


Science Lesson 9

Preparation:

o Cut out the Bible verse image included in this lesson.

o Cut apart the Static Activity cards, keeping protons and electrons separated.

o Assemble the What Is Electricity? mini book included in this lesson.

o For each child, print one copy of the “Thales Static Experiment” page included in this lesson. 

Experiment Supplies:

o Plastic spoon

o Washcloth 

o Paper plate 

o Salt and pepper

o Paper confetti

o Small pieces of 
tissue paper or 
toilet paper

o Other lightweight 
materials (optional)

o No Electricity Activity
Let’s imagine what life would be like without 
electricity. What things do we have that we would 
no longer be able to use if we didn’t have electricity? 
Help the children think of a list of items that 
wouldn’t work or be available without electricity.  

o Read to the children: 
Before we had electricity, life was quite different from 
what we are used to now. Show the children the page 
of images in this lesson titled “Before Using Electrical 
Power.” 

Looking at these pictures, what do you think life 
would have been like before people knew how to use  
electricity like we do now? 

We can see horses pulling equipment to help a farmer 
with his work. We see a wood-burning stove that was 
used to cook food and heat water. There is an oil lamp 
and a fireplace used to light and warm a cool, dark 
room, and we see an old hand mixer that was used to 
mix up batters and sauces in the kitchen. 

At the time, these were all very helpful resources in 
the lives of those who used them. They helped the 

people work more efficiently on their farms, enjoy 
foods that would have been hard to make over a 
campfire, and spend more time together in the 
warmth of their homes at night with the light from 
the lamps and fireplaces. Many people felt very 
blessed to have these helpful tools.

Have a child read the Bible verse included at 
the end of this lesson. Discuss God’s hand in the 
development of society throughout time. You may 
wish to point out how people learn from those who 
came before them and that God gives inspiration to 
people who create many ways to improve our lives. 
Place the verse on your science wall.

After the discovery of electricity, people began to 
explore ideas that would make their work even easier, 
provide new entertainment, and give them more 
time and ability to provide for their families. What 
inventions do we have now that we use in place of 
these things in the pictures? Show the children the 
images on the “After Using Electrical Power” page 
and discuss the many ways electricity is used today.

Why do you think electricity has been a helpful 
discovery for mankind? Discuss the benefits that 

Objective:
Help the children learn what electricity is and about the history of its discovery.
Help the children understand what static electricity is and how it is created.

Lesson 9: Introduction to Electricity
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Science Lesson 9

electricity has had on our ability to work and to 
manufacture things like tools, electric water pumps, 
and medical and communication devices. You may 
want to discuss medical advancements, refrigeration, 
transportation, and how electricity has made life 
easier in different areas of the world.

o Lesson Mini Book
Read the mini book What Is Electricity? 
included in this lesson. 

o Static Activity
Read to the children: Have you ever felt a little shock 
when putting on a sweater, or have you seen a spark 
when someone touches you? 

Give an equal number of “Electron” and “Proton” 
cards to each child, as well as yourself. Explain that 
each of you will be acting as an atom with an equal 
number of protons and electrons. When you say “go,” 
have each child pass his or her electron card(s) to you 
while he or she keeps the proton card(s). 

Now that you’ve given me all of your electrons, I have 
far more electrons than protons, and you have too 
many protons. Do you know what happens when an 
atom has a buildup of extra electrons? 

An electrical charge is created, and it stays put until 
something else comes along to receive the extra 
electrons. While I am waiting to get rid of these extra 
electrons, I am filled with static electricity. Static 
means stationary, or not moving. As soon as an atom 
or atoms with too many protons comes in contact with 
me, I will share my electrons so that we each have an 
equal amount of electrons and protons. 

Give each child back his or her electron cards so 
that everyone has an equal number of proton and 
electron cards again.  

When this happens, the electrons that were built up 
on one material find another material to share with, 
and the energy transfer is seen as a spark or felt as 
a shock. Sometimes there is a much bigger amount 
of electrical energy built up, and when something 
touches it, it is much more powerful than a tiny spark. 
A shock like this can be dangerous, which is why we 
are always very careful when working with electricity.

o Science Wall
Read the vocabulary cards ELECTRICITY and 
STATIC ELECTRICITY and place them on the 
science wall.

o Static Electricity Experiment 
When Thales discovered that amber could 
attract straw, he discovered static electricity. 
Amber is fossilized tree resin, and it feels kind 

of like plastic. When a cloth is rubbed over amber, it 
attracts straw or other lightweight objects. Let’s see 
what happens when a cloth is rubbed over plastic.

Have the children create static electricity by 
completing the following experiment. For younger 
children, you may choose to discuss the experiment 
sheet questions out loud and have the child draw a 
picture after the experiment is complete.

1. Set up the experiment by placing a small pile of 
salt and pepper mixed in the middle of the paper 
plate. Place other small items from the supply 
list—such as paper confetti, very small pieces 
of tissue paper or toilet paper, and any other 
lightweight materials you may have—on the 
table. 

2. On the “Thales Static Experiment” page included 
with this lesson, have each child predict what will 
happen when a plastic spoon is rubbed with a 
cloth and then held over the salt and pepper. 

3. Test the hypothesis by rubbing the plastic spoon 
back and forth over the washcloth and placing 
it over the pile. The spoon gains a negative 
charge by rubbing against the cloth.  When the 
charged spoon is brought near the pepper, its 

Electricity Static Electricity
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negative charge pushes the pepper’s electrons 
away and attracts the positive part of the pepper 
molecules. Note: The pepper will jump up to the 
spoon because it is light. The salt will likely not 
stick since it is heavier and the static charge is not 
strong enough. Large salt grains may not move 
much at all. 

4. Try rubbing the spoon harder, faster, and longer, 
and then hold it over the salt and pepper. Have 
the children note if there is a change.

5.  After seeing the pepper jump to the spoon, 
wipe the pepper away and try again using the 
other materials with the static-charged spoon. 
Recharge the spoon between each material. Have 
the children experiment with other items they 
can find around the home, including placing the 
charged spoon or other material near a slow-
running water faucet to “bend” the water.

6. Have each child finish the experiment sheet and 
place it in his or her science journal.

For precept must 
be upon precept, 
precept upon 
precept; line upon 
line, line upon 
line; here a little, 
and there a little:

Isaiah 28:10
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Before Using Electrical PowerBefore Using Electrical Power



After Using Electrical PowerAfter Using Electrical Power



In a world where we are surrounded with glowing lights, a multitude of sounds, 
and a wealth of information at our fingertips, we are blessed by the knowledge 
of many hard-working scientists who have discovered electricity and learned 

how to harness its power. 

What Is Electricity?

2



What exactly is electricity, and how was it 
discovered?

3

Electricity is created when electrons 
move from one atom to another. As 

electrons continue to move from 
one atom to the next, they create 
a current—similar to a water 
current running down a stream. 
This is called an electric current. 
Electric currents carry electrical 
energy to a place where it can 

be converted to light, heat, 
or some other form of energy. 

Scientists have learned to use metal 
wires to carry the electrical energy to 

the places we need it to go. 

4

More than 2,500 years ago, a Greek 
philosopher named Thales discovered 
that by rubbing a cloth over a piece of 
amber, he could create an electrical 
charge that would attract straw to it. 
While he didn’t really understand what 
the force was, his discovery opened a 
door for further study of electricity. Since 
then, scientists have experimented 
and studied 
as they try to 
understand 
electrical 
attraction and 
how to capture 
and use this 
energy. 



5

Benjamin Franklin, one of the founding fathers of 
the United States, spent many years experimenting 
with electricity. In 1752, he proved that the energy 
within the sky during a lightning storm was the 
same electrical energy others were creating with 
cloth and amber. He tied a metal key to the string of 
a kite and a metal wire to the top of the kite. Flying 
it during a thunderstorm, he observed the electrical 
charge flow through the kite to the metal key. 
He captured 
the electrical 

energy in a special container for 
storing electrical charges. Through 
this experiment, he also realized that 
the electricity from lightning could be 
directed into the ground with a metal 
lightning rod, helping prevent fires and 
damage to homes and buildings.

6

Knowledge of electricity continued to grow 
as scientists learned what made it work and 
how they could create electric currents to 
fuel machines and power our lives. In 1831, 
an English scientist by the name of Michael 
Faraday discovered that he could use 
magnets moving through a wire loop to create 

an electric current. This discovery led him to produce a continuous electric 
current using a copper disk and horseshoe magnet, and it provided scientists 
with a better understanding of how to make transformers and motors work.

The Faraday 
Disk—the 
first electric 
generator 
(1831)



Electron Electron Proton Proton

Electron Electron Proton Proton

Electron Electron Proton Proton

Electron Electron Proton Proton

7

Fewer than 50 years later, Thomas Edison, a 
well-known inventor, created a new light bulb 
that could stay lit for up to 1,200 hours. 

Working with just a few privileged customers, 
Edison began bringing light to homes using 
his new light bulb and a small generator. In 
1882, he extended the luxury of electricity 
to the homes of many when he created a network of copper wires that 
connected buildings to his central power plant. This was the beginning of what 
would become one of the greatest advancements in technology—access to 
electricity in homes, businesses, and even on the streets. 

Cut out these cards for the Static Activity.



Thales Static Experiment

Hypothesis: When the plastic spoon is rubbed with a cloth and placed over salt 

and pepper, I think                                                                                                     

                                                                                                                                   

                                                                                                                                   

Was the hypothesis right? Why or why not?                                                    

                                                                                                                                   

When I rubbed the spoon longer, faster, and harder with the cloth, this is 

what happened:                                                                                                      

                                                                                                                                   

                                                                                                                                   

Using static, I was able to move these other materials:

                                                                                                                                   

                                                                                                                                   

Draw a picture of the experiment on the back of this page or in your 
science notebook.
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o Optional Read-Aloud

At any point in the lesson, you may read one 
of the books from the optional Read-Aloud 
Book Pack. Longer books may be split into 
more than one reading session. 

o Circuit Activity
With the children, stand or sit in a circle holding 
hands. Take turns creating a wave by lifting and 
lowering one pair of arms at a time. Continue the 
wave two or three times around the circle. Explain 
to the children that this is similar to how electrical 
circuits work. The electrons flow through the wires 
continuously as long as there is a complete circle. Let 
go of one child’s hand, creating a break in the circle. 
Create a wave again, beginning with you and ending 
with the last child.

o Read to the children: 
When there is a break in the circle, also called a 
circuit, the waves cannot continue to flow. This is the 
same with electrical circuits. Electrical circuits are a 
continuous path in which electricity can flow. When 
we plug in an appliance or turn the light switch on, we 
are completing the circuit, or closing the gap. 

