same predictable
ways.

Think about the triangle that was in the box of musical instruments
when you were in grade school.  When you hang it up by the string
and give it a rap with a stick, the familiar bright tone rings out.
Clearly the sound is coming from the triangle, so we can refer to it as
a sound source.  Inside your ear a complex sequence of mechanical
and neurological processes receive and interpret the sounds
emanating from the triangle.  Your ear is a sound receiver.  The
triangle can be heard from above, below, or any other direction
because sound travels in every direction from a source.

Close observation of the ringing triangle reveals an important fact—
it’s moving.  While the triangle is sounding, it is moving back and
forth very rapidly, a movement called vibration.  When the stick hits
the triangle, it transfers energy to the metal, which starts to vibrate.
When the energy in the metal is eventually used up, or transferred to
another object (such as when you touch the triangle), the sound stops.
The sound will continue only as long as there is energy in the system
to keep it going.

“Like other forms of
energy, sound can
be generated, it can
move from one
place to another, it
can do work, and it
dissipates over time
and distance.”
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PHYSICS OF SOUND OVERVIEW

HOW SOUND GETS AROUND
Sounds can travel from one place to another through thin air.  They
can also travel through gases other than air, through liquids, and even
through solids.  The only thing that sound can’t travel through is a
vacuum.  The process by which sound moves from one point to
another point is called sound transfer, and that process requires a
medium, something to travel through.

A vibrating object moves back and forth.  When it moves in one
direction it pushes on the air molecules next to it, thus compressing
them or packing them together more closely than usual.  When the
vibrating object moves in the other direction, it leaves in its wake an
area that has fewer air molecules than usual.  It goes back the other
way to create another area of compression, and so forth.  The energy
in a compression area transfers to molecules nearby as the air
expands, and the effect passes from molecule to molecule in this
manner.  These compression and rarefaction waves emanate from a
vibrating object until the energy needed to create the waves is
exhausted.

The same processes transmit sound through liquids and solids, but
things happen a little faster.  The molecules in liquids are closer
together than the molecules in gases, and the molecules in solids are
closest of all.  Transfer of energy from one molecule to another can
happen much more efficiently when the molecules are closer together
to begin with.  Also, the warmer a material is, the faster its molecules
are moving, and the more efficient energy transfer is.  With this
information as a base, you could guess that sound travels slower up
high in the earth’s atmosphere than just above the surface of the
ocean.

CHARACTERISTICS OF SOUND
Sounds can be loud or soft.  They can sound high and piping or low
and booming.  These two characteristics of sound are known as
amplitude and frequency, but in more common parlance they are
known as volume and pitch.

Volume is a measure of the amount of energy in the sound—the more
energy, the louder the sound.  More energy means more molecules of
air (or other medium) get put into motion.  The relative amount of
energy in sounds is measured in decibels.  A secret whispered in your
ear is about 10 decibels, a classroom full of active fourth graders doing
hands-on science is about 50 decibels, and a jackhammer breaking up
the sidewalk is about 100 decibels.  Sounds registering in the region of

“The process by
which sound moves
from one point to
another point is
called sound
transfer, and that
process requires a
medium, something
to travel through. ”
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120 decibels, such as jet airliners taking off or live rock music, can
cause pain, and prolonged exposure to sounds over 90 decibels can
lead to hearing loss.

Pitch is a product of the rate (or frequency) of vibrations.  The faster
the vibrations, the higher the pitch of the sound.  Conversely, the
slower the vibrations, the lower the pitch of the sound.   Named after
Heinrich R. Hertz, the German physicist who discovered
electromagnetic waves, hertz (Hz) refers to the number of vibrations
in a second.  Therefore, a 50-Hz sound comes from a source that is
vibrating 50 times a second.

Musical instruments demonstrate the acoustics of pitch wonderfully.
Think about a xylophone with its mathematically designed bars laid
out from long to short.  Any object, when energized so that it begins
to vibrate, has its own frequency.  This natural vibration frequency is
the resonate frequency for that object.  This frequency is determined
by a number of factors, including the material the object is made of, its
size and shape, and its tension.  The xylophone bars are usually all
made from the same metal stock, varying only in length.  As you tap
the bars in series, starting with the longest one, you will hear that the
pitch of each successive bar is higher than the previous one.  The
general rule is, the shorter the object, the higher the pitch.

That rule holds up with just about all musical instruments.  A guitar
player makes higher-pitched sounds by placing a finger on the string
to shorten it.  The saxophone player presses down on the keys to close
all of the holes, making the column of vibrating air longer.  The pitch
goes down.  Short piano strings make high tinkling sounds, and the
percussionist’s largest timpani drum makes a low booming sound.

You may encounter the words ultrasonic and infrasonic from time to
time.  Ultra means “beyond,” and infra means “below.”  It follows that
an ultrasonic sound is a sound beyond sound—an apparent
contradiction.  But such designations usually refer to human hearing.
Humans with fully functional hearing can hear sounds between about
15 Hz and 20,000 Hz per second.  Higher frequencies are not
perceived by the human ear mechanism, so they are collectively
referred to as ultrasonic sounds.  Dogs and cats, however, can hear
sounds as high as 30,000 Hz, and bats an incredible 100,000 Hz.  On
the other hand, whales and elephants are able to communicate using
infrasonic sounds, less than 15 Hz.

“Named after
Heinrich R. Hertz, the
German physicist
who discovered
electromagnetic
waves, hertz (Hz)
refers to the number
of vibrations in a
second.  Therefore, a
50-Hz sound comes
from a source that is
vibrating 50 times a
second.”
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PHYSICS OF SOUND OVERVIEW

“At or near sea level
on Earth, sound
travels through the
air (at 20°C) at 343
m/s, or 1235 km/h.
This speed is known
as Mach 1.”

THE SPEED OF SOUND
At or near sea level on Earth, sound travels through the air (at 20°C)
at 343 m/s, or 1235 km/h.  This speed is known as Mach 1.  Mach 1
became a household term in the 1960s when airplanes began traveling
faster than the speed of sound, faster than Mach 1.  (Think how quiet
it must be up there when you are outrunning the sound of your
engines.)  As supersonic planes fly higher and higher in the
atmosphere, the sounds they make actually travel slower and slower
because of the lower temperatures and less-dense atmosphere.
Ultimately, as humans move into space, where temperatures approach
-273°C and there are no gases to speak of, sound ceases to travel at all.

Knowing the speed at which sound travels can come in handy.  If you
are near a thunderstorm, you can determine whether the storm center
is advancing toward you or retreating.  The flash of light from the
lightning reaches your eyes almost instantly.  But it takes about 3 s for
the sound of the thunder to travel 1 km.  By counting the number of
seconds between the flash and the boom and dividing by three, you
can determine your distance from the lightning in kilometers.  For
instance, if it takes 6 s for the sound to reach your ears, the lightning is
2 km away.  With luck the next boom will follow the flash by more
than 6 s, indicating that the storm is moving away from you.
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HEARING SOUNDS
Humans detect sound with that complex organ, the ear.  The visible
portion is the outer ear, which acts like a funnel to channel sound
waves into the more sensitive parts of the ear deep inside the head.

Sounds travel down the ear tube until they reach the eardrum,
causing it to vibrate.  The vibrations of the eardrum pass through an
intricate mechanical system composed of the three smallest bones in
the body, the hammer, anvil, and stirrup, so named because they
resemble those objects.  Along with the eardrum, they make up the
middle ear.

The bones of the middle ear connect to a tiny spiral-shaped canal that
contains hair cells surrounded by fluid.  This canal is the inner ear.
As the middle-ear bones vibrate, they cause the fluid in the inner ear
to vibrate.  This in turn causes the hair cells to vibrate.  The hair cells
each connect directly to a nerve that sends its impulses to the brain.
The brain interprets these impulses as sound.

Which brings us back to where we started.  When the tree falls in the
forest, it sets up waves that travel through the air until they
eventually run out of energy.  But if no one is there with an ear to the
wind, does the falling tree make a sound?

“When the tree
falls in the forest,
it sets up waves
that travel through
the air until they
eventually run out
of energy.”
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Teacher Note for FOSS Physics of Sound, Investigation 1, Part 3 
 
Human and Animal Sounds 
 
In FOSS Physics of Sound, Investigation 1, Part 3, Sound and Vibrations, students 
explore how sounds are made by two vibrating objects, a tuning fork and a long 
gong. After completing this part, have students read about the sounds that humans 
and other animals make and hear (FOSS Physics of Sound Teacher Guide, page 
24, Step 9). 
 

Plan to read the Science Stories “Animal Babble” (pages 7–8) and “Your 
Source and Receiver” (pages 9–10) during a reading period after 
completing this part. For background information and follow-up activities, 
see the Science Stories folio. 

 
“Animal Babble” describes how many kinds of animals use sound to communicate. 
“Your Source and Receiver” explains how human vocal cords produce sound and 
how human ears receive sound.     
 
As you discuss the Questions to Explore following “Animal Babble,” let students do 
library or supervised Internet research to find out and describe how other animals 
(dogs, bats, and whales) make and receive sounds.  
 
Give each student a copy of the Student Sheet How Humans and Other Animals 
Make and Receive Sounds, Parts 1 and 2. Have students complete the sheets by 
filling in the chart.  
 
In the blank row, let students add an animal of their own choosing from their 
research. Challenge them to make up a riddle about the animal sound they 
researched independently, and quiz their classmates. For example, “I don’t have 
vocal cords, so I make clicks and whistles underwater by moving air through my 
nasal passage. What am I?” (bottlenose dolphin) 
 
Student Sheet Sample Answers: 1. Human: Sound made when air from lungs makes vocal cords 
in throat vibrate and vibrations come out mouth as voice sounds. Sound received when vibrations 
enter ear and signals are sent to brain. Bat: Sound made by moving air over vocal cords and 
directing vibrations out through nose; sound has very high frequency. Sound received through very 
large ears. Bee: Sound made by vibrating wings. Sound received by sensing vibrations through body, 
especially feet and antennae. Cicada: Sound made by pushing timbals on stomach in and out (males 
only). Sound received by tympana, or membranes on the body (males and females). Cricket: Sound 
made by rubbing wings together to make chirps. Sound received through ears and antennae, or 
“feelers.”   Dog: Sound made by vibrating vocal cords to bark, howl, and whine. Sound received 
through ears. Whale: Sound made by passing air over vocal folds; sound has very low frequency. 
Sound received through internal system of air sinuses and bones; no external ears.  
Possible optional animal, from FOSS Science Story: Rattlesnake: Sound made by shaking “rattle” at 
end of tail. Sound received when snake senses vibrations in the ground through its bones. 2. They all 
involve something vibrating to produce sound. 3. Different animals use different body parts to produce 
sound. Some animals make and hear sounds of different frequencies than humans can make and 
hear.  
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Name______________________________________________________ Date_________________ 
 
How Humans and Other Animals Make and Receive Sounds   Part 1 
 
1.  Complete the chart. 
 

Animal How is sound made? How is sound received? 

human 
 
 

  

bat 
 
 

  

bee 
 
 

  

cicada 
 
 

  

cricket 
 
 

  

dog 
 
 

  

whale 
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Name______________________________________________________ Date_________________ 
 
How Humans and Other Animals Make and Receive Sounds   Part 2 
 
2. Compare: How are the ways that humans and other animals make and hear 

sounds alike? 
 
___________________________________________________________________ 
 
___________________________________________________________________ 
 
___________________________________________________________________ 
 
___________________________________________________________________ 
 
___________________________________________________________________ 
 
___________________________________________________________________ 
 
 
 
3. Contrast: How are the ways that humans and other animals make and hear 

sounds different? 
 
___________________________________________________________________ 
 
___________________________________________________________________ 
 
___________________________________________________________________ 
 
___________________________________________________________________ 
 
___________________________________________________________________ 
 
___________________________________________________________________ 
 
___________________________________________________________________ 
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Teacher Note for FOSS Physics of Sound, Investigation 2, Parts 1, 2, and 3 
 
Investigating Pitch  
 
In FOSS Physics of Sound, Investigation 2, Good Vibrations, students investigate 
the relationship between different kinds of vibrations and pitch (Part 1). They explore 
how the length of a vibrating source affects pitch (Part 2) and how the tension 
applied to a vibrating source affects pitch (Part 3).   
 
After completing Investigation 2, reinforce comprehension and science investigation 
skills by having students design their own investigations to determine what factors 
affect the pitch of a vibrating object. The vibrating objects in the experimental setups 
should include these common materials: strings, rubber bands, beakers or bottles of 
air and water, tubes (as in wind chimes).  
 
You may wish to use FOSS Science Stories “Sound Off!” (Physics of Sound Science 
Stories pages 15–16) as a starting point for the experimental setups. “Sound Off!” 
describes how to make four simple instruments using household objects such as 
bottles of air, straws, bowls and plastic wrap, and rubber bands and a cake pan. 
Students may also further investigate any of the vibrating objects they used in 
Investigation 2, such as the xylophone tubes or tongue depressors.  
 
Give each student a copy of the Student Sheet What Changes the Pitch of a 
Sound? Parts 1 and 2. Explain that the student sheet is a step-by-step guide to 
designing a science investigation. Have students work with partners or in small 
groups to design an investigation, from stating the question to sharing results with 
others.   
 
Depending on the time and resources available, let students carry out their 
investigations and report their findings to the class. Based on the evidence, work 
together to draw some general conclusions about what factors affect the pitch of a 
vibrating object.   
 
Student Sheet Sample Answers: Sample answers based on the Bottle Horn investigation, FOSS 
Science Stories page 15; students may also choose to investigate changing the pitch of a Fun Flute, 
Bowl Beater, or One-String Guitar. 1. I will design an investigation to find out how to change the pitch 
of a bottle horn. Investigation Question: What affects the pitch of a bottle horn? 2. I think the amount 
of water in the bottle affects the pitch of the bottle horn. I think this because the water affects the 
height of the column of air in the bottle. 3. If I change the amount of water in the bottle by adding 
more water, then the pitch will be higher. I think this because the vibrating air column will be shorter, 
and shorter vibrating objects have a higher pitch. 4. Procedures: Fill each bottle with a different 
amount of water, and blow across the tops of the bottles to find out if they make different sounds. 
Materials and tools: three glass bottles the same size, water; 5. I will listen to each pitch and compare 
them with my ears. I will ask a partner to listen, too, to check my findings. I will make a chart to 
compare the three bottles (Low, Medium, High water levels) and the pitch of each (Lowest, Middle, 
Highest). 6. My Conclusion: The shorter the column of air in the bottle horn, the higher the pitch of the 
sound it makes.
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Name________________________________________ Date_________________ 
 
What Changes the Pitch of a Sound?        Part 1 
 
1. What I want to find out. 

I will design an investigation to find out 
________________________________________________________________  
 
________________________________________________________________ 
 
Restate what you want to find out as an Investigation Question:   
 
________________________________________________________________ 
 
________________________________________________________________ 

 
2. Prediction 
 

I think _____________________________________________________ affects  
 
________________________________________________________________ 
 
I think this because ________________________________________________ 
 
________________________________________________________________ 

 
3. Hypothesis, with reasoning 
 

If I change  ______________________________________________________ 
 
then ____________________________________________________________ 
 
I think this because ______________________________________________ 
 
________________________________________________________________ 
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Name________________________________________ Date_________________ 
 
What Changes the Pitch of a Sound?        Part 2 
 
4. Procedures for testing my hypothesis  
 Describe or draw and label your experimental setup.   
 
 
 
 
 
 
 
 
 Materials and tools I need: 
 
 
  
 
 
5. Observations/Data 
 How I will collect, record, and display data: 
 
 
 
 
 
 
 
 
 
6. My Conclusion 
 
___________________________________________________________________ 
 
___________________________________________________________________ 
 
___________________________________________________________________ 

5.P.45



5.P.46



Teacher Note for FOSS Physics of Sound Investigation 3, Science Stories 
 
Compression Waves  
 
In FOSS Physics of Sound Investigation 3, How Sound Travels, students read “Moving 
Along” (FOSS Science Stories pages 19–20). For background information and follow-up 
activities, see the FOSS Science Stories folio in the Teacher Guide.  
 
