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How to Use This Guide
Welcome to your Energy Student Guide! This Guide contains three lessons developed by the Smithsonian
Science Education Center in partnership with The Dow Chemical Company. As you work through the lessons,
you will be doing the same things that a real scientist does. You will see that anyone can be a scientist!
The following features in this Guide will help you become a better scientist:

Key Term
These explain new science words and terms.

Did You Know?
Interesting and fun facts relate to the activities you are carrying out.

? Question It
Research these questions to dig a little deeper.

Look It Up
Visit these websites for further reading.

Stay Safe
Science is fun but can also be dangerous. The advice in these boxes will help
you stay safe.
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Science Starts with a Question:

Energy
Central Question
Where does the energy we use come from?

Module Overview
How does a battery store energy? How is energy involved
with designing a roller coaster? Is energy something I can
hold? In this module, you will expand your understanding of
kinetic energy and potential energy. You will learn about
new types of energy, how it transforms, and how it transfers
between systems. To do this, you will develop a model of
energy and use it to explain how energy changes as you
explore some exciting experiments with a scientist from the
Dow Chemical Company. In the last lesson, you will refine
your model and use it to test a prediction.

Lesson One: Model Development
Lesson Overview

Key Terms
Energy: The ability to do
work or cause change.
Kinetic energy: The energy
of motion.
Potential energy: Stored
energy resulting from an
object’s position (e.g., how
high it is off the ground) or
an arrangement of particles
(e.g., chemical bonds).

In this lesson, you will watch a marble roll down a track
and pass through a speed sensor. You will draw a model
explaining what happens to the marble’s energy during this
activity. Then you will make a prediction based on a change
to the model design, which you will test in Lesson 3. Finally,
you will complete a series of tables showing:

t
t
t

Six ways energy can be stored
How energy can transform
How energy can transfer from one system to
another
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Let’s Get Started
Energy is the ability to cause change and do work. Think
about the different ways energy can be moving (kinetic
energy) and stored (potential energy) and how they impact
your life.
1.

What words you can think of that have something to
do with energy?

Marble Dash
Your teacher will set up a track, marble, and speed sensor.
You will develop a model of processes, forces, and energies
of the marble as it moves down the track and through the
speed sensor. Watch the demonstration carefully.
1.

What do you think happened to the energy of the
marble as it moved down the track and through the
speed sensor? Draw a model in the space below. You
may include arrows, images, or any other symbols you
think might help people understand your model.
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2.

In Lesson 3, your teacher will repeat this activity for
two different scenarios. Which scenario below do you
think will produce a greater marble speed? Include
a brief diagram that shows how you used your model
to explain your prediction.
A) Rolling a marble with twice the mass as the original
from the same height:

B) Rolling a marble with the same mass as the original
from twice the height:

Look It Up
When engineers design,
test, and build roller coasters
and water slides, they must
consider the potential and
kinetic energy of the system.
Visit http://www.ssec.si.edu/
Dow/Energy to see one of
the world’s tallest water
slides.

? Question It
How does potential energy
help keep planets in orbit
around the Sun?
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Review
There are six types of energy that can be either potential or
kinetic energy or sometimes both. Use these definitions to
answer questions 1–3.
Kinetic Energy

Potential Energy

Radiant energy is a type of
kinetic energy. It is the energy of
electromagnetic radiation that
travels in waves. Radiant energy
includes visible light, x-rays, gamma
rays, and radio waves.

Chemical energy is a type of
potential energy. It is the energy
stored in the bonds of an atom, a
molecule, or a compound.

Mechanical energy can be either
kinetic energy or potential energy.
When an object is in motion, like a
train moving on a track, it has kinetic
energy.

Mechanical energy can be either
kinetic energy or potential energy.
When an object is at rest on the top
of a hill, it has potential energy.

Electrical energy is a type of kinetic
energy. It is the movement of
charged particles called electrons.
Nuclear energy can be either kinetic
energy or potential energy. An atom
can split through a process called
fission or fuse with another atom
through a process of fusion. These
processes release large amounts
of energy. Fission and fusion are
examples of kinetic energy because
particles and energy are moving.

Nuclear energy can be either kinetic
energy or potential energy. The
energy holding the atom together is
considered potential energy because
it is stored energy.

Thermal energy is a type of kinetic
energy and is more commonly
known as heat. Thermal energy is the
total energy of the moving atoms
and molecules within a substance.
As substances heat up, the atoms
and molecules within them move
faster.
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1.

The table below shows one example of an everyday
object that possesses each type of energy. What is
another example of an object that possesses each type
of energy?

Energy Type

Example 1

Chemical

Cheeseburger

Mechanical (potential)

Stretched rubber band

Radiant

Sun

Electrical

Lightning

Nuclear

Fusion

Mechanical (kinetic)

Train moving on a track

Thermal

Stove top

2.