When electricity flows through a material, it meets 

some resistance. Resistance means the material 
seems to be pushing back against the electricity, 
causing it to slow down or work harder to get through. 
When there is resistance, some of the energy is 
converted to heat and lost. When a light bulb is 
turned on, some of the energy converts to light while 
some of it becomes heat. That is why a light bulb will 
often be hot to the touch when it is on. Scientists 
continue to look for ways to make light bulbs more 
efficient so less energy is lost to heat. Newer light 
bulbs do a much better job of using their energy for 
light rather than heat. 

Show the children the copper wire. Just as there 
are conductors and insulators of heat, there are 
conductors and insulators of electricity. Many of 
the same materials that are good conductors of 
heat are also good conductors of electricity. That is 
why electricians use copper wires to help transport 
electricity to buildings and homes. Copper is a great 
conductor, but have you ever noticed that wires 
are usually covered with a colored plastic? Why do 
you think that is? Plastic is an insulator, or a poor 
conductor, so it helps contain the electrical current 
and prevent the electricity from jumping to another 
conductive material near it. This coating protects 
people from being shocked by live wires, and it 
prevents fires from starting in the wall. 

Objective:
Help the children learn about how electrical circuits work, how electricity is created in a battery, and 
how to recognize electricity in nature.

Lesson 10: Electrical Current

Experiment Supplies:

o Uncoated 
copper wire 
(4 pieces 
6–12 in. each)

o 2 E10 
flashlight 
bulbs

o 2 E10 bulb 
holders

o Phillips head 
screwdriver

o Electrical 
tape

o 2 AA 
batteries
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Show the children the image above. Circuits can be 
either series or parallel circuits. Energy flows between 
the positive and negative terminals of each part of the 
circuit. In a series circuit, energy travels in a line and 
turns on the light bulbs one at a time. Looking at this 
picture, you can see that in a series circuit, a battery 
would be connected to a wire, which would connect 
to a light bulb, a wire, a light bulb, then another wire 
back to the battery, forming a complete loop. 

In a parallel circuit, different components can be 
attached to the same power source, allowing them to 
receive electrical energy at the same time and with 
less resistance. The image above shows how two light 
bulbs can be connected in a parallel circuit and receive 
electricity at the same time. Let’s create some circuits 
to see how they work. 

o Circuits Experiment
Create a series circuit and a parallel circuit 
by following the steps below. 

1. Gather the supplies listed at the beginning of the 
lesson.   

2. Create a series circuit by taping the end of one 
piece of wire to the negative end of the battery 
with electrical tape and 
wrapping the other 
end of the same wire 
around the terminal 
of one E10 bulb holder. 
Attach another wire to 
the other terminal of 
the same bulb holder. 
Screw in the flashlight 

bulb. (If you do not have a bulb holder, tape 
the wire leading from the negative side of the 
battery to the point of the flashlight bulb, and 
tape another wire to the ribbed side of the bulb.) 
Touch or tape the loose tip of your wire to the 
positive terminal of your battery. The bulb should 
produce light. 

3. By adding a 
second light 
bulb, we add 
resistance 
to the series. 
Disconnect one 
of the wires 
from the light 
bulb holder and 
attach the second light bulb holder to the wire. 
Using another wire piece, attach the two light 
bulb holders. Screw in the second bulb and touch 
the battery with the tip of the loose wire. What 
happens to the lights? Are they brighter or more 
dim? Unscrew one of the light bulbs. Does the 
other one stay on? [no]

4. See if the lights will 
be equally bright 
if we add another 
battery to the series 
circuit. Remove the 
wire and tape from 
the negative end 
of your battery and 
place the positive end of another battery against 
it. It may help to tape them together. Replace the 
wire and tape and test the new circuit.

5. Create a parallel 
circuit by 
removing the 
wires from the 
light bulb holders 
and rearranging 
the lights as 
shown in the picture. Get your fourth piece of 
wire and twist two sets of wires into pairs to 
aid in the flow of electricity. Attach the twisted 
middles of the wires to the first light bulb holder 
and attach the ends of these wires to the second 
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light bulb holder. Tape one wire to the negative 
end of your battery. Touch the remaining loose 
end of one wire to your battery and see what 
happens. Unscrew one of the light bulbs. Does 
the other light stay on or turn off like the series 
circuit? [stays on] 

6. Which of the three circuits was the brightest? 
What affected the brightness of the light?

7. Read to the children: By using a parallel circuit, we 
are able to use less energy to achieve an equal or 
greater amount of light from the two light bulbs 
because the resistance decreases and allows 
more current to flow. Another benefit is that if 
something goes wrong with one of the wires 
or bulbs, the rest of the circuit can still function 
because the circuit is still complete—there is an 
alternate path through which it can flow. 

8. Give the children one battery, one light bulb, and 
one piece of wire and have them experiment 
with different ways to get the bulb to light. 
Remind them that electricity flows between 
positive and negative terminals. 

o Read to the children: 
There are two different types of electrical current: 
alternating current and direct current. When Michael 
Faraday found that he could move a magnet across 
a wire and create an electric field, he discovered 
alternating current. 

o Science Wall
Read and discuss the vocabulary cards and the 
information for ALTERNATING CURRENT and 
DIRECT CURRENT and place the cards on the 
science wall.

With its ability to carry electricity longer distances, 
alternating current quickly became the most 
commonly used means of supplying power to 
homes and businesses. The problem, though, is that 
alternating current has occasional losses of energy, 
resulting in a break in the flow of electricity. Because 
of that, direct current is often used to power computer 
servers and other devices that require constant flows 
of electricity, as well as anything that runs on batteries. 

Get out a battery and read the page titled “Batteries” 
with the children. 

o Read to the children: 
Did you know that electricity occurs in many natural 
forms as well? We’ve talked a little bit about lightning, 
which is created by a buildup of excess electrons in the 
air being discharged to the earth, but electricity can 
also be found in animals and even in our own bodies!

One animal that you’ve probably heard about is the 
electric eel. Electric eels and other underwater animals 
can produce electricity strong enough to kill predators 
or to hunt for food. Some fish use electricity to create 
an electric field around them. This helps them sense 
what is around them in the deep, dark ocean. 

Our bodies are made of electrical circuits, too! 
Electrical signals help your brain communicate 
with the rest of your body, telling your muscles 
when to move, your heart when to beat, your lungs 
when to breathe, and many other things. Pain is an 
electrical signal sent by your nerves to your brain, 
which interprets the signal as pain and tells us that 
something is wrong. All over your body, you have a 
system of nerves that uses electrical signals to help 
your bodies operate and sense the world around you.

When God created the earth, He created electricity 
to make everything function and prosper. Aren’t you 
grateful for this wonderful blessing He has given us? 

o Science Journal
Have the children draw a picture of the circuits 
they created in today’s lesson and label them 
as series or parallel.

Alternating Current Direct Current

Answer Key

Note: The grades 7–8 extension for this lesson 
is located at the end of Lesson 9.



 © Jenny Phillips84

Science Lesson 10

Batteries
When scientists first started learning about electricity, they learned how 
to capture electricity that was occurring naturally, such as lightning, and 
how to create static electricity. About the year 1800, a scientist named 
Alessandro Volta created the first battery, which provided a new way to 
create electricity artificially. His battery was called the voltaic pile and 
was created by stacking copper disks, vinegar- or brine-soaked cloth, and 
zinc disks. When these three materials were 
stacked in a pile and connected in a circuit, 
a chemical reaction would occur, resulting 
in electrical energy. Using this battery, 
scientists were able to create an electrical 
current. The electrical current in a battery 
only flows one direction, so it is a direct 
current. 

When the voltaic pile was invented, the amount of energy put off from 
one cell—a set of one copper disk, one soaked cloth, and one zinc disk—
was named a volt after the battery’s inventor. We still use the term today 
to measure how much electric potential a material contains. A common 
type of battery currently used is known as a 9-volt battery. That means 
that it is capable of producing 9 volts of energy when it is in use. 

Today the batteries that we use look quite different from the voltaic pile, 
but they function in much the same way. Using two different types of metal, which react differently to 
chemicals, a positive terminal and a negative terminal are created. These different metals are separated 
by an electrolyte powder or liquid, such as the vinegar or salt water that was used in the voltaic pile. 
Reactions occur between the electrolyte solution and the metals. One metal gains electrons from the 

reactions, and the other loses electrons. This 
builds up a voltage between the metals. When 
the circuit is completed, electrons flow from 
one metal, through the circuit, and to the other 
metal. As they flow through the wires, they reach 
the light bulb or other device that is attached to 
the circuit and provide power to it, causing it to 
turn on. Some batteries are rechargeable, such 
as car batteries, but often the small batteries we 
use are not created to be recharged, so when 
the chemical reactions run out, the battery is no 
longer usable. 
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Preparation:

o Cut out the scripture card found at the end of the lesson.

Activity Supplies:                       Experiment Supplies: 

o 2 bar magnets 

o 1 paper clip 

o Small wooden block

o Sticky note

o Iron filings 

o 2 sheets of cardstock

o Steel needle

o Small cork or foam craft 
ball (about 1 in.) 

o Small bowl

o Attraction Activity
Show the children a magnet and a paper clip and 
demonstrate how the paper clip is attracted to the 
magnet.

o Read to the children: 
Magnets work by attracting objects. Sometimes 
people can be like magnets, attracting or being 
attracted to the things around them too. Let’s think 
of some good things we are attracted to. Help the 
children list aloud some things that they like or 
are attracted to. Examples may include specific 
foods, friends, books, hobbies, things in nature, and 
positive character traits of others.

When we are attracted to something, we want to be 
closer to it or have it in our lives more. Often, when 
we spend our time with an influence that is less 
positive, we become attracted to that instead of the 
more positive things. In Proverbs 13:20, we read, 

“He that walketh with wise men shall be wise: but a 
companion of fools shall be destroyed.” Throughout 
the scriptures, the Lord tells us that we should 
surround ourselves with goodness and beauty and 
positive influences, which can help us grow closer to 
Him. When we submit to negative temptations, we 
can be drawn away. However, just like this paper 

clip is attracted to the magnet, when we surround 
ourselves with positive influences, they help keep us 
close to God. 

Now let’s suppose this magnet is a negative influence 
and the paper clip is each of us. How can we avoid 
letting the magnet pull us in? Allow time to think 
of ideas. Suggestions may include going to church, 
praying, studying scripture, building family bonds, 
and choosing good friends.  Let’s try some of those 
ideas and see if they protect us from the strong pull of 
negative influence. Write one or more of the ideas on 
a small sticky note attached to a wooden block. Place 
the block over the paper clip and see if the magnet 
is able to pick up the paper clip. God has provided 
us with ways to protect ourselves and strengthen 
ourselves against evil, pulling us closer to Him. 