Duplicate and distribute the handouts “Sound Waves” and “Modeling Sound Waves” on 
the Planning Guide pages that follow for supplemental information about how sound 
travels through matter. 
 
Have students look at the illustration of the sound wave on page 19 of the FOSS 
Science Stories. Explain that each dark speck represents a tiny particle of matter, or 
molecule, traveling in the wave. Ask students what they notice about how the particles 
travel in the wave.  
Some are bunched close together in bands.   
 
Explain that the bunched-up particles form a compression, an area of high pressure in 
which molecules are squeezed together. Ask, How does the diagram help us 
understand how sound energy travels? 
When an object vibrates back and forth, it pushes air particles together at every 
vibration, forming a repeating pattern of high- and low-pressure areas called sound 
waves.  
 
Because sound waves cause matter to vibrate back and forth, sound must have some 
kind of matter to move through. Be sure students understand that sound can travel 
through any of the three phases of matter—solid, liquid, and gas. In the study of sound, 
solids, liquids, and gases are called mediums. As needed, review and discuss 
“Mediums and the Speed of Sound,” in Moving Along, FOSS Science Stories pages 19-
20. 
  
Give each student a copy of the Student Sheet Sound Through Matter, Parts 1 and 
2, and have them work on their own to answer the questions. On Part 1, students create 
and interpret a diagram of a compression wave. On Part 2, students demonstrate that 
they understand the ability of different media to transmit sound.  
 
Student Sheet Sample Answers: 1. molecules of matter; the diagram helps me see that sound travels 
by pushing particles of matter together into a pattern of compressions; 2. Students’ diagrams should 
resemble the diagrams on the handout. The vibrating object can be of students’ choosing; the 
compressions are closely packed groups of dots; arrows should point away from the vibrating object, 
representing the direction of sound energy moving in waves away from the vibrating object. 3. Sample 
Notes: Sound is a kind of energy we can hear. It is formed when an object vibrates. Each vibration 
causes particles of air around the object to bunch together, forming a pattern of high- and low-pressure 
areas. These are sound waves. Sound waves travel away from the object in all directions. Sound waves 
travel through air or other matter. 4. Gas, solid, liquid, solid; 5. Solid: glass, steel; sound waves travel 
faster than in liquids or gases; Liquid: alcohol, fresh water; sound waves travel slower than in solids, but 
faster than in gases; Gas: air; sound waves travel slower than in solids or liquids. 6. The warmer the 
medium, the faster sound waves travel.  
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Sound Waves

Excerpt from DSCR Sound Energy (purple edition), © Delta Education 

Sound Waves
How do vibrations produce sound? 

Suppose you could see a vibrating guitar 

string or harp string in slow motion. 

Remember that a vibrating string moves 

back and forth repeatedly. Picture the 

string moving in each direction. As the 

string moves in one direction, it pushes 

air particles together. The bunched-up 

particles form a compression, which is 

an area of high pressure in which particles 

are squeezed together.

As the string moves in the other 

direction, it makes another compression. 

Now the space in between the two 

compressions has fewer air particles. It is 

an area of low pressure in which particles 

are spread out. When the string returns 

to the original position, it makes another 

compression, and so on. A vibrating string 

produces many areas of high and low 

pressure around it. The same thing occurs 

with other vibrating objects.

The areas of high and low pressure 

created by a vibrating object form 

repeating patterns called sound waves. 

Sound waves travel away from a vibrating 

object in all directions, carrying sound 

energy through air and other kinds of 

matter.

 How does hitting a drum produce 
sound waves?

high-pressure area
(compression)

low-pressure areaAs a harp string vibrates back and forth, it 
creates a pattern of high-pressure areas and 
low-pressure areas that form sound waves.
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direction of energy movement

compression

push from 
vibrating 
object

push from 
hand

sound wave

spring toy model

Sound Wave Model

direction of energy movement

compression

Modeling Sound Waves
Have you ever seen waves moving across 

the ocean or ripples spreading over the 

surface of a lake? Like sound waves, water 

waves carry energy from one location to 

another. Many forms of energy travel in 

waves, but not all waves move in the 

same way.

Some waves, called transverse waves, 

cause matter to vibrate up and down as 

the wave travels forward. Water waves 

are transverse waves. Particles of water 

move up and down in small circles as the 

wave moves forward. Other waves, called 

longitudinal waves, cause matter to vibrate 

back and forth in the same direction 

the wave is traveling. Sound waves are 

longitudinal waves.

You can model how sound waves move 

through matter using a spring toy. Stretch 

the spring toy along a fl at surface and give 

one end of the spring a push. This forms a 

compression, an area of bunched-up coils. 

The compression moves along the spring 

from one end to the other. Sound waves 

carry energy away from a vibrating object 

in a similar way.

 How does the movement of sound 
waves compare to the movement of 
water waves?

All waves carry energy from place to place. 
Water waves and sound waves are alike in some 
ways and different in others.

A spring toy can be used to model the way sound waves move through matter. Energy 
travels along the spring in the same direction that the compressions move.
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Name________________________________________ Date_________________ 
 
Sound Through Matter         Part 1 
 
1. Look at the diagram of the sound wave on page 19 of FOSS Physics of Sound 

Science Stories. What do the dots represent? 
 

________________________________________________________________ 
 

How does the diagram help you understand why sound waves are also known as 
compression waves? 

 
________________________________________________________________ 
 
________________________________________________________________ 

 
2. Read the handout “Sound Waves” to find out more. Then, in the space below, 

draw a diagram of a sound wave.  
• Include a picture of the vibrating object that is producing the sound waves.  
• Label a compression.  
• Use arrows to show the direction in which the sound energy travels. 

 
 
 
 
 
 
 
 
 
 
 
 
 
3. Use your diagram to explain to a small group what sound is, how sound is 

produced, how sound affects matter, and how sound travels.   
 

NOTES:  
 
 ________________________________________________________________ 
 
 ________________________________________________________________ 
 
 ________________________________________________________________ 
 
 ________________________________________________________________ 
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Name________________________________________ Date_________________ 
 
Sound Through Matter         Part 2 
 
4. Sound can travel through materials in all three states, or phases, of matter—

solids, liquids, and gases.  
 

In FOSS Physics of Sound, Investigation 3, you explored how sound traveled 
through the following materials. Write whether each is a solid, a liquid, or a gas. 

 
Material State of Matter 

air 
 

 

wood 
 

 

water 
 

 

string 
 

 

 
 
5. Fill in the chart to show how solids, liquids, and gases transmit sound.   
 

State of 
Matter 

Examples Description of Speed of Sound 

solid 
 
 

  

liquid 
 
 

  

gas 
 
 

  

 
6. How does the temperature of a substance affect how quickly sound travels 

through it? 
 

___________________________________________________________________ 
 
___________________________________________________________________ 
 
___________________________________________________________________ 
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Lesson 68 
How Musical Instruments Produce Sound 
 
Objectives 
Students 

  compare and contrast how different kinds of musical instruments produce 
sound 

  differentiate among stringed instruments, woodwind instruments, percussion 
instruments, and brass instruments  

 
Schedule 
 About 40 minutes 
 
Materials 
 For each student 
 1 Student Sheet How Musical Instruments Produce Sound, Parts 1 and 2 
 1 handout, “Musical Instruments”    

   
Preparation 

1. Make a copy of Student Sheet How Musical Instruments Produce Sound for 
each student. 

2. Make a copy of the handout “Musical Instruments,” on the Planning Guide 
pages that follow, for each student. 

 
 
Guiding the Activity 

1. In FOSS Physics of Sound, Investigation 2, Part 1, Wrapping Up, students 
read FOSS Science Stories “Highs and Lows,” about different kinds of 
musical instruments around the world. (See FOSS Physics of Sound Teacher 
Guide, Investigation 2 folio, page 11; FOSS Science Stories pages 11–13.)   

 
2. For review and additional support on how musical instruments produce 

sound, distribute a copy of “Musical Instruments” to each student. Read and 
discuss the text and illustrations. Invite students to share their experiences 
with playing or listening to different musical instruments. For each instrument 
named, ask whether it is a string, wind, or percussion instrument.  

 
Say, Compare. What is the same about how all musical instruments 
produce sound? 
All musical instruments produce sound by making vibrations.   
 
Contrast. What is different?   
• string instruments: strings vibrate when plucked, strummed, or bowed  
• wind instruments: column of air vibrates  
• percussion instruments: surface vibrates when shaken or struck   
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3. Extend the description of wind instruments by explaining that this category 
can be further broken down into brass instruments and woodwind 
instruments.  

 
In brass instruments, the player’s lips vibrate, causing the air inside the 
instrument to vibrate. Examples are trumpets, trombones, tubas, and bugles. 
 
In woodwind instruments, the player either makes a reed in the mouthpiece 
vibrate or blows across the edge of an open hole. Woodwind instruments with 
reeds include oboes and clarinets. Woodwind instruments with open holes 
include recorders and flutes.   
  

4. Give a copy of the Student Sheet How Musical Instruments Produce 
Sound, Parts 1 and 2, to each student. You may wish to allow students to 
refer to the handout “Musical Instruments” and to FOSS Science Stories 
“Highs and Lows” when completing the chart. Have students complete their 
sheets on their own, and then discuss their answers as a class.  

 
Student Sheet Sample Answers: 1. All musical instruments produce sound by making 
vibrations. 2. Pitch is how high or low a sound is. 3. String: guitar, violin; making strings vibrate by 
plucking, strumming, or moving them with a bow; by making string tighter or shorter. Woodwind: 
oboe, clarinet; making column of air vibrate by blowing through reed or across mouthpiece; by 
pressing valves or holes to change the length of the column of air. Brass: trumpet, trombone; 
making column of air vibrate by blowing into instrument; by changing length of the column of air 
while playing; Percussion: drum, maraca; making vibrations by striking or shaking instrument; 
most percussion instruments have only one pitch. 4. Drum: percussion instrument, creates sound 
when struck, most have only one pitch; Flute: wind instrument, musician must blow into it to make 
column of air inside vibrate, pitch can be changed; Both: musical instruments that produce sound 
by vibrating  
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Excerpt from DSCR Sound Energy (purple edition), © Delta Education 

Musical Instruments
Musical instruments produce sounds 

in different ways. In fact, instruments are 

categorized according to how they make 

the vibrations that produce sound. The 

three types of instruments are percussion, 

wind, and stringed.  

Wind instruments, such as trumpets, 

clarinets, fl utes, trombones, saxophones, 

and tubas, produce sound using vibrating 

air. A musician must blow into a wind 

instrument to produce sound. The column 

of air inside the instrument vibrates 

when the musician blows into it. Some 

wind instruments have valves or holes 

that a musician presses to control the 

length of the air column. A long column 

of air inside the instrument creates a 

low-pitched sound. A short column of 

air creates a high-pitched sound. The 

musician is able to play many different 

notes, each with its own pitch, by 

changing the length of the air column 

while playing.

A drummer can 
press the pedal to 
change the pitch of 
a kettledrum while 
it is being played. 
Most drums, 
though, have 
only one pitch. 

Pressing the valves 
on a clarinet 
changes the 
length of the air 
column inside the 
instrument. This 
changes the pitches 
of the notes.

Percussion instruments, such as drums, 

xylophones, tambourines, maracas, and 

cymbals, vibrate and create sound waves 

when they are shaken or struck. The size 

and shape of a drum affects its pitch. 

Most drums have only one pitch, but the 

kettledrum can change pitch. A pedal 

tightens or loosens the kettledrum head 

while the drum is being played. The tighter 

the drum head, the higher the pitch. 

maracas

cymbals

trumpet

saxophone
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Stringed instruments produce sounds 

when their strings are plucked, strummed, 

or moved with a bow. As the strings 

vibrate, they also cause the body of the 

instrument to vibrate and produce sound. 

Violins, guitars, banjos, harps, and cellos 

are all stringed instruments. Strings of 

different length, thickness, and tightness 

vibrate at different speeds. Long, thick, 

or loose strings vibrate more slowly, 

making low-frequency sound waves that 

have a low pitch. Short, thin, or tight 

strings vibrate more quickly, making 

high-frequency sound waves that have 

a high pitch.

Some stringed instruments, such as 

violins and guitars, have a fi ngerboard 

behind the strings. Musicians can play 

different notes by pressing a string against 

the fi ngerboard in different places. This 

changes the length of the part of the 

string that is vibrating. Changing the 

length of the vibrating string also changes 

the note the string makes. This is how 

musicians are able to play all the notes in 

a piece of music they are performing.

Musicians sometimes use tuning forks 

when they adjust the pitch of their 

instruments. When a tuning fork is 

tapped, it vibrates at a certain frequency, 

making a sound with a certain pitch. The 

instrument can then be tuned to match 

that pitch.

 Name a percussion, wind, and 
stringed instrument. Describe how 
each makes sound.

When playing the violin or other stringed 
instrument, a musician can change the pitch 
of a sound by pressing the strings against the 
fingerboard.

You can see the vibrations made by 
a tuning fork if you place it in water 
after it is tapped.

harp

banjo
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Name________________________________________  Date_________________ 
 
How Musical Instruments Produce Sound       Part 1 
 
1. What is the same about how all musical instruments produce sound? 
 
___________________________________________________________________ 
 
___________________________________________________________________ 
 
2. What is pitch?   
 
___________________________________________________________________ 
 
3. Fill in the chart below to show that you understand how the four types of musical 

instruments produce sound.  
 

Type of 
instrument 

Two 
examples How is sound made? How is the pitch 

changed? 
string 

 
 
 
 
 

   

woodwind 
 
 
 
 
 

   

brass 
 
 
 
 
 

   

percussion 
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Name________________________________________  Date_________________ 
 
How Musical Instruments Produce Sound       Part 2 
 
4. Choose two different types of instruments, such as a drum and a flute. Compare 

and contrast how sound is made by the two instruments. Use the Venn diagram 
to show the similarities and differences.  

    
 
   

Instrument 1:_____________  
Both 

 
Instrument 2:_____________ 
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Lesson 69 
Light Interactions 
 
Objectives 

  compare and contrast reflection and refraction using water, prisms, and 
mirrors  

Students 

  explain the terms transparent, translucent, and opaque, and give an example 
of each  

 

 About 40 minutes 
Schedule 

 

 For each student 
Materials 

 1 Student Sheet Light Interactions, Parts 1 and 2  
  
 For each team of four 
 1  sheet clear plastic or acetate* 
 1 clear plastic cup* 
 1 flashlight* 
 1 pocket mirror* 
 1  sheet paper, black construction* 
 1  sheet paper, wax*  
 1 prism* 
 1  straw* 
  tap water* 
 
 For the class
 Delta Science Readers, Color and Light 

  

 
*provided by the teacher 
 

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

Preparation 

2. Prepare a set of the materials listed above for each team of four. 
 
Guiding the Activity

1. Distribute copies of the Delta Science Reader Color and Light to the class. 
Use the Color and Light 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 2–7 in the 
student book—“What Is Light?” and “What Happens When Light Hits Different 
Materials?”—in this lesson. 
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2. After students have finished reading, lead a discussion on the basic 
characteristics of visible light and how light behaves. Invite students to share 
their ideas about light from personal experience and previous science 
learning and from reading the student book. Ask, What is light? How does it 
travel? 

