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Sun Energy Facts 
Solar energy is using the energy radiated by the chemical 
reactions of our Sun for heat and electricity. During the 
nuclear fusion process in our Sun, four hydrogen atoms 
combine to form one helium atom with a release of matter that 
is emitted and travels outward from the Sun as radiant energy. 
The unit of measure for this energy is the photon. It takes these 
photons of energy a little under eight minutes to travel to Earth. 

Solar Energy

Of the total energy from the Sun that reaches the Earth, about 30% is immediately bounced back into space 
by the atmosphere. The atmosphere, land masses and oceans absorb 45% in the form of heat. Almost 23% of 
the energy operates the water cycle, about 1% is used in air and ocean circulation, and less than 1% is used 
by plants. 

There is so much energy radiating from our Sun that it produces more 
energy in one second than the Earth has used since time began. 

Technology of Solar Panels
There are two types of solar energy 
technologies currently being used commercially 
– solar thermal and photovoltaic. 
Solar thermal uses the energy of the Sun to make 
heat; photovoltaic refers to the process of turning 
the energy of the Sun directly into electricity. Solar 
thermal is mainly used to heat water for domestic 
and industrial use, or for heating a building interior; 
however, it has also been used experimentally to 
create steam from a liquid that can then be turned 
into electricity with a turbine. 

Solar thermal
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Photovoltaic cells (commonly called solar cells) 
are made from silicon that undergoes a chemical 
process to add electrons and increase its instability. 
The silicon mixture is then allowed to form crystals 
from which the photovoltaic cells are made. 
Electricity is produced when a photon of light energy 
strikes the solar cell, causing the electrons to flow. 
The action of the electrons start an electric current. 
This conversion of sunlight to electricity happens 
silently and instantly with no moving parts to wear 
out and no depletion of resources. Photovoltaic 
systems are quiet, clean, and non-polluting.

Photovoltaic 

Photovoltaic cell 

History and Future Potential
Documented use of solar thermal dates back at least to ancient Greek and Roman times. Recent research 
indicates that they used glass as a passive solar thermal collector. Photovoltaic technology is relatively new; as 
a viable energy source, it is less than 50 years old. 

However, it has great potential for the future. As a source of energy, sunlight is free, its supplies are unlimited 
and it is available in the majority of areas of the world. At this time the relatively high cost of photovoltaic 
cells and systems is limiting its use. This is expected to change as our supplies of fossil fuels diminish, new 
methods of producing photovoltaic cells are discovered, and the increase in demand for the technology brings 
the price down.  

For further information on how photovoltaics work and to view an animation of the process, visit the 
Department of Energy photovoltaics page at: energy.gov/eere/videos/energy-101-solar-pv 

https://energy.gov/eere/videos/energy-101-solar-pv
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Discussion Questions
What is the Sun? What does it do? Is it important to us?

Lesson Summary: Children will discuss and list what they know about the sun. They will discuss that the sun is a 
star and that it is very far from the Earth. Lastly, children will discover that the sun gives us heat and light.

Students will understand that:
• The sun is an enormous ball of hot gas.
• The sun is far away from the Earth and much larger than Earth.
• The sun provides light and warmth and is necessary for plants and animals to live.
• The sun is our closest star.

While working through this lesson, watch for common misconceptions about the sun, such as the idea that 
the sun is sitting on something; the Earth is larger than the sun; the sun moves in the sky; and that the Sun 
disappears at night. Try to address and correct these misconceptions as they appear.

What Do Students Already Need to Know?
The sun is a source of heat and light.

Objectives
Learning goals:
Students will 

• Observe
• Communicate
• Problem solve
• Predict

Language goals:
Students will understand the following vocabulary:

•  Sun  •  Stars •  Solar System •  Planets
• Closer  •  Farther •  Warmer  •  Cooler
• Light  •  Heat  •  Atmosphere

Materials
• Literature such as:

The Sun, Our Nearest Star by Franklyn Mansfield Branley
The Sun Is Always Shining by Allan Fowler

• Pictures of the sun and stars
• Two potted plants
• Two containers of water

Here Comes the Sun
 

 

SUBJECT: The Sun is a heat/light source in the sky.GR
AD

E

2K
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Teacher Procedures
1. Encourage children to share what they know about the Sun. You may help children “shine” by writing down 

their observations on or along a poster of the Sun’s rays or you may choose to have them write down their 
own response.

2. Display pictures of the Sun and stars. Encourage children to share their observations of what they see in 
the photos.

3. Ask the children: What is the Sun? Discuss the fact that the Sun is actually a star, just like the stars we see 
at night. Stars are giant balls of burning gas that make their own heat and light.

4. Continue the discussion by posing the question: Does the Sun look like the stars we see at night? Why or 
why not? The Sun appears to be much bigger and brighter than the stars at night because it is the closest 
star to the Earth.

5. Point out the Sun’s distance from the Earth. Although the Sun appears to be close, it’s actually very far 
away. Pose the questions: Could we reach the Sun by ladder? By airplane? If we wanted to reach the Sun, 
how could we do so? Talk about traveling to nearby/far places. Explain to the children that it would take us 
a very long time to reach the Sun. 

6. Lastly, point out that the Sun is the only star in our solar system. Although we see other stars at night, our 
Earth and the other 7 planets circle around the Sun.

7. Explain to the children that they will be exploring the 2 most important things that come from the sun:
Light:
1. On a clear day, direct the children’s attention to a window area that receives direct light. Ask: What’s 

shining in the sky?
2. Close the shade/cover the window: What do you notice to be different and the same?  Through this 

very simple act, children will see that the sun gives us light.
3. Additional discussions about the importance of light, plants, food, and all living things may be led. 