Read the scripture card found at the end of the 
lesson.

Objective:
Help the children learn what causes metals to be magnetic, how magnets interact, and how the 
earth’s magnetism is helpful to us.

Lesson 11: Magnets and Our Earth
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o Read to the children: 
We know that magnets attract metal objects, but how 
do they work? Just like with electricity, magnets work 
because of the atoms that make up the material. 

In a magnetic item, the atoms line up in an organized 
manner that creates small groups of positive and 
negative charges all facing the same way. These 
groups are called domains. The positive side has a lack 
of electrons, and the negative side has a surplus of 
electrons. When an atom is missing electrons, it wants 
to gain them back, so it attracts atoms that have extra 
electrons. 

In most metals, these domains are all scattered in 
different directions and the positive and negative 
attractions are canceled out. In some materials, when 
the domains become aligned and face the same 
direction, it creates a magnetic force. 

Since there are always negative and positive sides in 
a magnet, we call these the north and south poles 
of a magnet. Every magnet has a north and a south 
pole, and they always attract the opposite pole. North 
attracts south, and south attracts north. If you place 
the north ends of two magnets together, what do you 
think will happen? Allow the children to try placing 
the north ends of two bar magnets together, then 
both south ends, then north and south. Opposite 
poles attract and like poles repel each other. The force 
of a magnet is stronger at the end poles and weaker 
in the middle. The region of space where a magnetic 
force acts is called the magnetic field . 

o Science Wall
Read and discuss the vocabulary cards 
MAGNET and MAGNETIC FIELD and place the 
cards on the science wall.

o Magnetic Fields Experiment 

Let’s discover what a magnetic field looks 
like using iron filings. Iron is a metal that is 
attracted to magnets. 

Demonstrate the magnetic fields of magnets by 
following these steps: 

1. Place one bar magnet flat on the table with a 
book on either side about the same height or 
taller than the magnet.

2. Sprinkle iron filings on the piece of cardstock and 
carefully lift the page above the magnet. 

3. Keeping the page flat, slowly lower it down 
toward the magnet as you watch the iron filings 
move into position with the magnetic field. Tap 
the paper if needed to get the filings to move.

4. Set the paper on top of the books and magnet, 
and observe the shape of the magnetic field.

5. Read to the children: This is a two-dimensional 
cross-section of the magnetic field, but the 
magnetic field is actually three-dimensional and 
shaped more like a sphere. The magnet attracts 
metals from all directions: above, below, and to 
all sides. If we could see the magnetic field in 3D, 
it would look like there is a bubble of iron fillings 
around the magnet.

6. To see a second cross section of the magnetic 
field, lower a second piece of cardstock with 
iron filings until it is about one inch above the 
first page. The pattern will be different because 
it is farther from the center of the field (the bar 
magnet). 

Magnet Magnetic Field
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o Read to the children: 
We’ve been using a man-made magnet for this lesson, 
but did you know there are magnets that come straight 
out of the ground? A very long time ago, people 
from ancient civilizations discovered magnetism in a 
stone. The stone, called lodestone, was made up of 
the mineral magnetite and had a naturally occurring 
magnetic force. Because it had a north and a south 
pole, it was used in navigation to help people find their 
way. Travelers would hang the lodestone from a string, 
and the south pole of the lodestone would always face 
north. Using this, they were always able to tell if they 
were going north, south, east, or west. Centuries later, 
an English scientist named William Gilbert discovered 
an explanation for why the lodestone and other 
magnetic items would point north when they were 
floating freely in the air or water. He believed that 
our earth may also be a magnet. After many years of 
investigation and study, scientists have proven that the 
earth does in fact have a magnetic field. This is why 
we now have the locations called the north and south 
poles; however, they were wrong about where those 
poles are located. The north and south poles that we 

see on maps are called the geographical poles. Though 
they are close to the geographical poles, the magnetic 
poles do not stay in the same place and are constantly 
moving at a very slow pace. 

Using the earth’s magnetism, we are able to use 
compasses with a magnetic needle to show us the way 
to magnetic north. Scientists also believe that animals 
such as birds and fish use the earth’s magnetic field 
to sense direction as they navigate through dark skies 
and oceans. 

Magnets can be either permanently or temporarily 
magnetized. Permanent magnets stay magnetized 
for long periods of time. The magnets we use to 
stick pictures to a magnet board or refrigerator are 
permanent magnets. They can be used over and over 
again and still be magnetic for a long time. Magnetite 
is also a permanent magnet. 

Temporary magnets become magnetic when they have 
been in contact with another magnet, causing the 
magnetic domains to line up and create a magnetic 
field. The magnetism doesn’t last very long once the 
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Be strong in the Lord, and 
in the power of his might. 
Put on the whole armour of 
God, that ye may be able to 
stand against the wiles of 

the devil.
Ephesians 6:10–11

object has been removed from the permanent magnet. 
Events such as dropping, hitting, or heating a magnet 
may disrupt the magnetic force, causing the domains 
to scatter back into an unorganized form and lose their 
magnetism. 

Not everything has atoms that are able to align in 
a magnetic pattern. Can you think of some things 
that probably would not become magnetic? Some 
ideas include plastic, wood, or plants. Some metals 
contain atoms that can line up properly and become 
magnetized. Not all metals can become magnets, 
though. Some of the most common metals used for 
making magnets are iron, cobalt, and nickel. Metals 
such as aluminum, copper, lead, gold, and silver are not 
magnetic.

Let’s try making our own magnetic needle and creating 
a compass. 

o Magnetic Needle Compass Experiment
Create a magnetic needle compass by 
following the steps. 

1. To magnetize a needle, stroke from one end of 
the needle to the other with one end of a bar 
magnet 40–50 times, lifting the magnet after 

each stroke. Check your needle’s magnetism by 
using the tip to lift a small paper clip. 

2. Lay your magnetized needle flat across the cork 
or barely stick it through the foam craft ball. 

3. Carefully place the cork or foam craft ball with 
the needle in a bowl of water. Allow it to turn 
until it settles pointing north and south. Check 
the accuracy by comparing with another compass. 

4. Experiment by gently and carefully moving the 
bowl to other places in the room or house. 
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Preparation:

o For each child, print one copy of the “Electromagnet Observations” section included in this lesson.

Experiment Supplies:
o 24-in. uncoated 

copper wire
o Electrical tape 

o Iron filings 
o 10-in. square of 

cardboard

o 2-in. metal nail
o  D cell battery 
o  10 paper clips

o Optional Read-Aloud
At any point in the lesson, you may read one of 
the books from the optional Read-Aloud Book 
Pack. Longer books may be split into more than 
one reading session. 

o Read to the children: 

Scientists have studied electricity and magnetism 
for hundreds of years, but it wasn’t until the year 
1820 that Danish scientist Hans Christian Oersted 
discovered a real connection. During an experiment 
he noticed that the electrical current flowing through 
a wire changed the direction of a nearby compass. 
The electrical energy was becoming magnetic energy!

As scientists studied this more, they found that an 
electric current flowing through a wire would produce 
a magnetic field surrounding it. This was called 
electromagnetism and was the beginning of many 
exciting discoveries. 

o Science Wall

Read the vocabulary card ELECTROMAGNET 
and place the card on the science wall.

o Electromagnetic Field Experiment
To see what the electromagnetic field looks 
like, complete the following experiment: 

1. Push one end of a wire through the center of a 
square piece of cardboard.

2. Tape each end of the wire to the terminals of a 
battery.

3. Holding the wire upright and the cardboard 
flat, pour some iron filings onto the cardboard 
and watch as they settle into the rings of the 
electromagnetic field. You may need to lightly 
tap the board to help them move into place.

o Read to the children: 
Scientist André-Marie Ampère discovered that by 
wrapping a wire in a coil, the electromagnetic field 
would be made much stronger because there was 
more wire length to contain the electricity over a 
short space. When the currents flow through a coil, it 

Objective:
Help the children learn how electricity and magnetism combine and the uses of electromagnetism. 

Lesson 12: Electromagnetism

Electromagnet
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acts the same as a bar magnet with a strong north and 
south pole. This coil is called a solenoid. 

Shortly after this discovery, scientist William Sturgeon 
found that putting an iron rod inside the coil amplified 
the magnetic field even more, magnetizing the rod 
as well. We call this an electromagnet, and this new 
invention paved the way to the creation of everyday 
objects such as headphones, telephones, radios, 
doorbells, and many other objects that we use. The 
wire and iron rod aren’t permanently magnetized just 
because they are wrapped together. They only work 
as a magnet when the power is switched on and the 
circuit is completed. The wire needs to be connected 
to a power source. In a doorbell system, the circuit 
is incomplete when the doorbell is not in use. When 
we ring the doorbell, pushing the button completes 
the circuit and sets the system in motion to ring the 
attached bell.

Let’s make an electromagnet and see how it works. 

o Make an Electromagnet Experiment
Follow these steps to create an 
electromagnet: 

1. Begin with tightly wrapping a 24-in. piece of 
copper wire around a 2-in. nail 30 times, leaving a 
tail of wire on each end. 

2. Tape the ends of the wire to the terminals of a    
D cell battery.

3. Test the pointed end and the flat head of your 
nail to see if it is now magnetized and able to pick 
up any paper clips with the ends. 

4. Mark your results on your observations page.

5. Unwrap the wire and re-wrap it more loosely 15 
times around. Repeat the experiment and note 
your findings.

6. Repeat once more, wrapping the wire even more 
loosely only 5 times around the nail. Complete 
the observations page and place it in the science 
journal.

o Read to the children: 
We know how an electromagnet is formed, but why do 
we need to have them? Often, a permanent magnet 
will not do the job we need, as is the case with a 
doorbell. The electricity needs to be able to be turned 
off in order to control the ringing of the doorbell. If 
we were to use a permanent magnet, the contact that 
completes the circuit would always rest against the 
magnet because it would be attracted to it all the time, 
causing the hammer to always rest against the bell. 
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Many people are familiar with the use of 
electromagnets in a junkyard setting. Junkyards have 
cranes that carry a large electromagnet at the end. 

As the magnet is turned on, the crane attracts a heavy 
load of metal and is able to carry it to another location 
in order to sort the metals from the other materials. 
When the crane is ready to drop the metal, the magnet 
can be turned off, releasing the scraps from the 
magnet. This is a much faster and more efficient way 

to help recycle and take care of our landfill sites than 
having people separate the metals out by hand. 