 Light is a form of energy that travels out from a light source in straight lines 
 until it strikes an object. 
 
 What are some different light sources you have seen or read about? 

the Sun, fire, lightning, light bulb, laser, flashlight, lamp, lantern, fireflies, 
computer screen 

 
Point out that when light waves strike an object, different things can occur, 
depending on what the object is made of. Ask, What do we call materials 
that allow most light to pass through? Give an example. 
transparent; clear glass, such as in a window 
 
What do we call materials that allow some light to pass through? Give 
an example. 
translucent; frosted glass, such as in some light bulbs 
 
What do we call materials that do not allow any light to pass through? 
Give an example, and tell what happens when light is blocked. 
opaque; wood or metal; a shadow forms behind the object    
 
Using the student book as a guide, discuss the three behaviors of light when 
it strikes an object or material: reflection, refraction, and absorption. Invite 
students to give examples of each type of interaction. Do they observe any 
examples in the classroom? What kinds of materials or surfaces reflect, 
refract, or absorb light? Have students record their ideas in their science 
notebooks. 

 
3. Distribute a copy of the Student Sheet Light Interactions, Parts 1 and 2, to 

each student. Divide the class into teams of four, and have one student from 
each team get a set of investigation materials. Have students work in teams 
to follow the instructions and answer the questions. Review their answers as 
a class. 
 
Student Sheet Sample Answers: 1. I see a large round area of the light with a bright spot in 
the middle. The lighted area is much larger than the bulb and lens of the flashlight. This is 
because light travels out in all directions from a light source. 2. a. I see a shadow of my hand. 
My hand is blocking the light. b. opaque; tree; 3. a. I see an area of light on the wall, just as if 
the plastic wasn’t there. The plastic is letting most of the light through. b. transparent; clear 
glass; 4. a. An area of wall is still lighted, but light is fuzzier and not as bright; the wax paper 
is letting only some of the light through; b. translucent; frosted glass; 5. Diagram should show 
the straw appearing to bend or be in two sections. Interaction: refraction; 6. Arrows should go 
from light to mirror to paper in straight lines and should show light reflecting off the mirror at 
the same angle at which it hits the mirror (see student book page 4 for a similar diagram). 
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Interaction: reflection. 7. Light enters prism as a straight line (white light) and is then bent into 
the colors that make up the visible spectrum, each with its unique wavelength and 
frequency—red, orange, yellow, green, blue, indigo, and violet. Interaction: refraction. 8. 
Alike: Both are interactions that can happen when light waves hit an object. Different: 
Reflection happens when light waves bounce off an object. Refraction happens when light 
passes through some transparent or translucent materials and the light waves are bent.   
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Name__________________________________________ Date________________ 
 
Light Interactions    Part 1 
  
1. Shine the flashlight on the wall. Describe what you see. Explain why. 
 
___________________________________________________________________ 
 
___________________________________________________________________ 
 
2. a. Put your hand between the flashlight and the wall. What do you observe? Why 

do you think that occurs?  
 
___________________________________________________________________ 
 
___________________________________________________________________ 
 

b. What word is used to describe an object, like your hand, that does not allow 
light to pass through? Name another example of an object like this. 

 
___________________________________________________________________ 
 
3. a. Put a sheet of clear plastic between the flashlight and the wall. What do you 

observe? Why do you think that occurs?  
 
___________________________________________________________________ 
 
___________________________________________________________________ 
 

b. What word is used to describe an object, like the clear plastic, that allows 
almost all light to pass through? Name another example of an object like this. 
 

___________________________________________________________________ 
 
4. a. Put a sheet of wax paper between the flashlight and the wall. What do you 

observe? Why do you think that occurs?  
 
___________________________________________________________________ 
 
___________________________________________________________________ 
 

b. What word is used to describe an object, like the wax paper, that allows some 
light to pass through? Name another example of an object like this.  

 
___________________________________________________________________ 
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Name__________________________________________  Date_______________ 
 
Light Interactions    Part 2 
 
5. You will need a straw (or pencil) and a clear cup that is filled halfway with water. 

Place the straw in the cup of water. Look at the setup from the side.  
In your science notebook, draw and describe in your own words what you see. 

 
 This light interaction is called _________________________________________ 
  
 
6. You will need a flashlight, a pocket mirror, and a sheet of black construction 

paper. Try to get light to shine on the paper without aiming the flashlight directly 
at it.  
 
In your science notebook, draw and label a diagram to show how your team 
completed the challenge. Be sure to include arrows to show the path the light 
rays traveled. 
  
This light interaction is called _________________________________________ 
 
 

7. You will need a flashlight and a prism. Shine light through the prism.  
In your science notebook, draw and describe in your own words what you see. 
 
Which kind of light interaction does this represent? ________________________ 
 
 

8. Compare and contrast reflection and refraction. How are they similar? How are 
they different? 
 

___________________________________________________________________ 
 
___________________________________________________________________ 
 
___________________________________________________________________ 
 
___________________________________________________________________ 
 
___________________________________________________________________ 
 
___________________________________________________________________ 
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Lesson 70 
Light Waves and the Visible Spectrum 
 
Objectives 
Students 

 diagram and label a representation of a light wave, including wavelength, 
crest, and trough 

 analyze the effects of a prism on white light and describe why this occurs 
 name the colors of the visible spectrum 
 explain the relationship between wavelength and the color of light 
 explain the relationship between the refraction of light and the formation of a 

rainbow 
 
Schedule 
 About 40 minutes 
 
Materials 
 For each student 
 1 Student Sheet Light Waves and the Visible Spectrum, Parts 1 and 2 
 
 For the class  
 Delta Science Readers, Color and Light 
 1 prism*  
 
*provided by the teacher 
 
Preparation 
  Make a copy of the Student Sheet Light Waves and the Visible Spectrum, Parts 1 

and 2, for each student. 
 
Guiding the Activity  

1. Distribute copies of the Delta Science Reader Color and Light to the class. 
Use the Color and Light Teacher’s Guide on the Planning Guide pages that 
follow to continue guiding the reading, discussing text and illustrations, and 
monitoring student comprehension. Read and discuss pages 8–13 in the 
student book—“Electromagnetic Spectrum,” “How Do We See Objects?” 
“How Do We See Colors?” and “What Are the Primary Colors of Light?”—in 
this lesson. 

 
2. After students have finished reading, focus their attention on pages 8–9, 

“Electromagnetic Spectrum.” Have students examine the diagram on the 
pages, and ask a volunteer to summarize what the diagram shows.  
The diagram shows the whole range of energy waves that make up the 
electromagnetic spectrum. The light waves we can see make up only a small 
part of the electromagnetic spectrum.  
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Invite students to share what they know about the electromagnetic spectrum 
from experience, previous science learning, and reading the student book. 
Point out that every time they feel the Sun’s heat, use a TV remote control, 
make microwave popcorn, get a dental X-ray, or listen to music on the radio, 
they are using a form of electromagnetic energy.   
 
Ask, How are all electromagnetic waves alike? How are they different? 
Alike: All carry energy produced by vibration. All have the same basic wave 
shape, with a low trough and a high crest; the distance from crest to crest is 
the wavelength. Different: Each kind of electromagnetic wave has a different 
wavelength and frequency. The shorter the wavelength, the higher the 
frequency. 
 
Have a volunteer draw a wave diagram on the board and label the crest, 
trough, and wavelength.  
 
Point out that light waves and other electromagnetic waves are transverse 
waves. Water waves are also transverse waves. They cause matter to vibrate 
up and down as the wave travels forward. Other waves, called longitudinal 
waves, cause matter to vibrate back and forth in the same direction the wave 
is traveling. Sound waves are longitudinal waves. 

    
3. Draw students’ attention to the front cover photograph and ask what it shows. 

 a prism with light passing through it 
 

Explain if necessary that a prism is a solid, clear object with smooth, angled 
sides. Display a prism and let students handle it and explore light with it. Ask, 
What happens to light when it passes through a prism? 
Light from the Sun is white light, which is made up of many different colors. 
When white light passes through a prism, the prism separates white light into 
its different colors. 

 
Discuss with students that the colors in white light can also be seen in a 
rainbow. Water droplets in the air act as tiny prisms.  
 
Review the colors that make up white light: red, orange, yellow, green, blue, 
indigo, and violet. Just like other electromagnetic waves, each color in the 
visible spectrum has a unique wavelength and frequency.   
 

4. Distribute a copy of the Student Sheet Light Waves and the Visible 
Spectrum, Parts 1 and 2, to each student. Go over the instructions together, 
and then have students complete the sheets. Review their answers as a 
class.    
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5. Schedule additional sessions as needed so that students can finish reading 
the student book—“People in Science: Annie Jump Cannon” and “Did You 
Know? About Color Blindness”—and can complete the student sheets. 
  
Student Sheet Sample Answers: 1. gamma rays, X-rays, ultraviolet rays, infrared rays, 
microwaves, and radio waves; 2. Wave diagrams should resemble that on DSR Color and 
Light page 8. Labels: crest, peak of wave; trough, bottom of wave; wavelength, distance from 
one crest to the next; the top diagram should have a longer distance from crest to crest; 3. 
When white light passes through a prism, the light is separated into the colors of the visible 
spectrum, appearing like a rainbow. Prism diagrams should resemble the photograph on 
page 8; 4. wavelengths, frequencies; 5. longest to shortest wavelength: red, orange, yellow, 
green, blue, indigo, violet; 6. least: red, most: violet;  7. A rainbow is an example of refraction. 
Droplets of water in the air act as tiny prisms separating the colors in white light and 
producing a rainbow in the sky.  
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Name________________________________________  Date_________________ 
 

 
Light Waves and the Visible Spectrum  Part 1 
 
1. Light is a form of energy that travels in electromagnetic waves. The light waves 

we can see make up part of the electromagnetic spectrum. Other waves in the 
electromagnetic spectrum carry energy we cannot see. Name six other waves in 
the electromagnetic spectrum. 

 
 ______________________________________________________________ 
 
 ______________________________________________________________ 
 
 ______________________________________________________________ 
 
2. Draw diagrams to represent the light waves described in the boxes below. 
 Include labels for wavelength, crest, and trough. 
 

 Light wave with long wavelength 
  

  Light wave with short wavelength 
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Name________________________________________  Date_________________ 
 

 
Light Waves and the Visible Spectrum  Part 2 
 
3. Analyze what happens when white light passes through a prism. What can we 

observe? Describe why this occurs. 
 
 ________________________________________________________________ 
 
 ________________________________________________________________ 
 
 Draw and label a diagram to show your ideas.   
 
 
 
 
 
 
4. The different colors of light are produced by electromagnetic waves with different 
 
 ________________________ and _______________________. 
 
 
5. Name the colors of the visible spectrum from longest to shortest wavelength.   
 
 ________________________________________________________________ 
 
 ________________________________________________________________ 
 
 
6. Each color of the visible spectrum is refracted a different amount.  

 
Which color of light is refracted least? __________________________________  

 
 Which color of light is refracted most? _________________________________ 
 
 
7. Is a rainbow an example of reflection or refraction? Explain how rainbows occur. 
 
 ________________________________________________________________ 
 
 ________________________________________________________________ 
  
 ________________________________________________________________ 
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Color and Light
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Color and Light

In the Delta Science Reader Color and Light,
students read about different aspects of light
and color. They discover that different
surfaces and substances reflect, absorb, and
refract light. They learn how we see things
in general and how we see color in
particular. They also read about a famous
astronomer—Annie Jump Cannon—and her
work with stellar spectra. Finally, students
learn about color blindness.

Students will

� discover what light is, how it travels, and
what happens when it strikes an object

� read about the electromagnetic spectrum

� learn how we see objects and color

� read about the primary colors of light

� examine nonfiction text elements such as
table of contents, headings, and glossary

� interpret photographs and diagrams to
answer questions

� complete a KWL chart

Reader

Delta
Science

Delta Science Readers are nonfiction student
books that provide science background and
support the experiences of hands-on activities.
Every Delta Science Reader has three main
sections: Think About . . . , People in Science, 
and Did You Know?  

Be sure to preview the reader Overview Chart 
on page 4, the reader itself, and the teaching
suggestions on the following pages. This
information will help you determine how to 
plan your schedule for reader selections and
activity sessions.

Reading for information is a key literacy skill. 
Use the following ideas as appropriate for your
teaching style and the needs of your students.
The After Reading section includes an assessment
and writing links. 

OVERVIEW
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READING IN THE 
CONTENT AREA SKILLS

• Compare and contrast light waves and
other waves; convex and concave lenses;
and gamma rays, x-rays, and ultraviolet
rays

• Recognize cause-effect relationships
related to light and color

• Describe the sequence of events involved
in vision

• Draw conclusions about the
electromagnetic spectrum

• Identify main ideas and supporting details
in text passages

• Demonstrate critical thinking
• Interpret graphic devices
• Summarize

NONFICTION TEXT ELEMENTS

Color and Light includes a table of contents,
headings, photographs, illustrations, captions,
boldfaced terms, labels, diagrams, and a
glossary.

CONTENT VOCABULARY 

The following terms are introduced in context
and defined in the glossary: absorb, color

filter, concave lens, convex lens, cornea,

electromagnetic spectrum, electromagnetic

wave, energy, focal point, gamma rays,

illuminated, image, infrared rays, iris, lens,

light, luminous, microwaves, mirage, opaque,

optic nerve, primary colors of light, prism,

pupil, radio waves, ray, reflect, refraction,

retina, shadow, translucent, transparent,

ultraviolet rays, visible spectrum, wave,

wavelength, white light, x-rays.

Build Background

Access students’ prior knowledge of color and
light by displaying and discussing the cover.
Ask, What is the object pictured on the

cover? (a prism) What is entering the prism?

(a ray of light) What is leaving the prism? (a
rainbow) What do you think caused the light

to become a rainbow? (Accept reasonable
responses.)

Read the title aloud, and invite students to
share what they know about the topic from
their personal experiences and hands-on
explorations in science. To stimulate
discussion, ask questions such as these: How

do we see things? How can we see different

colors? What does light have to do with the

way we see colors?

Begin a group KWL chart by recording facts
students know about color and light in the K
column and questions they have about color
and light in the W column. You may want
students to copy the KWL chart so they can
maintain their own charts as they read.

Preview the Book

Explain that when students preview
nonfiction, they should look at the title, the
table of contents, headings, boldfaced words,
photographs, illustrations, charts, graphics,
and captions.

Then preview the book with students. Call
attention to the various nonfiction text
elements and explain how they can help
students understand and organize what they
read. Ask questions such as these: How do

126 delta science reader
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K
What 

I Know

W
What 

I Want 
to Know

L
What 

I Learned

+
What 

I Want to
Explore
Further
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the headings help you predict what you will

read about? What do you see in this

picture? How do you think it will help you

understand the text? Explain that the words
in boldface type are important words related
to color and light. Point out that these words
are defined in the glossary. Choose one word
and have students find its definition in the
glossary.

Preview the Vocabulary

You may wish to preview some of the
vocabulary words before reading, rather than
waiting to introduce them in the context of
the book. Possibilities include creating a word
wall, vocabulary cards, sentence strips, or a
concept web.