Example 2

The table below lists several objects that transform
energy. What is the energy source and the energy
output for each system? For example, a solar
calculator’s energy source would be radiant energy
(the Sun). The energy output would be electrical
energy.
System

Energy source

Energy output

Toaster
Battery
Electric motor
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2.

Look at the key terms to the right. What method
transfers energy for the systems given in the table?

System 1

System 2

Are they
in direct
contact?

Yes/No

Hair
dryer

Is there a
fluid (like air
and water)
between
them?
Yes/No

Is there
Energy
radiation transfer type
involved?

Yes/No

Conduction,
convection,
or radiation

Key Terms
Energy transfer: Energy
moved from one system to
another.
Conduction: Energy
transferred from one system
to another by direct contact.

Hair

Convection: Energy
transferred from one system
to another by a moving fluid.

Iron Pan

Hot dog

Sun

Surface of
Mercury

Radiation: Energy
transferred from one system
to another by rays or waves.
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Lesson 2: Model Investigation
Lesson Overview
In this lesson, you will explore the model you developed in
Lesson 1. A Dow STEM ambassador will help you observe,
collect evidence, and answer questions based on a series
of stations designed around energy. Your observations will
help you understand how energy can be stored in systems,
how it can transform, and how it can transfer between
systems.

Look It Up
Visit http://www.dow.com/
energy/ to learn about a
few sustainable energy
solutions.

There are questions at the end of this lesson about your
ambassador, so make sure you get to know him/her as he/
she helps you with your activities.

Note

STEM stands for Science, Technology, Engineering
and Math.

Stay Safe
You are responsible for following safe laboratory procedures
at all times.

Let’s Get Started
Your teacher will introduce the ambassador.
1.

Write down the ambassador’s name.

2.

List all the things that you think a scientist does during
an average working day.
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Station 1: Student Power

Look It Up

Materials
For each group of four students
1 Power box (pedal-powered generator)
1 Handheld photometer
1 Lamp
Electric wires

Procedure
1.

Have each student take a turn pedaling the power box
to light the lamp.

2.

While one student pedals, use the photometer to
measure the light intensity.

3.

Record your data in question 1 of What Is Going On.

Gamera is the name of a
human-powered helicopter
that students at the
University of Maryland
designed. Visit http://www.
ssec.si.edu/Dow/Energy
to see if the Gamera could
win the Sikorsky Prize. To
win, the students must fly
their design for at least 60
seconds, reach an altitude of
3 meters (9.8 feet), and stay
with a 10 meter (32.8 feet)
square box powered only by
a single person.

What Is Going On?
1.

How much light intensity does each student generate?
Student name

Light intensity
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2.

How does energy transform in the pedal -powered
generator and lamp? Fill in the energy flow diagram.

? Question It
Why are wind turbines so
tall and the blades so large?
How do these turbines
produce so much electrical
energy?

3.

How does energy transfer from one system to the next?
System 1

Pedal-powered
generator and
lamp

System 2

Conduction,
convection,
or radiation

Explain your
reasoning

Photometer
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Station 2A: Hand Warmer

Did You Know?

Materials

Heavy-duty hand warmers
are used to transport
tropical fish during the
winter months. The warmers
can be designed to heat
specific water volumes
to exact temperatures for
virtually any length of time.

For each group of four students
4 Hand warmers

Procedure
1.

Have students open the hand warmers.

2.

Move the ingredients around as instructed.

3.

Observe temperature change (reaction should take
2–4 minutes).

4.

Place the heated hand warmer in the empty container
and the plastic cover in the trash.

What Is Going On?
1.

2.

How does energy transform in the hand warmer
system? Fill in the energy flow diagram.

? Question It
Can you recharge a hand
warmer?

How does energy transfer from one system to the
next?
System 1

Hand warmer

System 2

Conduction,
convection,
or radiation

Explain your
reasoning

Hand
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Station 2B: Chill Out
Materials
For each group of four students
1 Infrared temperature gun
1 Aluminum 3-inch-square blocks painted black
1 Plywood 3-inch-square blocks painted black

Did You Know?
Infrared temperature guns
are very useful because
they read an object’s
temperature without
touching the object. This
means the guns can read
the temperatures of very
hot objects and objects that
are far from the user.

2 Rubber O-rings
2 Ice cubes

Procedure
1.

Touch both blocks. Write down which one you think
feels warmer in in question 1 of What Is Going On.

2.

Estimate the temperature of the blocks. Write down
your estimates in question 2 of What Is Going On.

3.

Predict which block will melt the ice cube faster in
question 3 of What Is Going On.

4.

Place the ice cubes in the middle of the O-rings on the
blocks.

5.

Use the infrared temperature gun to measure the
temperature of the blocks every 30 seconds for 3
minutes. Record your data in question 4 of What Is
Going On.
Science Starts With a Question: Energy
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6.