While junkyards are a very visible place to see 
electromagnets in use, electromagnets are all around 
us, and often we don’t even know they are there. 
Electromagnets are used in electric guitars to convert 
the vibrations of the strings to sound that can travel 
across a wire and be amplified. They are used in 
creating music disks and in speakers, power tools, 
computers, and many other objects we use in our daily 
lives. Every object we use that contains any kind of 
electric motor works by using electromagnetism. 

In a simple electric motor, an electromagnetic coil of 
wire is at the center of two permanent magnets. The 
current in the wire changes directions often. When 
it changes, the coil rotates to line up with the poles 
of the permanent magnets, and with every current 
change, the coil continues to spin as it tries to line 
itself up with the positive and negative sides of the 
magnets. 

Number of 
wire wraps 
around nail

NAIL HEAD
# of paper 
clips lifted

POINT END
# of paper 
clips lifted

30

15

5

1. Which nail end and coil picked up the 
most paper clips? Why? 

_______________________________ 

_______________________________

2. Why do you think the number of 
times the nail was wrapped made a 
difference? 

_______________________________ 

_______________________________ 

_______________________________

Electromagnet Observations

Note: The grades 7–8 extension for this lesson 
is located at the end of Lesson 11.
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a measurement of the average 
kinetic energy of molecules  

of a substance

Temperature

an accumulation of electric charge

Static Electricity

the energy that comes from the motion of 
charged particles

Electricity

 a flow of electricity that 
reverses its direction 

periodically 

Alternating
 Current 
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an area of space surrounding a magnet, 
electrical current, or moving charged particle 

that attracts or repels other objects

Magnetic Field

a metal core surrounded by an 
electrically powered metal coil, 

generating a magnetic field

Electromagnet

the flow of electricity in one 
continuous direction

Direct Current

an object that produces a magnetic 
field and exerts force on some 

metals and other magnets

Magnet
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How the Extensions Work
Each lesson has an optional lesson extension for 
children in grades 7–8. Complete the lesson with all the 
children, and then have the older children complete 
the self-directed lesson extension. These extensions are 
generally located at the end of the lesson, though some 
are combined on a page, and you will need to turn back  
to them. 

Answer Key
The answer key for the lesson extensions can be found by 
going to goodandbeautiful.com/science and clicking on 
the Energy unit.

Flexibility
The amount of time it will take to complete each lesson 
extension will vary for each child. The average time is 
about 10–15 minutes per extension. Parents/teachers 
and children may choose to omit parts of the lesson 
extension if desired. Encourage the children to stretch 
their capabilities, but also reduce work if needed.  

Science Journal
The extension pages are nonconsumable. The children will 
do their work on separate sheets of paper and insert them 
into their science journal binders along with any science 
journal pages done during the lessons. 

Children are encouraged to take ownership of their 
science journals and put forth effort to make the journals 
visually appealing. The journals will be something the 
children can treasure. The children should use color and 
illustrations where possible. Have the children view the 
sample pages below.

Taking Notes
Some of the grades 7–8 lesson extensions have the 
children summarize the material read. Teach the children 
to look for key information, summarizing the most 
important points. Students can also add notes with their 
thoughts and the facts that are most interesting to them.

Optional Grades 7–8 Reading Book
We recommend The Energy Questions & Answers Book 
by Anthony Klemm as extra reading for students in 
grades 7–8. This book can be purchased by going to 
goodandbeautiful.com/science and clicking on the Energy 
unit link. 

LESSON EXTENSIONS
GRADES 7–8



Instructions:
Lesson 1: In your science journal, turn to a blank lined page and title it “Energy Pioneers.” Write 
two or three things you learned about Thomas Edison. You will come back to this page in later 
lesson extensions.

Lesson 2: In your science journal, describe the conversion of potential energy to kinetic energy 
when a lamp is plugged into an outlet. Find out what types of light bulbs your light fixtures use.

EXTENSION

Lessons 1 & 2 | Grades 7–8

Energy

How Electric Light Began
Who invented the light bulb? The 
answer to this common trivia question 
is typically Thomas Edison, however, 
he was not the first or the only person 
who worked on creating electric light. 
Like many great inventions, the light 
bulb came about by a series of small 
improvements on previous work. In 
fact, there were more than 20 inventors 
working on lamps prior to Edison’s 
version. However, Edison often receives 
the credit for the invention because 
his version performed better than any 
of the others, and elements of his 
invention are still used to this day. 

The first electric light was invented in 
1802 by Humphry Davy using his battery invention to pass electricity 
through a piece of platinum, chosen for its high melting point. This 
light did not last long and was not very bright, but it sparked the 
interest of scientists. 

None of the electric light inventions created over the next 70 years 
were very practical for common use. Many of them worked, but 
they were too expensive, did not last long, were not very bright (or 
were too bright), or used too much energy to be mass produced. In 
1874, Henry Woodward and Mathew Evans filed a patent for their 
glass cylinder lamps that held carbon rods and were filled with 
nitrogen. The pair tried unsuccessfully for years to sell their lamp, 
but eventually they sold the patent to Edison in 1879. Edison and 
his team tinkered with the filament in an attempt to increase the 
length of time the light would burn, and when they discovered a 
carbonized bamboo filament that would last 1,200 hours, they were 
ready to begin production. 

Edison did not stop with improving his light bulb; he also expanded 
the distribution of electricity by connecting wires and tubes from 
a generator to light bulbs. He invented things like switches, fuses, 
and lampholders. He invented the Edison screw, which is now the 
standard socket fitting for light bulbs. He also worked to improve 
electricity generation by starting power companies and developing 
electric meters. Over the next 40 years, scientists made many 
improvements to the design and function of electric lamps.

1802—First electric light 
invented by Humphry Davy

1874—Woodward and Evans 
patented their incandescent 
light bulb, then sold it to 
Edison in 1879

1880—Carbonized bamboo 
filament discovered

1906—Patent for tungsten 
filaments in incandescent 
light bulbs submitted 

1910—First neon lighting 
demonstrated at the Paris 
Motor Show

1923—Neon light tubes 
introduced in the US 

1926—Fluorescent light 

tube invented; usage grows 
in popularity over the next 
decades

1950s—First commercial 
halogen light bulbs are 
produced

1962—First LED light invented 
(but deemed impractical)

1976—First compact 
fluorescent lamp invented

1990s—Long-life bulbs and 
compact fluorescent light 
bulbs made their debut; LED 
lights refined and expanded 

2007—Congress passed an 
energy-efficient standard that 
will phase out incandescent 
bulbs

The History of Lighting

The Future of Electric Light
LEDs (light-emitting diodes) appear to be the light of 
the future. They are at least 75 percent more efficient 
and last 25 times longer than incandescent bulbs, and 
they are significantly more efficient without the harmful 
mercury contained in CFLs (compact fluorescent lamps). 
LEDs are long lasting, durable, and more environmentally 
friendly than other bulbs, and they produce 
more light per unit of energy. The cost of LED 
lights continues to decline as well. LEDs use 
semiconductors (which you will learn more 
about in the Lesson 7 extension) to produce 
light. It will be amazing to see how lighting 
progresses past LEDs in the future! 

One of Edison's early lamps. 
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Instructions: 
On a blank page in your science journal, draw an image of the sun like the one below. Read 
this extension lesson and use the information to label the parts of the sun you drew on your 
journal page. Add information about each layer below each label. You may enhance your 
picture with color and other graphics if you wish. 

EXTENSION

Lesson 3 | Grades 7–8

Energy

• The sun is an almost perfect 
sphere with only a 10-km (6.2-mi) 
difference between the diameter 
at the poles and the equator. It 
is the closest thing to a perfect 
sphere that has been found in 
nature.

• The sun appears white to our 
eyes because it has all the colors 
of the visible light spectrum mixed 
together. 

• The distance from the sun to 
Earth changes throughout the 
year because Earth travels on an 
elliptical orbit around the sun. The 
distance between the two bodies 
varies from 147 to 152 million km 
(91 to 94 million mi).

• The sun generates solar 
wind. This is a flow of extremely 
fast-moving particles (about 450 
km [280 mi] per second) through 
the solar system. 

• The sun has a very strong 
magnetic field, and when its 
energy is intensified, areas of 
cooler temperatures called 
sunspots are created, as well as 
solar flares that spin like giant 
tornadoes. 
Very large 
solar flares 
are called 
coronal mass 
ejections.

SOLAR
Fun Facts

The sun is the ultimate source of energy for the 
earth. Without it, our planet would be frozen. 
The sun also acts as an anchor for our solar 
system and creates a gravitational pull that 
keeps us orbiting around it. Our sun is known 
as a yellow dwarf star. It is about 1.4 million 
km (860,000 mi) in diameter. 

The sun’s energy output begins in the core. 
The center of the core is about 15 million°C 
(28 million°F). Energy is released when four 
hydrogen atoms in the core join to create a 
helium atom. This is called nuclear fusion.

The released energy then travels to the 
radiative zone. This layer is made of a dense 
plasma that causes the radiation to bounce 
around in a zigzag path for a very long time 
until it reaches the next layer. 

This layer is called the convection zone. Cooler 
temperatures in the convection zone make the 
plasma too thick for radiation to pass through, 
so instead, large bubbles of hot plasma form 

and move up to the surface, much like a pot of 
boiling water. 

The visible surface of the sun is called 
the photosphere, and it’s about 5,500°C 
(10,000°F). 

Just above the photosphere is the 
chromosphere, which looks like it glows red 
in certain light. There is a transition region 
between the chromosphere and the next layer, 
the corona, where the temperature drastically 
increases within a short distance. The corona 
is made of hot plasma that’s even hotter than 
the surface of the sun at over 1 million°C (33.8 
million°F). Scientists are still not sure why this 
solar atmosphere gets so hot when it’s farther 
from the sun. You can see the corona only 
during a total solar eclipse or with a special 
tool called a coronagraph. Past the corona, 
the sun’s electromagnetic waves travel to the 
earth at light speed— 299,792 km (186,282 mi) 
per second.

Earth's Energy-Producing Star
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Instructions: 
1. Open your science journal to the “Energy Pioneers” page and take notes on James Joule. 

2. To measure a joule, the formula is W = F x D (work equals force times distance). If the force of a 
model airplane is 0.25 newtons over a distance of 10 meters, how much work (measured in joules) 
would the plane expend? Write your answer in your science journal.

EXTENSION

Lesson 4 | Grades 7–8

Energy

Kinetic and potential energy are 
interchangeable, and work and heat are 
interchangeable too (though not always 
completely). A hot air balloon operates 
by burning fuel to heat the air within the 
balloon. The heat from the flame causes 
the air particles within the balloon to 
vibrate faster and expand, and when the 
air inside gets warmer and less dense 
than the air outside, the heat turns 
into work by lifting the balloon. There is 
energy in the rising air, which pushes on 

the fabric, and the high volume of hot 
air compared to the light weight of the 
balloon causes it to rise. 