For example, after helping students define the
words, have them find pairs of words that are
antonyms—words with opposite meanings.
Examples in the glossary include absorb-

reflect, concave lens–convex lens, and

opaque-transparent.

Set a Purpose

Discuss with students what they might expect
to find out from the book, based on their
preview. Encourage them to use the
questions on the KWL chart to set an overall
purpose for reading.

Preview the book yourself to determine the
amount of guidance you will need to give for
each section. Depending on your schedule
and the needs of your class, you may wish to
consider the following options:

• Whole Group Reading Read the book
aloud with a group or the whole class.
Encourage students to ask questions and
make comments. Pause as necessary to
clarify and assess understanding.

• Shared Reading Have students work in
pairs or small groups to read the book
together. Ask students to pause after each
text section. Clarify as needed and discuss

any questions that arise or have been
answered.  

• Independent Reading Some students may
be ready to read independently. Have them
rejoin the class for discussion of the book.
Check understanding by asking students
to explain in their own words what they
have read.

Tips for Reading

• If you spread out the reading over several
days, begin each session by reviewing the
previous day’s reading and previewing
what will be read in the upcoming session.

• Begin each text section by reading or
having a volunteer read aloud the heading.
Have students examine any illustrations or
graphics and read accompanying captions
and labels. Discuss what students expect
to learn, based on the heading,
illustrations, and captions.

• Help students locate context clues to the
meanings of words in boldface type.
Remind them that these words are defined
in the glossary. Provide help with words
that may be difficult to pronounce.

• As appropriate, model reading strategies
students may find helpful for nonfiction:
adjust reading rate, ask questions,
paraphrase, reread, visualize.

Think About . . . (pages 2–13)

Pages 2, 3  What Is Light?

• Have students read the text about light.
Assess understanding by asking, What 

is light? (a form of energy made of
electromagnetic waves) How does light

travel? (Light travels in a straight line from
the source to an object.) How are light

waves different from sound waves and

water waves? (Light waves are faster and
can travel through empty space. Other
kinds of waves need air or some other
kind of material to travel through.)

GUIDE THE READING
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• Ask students to name some sources of
light. (the sun, light bulbs, fire, lasers,
fireflies) If students mention the moon,
explain that the moon shines because it
reflects light from the sun. The moon itself
is not a source of light. Ask, What do we

need in order to see objects that are not

sources of light? (a light source)

• If necessary, provide help with the
pronunciation of electromagnetic (ih-lek-
tro-mag-NET-ik).

Pages 4, 5, 6  Reflection of Light,
Absorption of Light, and Refraction of Light

• Direct students’ attention to the
photograph on page 4 and ask, What do

you see in this photograph? (a reflection
of trees in water) Then have students read
the text section, “Reflection of Light.”

• After reading, ask, What is the main

idea—the most important point—of the

first paragraph? (Light reflects, or bounces
back, from some surfaces.) What details

support this main idea? (You can see an
image of yourself in a mirror or a shiny
piece of aluminum foil. Trees are reflected
in smooth water.) Why don’t images form

in shiny surfaces that are rough or

wrinkled? (The light rays are scattered.
They reflect in many different directions.)

• Have students study the diagram and read
the caption. Ask, What does the diagram

show? (It shows that light reflects off a
surface in a straight line at the same angle
that the light hits the surface.) Point out
that the reflection is in the opposite
direction. How does the diagram help

you understand the text? (It shows what
the text describes.)

Further Facts

• The earliest known mirrors were made
of polished bronze or copper. Examples
have been found in Egypt dating from
about 2900 B.C.E. and in China dating
from around 1500 B.C.E. True glass
mirrors were developed in the late
Roman Empire around the first century.

• During the Han Dynasty (202 B.C.E.–
220 C.E.), Chinese experiments with
mirrors led to the discovery of the
principles of the periscope.

• Mirrors are the key component of
reflecting telescopes, which use a
system of mirrors to collect light and
reflect it to the point of focus. The first
working reflecting telescope was built
by Sir Isaac Newton (1642–1727) in
1672. Wide-aperture reflecting
telescopes are used in many
astronomical observatories.

• Have students read the text section,
“Absorption of Light.” Then ask, What

sometimes happens to light that is not

reflected by an object? (It is absorbed by
the object.) What happens to some of

the absorbed light? (It is changed into
heat energy.)

• Remind students that they read on page 3
that light rays travel in a straight line.
Explain that this does not mean that light
rays do not change direction. Have
students read “Refraction of Light” to find
out what can cause a light ray to bend. 

• After students finish reading, explore
causes and effects in the text with them.
Ask, What happens when light hits a

new material, such as water? (It slows
down.) What effect does this have? (The
light wave can bend. It can change
direction.) What is this bending of light

called? (refraction) What can result when

light bends as it passes through air of

different temperatures? (a mirage) 

• Call on volunteers to explain what caused
the effects that are pictured in the two
photographs on page 5. (The turtle’s head
appears to be in two parts because light
reflecting off the turtle at an angle hit the
air, sped up, and bent. The mirage was
caused by light from the sky hitting a layer
of hot air and reflecting off it so that your
eyes see a reflected image of the sky, not
the road.)
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• If necessary, provide help with the
pronunciation of mirage (mih-RAHZH).

• Before students read about lenses on
page 6, ask them to share any knowledge
they have about how eyeglasses work. If
necessary, explain that the curved piece of
glass or plastic in eyeglasses is called a
lens. Then have students read the text.
Remind them to use the diagram to help
them understand what they read.

• After reading, guide students to compare
and contrast convex and concave lenses.
Ask, How are convex and concave lenses

alike? (They both refract light.) How are

they different in shape? (Convex lenses
are thicker in the middle than at the
edges. Concave lenses are thinner in the
middle than at the edges.) What is the

difference in how they refract light?

(Convex lenses refract light so that it
comes together at a point. Concave lenses
refract light so that it spreads out.) What

different effects does this create? (Convex
lenses make close-up objects appear
bigger. Concave lenses help people see
distant objects clearly.)

• As appropriate, explain that people who
have difficulty seeing close-up objects are
called farsighted, and people who have
difficulty seeing distant objects are called
nearsighted. As people age, some develop
problems with both types of vision and
need bifocals—lenses in which one part
corrects for near vision and a second part
corrects for distance vision. Bifocals were
invented by Benjamin Franklin in 1784.

• You may wish to challenge students to
name as many different things as they can,
in addition to eyeglasses, that use lenses.
(contact lenses, cameras, binoculars,
microscopes, telescopes, projectors,
vehicle headlights, flashlights, magnifiers)

Page 7  What Happens When Light Hits
Different Materials?

• Have students read page 7. Ask, What is

the difference between a luminous

object and an illuminated object? Give

an example of each. (A luminous object
gives off its own light. An illuminated
object reflects light that strikes it.
Examples of luminous objects include the
sun, a flashlight, a candle, and a light
bulb. The moon is an illuminated object.)
Are the stars luminous or illuminated

objects? (luminous) As appropriate, tell
students that the planets that sometimes
look to us like “stars”—such as Mars,
Venus, and Jupiter—are illuminated
objects. Like Earth’s moon, they shine by
reflecting the sun’s light.

• Direct attention to the photographs on
page 7. Assess comprehension by having
students describe the three things that
can happen to light when it strikes an
object. (Light is blocked by an opaque
object, and a shadow forms. Light easily
passes through a transparent object, and
only a faint shadow may form. Some but
not all light passes through a translucent
object. Translucent objects make partial
shadows.) Invite students to suggest
examples of the different kinds of objects.

• Ask students what word part they see in
both transparent and translucent. (trans)
Explain that trans is a prefix—a word part
added to the beginning of a word to make
a new word—that comes from a Latin
word that means “across, beyond,
through.” Transparent comes from a Latin
word that means “to show through,” and
translucent comes from a Latin word that
means “to shine through.” 

• If necessary, provide help with the
pronunciation of translucent (tranz-LOO-
sent).

Pages 8, 9  Electromagnetic Spectrum

• Have students study the photograph on
page 8 and then read the text to discover
how the prism creates a band of colors
like a rainbow. Ask, What is the main

idea you learned about white light in

the first paragraph? (White light is made
of all colors.) What is the visible
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spectrum? (the colors red, orange, yellow,
green, blue, indigo, and violet) Why do

you think this is called the visible

spectrum? (These are the colors we can
see.) What is the relationship between

color and wavelength? (Each color has a
different wavelength.) What causes white

light to separate into its colors when it

passes through a prism? (Each
wavelength of light bends at a different
angle. This makes the colors separate.)

• Encourage students to draw a conclusion
about how rainbows in the sky are formed.
If necessary, explain that water droplets in
the air act as prisms and separate the
colors in sunlight as it passes through
them.

• Direct attention to the diagram at the top
of pages 8 and 9, and have students read
the labels and the caption. Point out the
visible light in the diagram. Ask, What

color do you see on the left side of

visible light? (violet) What did you learn

about the wavelength of violet light?

(Violet light has the shortest wavelength
of the colors in the visible spectrum and is
refracted the most.) How would you

describe the wavelengths to the left of

visible light? (They get shorter, or closer
together.) What color is on the right side

of visible light? (red) What do you know

about the wavelength of red light? (Red
light has the longest wavelength and is
refracted the least.) How would you

describe the wavelengths to the right of

visible light? (They get longer, or farther
apart.) What conclusions can you 

draw from this diagram? (There are
wavelengths of light that are shorter and
longer than the wavelengths of light in the
visible spectrum. There are wavelengths of
light that we cannot see.) Have students
read page 9 to find out about the rest of
the electromagnetic spectrum. Remind
them that the diagram can help them
understand the text.

• Check understanding by focusing on
details in the text. Ask, What kinds of

electromagnetic waves have shorter

wavelengths than the visible spectrum?

(gamma rays, x-rays, and ultraviolet rays)
How are these kinds of rays alike? (They
have high energy, are useful, and can be
dangerous.) What use do gamma rays

and ultraviolet rays have in common?

(killing harmful bacteria) What use do

gamma rays and x-rays have in

common? (killing cancer cells) You may
wish to tell students that many insects can
see near-ultraviolet light. Point out also
that ultraviolet rays come from the sun
and can cause sunburn and skin cancer.
Ultraviolet rays are filtered as sunlight
passes through the atmosphere,
especially the ozone layer. 

• Ask, What kinds of electromagnetic

waves have longer wavelengths than the

visible spectrum? (infrared rays,
microwaves, and radio waves) How are

these waves alike? (They have low energy
and are useful.) You may wish to tell
students that in a microwave oven the
microwaves are absorbed by water and fat
in foods and produce heat from the inside.

• Suggest that students work in pairs or
small groups to invent mnemonics for
remembering the waves in the
electromagnetic spectrum in order.

• If necessary, provide help with the
pronunciation of ultraviolet (ul-truh-VI-uh-
let), infrared (IN-fruh-red), and microwave

(MY-kro-wave).

Page 10  How Do We See Objects?

• Before students read page 10, invite them
to share what they know about how we
see things. Ask students to examine the
diagram and then read the text. Ask, What

did you learn by studying the diagram

and reading the text? (how our eyes
work) Check understanding by having
students describe the sequence of events
involved in vision. (Light enters the eye by
passing through the cornea and the pupil.
A lens behind the pupil focuses the light.
An upside-down image forms on the retina
at the back of the eye. Cells in the retina
send signals about the image along the
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optic nerve to the brain. The brain turns
the image right side up so we see things
the right way.)

• Ask, What kind of lens do we have in

our eyes? (convex) How is the lens in our

eye like a convex lens made of glass?

How is it different? (The lens in our eye
and a glass lens both focus light. A glass
lens stays the same, but the lens in our
eye can change its shape and get thicker
or thinner.) What effect does the lens’s

ability to change shape have on our

vision? (We can focus on objects that are
close up and on objects that are far away.)
If necessary, point out that the lens in the
eye adjusts so that the focal point of the
light entering the eye is on the retina, at
the back of the eyeball.

• You may wish to share with students the
information that nearsightedness occurs
when the shape of the eyeball is too long.
The focal point is in front of the retina, not
on it. This causes the image of distant
objects to be blurred. In farsightedness,
the eyeball is too short. The light reaches
the retina before it is focused. This blurs
the image of nearby objects.

• If necessary, provide help with the
pronunciation of cornea (KOR-nee-uh) and
retina (REH-tih-nuh).

Pages 11, 12  How Do We See Colors?

• Before having students read page 11, you
may wish to review these relevant facts:
We see most things because light is
reflected off them to our eyes. Different
colors of the visible spectrum have
different wavelengths. Then have students
read to learn how we see color.

• Ask, What is the main idea of this page?

(The colors that we see depend on the
wavelengths of light that are reflected and
absorbed by an object.) What details

support this main idea? (Rose petals look
red because they reflect only wavelengths
of red light; they absorb all other
wavelengths. White objects reflect all the

wavelengths of light. Black objects absorb
all the wavelengths of light.)

• Have students read page 12 to learn how
colored light affects the colors we see.
Ask, How does a color filter change the

light that passes through it? (The filter
lets only light of the same color pass
through; it absorbs all the other
wavelengths of light.) Have students
explain how the effect in the bottom
photograph was created. (The rose petals
absorbed all of the green light and did not
reflect any of it. This made the petals look
black. The green leaves reflected the
green light, so they still look green.)

Page 13  What Are the Primary Colors of
Light?

• Before students read page 13, invite them
to predict what would happen if red,
green, and blue light were mixed together.
Then have them read page 13 to confirm
their predictions.

• After students read, ask, What are red,

green, and blue light called? (the primary
colors of light) What happens when all

three colors are mixed together? (White
light is produced.) Why does this

happen? (White light is made up of all the
colors of light, so a mixture of all the
colors looks white.) What is additive

color mixing? (combining different colors
of light to make new colors)

• If necessary, provide help with the
pronunciation of magenta (muh-JEN-tuh)
and cyan (SI-an).

People in Science (page 14)

Annie Jump Cannon

• Ask students whether they know what an
astronomer is. If necessary, explain that an
astronomer is a scientist who studies
objects in space. Point out that not all
astronomers work with telescopes. Many
astronomers study the information
gathered from observing the universe
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through telescopes and other instruments.
Then have students read page 14 to find out
about an astronomer who studied stars.

• After students read, ask, What is one

thing that can be learned from studying

the spectrum of a star? (its temperature)
As appropriate, tell students that a star’s
spectrum also gives information about the
star’s chemical makeup, density, magnetic
field strength, and speed of rotation, as
well as whether the star is moving toward
or away from the viewer.

• Tell students that Cannon finished
classifying and cataloging more than
225,000 stars in less than four years.
Encourage students to discuss what
personal qualities Annie Jump Cannon
probably needed to accomplish this
monumental task. (Students may mention
that she must have been patient,
hardworking, efficient, and able to
concentrate on a task.)

• Inform students that after 1924 Cannon
cataloged tens of thousands of additional
stars that were much fainter than the stars
she first studied. Ask, Why do you think

she extended her classification? (Possible
responses: She thought it was important;
she enjoyed the work; perhaps she
thought she would discover something
new.)

• Explain that spectra is the plural of
spectrum. Write both words. Tell students
that many science words come from Latin
and ancient Greek and that their plural
forms are different from the plurals of
English words. Spectrum comes from a
Latin word that means “appearance.”

Further Facts

• As a child, Annie Jump Cannon had a
makeshift observatory in the attic of 
her home.