Observe what happens to the ice on each block.

Note

To use the temperature gun, pull the trigger and
point it at each block.

What Is Going On?
1.

Which block do you think feels warmer?

2.

What do you think are the temperatures of the blocks?
Block A:
Block B:

3.

Which block do you think will melt the ice faster?

4.

What are the temperatures of the blocks at the given
times?
Time (seconds)

Temperature of
Aluminum Block
(°C)

Temperature of
Plywood Block
(°C)

0
30
60
90
120
150
180
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5.

How does energy transform in the conductive block
system? Fill in the energy flow diagram.

? Question It
How does a cooler keep
things so cold? Why aren’t
coolers made of metal?

6.

How does energy transfer from one system to the
next?
System 1

Chill Out
blocks

System 2

Conduction,
convection,
or radiation

Explain your
reasoning

Ice cube

Science Starts With a Question: Energy

13

Station 3: Teacup Stirling Engine
Materials
For each group of four students
4 Safety goggles
1 Teacup Stirling engine
1 Electric plastic kettle water heater
2 Heat-resistant gloves
1 Tachometer
1 Infrared thermometer
2 Cups
Reflective tape
Water

Procedure
1.

Warm up water in the water heater.

2.

Before the water starts bubbling, pour some into one
cup.

Stay Safe
Always wear heat-resistant gloves when handling hot water.

3.

Heat the water still left in the water heater until it
bubbles. Then pour some into the other cup.

4.

Use the thermometer to record the temperature in the
table in question 1 of What Is Going On.
Science Starts With a Question: Energy
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5.

Set the Sterling engine on top of the cup of water.

6.

Give the bottom of the engine a little time to warm up.
(This should take about a minute.)

7.

After the engine is warm, give the wheel a little push.

8.

The engine should start moving.

9.

Use the tachometer to measure the wheel speed. Point
it at a spot where the reflective tape hits.

10.

When measuring, the tachometer must remain as still
as possible. Point it in the exact same spot to get an
accurate reading.

11.

Record the wheel speed in the first column of the table
in question 1 of What Is Going On every 30 seconds for
3 minutes.

12.

Record another group’s data in the second column at
the end class.

Stay Safe
Always wear heat-resistant gloves when handling hot water.
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What Is Going On?
1.

What is the water temperature? What is the wheel
speed at the given times?

Time
(seconds)
0

Stirling engine 1

Stirling engine 2

Water temperature
(°C):
Wheel speed
(rotations/minute)

Water temperature
(°C):
Wheel speed
(rotations/minute)

30
60
90
120
150
180

2.

How does energy transform in the teacup Stirling
engine system? Fill in the energy flow diagram.

3.

How does energy transfer from one system to the next?
System 1

Hot water

System 2

Conduction,
convection,
or radiation

Explain your
reasoning

Did You Know?
Heated air rises because it
expands and becomes less
dense. Cold air condenses,
becoming more dense, and
sinks.

Look It Up
Emperor penguins don’t
hibernate, have layers of fur,
or burrow underground. Yet
they somehow keep warm
enough to eat, waddle,
swim, nest, and socialize
in the frigid Antarctic.
Visit http://www.ssec.
si.edu/Dow/Energy to find
out how these amazing
animals pull heat in from
the cold surrounding air by
connecting to the link.

? Question It
If wind is the natural
movement of air, what is
solar wind?

Teacup Stirling
engine
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Station 4A: Radiometer
Materials
For each group of four students
1 Flashlight

? Question It
Does the light coming from
the stars travel at the same
speed as the light coming
from a flashlight?

1 Radiometer

Procedure
1.

Take the radiometer out of the box and examine the
vanes (small black and white fans).

2.

Turn on the flashlight and point the beam of light at
the radiometer.

3.

Record your observations in question 1 of What Is
Going On.

4.

Change the distance between the flashlight and the
radiometer. Record your observations in question 2 of
What Is Going On.

What Is Going On?
1.

What happened when you pointed the beam of light
at the radiometer?
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2.

What happened when you changed the distance
between the flashlight and the radiometer?

3.

How does energy transform in the flashlight system
(beginning with the battery)? Fill in the energy flow
diagram.

4.

How does energy transfer from one system to the
next?

System 1

Flashlight

System 2

Conduction,
convection,
or radiation

Look It Up
Temperatures in space are
more extreme than on Earth
because there is no air to
absorb the energy coming
from the Sun. The parts of
satellites in space facing the
Sun can reach temperatures
as high as 1200C (248°F).
When facing away from
the Sun, temperatures can
plunge to –1570C (–250.6°F).
NASA minimizes these
temperature swings by
using certain materials to
reflect and absorb the Sun’s
energy. Visit http://www.
ssec.si.edu/Dow/Energy to
find out more.