This can only happen because of the 
clever design of the hot air balloon. 
When the parachute valve, controlled 
by a cord in the basket, is open, hot air 
is released and the balloon descends. 
When it is shut, hot air is contained and 
the balloon rises. 

Balloon pilots can only control the 

vertical movement of a balloon; the 
wind controls its horizontal movement, 
so it can be a challenge to figure out 
exactly where one will land!

Turning HEATInto WORK

James Prescott Joule was born in 
England in 1818 and was taught 
at home most of his childhood. 
From his youth, he was 
fascinated by electricity —he and 
his brother would experiment 
by shocking anyone they could, 
including themselves. 

James’ father ran a brewery, 
which James took over when 
he grew up; science was just a 
hobby for a long time. He wanted 
to replace the business’ old 

steam engines with new electric motors, which had just been 
invented. In his quest to find the most economical power 
source, his scientific contribution really began. Joule noticed 
a relationship between heat, current, and conductivity that 
would lead to the discovery of what is now known as Joule’s 
Law: P = I2R (power equals current squared times resistance). 

Soon he was interested in not just the cheapest motor, but in 
how much work could be extracted from a given substance—
such as coal (burned to create steam) or zinc (used in 
batteries)—to produce a unit of heat. His findings challenged 
previously held scientific beliefs about heat, which those in 

the science community did not appreciate, especially from a 
man who was not part of their community. 

Joule went on to study in depth the nature of heat and its 
relationship to mechanical work, laying the foundation for 
the Theory of Conservation of Energy (also called the First 
Law of Thermodynamics). Lord Kelvin, whom you will learn 
more about in the Lesson 8 extension, was one of the first 
scientists to take Joule’s work seriously and experiment with 
his findings. The two scientists worked closely for many years. 

To honor him for 
his scientific 
contributions, 
“joule” is used as 
the name of a unit 
of energy. 

JAMES JOULE and the measurement of energy

joule (J):  
the work done  
by a force of  

1 newton acting 
over a distance  

of 1 meter

W = F x D
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Instructions: 
1. Read the information below, and then write in your science journal at least one way you or 

other people use each of the fuels listed under “Types of Fuel.”
2. Find out what type of fuel you use to heat your home. Does your home use a fuel to cook your 

food or dry your clothes?EXTENSION

Lesson 5 | Grades 7–8

Energy

How Does Fuel Produce Energy?
Fuels are special materials that release 
most of their energy as heat when 
burned. Some common fuels that are 
used today include coal, petroleum, 
natural gas, propane, and other liquid 
fuels like kerosene and butane. 

These fuels are called fossil fuels and 
are types of nonrenewable energy—
they take many, many years to form 
and are not easily replaced once they 
are used. Most of these fuels began 
as living matter, such as plants, that 
died and settled under water. There 
they were buried by layers of sediment, 
which deprived them of the oxygen that 
typically breaks these things down, so 
they were preserved instead of decaying. 
As the layers of sediment increased, the 
heat and pressure also increased, and 
over the years, this heat and pressure 
turned the organisms into the natural 
fuel sources we use today. 

Applying energy such as a spark or 
flame to a fuel initiates the process of 
combustion, which is required to get 
energy from fuel in order to do work. 
The flame adds energy to the fuel, which 
causes the chemical bonds to release. 
Once these bonds are broken, new 
bonds form, and when they do, energy is 
released. If the energy released by the 
new bonds is greater than the energy 
used to break the original bonds, it’s 
called an exothermic reaction, meaning 
heat is released. 

You may already know that oxygen is 
required in order for many substances to 
burn. This is because the oxygen in the 
air bonds with the broken molecules to 
produce new molecules. Most commonly 

those molecules are water (H
2
O) and 

carbon dioxide (CO
2
), which both con-

tain oxygen (shown as the symbol O). 

For example, the main component of 
natural gas is methane (CH

4
), which 

contains carbon (C) and hydrogen (H). 
When methane is burned in air, the 
chemical conversion formula looks like 
this:

CH4 + 2 O2 ——> 

CO2 + 2 H2O + energy

This formula shows that one molecule of 
methane gas reacts with two molecules 
of oxygen to produce one molecule of 
carbon dioxide and two molecules of 
water; plus it releases energy in the form 
of heat and light. 

The energy that is released by forming 
the new molecules is much greater than 
the energy used to break the original 
molecules, so heat is released. We then 
use that heat energy to do the work we 
need (for example, heat our homes). 

When combustion is complete  
(meaning all the fuel is chemically 
converted), water, carbon dioxide, and 
energy are the only products of the 
process. It is very rare for combustion to 
be absolutely complete, and when it is 
not, other products are created. Carbon 
monoxide (CO) is a dangerous product 
of incomplete combustion. 

Definition
Combustion: the process of burning 
something; a chemical reaction of 
a substance with oxygen, usually 

producing light and heat

Types of Fuel
SOLID
wood, coal, peat, 
dung

LIQUID
petroleum (diesel, 
gasoline), alcohols

GASEOUS
natural gas (methane, 
propane, ethane)

What Is the Problem with  
Using Fossil Fuels? 

Fossil fuels took many, many years to 
form and are nonrenewable because 
they cannot be replaced as fast as 
they are used. At the rate we are 
consuming fossil fuels, it is possible 
that we could deplete the earth’s 
supply in the future. We consume 
much faster than the earth produces. 

Another issue is that the process of 
combustion produces undesirable 
byproducts. You can see the 
byproducts of burning gasoline 
as a smoky stream coming out of 
the tailpipe of a car. One of these 
products of combustion is carbon 
dioxide. Too much carbon dioxide 
in our air can lead to problems with 
air quality. Emissions from cars 
contribute to acid rain, smog, and 
irritation to lungs and membranes in 
the human body. 
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Instructions: 
Write the definitions—which are all aspects of heat transfer—in your science journal. Answer 
the following questions in your journal after reading the page:

1. Why is it important to understand how energy interacts with a given material?  
2. How can we use what we know about heat transfer to improve the way we live?

EXTENSION

Lesson 6 | Grades 7–8

Energy

MATERIAL SPECIFIC HEAT 
Joules / (grams x °C)

Lead 0.16
Copper 0.39

Aluminum 0.9
Dry air 1.02
Water 4.18

Hydrogen 14.3

Evaporation 

Evaporation happens 
when molecules in a 
liquid state gain enough 
energy to turn into a gas. Heat is the energy required for 
evaporation to occur. The energy is used to overcome the 
forces holding the molecules in a liquid state. An example 
of this is the process of sweating. When our bodies get 
overheated, they sweat. The water on the surface of the 
skin takes heat from the body and turns into a vapor. This 
removes the water from the skin and also cools the body 
down by removing heat. 

Emissivity and Radiation
You learned earlier in the lesson that radiation is the 
transfer of heat energy through electromagnetic rays. 
Sometimes we want to know where that energy goes 
when it hits a surface —will the radiation be absorbed or 
bounce off? The amount of energy that bounces off is the 
emissivity of the surface, 
which is shown as a 
number between 0 (all 
the energy is redirected) 
and 1 (all the energy is 
completely absorbed). To 
get this calculation, the 
radiation emitted from 
a surface is compared to the radiation emitted from a 
theoretical perfect blackbody of the same material at the 

same temperature. Absorptivity 
is the ratio of the amount of 
energy absorbed by a surface to 
the amount of energy applied 
to the surface. Emissivity and 
absorption are related; for 
example, a mirror surface will 
have a low emissivity because 
very little light is absorbed. 

The emissivity depends not only on the material but 
also on the type of surface. A smooth, shiny surface will 
have lower emissivity, but a rough, dull surface will have 
higher emissivity. The surface’s temperature, as well as 
wavelength and angle of the radiation, affect emissivity. 

Emissivity is considered in window design to make them 
more efficient so they don’t lose heat in the winter or 
get too hot in the summer. Other applications include 
solar panels, which need to 
absorb as much radiation as 
possible, spacecraft surfaces, 
and infrared equipment that 
measures temperature without 
touching the object. 

Definition
Emissivity: the ratio of 
radiant energy emitted 

by a surface to the 
radiant energy emitted 
by a perfect blackbody

Specific Heat Capacity
Sometimes we want to 
know how much energy or 
heat needs to be applied 
to an object to raise the 
temperature to a desired 
point. You may want to know 
that when you turn your 
stove to a certain setting,  

that element will reach 175°C (about 350°F) and maintain it. 
Scientists have tested many materials to find their specific 
heat capacity. We can use their findings to know how much 
energy we need to achieve a desired temperature change. 

Definition
Specific heat capacity: 
the amount of energy 
required to raise the 

temperature of 1 gram of 
a substance by 1 degree

Definition
Evaporation: the 
process of turning 

from liquid to vapor
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Instructions: 
1. Draw three columns in your science journal and label them Conductors, Insulators, and 
Semiconductors. 
2. Write organized bullet-point lists under each column about the characteristics of each type 
of material. Use the information from the lesson as well as on this page. 

EXTENSION

Lesson 7 | Grades 7–8

Energy

We have learned about conductors and insulators 
of both heat energy and electricity in this 
lesson, but there is actually another category 
of materials that exists. These materials do 
not conduct energy as well as metals, though 
sometimes they can be conductive. They are 
considerably more conductive than insulators, 
but sometimes they act as insulators as well. It 
sounds a little confusing, doesn't it? These are 
called semiconductive materials, and they have 
transformed technology as we know it. 

Silicon is the most common semiconductive 
material and the most important material in 
creating today’s electronics, so we will focus on 
this element, whose periodic table symbol is Si. 
There are other materials that could work better, 
but they are expensive, and silicon is inexpensive 
and abundant, so using it makes electronics more 
affordable. You may have heard the term “Silicon 
Valley,” which refers to the area in California 
where a lot of technology companies launch their 
products and have their headquarters. There is a 
search across the world for even better  materials 
that can be used in electronics. 

Semiconductive materials like silicon can be 
altered to function like a kind of switch that 
controls the conduction of energy. Through the 
use of electrical fields, silicon can be switched on 
to act as a conductor like a metal or switched off 
to act as an insulator like glass. Semiconductors 

are able to do this at room temperature, while 
other materials need temperature extremes, and 
still others cannot work as a switch at all. With the 
ability to control electrical flow through computer 
processors with silicon, a new world of information 
transfer opened and introduced important 
computer components such as transistors, 
memory chips, computer processors, and many 
other electronic components. Silicon is used 
in the integrated circuits found in cell phones, 
computers, scanners, DVD players, and LED lights. 
Without silicon, communication as we know it 
would not be possible.