• Cannon added subdivisions to the main
spectral classes to make the scheme
more precise. In this system, Earth’s
sun is classified G2, which means it is

two-tenths of the way between types G
and K. (An unknown person came up
with the mnemonic that generations of
astronomy students have used to
remember the sequence: Oh, Be A Fine
Girl, Kiss Me.)

• The results of Cannon’s work were
published in nine volumes from 1918 to
1924. The books contain classified
spectra for more than 225,000 stars.
Her extended work was published in
two volumes in 1925 and 1949.

• In 1938 Cannon was named William
Cranch Bond Professor of Astronomy at
Harvard. Although she retired officially
in 1940, she continued her research
until her death the following year.

Did You Know? (page 15)

About Color Blindness

• Direct students’ attention to the circles at
the bottom of the page. Call on volunteers
to identify the numbers they see in the
circles. Explain that pictures like these are
used to test people’s ability to tell the
difference between colors. 

• Have students read to learn about color
blindness. Ask, What part of the eye lets

us see colors? (the cones in the retina)
How do the cones work? (They absorb
different wavelengths of light.) What are

two causes of color blindness? (The
cones may not pick up all the color
signals, or the cones may not send signals
to the brain.)

• Ask students whether they have ever
noticed that in dim light colors are hard to
identify. Explain that cones work only
when the light is bright. In dim light, cells
called rods take over. Rods do not let us
see colors.

• Ask, What is one problem people with

color blindness may have? (recognizing
the colors of traffic lights) What other

problems might a person with color

blindness have? (Students may mention
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choosing clothing colors, doing an art
assignment in school, or telling some
foods apart.) Invite students to suggest
ways that a person with color blindness
might deal with not being able to
distinguish some colors.

Further Facts

• The most common cause of color
blindness is genetic. Color blindness is
linked to the X chromosome and is
almost always passed from a mother to
her son.

• Birds are extremely sensitive to color.
Instead of just three cone pigments,
birds have four or more. This enables
birds to distinguish among colors more
accurately than humans can, to see
more shades, and to see into the
ultraviolet range.

• Many animals do not have color vision.
Dogs have just two types of cones.
Dogs appear to have vision similar to
that of a person who is red-green color
blind.

Summarize

Complete the KWL chart you began with
students before reading by asking them to
share the answers to their questions. Call on
volunteers to retell each text section. Then
have students use the information in the KWL
chart to write brief summary statements.

Discuss with students how using the KWL
strategy helped them understand and
appreciate the book. Encourage them to
share any other reading strategies that
helped them understand what they read.

Direct attention to the fourth column in the
chart and ask, What questions do you still

have about color and light? What would you

like to explore further? Record students’
responses. Then ask, Where do you think

you might be able to find this information?

(Students might mention an encyclopedia,
science books, and the Internet.) Encourage
students to conduct further research.

Review/Assess

Use the questions that follow as the basis for
a discussion of the book or for a written or
oral assessment.

1. What are light waves, and how do they
travel? (Light waves are electromagnetic
waves. They travel in a straight line from a
light source until they strike an object.)

2. What are the four things that can happen
when light strikes an object? (Light can
reflect off the object, be absorbed by it,
pass through it, or be refracted [bent] by it.)

3. What is the electromagnetic spectrum?
(The electromagnetic spectrum is all the
wavelengths of light.) Name the parts of
the electromagnetic spectrum. (gamma
rays, x-rays, ultraviolet rays, visible light,
infrared rays, microwaves, radio waves)

Writing Links/Critical Thinking

Present the following as writing assignments.

1. What is the connection among our eyes,
wavelengths of light, and our ability to see
color? (Different colors of light have
different wavelengths. Objects that appear
colored do so because they reflect certain
wavelengths and absorb others. The
wavelengths that are reflected reach our
eyes, enter through the pupil, and are
focused by the lens. Our eyes have three
types of special cells, called cones, in the
retina. Each type of cone absorbs different
wavelengths, or colors, of light. This lets us
see different colors. )

2. Which part of the electromagnetic
spectrum and the way it is used do you
think is most important? Why? (Responses
will vary.)

AFTER READING
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Science Journals: You may wish to have
students keep the writing activities related to
the Delta Science Reader in their science
journals.

References and Resources

For trade book suggestions and Internet sites,
see the References and Resources section of
this teacher’s guide.
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Lesson 71 
States of Matter 
 
Objectives 
Students 

  construct and interpret a sequence of models (diagrams) showing the activity 
of molecules in all three basic phases of matter  

 
Schedule 
 About 40 minutes 
 
Materials 
 For each student 
 1 Student Sheet States of Matter, Parts 1 and 2  

  
 For the class 

  Delta Science Content Readers Properties of Matter 
 
Preparation 

Make a copy of Student Sheet States of Matter, Parts 1 and 2, for each student. 
 
Guiding the Activity 

1. Distribute copies of the Delta Science Content Reader Properties of Matter to 
the class. Use the Properties of Matter 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 2–13 in the student book—“What Is Matter?”—in this lesson. 

 
2. After students have finished reading, lead a discussion about states of matter 

as a physical property. Invite students to share what they know about the 
states, sometimes called phases, of matter—solid, liquid, and gas—from 
personal experience and previous hands-on science learning, as well as from 
reading the student book. 

 
3. Give a copy of the Student Sheet States of Matter, Parts 1 and 2, to each 

student. Have students complete their sheets, and go over their answers as a 
class. Invite a volunteer to draw his or her sequence of diagrams on the 
board. Ask another student to interpret the diagrams—to explain how they 
represent the activity of molecules in solids, liquids, and gases.  

 
Student Sheet Sample Answers: 1. Diagrams should resemble those shown in student 
book: solid, p. 9, liquid, p. 10; gas, p. 11; Solid: Particles are tightly packed and vibrate back 
and forth in place; Liquid: Particles can move around and slide past one another; Gas: 
Particles move freely and spread out far apart. 2. Solid: Yes, Yes, wood; Liquid: Yes, No, 
water; Gas: No, No, air.  
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Name________________________________________  Date_________________ 
 
States of Matter         Part 1 
 
Most substances around us are in solid, liquid, or gas form. These forms are called 
states, or sometimes phases, of matter. State of matter is a physical property. 
 
All matter is made up of tiny particles, called molecules, that are constantly moving. 
A substance’s state depends on the arrangement and movement of these particles.   

 
1.  Draw a sequence of three diagrams to show the arrangement and movement of 

molecules in the three states of matter. Label each diagram with the state of 
matter that it shows—solid, liquid, or gas. Then write a short caption for each 
diagram describing how the particles move. 

  
Diagram 

 
 
 
 
 
 
 
 
 
 
 

 
 

 
 

State 
 
 

 

 
 

 

Caption 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 

 
 

 
 

 

5.P.82



Name________________________________________  Date_________________ 
 
States of Matter         Part 2 
 

2. Fill in columns 2 and 3 with Yes or No to compare solids, liquids, and gases.   
Then give an example of each state.  

Distinguishing Properties 

State of Matter Set Volume? Set Shape? Example 

solid 
 

   
 
 
 
 
 

liquid 
 

   
 
 
 
 
 

gas 
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Lesson 72 
Atoms and Molecules, Elements and Compounds 
 
Objectives 

  construct and interpret models (diagrams) of atoms 
Students 

  construct and interpret models (diagrams) of molecules 
  identify substances as being an element or a compound  

 

 About 40 minutes 
Schedule 

 

 For each student 
Materials 

 1 Student Sheet Atoms and Molecules, Elements and Compounds,  
  Parts 1 and 2  

  
 For the class 

  Delta Science Content Readers Properties of Matter 
 

Make a copy of Student Sheet Atoms and Molecules, Elements and Compounds, 
Parts 1 and 2, for each student. 

Preparation 

 

1. Distribute copies of the Delta Science Content Reader Properties of Matter to 
the class. Use the Properties of Matter Teacher’s Guide on the Planning 
Guide pages that follow to continue guiding the reading, discussing text and 
illustrations, and monitoring student comprehension. Read and discuss pages 
14–23 in the student book—“What Is Matter Made Of?”—in this lesson. 

Guiding the Activity 

 
2. After students have finished reading, lead a discussion about the particles 

that make up matter—atoms and molecules. Invite students to share what 
they know about atoms and molecules from reading the student book. Work 
as a class to make a Venn diagram comparing and contrasting atoms and 
molecules.  
Sample answers: 
Atoms only: all matter is made of atoms; have protons, electrons, neutrons; 
center is a nucleus; smallest unit of an element that has the properties of the 
element; about 100 different kinds of atoms 
Molecules only: made up of two or more atoms joined together; may contain 
same kinds of atoms or different kinds of atoms; may contain many or few 
atoms; smallest unit of a compound that has the properties of the compound; 
millions of different kinds of molecules 
Both: very tiny particles of matter; can be seen only with very powerful 
microscope 
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3. Ask, What is the difference between an element and a compound? 
An element is a substance made of only one kind of atom. A compound is a 
substance made when two or more different elements chemically combine.  

 
Have students refer to the photographs on pages 17 and 20 to name some 
familiar elements (gold, helium, copper, carbon, silver, neon, iron). Then 
direct them to pages 18–19, and ask them to use the periodic table of 
elements to come up with at least six other elements they know about or have 
used.  
Familiar elements include hydrogen, oxygen, aluminum, calcium, tin, and 
lead. 

 
Follow the same procedure with compounds, using the photographs and chart 
on pages 22–23. 
 

4. Give a copy of the Student Sheet Atoms and Molecules, Elements and 
Compounds, Parts 1 and 2, to each student. Go over the instructions 
together. Explain that because atoms and molecules are far too small to 
observe directly, scientists make models of these particles to study how they 
fit together and interact. The diagrams they will draw on the student sheets 
are a kind of two-dimensional model.  

 
Have students complete their sheets on their own, and then go over their 
answers as a class.  
 
Student Sheet Sample Answers: 1. Matter is made of tiny particles called atoms. Atoms are 
the building blocks of matter. 2. Diagrams should resemble the diagram of the helium atom 
on student book page 16. Students should label the nucleus, protons, neutrons, and 
electrons.  Protons should carry a + to show they have a positive charge, and electrons a - to 
show they have a negative charge. The model helps me understand what an atom is like 
because I can see that protons and neutrons make up the nucleus and that electrons move 
around the nucleus. I can see that there are equal numbers of protons, neutrons, and 
electrons in most atoms. 3. Diagrams should resemble the diagram of the water molecule on 
student book page 21. Students should label each atom that makes up the molecule. The 
model helps me understand what a molecule is like because I can see it is made up of 
different kinds of atoms. 4. Elements: made of only one kind of atom; atom is the smallest 
unit; has an atomic number equal to number of protons; organized in periodic table; scientists 
have found about 100 elements; shown by a chemical symbol; Compounds: made of two or 
more different elements; molecule is the smallest unit; there are millions of compounds; most 
living and nonliving things are made of compounds; shown by a chemical formula; Both: are 
matter, have physical and chemical properties; made of tiny particles; 5. Elements are gold, 
iron, copper, hydrogen, neon, and aluminum. Compounds are water, table salt, table sugar, 
coal, baking soda, and carbon dioxide.

5.P.86



Name________________________________________  Date_________________ 
 
Atoms and Molecules, Elements and Compounds             Part 1  
 
1. All the objects and living things around us are made of matter. What is matter 

made up of? 
  

______________________________________________________________________ 
 
 
2. Draw and label a diagram showing the structure of an atom. 
 
 
 
 
 
 
 
 

Write two or three sentences explaining how your diagram, or model, helps you 
understand what an atom is like.   

 
______________________________________________________________________ 
 
______________________________________________________________________ 
 
______________________________________________________________________ 
 

3. Draw and label a diagram showing the structure of a molecule (such as a water 
molecule). 

 
 
 
 
 
 
 
 

Write two or three sentences explaining how your diagram, or model, helps you 
understand what a molecule is like. 
 
______________________________________________________________________ 
 
______________________________________________________________________ 
 
______________________________________________________________________ 
 
______________________________________________________________________ 
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Name________________________________________  Date_________________ 
 
Atoms and Molecules, Elements and Compounds             Part 2 
 

 
4. Substances may be either elements or compounds. Use the Venn diagram to 

compare and contrast elements and compounds. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
5. Identify and label the following substances as being either an element (E) or a 

compound (C).   
 
_____ gold 
_____ water 
_____ table salt 
_____ table sugar 
_____ iron 
_____ copper 
_____ coal 
_____ hydrogen 
_____ baking soda 
_____ neon 
_____  carbon dioxide 
_____ aluminum 
 

Elements 
Both 

Compounds 
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DeltaScience
Content Readers TM

Red Edition 
Grade 3–4  
reading level

Purple Edition
Grade 4–5  
reading level

Teacher’s Guide

Objectives
•	 Explore	physical	properties	of	matter.

•	 Discuss	measuring	mass,	volume,	and	density.

•	 Explain	states	of	matter.

•	 Describe	chemical	properties	of	matter.

•	 Understand	atoms,	the	building	blocks	of	matter.

•	 Discuss	elements	and	how	they	are	grouped	in	the	
periodic	table.

•	 Explore	molecules.

•	 Explore	compounds.

Reading Comprehension Skills
Preview	the	Book			◆			Compare	and	Contrast

Skillbuilders are available for this title.

Supporting English Learners
Develop Vocabulary Create	meaningful	opportunities	
for	English	Learners	to	use	new	vocabulary	in	speaking,	
reading,	and	writing.	Provide	multiple	exposures	to		
science	vocabulary	such	as	atom,	mass,	and	matter.	Teach	
individual	words	and	emphasize	word-learning	strategies	
such	as	using	the	word	part	-ical	in	words	such	as		
chemical	property	and	physical	property.	Also	emphasize	
the	use	of	context	clues,	dictionaries,	and	thesauruses.

Summary
Students begin the Delta Science Content Reader 
Properties of Matter by learning what matter is. 
The book introduces them to physical properties 
of matter and how these properties can be observed 
or measured. Students find out about the behavior 
of particles in solids, liquids, and gases and are 
introduced to chemical properties. They then read 
about what matter is made of. Students discover 
that all matter is made of atoms and that matter 
made of only one type of atom is an element. The 
book concludes with a discussion of how elements 
combine to form millions of different substances.

Science Background
The universe we see around us is composed of 
matter. Matter is anything that has mass and takes 
up space. We can differentiate objects from one  
another based on descriptions of the objects’  
properties. Properties are attributes, traits, qualities, 
or characteristics of an object that can be detected 
by the senses. Measuring tools can extend the 
senses and help us observe and describe properties.

The properties of matter can be divided into  
two categories: physical properties and chemical 
properties. Physical properties can be observed 
by the senses. An object’s state of matter—solid, 
liquid, or gas—is one physical property. Chemical 
properties, such as combustibility, are those that 
describe how a substance may change or react 
with other substances to form new substances. 

Atoms are the fundamental building blocks of 
all matter. An atom is the smallest particle of an 
element that can still have the properties of that 
element. 

An element is a substance that cannot be broken 
down any further into other substances. Elements 
combine to form compounds. 
The smallest possible unit 
of a compound is called a 
molecule. 

1278139_TG_Properties_Matter.indd   1 12/3/09   12:14:40 PM
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What Is Matter?  
(pages 2–13)

Before Reading

Discuss the Cover 
Cover Image Discuss the photograph on the cover 
of Properties of Matter. Use the information on the 
inside front cover to support the discussion.

Science Statement Discuss the science statement. 
Ask: What do you think matter is? What do you 
think a property is? What do you see that you could 
measure? (Possible answers: size or height of balloon)

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 headings.