Explain your
reasoning

Radiometer

Stay Safe
Radiometers are made of glass and can break if rolled or
handled improperly. If the glass does break, contact the
teacher or ambassador immediately to clean up the broken
pieces. Return the radiometer to its original container after
each use.
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Station 4B: Solar Cell
Materials
For each group of four students
1 Hand crank flashlight
1 Solar cell
1 Multimeter
4 Alligator clips with test leads

Procedure
1.

Set the multimeter to DC voltage. Plug the leads into
the central and right inputs of the multimeter.

2.

Connect the two wires of a solar cell to the two leads
of a multimeter.

3.

Observe the voltage first by covering the solar cell
with a hand, then by exposing it to room lighting, and
then by exposing it to the light coming from the hand
crank flashlight. Record the voltages in question 1 of
What Is Going On.

4.

Set the multimeter to DC current (10 mA scale). Plug
the leads into the central and left inputs of the
multimeter.

5.

Observe the current by covering the solar cell with
a hand, then by exposing it to room lighting, and
then by exposing it to the light coming from the hand
crank flashlight. Record the current in question 1 of
What Is Going On.
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What Is Going On?
1.

What are your voltage and current measurements for
each light source?
Light Source

Voltage

Current

Covered by a hand
Room lighting
Hand crank flashlight

2.

How does energy transform in the solar cell, wires, and
multimeter? Fill in the energy flow diagram.

3.

How does energy transfer from one system to the
next?
System 1

Hand crank
flashlight

System 2

Conduction,
convection,
or radiation

Look It Up
The ocean makes up 70%
of Earth’s surface area.
Imagine being able to
harness all of the solar
energy hitting the ocean.
Visit http://www.ssec.
si.edu/Dow/Energy to see
one potential solution!

Explain your
reasoning

Solar cell and
multimeter

Stay Safe
Do not touch any open or frayed wires in a closed circuit. Do
not put the solar cell too close to the light source. Too much
heat can damage the cell.
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Review
Let’s see how well you got to know the ambassador in this
lesson!
1.

What is the ambassador’s job title?

2.

What did you do today that is similar to what the
ambassador does?
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Lesson 3: Model Evaluation
Lesson Overview
In this lesson, you will review and refine your model from
Lesson 2. You will also test your prediction from Lesson 1
and reflect on your understanding of the different types
of energy, energy transformations, and energy transfer
between systems.

Let’s Get Started
1.

Look back at the model you drew in Lesson 1 (question
1 of What Is Going On). Are you still happy with this
model? Redraw your model with any changes below.

2.

Look back at your prediction from Lesson 1 (question
2 of What Is Going On) Are you still happy with your
prediction? Use your new model to make any revisions
to your prediction below. Explain what made you
change your mind.

Science Starts With a Question: Energy

22

Marble Dash
Your teacher will repeat the marble dash demonstration. This
time, your teacher will change the mass of one marble and
the height of the original marble.

What Is Going On?
1.

What are your results from rolling the marble with
twice the mass?

2.

What are your results from rolling the marble from
twice the height?

3.

Was your prediction correct? If not, how do you think
your model was inaccurate?

Reflection
1.

Imagine you are a scientist working at Dow. How
would you explain to a non-scientist the difference
between an energy transformation and an energy
transfer?
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Extending Your Knowledge
Become a Power Player
As we have seen from our Energy Module, energy transforms
all around us. We use up chemical energy, in the form of
food, to help us move and heat our bodies. Electrical energy
transforms into radiant energy with lightbulbs. We have
become very creative in finding and using a range of energy
sources. However, there is another plentiful energy source
that we have yet to fully capture: ourselves!
We move all the time and when we move we produce
kinetic energy. Jessica O. Matthews and Julia Silverman,
undergraduates at Harvard University, worked together in an
engineering class to create a product that had the potential
to solve the problem of bringing power to the developing
world. The idea had to be connected to something people
already like to do.
The problem they wanted to solve was the lack of electricity
in some rural communities in Africa, a place both of them
had visited. During these visits and subsequent research,
they began to think about the hidden potential of large
numbers of children kicking make-shift soccer balls. They
realized if they could transform the energy of the soccer ball
into usable electrical energy they could have a product that
would truly change peoples’ lives.
They followed their passions and after much work and effort
they developed the SOCCKET. The SOCCKET is the same size
and almost the same weight as a regular soccer ball. The only
difference is a pendulum that turns a DC motor to gather and
store electrical energy in a rechargeable lithium ion battery.
According to their website, after just 1 hour of soccer play,
their SOCCKET could produce 3 hours of LED light. Most
soccer games last a few hours. Transforming the kinetic
energy of a soccer ball into free, clean, and usable electrical
energy is an amazing innovation. Can you think of some
other applications of this technology?
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