A computer chip is a pure silicon plate with 
impurities inserted into it at strategic points. 
Chips are created in super-clean facilities by 
people wearing full-body suits and gloves to avoid 
contaminating these chips—even a microscopic 
flaw like a tiny bit of dust could make the chip 
malfunction. Added to this silicon plate are 
transistors and gates that tell electricity where 
to go and what to do. The plate is also heated 
to form surface layers of silicon dioxide (glass) 
for insulation. Hundreds of identical chips are 
created on the same silicon plate. After extensive 
testing, the plates are cut into individual pieces 
and packaged into completed processors ready to 
be installed into their intended devices. 

Millions or even billions of transistors are 
planted into a silicon chip, along with other 
components that instruct the device to operate 
as programmed. It is an extremely complex 
process, but it all rests on the ability of silicon to 
alternate between 
conducting and 
insulating. Without 
semiconductors, 
there would be no 
electronics as we 
know them.

Conductors
 » Silver is the best conductor, 

but it isn't used much in 
electronics because of cost.

 » Copper, brass, steel, gold, 
and aluminum are the most 
widely used conductors. 

 » The human body is an 
excellent conductor.

 » Gases are not good electrical 
conductors.

 » Adding salt to water makes 
it a better conductor.

Insulators
◊ Glass is the best electrical 

insulator—it has the highest 
resistivity to the sharing 
of electrons. Rubber is the 
most common insulator.

◊ Most insulators are solid, 
though gases like the air are 
good insulators. 

◊ Electrical insulators do not 
allow electricity to pass. 
Thermal insulators do not 
allow heat to pass.

◊ Insulating materials are used 
in thermal bottles, structural 
fireproofing, circuit boards, 
coated wires, etc. 

Semiconductors: 
The Key to Modern Technology

Copper wires conduct

Rubber insulates
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Instructions: 
1. Read this page and take notes on the “Energy Pioneers” sheet you created in your 

science journal during Lesson 1, being sure to include the short form for each scale. 
2. Calculate the following, using a calculator if desired. Determine if each temperature 

is hot or cold. 25°C=____°F  327 K=____°C    10°F=____ K
EXTENSION

Fahrenheit, a German physicist, 
invented the temperature scale 
that bears his name in 1724 after 
designing the first alcohol and mercury 
thermometers. The scale was based 
on three fixed temperatures: body 
temperature; the melting point of ice; 
and the freezing point of equal parts 
water, ice, and salt, which he gave the 
value of 0°F. He thought his scale would 
make things mathematically simpler, 
but the numbers had to be tweaked to 
work out right. He ended up with 32°F 
as the freezing point of water and 212°F 
as the boiling point of water. There are 
exactly 180°F between the freezing 
temperature and boiling temperature 
of water.

Celsius was a Swedish astronomer 
who created the Celsius scale in 1742. 
People first called the scale centigrade 
(meaning hundred steps), but it 
was renamed to Celsius after being 
confused with other mathematical 
measurements. Celsius wanted a scale 
that simplified the boiling and melting 
points of water and avoided using 
negative numbers or fractions as much 
as possible. When he first invented his 
scale, the boiling point of water was 
set at 0°C and the freezing point was 
100°C. Somewhere along the line the 
two measurements were switched, and 
now we use 0°C as the freezing point of 
water and 100°C as the boiling point of 
water. 

Kelvin was a British scientist and 
invented his scale in 1848 as a means 
of measuring the extremes of hot and 
cold. Zero on the Kelvin scale is called 
absolute zero and is equal to -273.15°C, 
a temperature scientists believe would 
make the volume of an ideal gas 
become zero. This is a theory; absolute 
zero has never been reached, though 
scientists have come close. The Kelvin 
scale is used by scientists who find it 
helpful to make calculations based on 
the theoretical elimination of all energy 
from a substance. Like the Celsius 
scale, there are 100 kelvins between the 
temperatures of boiling and freezing 
water. The symbol for kelvin is K and 
does not use a degree sign.

Lesson 8 | Grades 7–8

Energy

Inventors of the Modern Temperature Scales

Daniel Gabriel 

Fahrenheit
Anders

Celsius
Lord William Thomson

Kelvin

Many English-speaking countries used the Fahrenheit scale until they converted to the 
metric system, including the Celsius scale, in the 1970s. The United States is one of the 
few countries that does not use the metric system and still uses the Fahrenheit scale. 
Scientists mostly use the Kelvin scale because the numbers are always positive, and it 
is easy to convert to and from Celsius degrees—simply add or subtract 273.15. 

Early 
thermometers 
were called 

thermoscopes.

Did you know? Converting Between Scales

Celsius and Fahrenheit

°C = (°F - 32)/1.8

°F = °C  x 1.8 + 32

Celsius and Kelvin

K = °C + 273.15

°C = K - 273.15
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Your refrigerator 
accounts for an 
average of 13% 
of your monthly 

electric bill.

Lesson 9
Electricity is really fascinating to learn about, but what does 
it mean to you directly? During this research assignment, you 
will see just how many ways you use electricity in your daily 
life and how much electrical energy you consume. Today you 
will go around your house and gather data about how much 
power is used by various appliances in your household. 

1. Choose four or five appliances (ideas include 
refrigerator, oven, washing machine, hair dryer, lamp, 
fan, television, slow cooker, or toaster). 

2. The owner’s manual or a permanent label attached 
somewhere to the item will tell you how much power it 
uses. Look for the usage in watts (W), or multiply volts 
times amps (V x A) to get the wattage.

3. Record the wattage along with an estimate of how many 
hours you use the appliance per day (use decimal points 
if less than an hour). 

Keep your results for use in the Lesson 10 extension. 

Supplies: 
paper, pen, calculator, electric bill, 4–5 household appliances EXTENSION

Lessons 9 & 10 | Grades 7–8

Energy

How Much Energy 
Does It Use?

Electric Cars 
• average 3 to 4 miles of driving per 

kilowatt hour (kWh)
• batteries hold 16 to 30 kWh per 

charge, depending on model 

Power Plant 
•each ton of burned coal produces 

2,460 kWh of electricity 
•produces approximately 3.5 billion 

kWh per year 
•takes around 4,750 pounds of coal 

per year to run your appliances

Football Stadium 
•a 90-minute game can use up to 

25,000 KWh—enough power to run 
more than a dozen homes for an 
entire year 

Electricity in the Home

Did you know?

Appliance stores 
have yellow 
EnergyGuide labels 
because people 
want to know how 
much energy an 
appliance uses, 
how it compares to 
similar appliances, 
and about how 
much per year it 
costs to use. 

Source: consumer.ftc.gov

Lesson 10
Today you will figure out how much you pay for having 
electrical conveniences in your home. Get out your calculator, 
because science and math go hand in hand. 

1. Find out how much you pay per unit of energy by looking 
at an electric bill for your house. This will be in kilowatt 
hours (kWh). 

2. Multiply the appliance's 
wattage (found during the 
last lesson) by the number of 
hours it is used in a day, and 
then divide by 1,000. This will 
give you the total number of 
kilowatt hours used in a day.

3. Multiply the kilowatt hours by 
your cost per kWh. This is your cost per day for using that 
appliance.

4. To calculate your cost per month, multiply your cost per 
day by the number of days that you typically use the 
appliance in a month.

5. To calculate your cost per year, multiply your monthly 
cost by 12. 

Family discussion: Will you be looking to purchase any new 
appliances soon? Are there appliances that are more energy 
efficient than yours? Would it be beneficial to buy a new 
appliance that saves energy? How long would it take to 
recoup the cost of the new appliance in energy savings?
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EXTENSION
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Caution: The copper wire can 
get hot during this experiment. 
Please be very careful. 

For this lesson extension, 
you are going to create an 
electromagnet spinner and 
experiment with form and style.

1.   Wrap your copper wire loosely 
around your battery several 
times.

2.   Take the tip of your copper 
wire and bend it into a hook 
shape so it rests on the tip of 
the positive terminal of your 
battery. Stretch the coil out to 
fit the length of your battery 
with the tail of the wire just 
slightly below the bottom 
of your battery. Trim wire if 
needed.

3.   Remove the coil and place 
the flat negative terminal of the 
battery on top of a neodymium 

magnet. (Depending on the 
strength, you may need to stack 
several magnets together to get 
it to spin.) 

4.   Slide the copper wire back 
on the battery. The hooked wire 
should rest on the tip of the 
battery, and the tail should just 
slightly touch the magnet.

5.   Let go and watch it spin! 
If it doesn't spin well, adjust 
your wire so it is balanced and 
even and not creating too much 
friction. 

6.   Turn your magnet over and 
reattach to the battery. What do 
you notice about the direction 
of the spinning wire?

7.   Experiment with different 
designs in your copper wire. 
Make sure that each design has 
a point touching the battery tip 
and an end touching the magnet 
to create a full circuit. A few 
example ideas are below. 

Battery Spinner Experiment

Supplies: 
Lesson 11: two bar magnets, iron filings, sheet of cardstock, tape

Lesson 12: approximately 30 cm (1 ft) uncoated copper wire, AA battery, 4–6 neodymium 
magnets at least 14 mm (0.5 in.) in diameter   
See the instructions for each lesson below. 

Lesson 11
Magnetic Fields 
Experiment #2

We are going to examine the magnetic field of two 
bar magnets and compare it to the single bar magnet 
experiment in the lesson. 

1. Tape one bar magnet to a tray or the floor so the 
north poles are facing each other. Get the second bar 
magnet as close to the first as you can, and then tape 
it down as well. There should be a small gap between 
the two magnets. 

2. Place your piece of cardstock over the magnets and 
sprinkle a very fine layer of iron filings over the paper. 
Observe the magnetic field shown by the iron filings 
and draw the design in your science journal, labeling it 
“Like Poles.”

3. Dump the iron filings back into the container.  
Rotate one magnet so the north pole faces the south 
pole of the other. Bring them close but do not allow 
them to touch. Tape the magnet back down. Lay the 
cardstock on top and sprinkle a fine layer of iron 
filings on the paper. Observe the magnetic field shown 
and draw it in your science journal with the label 
“Opposite Poles.”

Lesson 12
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Supplies: blank piece of paper, pencil, ruler, 3 colored pencils or fine-tip markers

Instructions: Follow the directions below to draw a three-dimensional object with a 
shadow in proper perspective. EXTENSION

Lesson 13 | Grades 7–8

Energy

Drawing with 
Light and Shadow 

1. With a pencil and a blank piece of paper, draw a horizon 
line across the middle of your page. Draw one dot near 
the edge of each side of the paper on the horizon line 
for a total of two dots. These are called the “vanishing 
points” and will be used to make your box. Draw a short 
line about 2.5 cm long (1 in.) in the middle of your page, 
slightly below the horizon line. 