Think Aloud What can I learn from the headings? 
On page 4, I see the red heading “Physical Prop-
erties of Matter.” This must be the main topic. The 
next few headings are smaller and blue. These 
headings must break down ideas about physical 
properties into smaller parts. Let me check. When 
I skim the text under the blue headings, I see that 
these headings name different physical properties. 

Guide students as they finish previewing Properties 
of Matter. Focus on nonfiction 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 Reflect on Reading 
activity on page 13.

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

Height is a 
property of 
matter.

What are 
some other 
properties of 
matter?

Make a Connection (page 3)
Make a Connection Discuss the Make a Connection 
question. Use this discussion to build background 
and activate prior knowledge about matter. (Possible 
answers: sand, water, rocks, plants, fish)

Find Out About Read each statement to help students 
set a reading purpose. Explain that these are the im-
portant 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 T-chart on the board 
for examples of physical properties and chemical  
properties of matter. Have students suggest examples 
as they read.

During Reading

Physical Properties of Matter (page 4)
•	 Ask:	What is the name for anything that has mass 

and takes up space? (matter)

•	 Ask:	What are some things that are not matter? 
Why are they not matter? (forms of energy such 
as light, heat, and sound; forces such as gravity 
and magnetism; They do not have mass or take  
up space.)

•	 Review	metric	and	customary	measurement,	as	 
appropriate, with students.

 ✔ Checkpoint (something about matter that we  
can observe with our senses or measure; long  
and yellow)

Mass (page 5)
•	 Ask:	What is a balance? (a tool that compares  

the mass of two or more objects)

•	 Ask:	What units do we use to measure 
mass? (grams and kilograms)

•	 Tell	students	that	the	mass	of	a	paper	clip	is	
about 1 gram.

•	 Addressing Misconceptions. Some students may 
associate the term matter with only solids because 
they can see and hold solid materials. Remind 
students that matter is anything that has mass 
and takes up space. Blow up a balloon to show 
that the gases we breathe out take up space even 
though they are invisible.

•	 Help	students	locate	the	pages	in	their	math	text-
books that cover mass. Elicit that learning about 
mass is important in both math and science.
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3 Properties of Matter

   Checkpoint (Mass is the amount of matter in an 
object. We can measure mass using a balance.)

Volume (page 6)
•	 Ask:	What is volume? (the amount of space that 

matter takes up)

•	 Ask:	What do you need to know to find the volume 
of a solid object? (its length, width, and height)

•	 Write	the	formula	for	volume	on	the	board:	
length × width × height = volume. Explain that 
the volume of a solid object is given in cubic units, 
such as cubic centimeters, because it is calculated 
from measurements of three sides of the object. 

•	 Help	students	locate	the	pages	in	their	math	text-
books that cover volume. Elicit that learning about 
volume is important in both math and science.

•	 Ask:	What are two tools used to measure the 
volume of a liquid? (measuring cups, graduated 
cylinders)

•	 Addressing Misconceptions. Many students 
confuse mass, volume, and weight. Mass is the 
amount	of	matter	in	an	object.	Volume	is	the	
amount of space the object takes up. Weight is a 
measure of the force of gravity on the object. If 
astronauts land on the Moon, they have the same 
mass as on Earth. But they weigh less because of 
the Moon’s lesser gravitational pull.

 ✔ Checkpoint (Measure the box’s length, width, and 
height; then multiply those numbers together.)

Density (page 7)
•	 Ask:	What is density? (how much mass something 

has for its volume)

•	 Ask:	Why do most rocks sink in water? (Most 
rocks have a density greater than that of water.)

•	 Discuss	the	photograph	of	the	container	of	liquids	
on page 8. Prompt students to explain why the 
different liquids and solids in the container are 
floating in different places. Ask questions such as 
Which is denser, the block or the oil? (the block)

 ✔ Checkpoint (One can have more mass for its  
volume than the other.)

State of Matter (page 9)
•	 State and matter are multiple-meaning words. 

Make sure students understand the differences 
between the words’ science meanings and the  
way they are generally used in everyday speech.

•	 Ask:	What is matter made up of? (tiny particles 
that are always moving)

•	 Ask:	What does it mean that a solid has a set  
volume and a set shape? (It holds the same shape 
and takes up the same amount of space, even if 
you move it to another place.)

•	 Ask:	What are the particles in a solid like?  
(They are packed tightly together. They can only 
vibrate back and forth in place. They cannot move 
past one another.)

•	 Ask:	How is a liquid like a solid? (It has a set  
volume.) How is a liquid unlike a solid? (It does 
not have a set shape.)

•	 Ask:	What are the particles in a liquid like?  
(They are not as tightly packed as in a solid. They 
can move around and slide past one another.)

•	 Ask:	If liquids do not have a set shape, can they be 
in any shape at all? Explain. (Yes. They take the 
shape of the container they are in.)

•	 Ask:	What happens to the volume of a liquid when 
you pour it from one container to another? (It 
stays the same.)

•	 Ask:	How is a gas like a liquid? (It has no set 
shape.) How is a gas unlike a liquid? (It has no  
set volume.)

•	 Ask:	What are the particles in a gas like?  
(They move freely and can spread far apart from 
one another. A gas will keep spreading out unless 
it is held in a closed container.)

•	 Ask:	What is plasma? (a fourth state of matter 
that is like a super-hot, glowing gas)

 ✔ Checkpoint (solid: stone; liquid: juice; gas: oxygen)

Other Physical Properties (page 12)
•	 Ask:	What is hardness? (how easy it is for a  

material to scratch another material)

•	 Ask:	What does it mean for substances to be 
magnetic? (Magnetic substances can be pulled, 
or attracted, by a magnet. They can also become 
magnets.)

•	 Ask:	What is a good conductor? (a material elec-
tricity and heat pass through easily)

 ✔ Checkpoint (because most metals are good  
conductors of both electricity and heat)

✔
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4Delta Science Content Readers

Chemical Properties of Matter (page 13)
•	 Ask:	What is combustibility? (the ability to burn)

•	 Ask:	Why is iron not combustible? (It may get hot 
and melt, but it will not burn.)

•	 Ask:	What causes rust? (iron reacting with the 
oxygen in water and air)

 ✔ Checkpoint (Physical properties are things  
about matter that we can observe with our senses 
or measure. Chemical properties tell how a  
substance reacts with other substances.)

After Reading
Reflect on Reading (page 13) After partners have 
discussed the pictures they chose, have them share 
their observations with the class. Remind them to 
pay attention to the pictures’ captions.

Apply Science Concepts (page 13) This activity 
applies a concept from Find Out About on page 3. 
Help students plan their descriptions. Provide them 
with rulers or other measuring tools if possible.  
Emphasize that they should describe both physical 
and chemical properties.

What Is Matter  
Made Of? (pages 14–23)

Before Reading

Build Reading Skills (page 14)
Compare and Contrast Use Build Reading Skills on 
page 14 to review how to compare and contrast. 
Discuss the tips. Then use the information about atoms 
on page 16 to model comparing and contrasting. 

Think Aloud I read that atoms are made of even 
smaller parts. Protons and electrons are two of these 
parts. What are some ways protons and electrons 
are alike and different? They are alike because 
they are both parts of an atom. They are different 
because protons are in the nucleus of the atom and 
electrons move in the space around the nucleus.

Guide students to compare and contrast the  
different states of water in the photograph on  
page 21. Remind them to ask How are they alike? 
to compare things and How are they different? to 
contrast things. Students can apply the skill in the 
Reflect on Reading activity on page 23.

Make a Connection (page 15)
Make a Connection Discuss the Make a Connection 
questions. Use this discussion to build background 
and activate prior knowledge about what matter is 
made of. (Answers will vary. Possible answer: I think 
matter must be made of something really tiny, other-
wise you would be able to see what it was.) Ask: You 
can see that this shell has many sections, or parts. Do 
you think those parts are also made of even smaller 
pieces? What might those be?

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 What Matter Is Made Of in the center. Have 
students add to the web as they read.

During Reading

Atoms (page 16)
•	 Ask:	How did the Greek philosophers’ ideas about 

atoms turn out to be different from what we know 
today? (They thought atoms could not be broken 
into smaller parts, but they can be.)

•	 Ask:	What are the smaller parts that make up an 
atom? (protons, neutrons, and electrons) Where 
in the atom are they found? (Protons and neutrons 
are in the center of the atom, called the nucleus. 
Electrons move in the space around the nucleus.)

•	 Discuss	the	diagram	of	a	helium	atom	on	 
page 16. Explain that the protons have plus signs 
because protons have a positive electric charge. 
The electrons have minus signs because electrons 
have a negative electric charge. The neutrons are 
blank because neutrons have no charge.

 ✔ Checkpoint (because all matter is made up of 
these tiny particles)

Elements (page 17)
•	 Ask:	Are atoms of all elements the same? (No. An 

atom of one element is different from the atoms 
of all other elements.)

•	 Ask:	What makes the atoms of one element  
different from the atoms of another element?  
(the number of protons in each atom)
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5 Properties of Matter

•	 Ask:	What does the atomic number of an element 
tell us? (the number of protons in an atom of that 
element)

 ✔ Checkpoint (An element is matter that is made of 
only one kind of atom; Possible answers: oxygen, 
gold, copper, carbon)

Grouping the Elements (page 18)
•	 Discuss	with	students	the	keys	in	the	periodic	

table on pages 18–19. Have volunteers relate 
information in the keys to the table.

•	 Ask:	How are elements listed in the periodic table?  
(in order of their atomic numbers)

•	 Ask:	What are the letters in the periodic table?  
(chemical symbols that stand for the name of each 
element)

•	 Ask:	Look at the periodic table. How can you tell 
if an element is a metal, a metalloid, or a non-
metal? (look at the background color of its box)

•	 Ask:	How are metals and nonmetals usually  
different? (Metals are often solid, most are shiny, 
and electricity and heat pass easily through them. 
Many nonmetals are gases.)

•	 Ask:	Look at the periodic table. How can you tell 
if an element is a solid, a liquid, or a gas? (look at 
the color of its chemical symbol)

•	 Explain	that	an	element’s	state	of	matter	in	the	
periodic table is its state under normal conditions. 
Remind students that matter can change state.

•	 Ask:	How are elements in each group, or column, 
alike? (They have properties that are alike.)

•	 Have	students	look	at	the	periodic	table.	Ask:	
What is the chemical symbol for sodium? (Na) 
What is its atomic number? (11) Is it a metal, a 
nonmetal, or a metalloid? (metal)

 ✔ Checkpoint (17; bromine and mercury)

Molecules (page 21)
•	 Ask:	How does a molecule form? (Atoms join 

with other atoms.)

•	 Discuss	the	diagram	of	a	water	molecule	on	 
page 21. Ask: What atoms make up a water mole-
cule? (two hydrogen atoms and one oxygen atom)

•	 Ask:	What is one property that hydrogen and  
oxygen both have that water does not have?  
(Hydrogen and oxygen can burn.)

   Checkpoint (a tiny particle made of two or more 
atoms joined together)

Compounds (page 22)
•	 Emphasize	the	difference	between	atoms	and	

molecules. An atom is the smallest unit of an  
element that has the properties of that element.  
A molecule is the smallest unit of a compound 
that has the properties of that compound.

•	 Ask:	What do scientists use to write the name of a 
compound? (a chemical formula)

•	 Ask:	What are the letters in a chemical formula?  
(chemical symbols of the elements in the compound)

•	 Ask:	What do the numbers in a chemical formula 
tell us? (how many atoms of each element are in 
the compound)

•	 Ask:	What does the chemical formula CO2 tell us 
a molecule of carbon dioxide is made of? (one 
carbon atom and two oxygen atoms)

•	 Ask:	How are carbon compounds important to 
living things? (Most plants and animals are made 
of carbon compounds. Living things use carbon 
compounds called sugars for energy.)

 ✔ Checkpoint (A compound is made of two or more 
different elements.)

After Reading
Reflect on Reading (page 23) Assist students in 
completing	their	Venn	diagrams	as	needed.	 (Possible 
answers: Elements: made of only one kind of atom, 
cannot be broken down into simpler substances; 
Compounds: made of two or more different elements 
that join to form a molecule, properties are not like 
the properties of the elements that make them; 
Both: made of atoms)

Apply Science Concepts (page 23) This activity  
applies a concept from Find Out About on page 15.  
(Possible answers: Alike: made of atoms; Different: 
gold: element, metal, solid, yellow, smallest unit is 
atom; water: compound, liquid, clear, smallest unit is 
molecule)

➥ Continued on last page 

✔
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Test: Properties of Matter
Part A: Vocabulary

balance	 chemical	property	 compounds density

elements	 matter	 molecule physical	property

Choose the correct vocabulary word for each definition. Write the word on the line.

 1. All objects on Earth and in space are made of ______________________.

 2. We used the classroom’s ______________________ to find the mass of an apple.

 3. To find the ______________________ of a material, we divide mass by volume. 

 4. The ______________________ of hardness tells how easy it is for a material to 
scratch another material.

 5. One ______________________ of iron is its ability to rust.

 6. Copper and gold are ______________________ , so they cannot be broken down 
into simpler substances.

 7. A water ______________________ is the smallest unit of water that has the  
properties of water.

 8. Most living things are made of carbon ______________________.

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

 9. Which of the following is a chemical property of matter?

A  temperature C  density

B  combustibility D  color

 10. What does an element’s group, or column, in the periodic table tell you?

A  The element shares properties with other elements in the group.

B  The element shares an atomic number with other elements in the group.

C  The element shares a chemical formula with other elements in the group.

D  The element shares chemical symbols with other elements in the group.
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Properties of Matter

Test: Properties of Matter (continued)

 11.  Most elements are these shiny materials.

A  liquids C  metalloids

B  nonmetals D  metals

 12.  What is NaHCO3 an example of?

A  an atom C  a compound

B  an element D  a metalloid

Write the answer.

 13.  What is volume? How is it measured for a solid? How is it measured for a liquid?

 14.  Tell about what the three main states of matter are like. Make sure to  
explain how the particles of matter move in each one.

 15.  Look at the diagram of a helium atom. Tell what the parts labeled A, B, C, 
and D are called.

electron neutron nucleus proton

A:
 

B:
 

C:
 

D:
 

A

B
C

D
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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 (Matter has physical properties 
that can be observed, such as color, shape, and 
hardness. We can also measure physical properties. 
For example, we measure mass with a balance. We 
can also observe if an object has chemical properties, 
such as combustibility or the ability to rust.)

2. (Physical properties noticed with senses: rectan-
gular, colorful pictures, smooth pages, hard cover, 
soft inside; Chemical properties: combustible; I 
could use a balance to find the book’s mass and  
a ruler to find its length, width, and height.)

3. (Atoms of elements combine in many different 
ways to form millions of compounds. Compounds 
make up most of the living and nonliving things 
around us.)

4. Compare and Contrast (Wood: brown color, less 
dense than brick, combustible; Brick: reddish, 
more dense than wood; Both: same shape, same 
size (volume), solid)

5. Write (Reports should include the element’s name, 
classification (metal, nonmetal, or metalloid), atomic 
number, chemical symbol, and state of matter.  
Reports should also include where the element  
is found, what it is used for, and a fun or surprising 
fact about the element. Monitor and assist students 
as they use the library or the Internet.)

Try It! Advise students that they must pour the liquids 
slowly. Suggest that they try the experiment several 
times, adding the liquids in a different order each time 
to see if they get different results. Students will learn 
that the cooking oil floats in a layer on top of the 
water because it is less dense than water, while the 
corn syrup sinks below the water because it is more 
dense than water.