2. Lightly draw a line from each vanishing point to the top 
and bottom of the line you drew in the middle. This is a 
guide for making your 3D box look realistic. 

3. Draw two lines parallel to your first line between your 
guidelines to set the edges of your box.

4. Draw two more faint guidelines from the tops of each of 
these new lines to the opposite vanishing point. 

5. Darken the outside lines of the box shape you have 
created (see next illustration). You may erase the 
guidelines if you wish. 

6. Place a dot above the horizon line near the top of the 
page and to the right side of the box. A higher light 
source will produce a shorter shadow, so place it high to 
keep the full shadow on the page.

7. Locate the shadow vanishing point, which is on the 
horizon line directly below your light source. Place a dot 
on the horizon line.

8. Using your three colored pencils or fine-tip markers, 
place a dot at each corner you have drawn. One color 
should be used at the top and bottom of each vertical 
line. Do not place a dot at the corner nearest to the light 
source; this corner will not be used to create our shadow. 

9. Using a ruler and the color that matches each dot, draw 
a straight line from the light source, through each of the 
three top corners, and to the edge of the page. 
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10. Using a ruler and the color that matches each dot, draw a 
line from your shadow vanishing point through each of the 
three bottom corners and to the edge of the page. 

11. Draw a dot where each of the matching colored lines cross 
each other. Connect the points together in order from left 

to right, and then connect them with the outside bottom 
corners of the box to create your shadow’s shape.

12. Fill in the shadow area with your pencil. 

13. Shade in your object by using the darkest shade on the 
surface farthest away from the light source and the 
lightest shade on the surface that receives the most light. 

14. Add other straight-edged buildings or objects and follow 
the above steps to create a new shadow that shows a 
different angle. 

15. Add elements as desired, such as windows, doors, sky, etc. 

Because shadows are the absence 
of light, you know that opaque 
objects block light and create 
dark shadows, and transparent 
objects let light through without 
much of a shadow. What happens 

to the shadows of translucent 
objects? If you take a bunch of 
balloons outside on a sunny day, 
they will act as a filter to diffuse 
and scatter the light and create 
beautiful shadows with color. 
Since some light gets through, 
there can also be color, resulting 
in this beautiful display. The same 
effect can happen with stained 
glass windows, colored glass 
cups, colorless cups with colored 
water in them, and other colored 
translucent objects. See if you 
can find something that will cast a 
colored shadow.

Shadows in Color
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EXTENSION

Lesson 14 | Grades 7–8

Diffraction is a change in 
a wave as it encounters 
obstacles. Waves normally 
travel in a straight line, but 
when they come across an 
obstacle, the waves pass 
around it and then spread 
out behind it. The amount of 
diffraction depends on the 
wavelength and width of the 
gap. 

Diffraction can happen with 
all types of waves. Ocean 
waves will be interrupted by 
boats but will still disturb the 
water behind the boat. When 
someone speaks from another 
room, the sound waves from 
his or her voice can reach you 
around a corner.   
Diffraction also applies to 
light waves, and it separates 
different wavelengths of 
light. When rays of light travel 
around multiple obstacles 
close to each other, they will 
overlap or “interfere” with 
each other on the other side. 
The light on the other side will 
spread out again according 
to the size of the obstacle 
or slit. Diffraction is used in 
X-ray crystallography: X-rays 
are aimed at a crystal, whose 
molecules diffract the light 

in a specific pattern unique 
to the molecule, helping to 
identify what the crystal is 
made of. A common example 
of lightwave diffraction is 
the rainbow colors you see 
on the back of a CD—these 
are caused by white light 
bouncing off the tiny grooves 
in the CD, separating the 
colors contained within the 
light beam. You also see light 
diffraction when you see the 
glowing “silver lining” outline 
of a cloud. 

Definition
Diffraction: the 
bending of light 

waves around an 
obstacle or through an 
opening; occurs with 

any wave—sound, 
electromagnetic, or 

water

How Does Vision Correction Work?
Our eyes are designed to see by taking in light, and we depend on refraction 
for our vision. Rays of light creating an image enter the eye through the 
cornea, pupil, and lens. As light travels through these materials, it is 
refracted so that the light condenses to a focus point on the retina in normal 
vision. The retina captures the image like camera film, processes it, and 
sends the information to the optic nerve, which transfers it to the brain. 

Vision problems occur when the light is not refracted in a way that allows 
it to form a focus point on the retina. If the light is focused in front of the 
retina, you get nearsightedness, or myopia, which means objects in the 

distance are blurry. If the light focuses beyond the retina, you have farsightedness, or hyperopia, where things up 
close are blurry but clear in the distance. Eyeglasses or contacts correct the refraction of light so the focus point 
lands directly on the retina where it needs to be in order for vision to be clear. 

Light Diffraction through  
an Obstacle

Diffraction: The Motion of Interrupted Waves

Energy

Instructions:  
Read the information below and write the definition of diffraction in your science journal. Ask 
people you know who wear glasses or contacts if they have myopia (nearsightedness), hyperopia 
(farsightedness), or something else.
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Supplies: the three flashlights with colored cellophane from the lesson, a white wall or 
surface, a dark room, opaque object(s) including a pencil

Instructions: Set up the three flashlights with the green between the red and blue. Have 
each light be approximately the same distance from your white surface and be sure all three 
lights can shine on the same spot (you may need extra helping hands for this).

EXTENSION

Lesson 15 | Grades 7–8
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Colored Lights and Shadows Experiment
1. Make the room as dark as possible 

and turn on the three flashlights, 
aiming them at your white surface.

2. Line up your flashlight beams so 
that all three overlap each other. 
What do you notice about the color 
of the light? Try to make the whitest 
light possible on the screen. 

3. Place a pencil close to the white 
surface within the lightbeams. 
Adjust the distance until you can 
see three distinct shadows of 
different colors. What colors are 
the shadows you see? Why are there 
three shadows?

4. Cover each flashlight one at a time 
and notice which shadow is cast by 
which colored light. Record this in 
your science journal. 

5. Remove the pencil from the 
light. Turn off one of the colored 
flashlights and observe the changes 
that happen on the white surface. 
Replace the pencil and look at the 
colors of the shadows. 

6. Move the pencil close to the white 

surface until the shadows overlap. 
(You may wish to experiment with 
different opaque objects to get 
better combined shadows.) What 
color shows up at the point the 
shadows combine? Why do we see 
this color? Write your hypothesis 
in your science journal, using 
illustrations where needed.

7. Turn the flashlight back on and 
repeat steps 5–7 until each light has 
been tested. 

8. Now you can experiment with one 
flashlight at a time or all of them 
together again. Experiment with 
different objects, distances, and 
colored light combinations. What 
color do you see when you turn on 
all three lights AND all the shadows 
overlap?

9. Write your observations in your 
science journal and answer the 
following questions:   
A. Which light created which color of 
shadow?    
B. Why was the shadow that color? 
C. Why did you get a different color 
when the shadows crossed? How is 
that color determined?  
D. When you turned on all three 
lights and crossed the shadows, why 
was part of the shadow black?

10. Write any other questions or 
observations you have in your 
science journal, then read “What Is 
Happening?” Look in the Answer Key 
for answers to the questions. 

What Is Happening?
The retina is a thin layer of tissue that 
lines the inside of the eye. It is the 
part of your eye that receives light. 
The retina contains some cells called 
rods and three different types of cells 
called cones. Each cone can detect one 
wavelength of color—red, blue, or green. 
These are the primary colors of light. 
When each of these colors is viewed 
simultaneously on a screen, they look 
white because the eye is detecting all 
the light it can, and all the colors of 
light together look white. See the RGB 
diagram below.   

RGB or CMYK?
Devices that use light to display images will use the RGB color model. This includes 
screens like phones and computers, projectors, scanners, and TVs. Devices that use 
pigment to produce color images will utilize CMYK ink colors. These are initials and 
stand for cyan, magenta, yellow, and black (the K is for "key" and refers to aligning 
all the printing plates together on a black key). Devices used for print media, such as 
printers and photocopiers, use various amounts of these inks to get all the colors. 
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Definition

Instructions: 
1. Read the page below and copy the definition into your science journal.  

2. Observe the Doppler effect in the world around you by listening to the sounds of  
passing cars. 

EXTENSION

Lesson 16 | Grades 7–8
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Doppler Effect: Moving Sources of Waves Doppler Effect  
and Water

Similar to diffraction, the 
Doppler effect occurs with 
all types of waves. Most of 
our experience is with sound 
waves, but it also occurs in 
liquid, radiowaves, light, and 
all other types of waves. 

When an insect on a pond 
runs across the water’s 
surface, the frequency of the 
waves in the direction the 
insect is moving is shorter 
than the frequency of the 
disturbance on the surface, 
and the frequency of the 
ripples behind the insect is 
longer than the frequency 
of the disturbance. If two 
people were standing on 
opposite banks, the one in 
front of the insect would see 
shorter wavelengths than the 
one behind. 

Think back to a time where 
an emergency vehicle passed 
you with its lights and siren 
blaring. Do you remember how 
it sounded? As the vehicle 
approached, you heard the 
siren as a loud, high-pitched 
noise. As it passed, the sound quickly changed 
from high-pitched to a lower pitch. It may 
have seemed as if the driver changed the 
sound of the siren as it passed you, but that 
didn't happen. What was really happening is 
a fascinating scientific phenomenon called 
the Doppler effect, named for the Austrian 
scientist Christian Doppler, who noticed 
that the frequency of a wave depends on the 
relative speed of the source and the observer. 

The Doppler effect works with all types of 
waves, but let’s stick with our example of a 

siren as the source for now. The 
sound waves emitted by the 
siren are consistent, but when 
the siren is moving, interesting 
things start to happen to those 
observing. In the image with 
the ambulance, the observer 

on the right, whom the siren is moving toward, 
perceives the sound waves of the siren to be 
higher in pitch than they actually are at the 
source. This is because the wavelength (the 
distance between each wave) is more narrow 
as the source moves closer. With sound waves, 
this creates a higher pitch. At the same 
time, the observer on the left hears the siren 
as a lower pitch because the sound waves 
behind the moving siren get wider, or lower in 
frequency, as the source moves away, which 
creates a lower-pitched sound. 

There is not an actual change in the frequency 
of sound by the source. The change is only 
perceived by the observers. The driver of the 
vehicle, who is the same distance from the 
source during the entire ride, will notice no 
change in the sound of the siren. Because of 
the Doppler effect, three people can observe 
the same source but hear different sounds at 
the same time. 