Science at Home Have students do this activity  
at home with family members. Suggest that students 
make this activity into a game, with family members 
taking turns choosing at least three objects and 
challenging one another to identify the common 
property. For example, if the objects were a spoon, 
a stuffed animal, and a chair, the common property 
could be that they are all solids.

 Answers to Test  
(Teacher’s Guide pages 6–7)
1. matter 2. balance 3. density 4. physical property 5. chemical 
property 6. elements 7. molecule 8. compounds 9. B 10. A 11. D  
12. C 13.	Volume	is	the	amount	of	space	that	matter	takes	up.	The	
volume of a solid is measured by multiplying the object’s length, 
width, and height together. The volume of a liquid is measured 
with a measuring cup or a graduated cylinder. 14. A solid has 
tightly packed particles, a set volume, and a set shape. A liquid has 
particles that can slide past one another, a set volume, and no set 
shape. A gas has particles that move freely, no set volume, and no 
set shape. 15. A: nucleus; B: proton; C: neutron; D: electron

ADDITIOnAL ASSESSMEnT OPPORTunITIES  Use the 
Checkpoints, Reflect on Reading, and Apply Science 
Concepts features and Let’s Review questions as  
additional assessment opportunities.

Properties of Matter 
Teacher’s Guide
1278139
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Lessons 73–75 
How Does Temperature Affect State of Matter? 
 
Objectives 

 design and conduct an investigation to determine how a change in 
temperature affects the state, or phase, of matter (e.g., water) 

Students 

 describe ways information will be recorded, what measures will be made, 
what instruments will be used, and ways the data will be graphed 

 select and use the appropriate instrument (thermometer) for making basic 
temperature measurements 

 make estimates and measurements of temperature using degrees Celsius 
(metric units) 

 make inferences and draw conclusions 
 

 Session I  About 40 minutes 
Schedule 

 Session II About 40 minutes 
 Session III About 40 minutes 
 

 For each student 
Materials 

 1 Student Sheet Temperature and State of Matter, Parts 1 and 2 
  
 For each team of two 
 3 cups, plastic, clear* 
 1 thermometer, Celsius or dual-scale* 
    
 For the class 
  Delta Science Content Readers Changes in Matter 
 paper towels* 
 3 pitchers* 
 tap water*   
 
*provided by the teacher 
 

Session I 
Preparation 

1. Make a copy of the Student Sheet Temperature and State of Matter, Parts 1 
and 2, for each student. 

 
2. A few hours before you will do this lesson, fill a pitcher with tap water and 

allow the water to come to room temperature. During the lesson, you will be 
providing three cups of tap water to each team of two: one warm, one cold, 
and one room temperature. (Use ice if needed to chill cold water.) Arrange for 
a water distribution station and have paper towels on hand to wipe up spills. 
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Session I 
Guiding the Activity 

1. Distribute copies of the Delta Science Content Reader Changes in Matter to 
the class. Use the Changes in Matter 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–
13 of the student book—“How Do We Describe Matter?” and the first two 
sections of “What Are Physical Changes?”—in Session I.  

 
2. Focus on pages 11–13, “Changes of State.” Ask, What common 

substances or materials have you observed in more than one state of 
matter?  

 water, butter, juice, wax 
 
 What causes a substance to change state? 

heating and cooling; adding heat causes matter to change from solid to liquid 
to gas; removing heat causes matter to change from gas to liquid to solid 
 
What tool or instrument do we use to measure changes in temperature? 
What are the units of measure? 
thermometer; degrees 
 
Look together at the chart on page 12 and the diagram on page 13 of the 
student book. Challenge students to show from the data how changes in 
temperature cause changes of state. Discuss why temperatures are shown 
two ways, or with two sets of data.  
The data reflects two temperature scales, Fahrenheit and Celsius. In the 
Fahrenheit scale, water freezes at 32 degrees (°) and boils at 212°. The 
Celsius scale is based on a 100-step scale on which 0° is the freezing point of 
water and 100° is the boiling point of water.  
 
Point out that the Celsius scale has been adopted as part of the metric 
system of measurement. It is used in most countries of the world and by the 
entire scientific community. 
 

3. Let students practice using a thermometer to measure water temperature. 
Give each team of two a Celsius (or dual-scale) thermometer and cups 
containing warm tap water, ice cold tap water, and room temperature tap 
water. Safety Note: Be sure the water is warm, not hot, to prevent scalding. 
 
Have students touch the water in the three cups with their fingers and 
estimate the temperature in metric units. Tell them to record their estimates. 
Then have them check their estimates by measuring and recording the water 
temperatures in metric units (°C). Be sure that each student has an 
opportunity to estimate, measure, and record water temperature. Discuss the 
findings as a class. How do they account for any differences among teams’ 
measurements? 

5.P.98



 
Ask, How much more would the warm water need to be heated until it 
would change state? How much more would the cold water need to be 
cooled until it would change state? 
Answers will vary depending on measurements.  

 
4. Brainstorm how students could conduct an investigation to show the effect of 

changes in temperature on state of matter. Then tell them they will work with 
a partner to design such an investigation. 

 
Distribute a copy of the Student Sheet Temperature and State of Matter, 
Parts 1 and 2, to each student. Explain that the questions will guide them 
through the steps of designing an investigation. In addition to recording the 
investigation question, hypothesis, and setup, they will describe ways 
information will be recorded, what measures will be made, what instruments 
will be used, and ways the data will be graphed. 
 
Have students work with their measuring partners to complete Parts 1 and 2.  
 

Session II 
5. Have students conduct the investigations they designed in Session I. When 

investigations are complete, have students display their data and share their 
results and conclusions with the class.  
 

Session III 
6. Distribute copies of the Delta Science Content Reader Changes in Matter to 

the class. Use the Changes in Matter Teacher’s Guide on the Planning Guide 
pages that follow to continue guiding the reading and discussion. Read and 
discuss pages 14–23—the last section of “What Are Physical Changes?” and 
“What Are Chemical Changes?”—in Session III.    
  

Student Sheet Sample Answers: 1. How does a change in temperature affect the state of matter of 
water? 2. If I reduce the temperature of water, then eventually the water will change state from liquid 
to solid. I think this because matter changes state from liquid to solid when heat is removed. 3. 
Materials: plastic cups, water, access to freezer; Tools: Celsius thermometer, clock or timer; Setup 
drawings will vary but may show a cup of water with a thermometer in it. I will half-fill two cups with 
water and leave one on the window sill to be the control. I will put the other cup in the freezer. I will 
measure and record the temperature of the water in each cup every 30 minutes. IV: temperature of 
water; DV: state of matter of water; Cs: amount of water, container, thermometer, way of measuring; 
4. Data: temperature measurements and observations of changes in water in both cups, recorded 
and displayed in a chart. 5. Temperature of water in control setup hardly changed and state of matter 
did not change. Temperature of water in freezer dropped to 0°C over 2 hours and water then changed 
to solid. Conclusion: Decreasing the temperature of water from room temperature to 0°C causes 
water to change state from liquid to solid.   
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Name___________________________________________ Date_______________ 
 
Temperature and State of Matter    Part 1  
 
Water is the only substance that exists naturally on Earth in all three states, or 
phases, of matter. Think about what you already know about how and why water 
changes from one state to another. Then, design an investigation to determine how 
a change of temperature affects the state of water.   
 
My Investigation 
 
1. Investigation Question  
  
What do you want to find out?    
 
___________________________________________________________________ 
 
___________________________________________________________________ 
 
 
 
2. Hypothesis, with reasoning  
 
If  _________________________________________________________________ 
 
then _______________________________________________________________ 
 
 
I think this will happen because __________________________________________ 
 
___________________________________________________________________ 
 
 
3. Experimental Design 
 
What materials do you need?  
 
___________________________________________________________________ 
 
___________________________________________________________________ 
 
What instruments or tools will you use?   
 
___________________________________________________________________ 
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Name___________________________________________ Date_______________ 
 
Temperature and State of Matter    Part 2  
  
Experimental Design (continued) 
Describe your setup and procedure, including what measurements you will take, in 
your science notebook. Draw and label a diagram of your setup. 
    
Independent Variable: What will you change?  
 
___________________________________________________________________ 
 
Dependent Variable: What will change as a result?  
 
___________________________________________________________________  
 
Constants: What will you keep the same? 
 
___________________________________________________________________ 
 
4.  Data 
What information will you record? How will you record it? 
 
___________________________________________________________________ 
 
___________________________________________________________________ 
 
 
How will you display your data? Plan how you will display your data in a table and/or 
graph. Show a sample in your science notebook.  
 
___________________________________________________________________ 
 
___________________________________________________________________ 
 

 
5. Analyze Data and Draw Conclusions   
What did you observe? What can you conclude from analyzing your data?  
 
___________________________________________________________________  
 
___________________________________________________________________ 
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Lesson 76 
Comparing Mixtures and Solutions 
 
Objectives 

  compare and contrast mixtures and solutions 
Students 

 

 About 40 minutes 
Schedule 

 

 For each student 
Materials 

 1 Student Sheet Comparing Mixtures and Solutions   
  

 For the class 
  Delta Science Content Readers Changes in Matter 

 

Make a copy of Student Sheet Comparing Mixtures and Solutions for each 
student. 

Preparation 

 

1. Distribute copies of the Delta Science Content Reader Changes in Matter to 
the class. Have students review pages 14–17, “Mixtures.” Revisit the idea that 
a solution is a type of mixture. In your discussion, have students compare and 
contrast mixtures and solutions and give examples of everyday mixtures. 

Guiding the Activity 

 
2. Give a copy of the Student Sheet Comparing Mixtures and Solutions to 

each student. Have students complete their sheets, and go over their 
responses as a class.  

 
 
Student Sheet Sample Answers: 1. A mixture is two or more kinds of matter that have been 
mixed together. Examples: saltwater, cereal and milk; 2. Making a mixture is a physical 
change because the materials that are mixed do not change into different kinds of matter. 3. 
All solutions are mixtures because every solution is composed of two or more kinds of matter 
that have been mixed together. Not all mixtures are solutions, though. A solution is just one 
type of mixture. Other types of mixtures include suspensions and colloids.  
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Name________________________________________  Date_________________ 
 
Comparing Mixtures and Solutions 
 
1. What is a mixture? Give two examples of mixtures. 

 
______________________________________________________________ 
 
______________________________________________________________ 
 
______________________________________________________________ 
 
______________________________________________________________ 
 
 

2. Is making a mixture an example of a physical change or a chemical change? 
Explain. 

 
______________________________________________________________ 
 
______________________________________________________________ 
 
______________________________________________________________ 

 
______________________________________________________________ 
 
______________________________________________________________ 

 
 
3. Compare and Contrast: All solutions are mixtures, but not all mixtures are 

solutions. Explain. 
 

______________________________________________________________ 
 
______________________________________________________________ 
 
______________________________________________________________ 
 
______________________________________________________________ 
 
______________________________________________________________ 
 
______________________________________________________________ 
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DeltaScience
Content Readers TM

Red Edition 
Grade 3–4  
reading level

Purple Edition
Grade 4–5  
reading level

Teacher’s Guide

Objectives
•  Explore some physical and chemical properties of matter.

•  Describe physical changes in matter.

•  Explain how matter changes state.

•  Compare types of mixtures.

•  Describe chemical changes in matter.

•  Explain how to recognize chemical changes.

•  Understand what happens to the mass of matter during 
chemical or physical changes.

Reading Comprehension Skills
Preview the Book   ◆   How to Read Diagrams 

Main Idea and Details

Skillbuilders are available for this title.

Supporting English Learners
Teach Academic English Make school language  
comprehensible to English Learners. Carefully select 
words that have to do with academic tasks, such as  
preview, paragraph, and diagram, and teach them in 
meaningful contexts. Provide daily, explicit instruction to 
teach both science words and school language in depth.

Summary
Everything around us—including us—is made 
of matter. In the Delta Science Content Reader 
Changes in Matter, students learn about various 
properties of matter and how these properties  
can change. They learn that properties such as 
size and state (solid, liquid, or gas) are physical 
properties, while properties such as the ability  
to burn (combustibility) and the ability to rust 
are chemical properties. Students explore the  
differences between physical and chemical  
changes and learn how to recognize each. 

Science Background
Matter is anything that has mass and takes up 
space. We can differentiate objects from one  
another based on the objects’ properties. Matter 
has physical properties and chemical properties. 
Physical properties can be observed by the senses. 
An object’s state of matter is one physical property. 
Chemical properties are those that describe how a 
substance may react with other substances to form 
new substances.

Matter can undergo both physical and chemical 
changes. In a physical change, a substance’s  
chemical makeup is not affected. Changes of state, 
such as melting and freezing, are examples of 
physical changes. Being combined in a mixture is 
another example of a physical change.

A chemical change occurs when a substance reacts 
with another substance and a new product or 
products are formed. A common example is the 
oxidation reaction that occurs when iron is exposed 
to oxygen and water. This produces iron oxide, 
or rust. The production of heat and light, such as 
when fireworks are burned, is also a familiar sign 
that a chemical change has occurred. 

During physical and chemical  
reactions, matter is not created or  
destroyed, but rather changes form.  
This is the law of conservation  
of mass. 
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2Delta Science Content Readers

How Do We Describe 
Matter? (pages 2–7)

Before Reading

Discuss the Cover 
Cover Image Discuss the photograph on the cover 
of Changes in Matter. Use the information on the 
inside front cover to support the discussion.

Science Statement Discuss the science statement. 
Ask: Do you think an ice cube melting is a physical 
change or a chemical change? Why? (Possible answer: 
physical change, because ice cube’s shape changes)

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 bold words.

Think Aloud Why are some words in the book in 
bold type? I see on page 4 the bold words matter 
and physical property. The sentences that contain 
these words explain what they mean. I also see 
physical properties repeated a couple more times 
further down the page. So these words must be 
important. I will keep an eye out for bold words 
as I read.

Guide students as they finish previewing Changes  
in Matter. Focus on nonfiction 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 Reflect on  
Reading activity on page 7.

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

Water can 
freeze. Ice can 
melt.

How else 
can matter 
change?

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 matter. (Possible 
answer: An apple can be red or green. It is hard, 
crunchy, and juicy.) Point out that we use our five 
senses to learn about matter around us.

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 for examples of 
physical properties and chemical properties of matter. 
Have students suggest examples as they read.

During Reading

Physical Properties (page 4)
•	 Discuss	that	matter	is	anything	that	takes	up	

space and has mass—even substances we can’t 
see, such as air. Explain that energy, including 
heat, light, and sound, is not matter.

•	 Ask:	What are atoms? (tiny particles that make 
up matter) What do atoms have to do with the 
properties of matter? (The way matter looks or acts 
depends on the kinds of atoms it is made of and 
the way the atoms are joined.)

•	 Addressing Misconceptions. Many students confuse 
mass, volume, and weight. Mass is the amount of 
matter	in	an	object.	Volume	is	the	amount	of	space	the	
object takes up. Weight is a measure of the force of 
gravity on the object. If astronauts land on the Moon, 
they have the same mass as on Earth. But they weigh 
less because of the Moon’s lesser gravitational pull.

•	 Note	these	metric	units:	
 mass—grams (g) and kilograms (kg) 
 volume—cubic centimeters (cm3) for solids 
  milliliters (ml) for liquids
 density—g/cm3

•	 Ask:	Imagine a rock and an apple of the same  
volume. The apple has less mass than the rock. 
Which object has a greater density? (the rock)

•	 Ask:	What does it mean if an object has the  
property of being magnetic? (It can be attracted 
by a magnet or can become a magnet.)