Doppler effect: an increase or 
decrease in the frequency of 
sound, light, or other waves 
as the distance between the 
source and observer change

Other Applications of the Doppler Effect
Astronomers calculate the movement of stars using the Doppler effect. It 
is also used in medicine to measure the speed and direction of blood flow 
through the veins, helping to diagnose vascular problems. Law enforcement 
officers have radar devices that use the Doppler effect to detect speeding 
vehicles. These radars shoot radio waves at a moving vehicle and calculate 
its speed by detecting the difference between the emitted frequency of 
the waves and the reflected frequency. Weather stations use Doppler radar 
systems, such as the one pictured, to calculate things like wind speed. 
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The Quietest Place on Earth: Microsoft Headquarters
The quietest sound theorized by mathematicians is the sound of moving particles 
of gas or liquid (-23 dB). Next would be a vacuum, like space, where there is a 
complete absence of sound. On Earth, the quietest place is found in Redmond, 
Washington, at Microsoft headquarters. Here they have built an anechoic 
chamber (a room with no echo) that measures -20 dB. Microsoft created this 
space not just to set a record, but to perform audio tests of their equipment. 
Made of six layers of concrete and steel and resting on springs, the room is filled 
with fiberglass wedges on every surface. These wedges break up sound waves, 

stopping them from bouncing back into the room. Being in this room is very disorienting to people. You can hear your 
heartbeat and the blood rushing through your veins. Your ears may ring as they struggle to find a sound to hear. Your 
breathing sounds loud and you can hear your bones creak. The sound of clapping hands is very muffled and strange. 
Some people feel dizzy because we use our sense of hearing to help orient ourselves in a space.

Instructions: 
Lesson 17: Read the information below. 

Lesson 18: Copy the decibel graph into your science journal. Think of four things that 
make noise and look up their volume in decibels. Add them to your graph. 

EXTENSION

Lessons 17 & 18 | Grades 7–8

The Loudest Sound Heard: Krakatoa 
The volcanic island of 
Krakatoa (or Krakatau) sits 
between Java and Sumatra 
in Indonesia. In the spring of 
1883, seismic activity in the 
area picked up—steam began 
venting from the volcanic 

cones on the island, ash spewed, and explosions could be 
heard. Activity intensified toward the end of August, with 
sailors reporting additional vents appearing in the land 
along with falling ash and hot pieces of pumice. 

On the morning of August 27, 1883, four enormous 
explosions occurred that created havoc in the area. 
The first two created tsunamis that headed toward 
surrounding land. The third and largest explosion at 
10:02 AM tore the island apart. It was so loud that it was 
heard 3,110 km (1,930 mi) away in Perth, Australia, and 

on islands in the Indian Ocean as 
far as 4,800 km (3,000 mi) away, all 
describing it as sounding like guns 
firing. The fourth explosion caused 
a landslide on one of the volcanic 
cones, and most of the island 
disappeared, leaving only about 30% 
of the southern part of the island. 

Based on the great distance the 

sound of this eruption 
traveled, it is the 
loudest known sound in in 
all of history. It would 
be like standing in Maine 
and hearing sounds 
coming from Arizona. 
A person standing 16 
km (10 mi) from the 
eruption would have 
gone deaf. The pressure waves generated by the explosion 
ruptured the eardrums of sailors 64 km (40 mi) away, and 
a barograph 161 km (100 mi) from the volcano measured 
the sound to be about 172 decibels. It recorded the 
pressure wave as it circled the earth three and a half times 
over five days. 

Devastation to the surrounding areas was great, with 
people killed by the 30-meter (100-foot) tsunamis and 
possibly hot material from the blast itself. The death 
toll was more than 36,000 people. Due to the ash in the 
atmosphere, temperatures decreased in many areas, 
including North America, and the sky was darkened across 
most of the world for years, creating brilliant red sunsets. 
One astronomer proposed that the sunset in the famous 
painting The Scream showed what the sky over Norway 
looked like for years after the Krakatoa explosion. “The Scream” by Edvard 

Munch (1863–1944), 1893
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Lesson 1: What Is Energy?

Activity Supplies
• Pencil 
• Small or medium-sized ball
• Small piece of paper 
• Candle
• Lighter or matches
• Sandwich-sized zipper bag for each child 
• White vinegar 
• Baking soda 
• Rubber band for each child 
• Camera
• 15 graham crackers
• 3/4 c margarine or butter
• 1/2 c powdered sugar
• 1 c chocolate chips
• 12 large or 120 mini marshmallows
• 1 12-cup muffin pan
• 12 cupcake liners
• 1 medium-sized bowl

Lesson 2: The Transfer of Energy

Activity Supplies
• 6 or 10 empty plastic bottles or cups to use for bowling 

pins
• 1 ball to bowl with
• 1 battery-powered flashlight
• 2 balls, one smaller than the other (for best results, use 

one ball roughly the size of a ping-pong ball and one ball 
about the size of a cantaloupe or basketball)

• 9 craft sticks per child
• 6 rubber bands per child
• 1 plastic spoon per child
• Mini marshmallows or pom-poms

Lesson 3: The Sun—Energy Source

Activity Supplies
• 2 sheets of dark construction paper per child 
• Small nature objects, such as leaves 
• Sunscreen
• Shoebox with lid

• Aluminum foil 
• Plastic wrap
• Tape 
• Ruler, pencil, or stick
• Round crackers
• Pizza sauce 
• Shredded mozzarella cheese 
• Pepperoni

Lesson 4: Atoms, Molecules, and Heat

Activity Supplies
• Building blocks or plastic bricks 
• Toothpicks 
• 3 small containers of playdough per child, each a 

different color

Experiment Supplies
• 3 pint jars 
• Red and blue food coloring

Lesson 5: Heat Sources and Production

Activity Supplies
• Hair dryer
• Toaster
• Heating pad or electric blanket

Experiment Supplies
• Steel wool
• Vinegar 
• Glass jar with lid
• Food thermometer 

Lesson 6: Heat Transfer 

Activity Supplies
• 1 c uncooked rice 
• 1 old sock with no holes
• Metal spoon

Experiment Supplies
• 4–6 crayons per child
• Wax paper 
• Grater or vegetable peeler
• Small bottle with narrow opening 

SUPPLIES NEEDED

This section is divided into supplies needed for activities and supplies needed for experiments.

If gathering supplies and doing the experiments is too stressful or expensive for you at 
this time, you can watch all the experiments at goodandbeautiful.com/sciencevideos.                    
The activities, however, are not filmed.
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• Red and blue food coloring
• Large clear container 
• Ice cube tray 

Lesson 7: Heat Conductors and Insulators 

Experiment Supplies
• Metal spoon 
• Plastic spoon 
• Wooden craft stick
• Small pieces of cereal 
• Butter or margarine 
• Small mug
• Aluminum foil 
• Plastic garbage bag 
• 4 empty plastic bottles with lids
• Old wool sock 
• Newspaper 
• Thermometer
• Tape 
• Kitchen scale (optional)

Lesson 8: Temperature

Activity Supplies
• Digital thermometer 
• 3 mugs
• Candy thermometer (optional)

Experiment Supplies
• Clear glass bottle 
• Transparent straw 
• Playdough
• Rubbing alcohol 
• Red or blue food coloring 
• Small bowl
• Permanent marker 

Lesson 9: Introduction to Electricity

Experiment Supplies
• Plastic spoon 
• Washcloth 
• Paper plate 
• Salt and pepper
• Paper confetti 
• Small pieces of tissue paper or toilet paper 
• Other lightweight materials (optional)

Additional Extension Supplies
• Paper
• Pen
• Calculator
• Electric bill
• 4–5 household appliances

Lesson 10: Electrical Current

Experiment Supplies
• Uncoated copper wire (4 pieces 6–12 in. each) 
• 2 AA batteries
• 2 E10 flashlight bulbs
• 2 E10 bulb holders 
• Phillips head screwdriver
• Electrical tape

Lesson 11: Magnets and Our Earth

Activity Supplies
• 2 bar magnets 
• 1 paper clip 
• Small wooden block
• Sticky note

Experiment Supplies
• Iron filings 
• 2 sheets of cardstock 
• Steel needle
• Small cork or styrofoam disc (about 1 in.) 
• Small bowl

Additional Extension Supplies
• Tape  

Lesson 12: Electromagnetism

Experiment Supplies
• 24-in. uncoated copper wire 
• 10-in. square of cardboard 
• D cell battery
• Iron filings 
• Electrical tape 
• 2-in. metal nail 
• 10 paper clips

Additional Extension Supplies
• 4–6 0.5-in. neodymium magnets at least 14 mm  

(0.5 in.) in diameter
• AA battery

Lesson 13: Light and Shadows

Activity Supplies
• Clear glass of water 
• 2 pieces of yarn or rope about 3 ft each 
• Flashlight
• Dark construction paper
• Tissue paper 
• Plastic wrap
• Aluminum foil
• Parchment or wax paper

Additional Extension Supplies
• Blank piece of paper
• Pencil
• Ruler
• 3 colored pencils or fine-tip markers

Supplies (Continued)
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Lesson 14: Reflection, Refraction, and Absorption

Activity Supplies
• 2 rocks about the size of tennis balls
• White and black paint 
• Bouncy ball 
• Black paper
• Aluminum foil 
• Mirror 
• Flashlight 
• Pebble
• Clear glass of water 
• Magnifying glass 
• Shiny metal spoon

Experiment Supplies
• Clear glass of water
• Pencil

Lesson 15: Light and Color 

Activity Supplies
• Watercolor paints (optional) 
• White cardstock (optional)

Experiment Supplies
• 3 flashlights
• Colored cellophane or plastic wrap: red, green, and 

blue 
• Rubber bands
• Clear prism 
• Large, clear rectangular container 
• A few drops of milk

Lesson 16: Sound

Activity Supplies
• Device to play sound recordings 
• Small balloon for each child
• Yarn (5 ft long) 
• 2 metal spoons

Experiment Supplies
• Small bowl 
• Plastic wrap 
• Uncooked rice (1–2 Tbsp.)
• Metal baking pan 

Lesson 17: Volume and Pitch

Activity Supplies
• Shoebox or other rectangular container for each child 
• Assorted rubber bands
• Toy slinky 
• Glass plate 
• Plastic plate 
• Cardboard square
• Blanket or stuffed animal
• Cell phone or other object that makes a constant sound 

(like music or ticking)
• 2 long cardboard tubes 

Experiment Supplies
• 6 similar glass cups 
• Food coloring (optional)

Lesson 18 : Energy Conservation

Activity Supplies
• Ball
• Dice
• Coins or other pieces to be used as board game pawns 

Supplies (Continued)
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