•	 Ask:	Which metals are magnetic? (iron, cobalt, 
nickel, and usually steel)
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3 Changes in Matter

•	 State and matter are multiple-meaning words. 
Make sure students understand the differences 
between the words’ science meanings and the way 
they are generally used in everyday speech.

 ✔ Checkpoint (This book is paperback and rectan-
gular. It is a solid. It has many colorful pictures. 
The pages are smooth, but the edges are sharp.)

Chemical Properties (page 7)
•	 Ask:	What do chemical properties tell us? (how one 

kind of matter reacts with other kinds of matter)

•	 Help	students	understand	that	combustibility 
means being able to burn, not the act of burning.

 ✔ Checkpoint (The book has the chemical property 
of combustibility. It can burn.)

After Reading
Reflect on Reading (page 7) Remind students to 
think back to their experience previewing the book. 
Ask: Which features most helped you understand 
what you were about to read? Are these the same 
features that helped most when you were reading?  
(Answers will vary.)

Apply Science Concepts (page 7) This activity 
applies a concept from Find Out About on page 3. 
Help students list the physical properties and 
chemical properties of a new candle. (Physical: 
size, shape, color; Chemical: combustibility) Then 
guide them through thinking about the candle’s 
properties after it has burned. (Its size and shape 
change. Its color stays the same. The candle is still 
combustible even after being partially burned.)

What Are Physical 
Changes? (pages 8–17)

Before Reading

Build Reading Skills (page 8)
How to Read Diagrams Use Build Reading Skills on 
page 8 to review how to read diagrams. Discuss the 
tips. Then model how to read the diagram on page 13.

Think Aloud First I read the title. I learn that the 
diagram is about how water changes state. Then I 
look at the first photograph on the left. It shows ice 
and is labeled “Solid,” so ice must be the solid state 
of water. I follow the first arrow across the top. It is 

labeled “melting” and points to the photograph of 
the glass of water. Between the two photographs is 
written a temperature, 0ºC (32ºF). I think this must 
be the temperature when solid ice changes state to 
become a liquid: water.

Guide students to look at the rest of the diagram. 
Have them follow the arrows. Have volunteers 
explain what change of state each arrow shows. 
Students can apply the skill in the Reflect on Reading 
activity on page 17.

Make a Connection (page 9)
Make a Connection Discuss the Make a Connection 
questions. Use this discussion to build background 
and activate prior knowledge about physical changes 
in matter. (Possible answers: Sand is often dry and 
loose. When you build a sand castle, you add water 
so that the sand will be wet and stick together. The 
sand also changes color when you add water. You 
can change its shape when it is wet. These changes 
usually last until the castle comes down.)

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 Physical Changes in the center. Have students 
add to the web as they read.

During Reading

Changes of Shape or Size (page 10)
•	 Ask:	Can you think of an example of causing a 

physical change by squeezing? (Possible answers: 
tube of toothpaste, ball of clay)

•	 Ask:	What are some other ways of causing  
physical changes? (tearing, folding, bending, 
breaking, cutting)

 ✔ Checkpoint (The way it looks changes, but it does 
not change into another kind of matter.)

Changes of State (page 11)
•	 Ask:	How does adding or taking away thermal 

energy change the way particles in a substance 
act? (Adding thermal energy causes the particles 
to move faster. Taking away thermal energy causes 
the particles to slow down.)
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4Delta Science Content Readers

•	 Addressing Misconceptions. Some students may 
think that only water changes state. Have students 
think of some other familiar substances that they 
have seen change state, such as wax, chocolate, 
and butter. Explain that all matter will change 
state if enough energy is added or removed.

•	 Explain	that	the	temperature	at	which	changes	
of state occur varies a lot among substances.  
Ice melts at 0°C (32°F), while iron melts at 
1,535°C (2,795°F). Water boils at 100°C 
(212°F), but iron must be heated to 2,750°C 
(4,982°F) to turn to gas. 

•	 Ask:	How does liquid water become solid ice 
in the freezer? (Thermal energy from the water 
moves to the cold air in the freezer. When the 
water molecules lose enough thermal energy, they 
slow down so much that they change to solid ice.)

•	 Discuss	the	photograph	of	the	pot	of	boiling	
water on page 12. Ask: How can you tell that 
liquid water is changing to water vapor in this 
picture? (You can see gas bubbles forming.)

•	 Discuss	the	photograph	of	the	drinking	glass	on	
page 12. Ask: How do water droplets form on a 
cold glass? (The cold glass cools water vapor in 
the air around it. Some water vapor molecules 
slow down so much that the gas changes to a 
liquid.) 

•	 Ask:	What are two ways matter can change from 
a liquid to a gas? (It can change from a liquid to 
a gas when enough thermal energy is added so 
that it reaches its boiling point. It can also change 
when it is below its boiling point by evaporating.)

•	 Emphasize	that	evaporation	happens	when	 
molecules on the surface of a liquid have enough 
thermal energy so that they are moving fast 
enough to break free of the surface and turn to 
gas. This is different from when a liquid reaches 
its boiling point, when gas not only escapes from 
the surface but also forms throughout the liquid 
as bubbles.

 ✔ Checkpoint (Matter can change state when it  
is heated [thermal energy is added] or cooled 
[thermal energy is taken away].)

Mixtures (page 14)
•	 Note	that	the	concentration	of	a	solution	is	how	

much solute is dissolved in the solvent. There is 
a limit to how much solute can be dissoved in a 
solvent at any given temperature and pressure. 

When the solution has reached that limit, it  
is said to be saturated. During the process of  
reaching this limit, the solution becomes more 
and more concentrated.

•	 Point	out	that	solubility—the	ability	to	dissolve—
can be affected by temperature. In many cases, 
more solute can dissolve in a solvent at higher 
temperatures than at lower temperatures. 

•	 Note	that	temperature	also	affects	how	quickly	
the solute dissolves. Generally, the higher the 
temperature, the faster the solute dissolves.  
Stirring also makes a solute dissolve faster by 
helping to mix the particles of the solvent and the 
solute together. Additionally, smaller particles of 
solute tend to dissolve faster than larger particles.

•	 Ask:	How is a colloid a little like a solution and a 
little like a suspension? (The particles in a colloid 
do not dissolve, yet they tend to stay mixed.)

•	 Ask:	When would you use a strainer, filter, or 
screen to separate a mixture? (when the mixture 
has ingredients of different sizes)

•	 Discuss	the	photograph	of	the	recycling	plant	
on page 17. Ask: How does a recycling plant use 
the physical properties of metals to help separate 
them? (The plant can use a magnet to separate 
magnetic metals from other metals and materials 
that are not magnetic.)

 ✔ Checkpoint (The substances that are mixed do not 
change into different substances.)

After Reading
Reflect on Reading (page 17) If students are having  
trouble, have them refer back to the diagram of 
how water changes state on page 13. Once they 
have completed their diagrams, have them exchange 
drawings with a partner. Can they follow the path 
of thermal energy through each other’s diagrams?

Apply Science Concepts (page 17) This activity 
applies a concept from Find Out About on page 9. 
Guide students by asking them to list one property 
of ice cream at a time. (Possible answers: Ice cream 
tastes sweet. It is cold. It has a smooth texture.) Then 
have them explain whether that property changes 
when the ice cream melts. (Possible answers: Its taste 
stays sweet. Its temperature becomes less cold. Its 
texture changes, becoming more and more liquid.)
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5 Changes in Matter

What Are Chemical 
Changes? (pages 18–23)

Before Reading

Build Reading Skills (page 18)
Main Idea and Details Use Build Reading Skills on 
page 18 to review how to identify main idea and 
details. Read and discuss the tips. Then read aloud 
the first paragraph on page 22 and model identifying 
the main idea and details in a paragraph. 

Think Aloud I know the first sentence often tells 
the main idea of a paragraph. The first sentence of 
this paragraph tells me about signs that can show 
that a chemical change is happening. This seems 
like the main idea. As I read on, I learn that a 
change in color is one sign. I also read that bread 
dough baking and an apple turning brown are 
two examples of chemical changes that you can 
see by a change in color. These facts and examples 
are details that support the main idea. 

Then read aloud the second paragraph on page 22 
and guide students to identify main idea and details.  
Point out that the main idea of one paragraph 
sometimes can help support the main idea of another 
paragraph. Students can apply the skill in the  
Reflect on Reading activity on page 23.

Make a Connection (page 19)
Make a Connection Discuss the Make a Connection 
questions. Use this discussion to build background 
and activate prior knowledge about chemical 
changes. (Possible answers: Before it is baked, the 
dough is soft and sticky. The cheese is not melted.  
As it bakes, the dough hardens and the cheese melts. 
This happens from the heat of the oven.) Ask: Can 
the pizza ever go back to the way it was before it was 
baked? Why or why not?

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 list on the board with 
Chemical Changes as the heading. Have students list 
examples of chemical changes as they read.

During Reading

Recognizing Chemical Changes (page 20)
•	 Ask:	How is a chemical change different from a 

physical change? (A chemical change forms new 
substances that have different properties from the 
original substances.)

•	 Ask:	What is the name for new substances formed 
during a chemical reaction? (products) What is the 
name for the original substances? (reactants)

•	 Ask:	What are some signs of a chemical reaction?  
(a change in color, a new substance forming, a 
new smell, bubbles, light, sound, or heat)

 ✔ Checkpoint (Rusting and burning are two examples 
of chemical changes. During a chemical change, 
substances react and form new substances.)

Matter, Mass, and Change (page 23)
•	 Remind	students	that	mass	is	the	amount	of	 

matter in an object.

•	 Discuss	the	photographs	on	page	23	of	the	camp-
fire before and after it burned. Say: It seems as if 
there is less matter after the campfire has burned, 
but there is not. What happened to the matter?  
(It changed to ashes, smoke, and gases.)

 ✔ Checkpoint (The mass stays the same.)

After Reading
Reflect on Reading (page 23) To support students, 
ask questions such as What is this section mostly 
about? What are all the examples in this section 
about? (Possible answers: Main idea: In a chemical 
change, two or more substances react and form new 
substances. Details: Examples include a nail rusting, a 
log burning, and bread baking. A smell, a change in 
color, or a new substance that forms can all be signs 
of a chemical change.)

Apply Science Concepts (page 23) This activity  
applies a concept from Find Out About on  
page 19. Suggest that students look for signs of 
chemical changes in a kitchen or on metal objects. 
Have students share their completed lists with a 
partner. (Possible answers: I saw a rusty iron fence.  
I smelled bread baking. I burned a piece of toast.)

➥ Continued on last page
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Test: Changes in Matter
Part A: Vocabulary

change of state chemical change chemical property matter

mixture physical change physical property states of matter

Choose the correct vocabulary word for each definition. Write the word on the line.

 1. All __________________________ is made of tiny particles called atoms.

 2. Size is an example of a __________________________.

 3. The three main __________________________ are solid, liquid, and gas.

 4. One __________________________ of an iron nail is the ability to rust. 

 5. Bending is an example of a __________________________. 

 6. When water is heated until bubbles show up, a __________________________  
has happened.

 7. The __________________________ of salt and sand was not easy to separate.

 8. A __________________________ happens when two or more substances react 
and form new substances.

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

 9. A liquid __________ when it changes to a gas below its boiling point.

A  melts C  condenses

B  freezes D  evaporates

 10. What property describes how easily one substance dissolves in  
another substance?

A  density C  solubility

B  conductivity D  combustibility
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Changes in Matter

Test: Changes in Matter (continued)

 11. What can a new color, a new substance, or a new smell be signs of?

A  a chemical change C  a state change

B  a physical change D  a temperature change

 12.  In both physical and chemical changes, what happens to the total mass of matter?

A  It increases. C  It stays the same.

B  It decreases. D  It disappears.

Write the answer.

 13.  Look at the diagram. What does each arrow show? Label each arrow with the 
correct word from the word box.

boiling condensing freezing melting

A:
 

B:

D:
 

C:

Now write a sentence explaining what the diagram shows.

 14.  Imagine you have a mixture of rocks and sand. What could you do to  
separate the rocks from the sand? Why is it possible to separate a mixture?

 15. Imagine you left a toy truck made of plastic and metal outside for a long time.  
When you find it later, the metal has rusted and the plastic has cracked.  
What kinds of changes happened to the toy truck? Explain.

A B

CD
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Delta Science Content Readers are 24-page nonfiction student books with informative, engaging 
text and full-color photos and illustrations. The readers present key science content and vocabulary 
found on state tests, present key reading skills and strategies useful for reading informational text, 
support and extend the experiences and content of hands-on activities, promote scientific inquiry, 
and serve as a home-school link. They are available in two editions: Red Edition for Grades 3–4 and 
Purple Edition for Grades 4–5. 
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This teacher’s guide is available online at

www.deltaeducation.com 
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Copyright © 2009 Delta Education LLC,  
a member of the School Specialty family.  
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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 (Matter can go through physi-
cal changes, such as tearing, bending, breaking, 
cutting, or a change of state. Matter can also go 
through chemical changes, for example, a nail 
rusting, an apple turning brown, or bread baking.)

2. (Physical properties: silver, smooth, sharp; Chemi-
cal property: ability to rust)

3. (Thermal energy from the warm air moves to the 
cold ice cream. The ice cream’s molecules move 
faster, and it gets warmer. Soon, the solid ice 
cream reaches its melting point and starts to  
become liquid.)

4. (The leaves may change color. A new substance 
may appear when the leaves break down and get 
slimy. The leaves may begin to smell moldy.)

5. Main Idea and Details (Main idea: Mix two or 
more kinds of matter together and you have a 
mixture. Details: 1. Solutions: One substance is 
mixed evenly with another substance. Example: 
salt and water. 2. Suspensions: Substances do not 
mix evenly together. Particles of one substance 
float in another substance. Suspensions do not 
stay mixed for long. Example: oil and vinegar salad 
dressing. 3. Colloids: Particles do not dissolve, but 
tend to stay mixed. Examples: milk, toothpaste, 
paint.)

6. Write (Descriptions should include physical 
properties, such as size, shape, color, taste, smell, 
texture, hardness, mass, weight, volume, density, 
and state of matter; and chemical properties, such 
as the ability to burn or rust.)

Try It! Guide students to understand that temperature 
affects solubility, which is why the sugar dissolves 
more easily in the warm water than it does in the 
cold water.

Science at Home Remind students to look out  
for various changes of state, including melting, 
freezing, condensing, boiling, and evaporating.  
Remind them to explain that changes of state happen 
due to changes in thermal energy, which affect the 
speed at which the particles in a substance move.

Answers to Test  
(Teacher’s Guide pages 6–7)
1. matter 2. physical property 3. states of matter 4. chemical  
property 5. physical change 6. change of state 7. mixture  
8. chemical change 9. D 10. C 11. A 12. C 13. A: melting; B: boiling;  
C: condensing; D: freezing; the diagram shows how water changes 
state. 14. You could use a strainer that has holes big enough for 
the sand to go through but too small for the rocks to go through. 
You can separate a mixture because it is a physical change, so the 
substances that are mixed do not change into different substances. 
15. The rust forming is a chemical change. The ability to rust is 
a chemical property, and a new substance is a sign of a chemical 
change. The cracks in the plastic are a physical change, because 
this did not change the plastic into another kind of matter.

ADDITIOnAL ASSESSMEnT OPPORTunITIES  Use the 
Checkpoints, Reflect on Reading, and Apply Science 
Concepts features and Let’s Review questions as  
additional assessment opportunities.

ISBN: 978-1-60395-442-6
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