Journal entries, centers, story starters, and other student-led activities can be incorporated to 
reinforce and expand student learning.  

Heat:
1. Place one container of water in the window receiving direct sunlight and one container of water out of 

direct sunlight (this can be done indoors or outdoors).
2. After several hours, have the children test the water temperatures in the two containers with their 

fingers. Share observations. Ask: Which container has warmer water? Cooler water? Why? Allow time 
for student explanations. Overall discovery should be that our Sun gives us heat too!

3. Another variation to the lesson is to place one plant in a closet or another dark area and a second 
plant in a well-lit/direct sunlight area for several days. Observe and discuss findings on both plants: 
What happened? Encourage children to support their findings.

Wrap-Up
Suggested Prompts:
Toss a yellow or orange ball of some sort to various students, having them complete the sentence: The 
Sun is important to us on Earth because ____________.

Assessment:
Questions you might ask students to check for understanding include:

• Does the sun look like other stars? Why or why not?
• What do you think our Sun would look like from far away (farther than Earth)?
• Are there any other stars in our Solar System neighborhood?
• What would happen if we didn’t have the Sun? If we didn’t have light or heat?
• Does the Sun stay in one place?
• What do we call the time when the Sun is shining and it is light?
• What do we call the time when the Sun is NOT shining and it is dark?
• How could we get a closer look at the stars? The moon/Sun/planets?
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Discussion Question 
What makes a shadow? Where do shadows come from?

Lesson Summary
Students will use critical thinking skills to explore the phenomena of shadows and learn that the Sun is a source 
of light. Students will make observations, record and analyze data, and express their understanding of the Sun as 
a source of light by drawing and writing in science journals, creating a data sheet, and sharing results.

What Do Students Already Need to Know?
Students will need to understand the term “shadow.” Students will also need to understand how to manipulate 
pencils to recreate the outline of an object on paper.

Observing Shadows
 

 

SUBJECT: Identifying the Sun as a source 
of light by observing shadows. 

GR
AD

E

2K

Objectives
Learning goals:
Students will

• Use critical thinking skills and observations to explore shadows.
• Make observations, record and analyze data, and express their understanding of the sun as a source of 

light.

Language goals:
Students will understand the following vocabulary:

• Shadow
• Source
• Observation
• Sun

Materials
Outside field activities:

• Science journal
• Pencil
• Box
• Classroom manipulative
• Shadow data sheet

Indoor activities:
• Flashlights
• Overhead projector
• Classroom manipulatives/supplies
• Animal shapes cut from card stock and attached to craft sticks
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Teacher Procedures
Activity One: Observation and Exploration of Shadows

1. Begin by probing students’ prior knowledge about the Sun and why it is important (the Sun provides 
heat and light).

2. Tell the class that they will be learning about shadows and encourage them look for shadows in the 
classroom. 

3. Have students draw a picture with a shadow in their science journals and write shadow on the page.
4. Take students outside on a sunny day and have them look at their shadows. After a few minutes, 

encourage students to share observations about their shadows.
5. Have students go to various areas of the school looking for things that are making a shadow. Find the 

biggest shadow, smallest shadow, a fat shadow, a skinny shadow, two shadows that are touching, etc.
6. Follow up the exploration by asking the following questions: 

a. How come some shadows are big and some are small? 
b. Does everything make a shadow? 
c. When standing up and looking at your shadow, where is your shadow attached to you?

7. Take the students to an area where they are under the shade of a tree or building and ask them to 
make observations about shadows. After a few minutes of exploration encourage students to share 
their observations. Ask students: Where is our shadow now? What is needed to make a shadow?

Activity Two: What is needed to be able to see a shadow?
1. Take students outside on an overcast day. Ask students: Why are you not able to see your shadow 

today?  Allow students to share their ideas. If needed, ask guiding questions, such as, what the 
weather was like when they observed shadows, but allow students to share their explanations. 

2. Ask students: How much light is needed from the sun to be able to see our shadow?

Activity Three: Action Research
1. Students will go outside at various times of the day to 

draw the shadow of a manipulative they have selected. 
To begin, have students select a classroom manipulative 
that is no larger than their hand.

2. Show the class a shadow data sheet and how to record 
their observations. To create the data sheet, provide 
each student with a piece of white construction paper, 
folded in quarters. Show students how to number and 
label each section (see example).  

3. Take the students outside as early in the school day 
as possible, again around noon, and just before going 
home. Have students place their chosen manipulative 
onto the bottom of an upturned box at these various 
times of day.

4. Using the data sheet and the appropriate numbered data box, have the students draw the shadow of 
the manipulative in that box. For box four (night-time) take the students into a dark room, such as a 
closet, and have this room represent night. Another option is to send the data sheet and a note home 
to parents explaining that the students need to go outside in a dark area and draw the shadow of the 
manipulative before going to bed. This area should not be near a man-made light source. In either 
situation, children are to draw, or attempt to draw, a shadow cast without light.

5. Encourage students share their shadow drawings and what they learned in a sentence. They can 
either write their sentence onto their data sheets or can dictate a sentence to the teacher. The data 
sheets are then glued into their Science Journals.

What do we need to be able 
to see a shadow?

1

3

2

4

morning noon

afternoon night

Data Sheet
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Assessment
Questions you might ask students to check for understanding include:

• How did your shadows change from morning to night?
• Why do you think your shadows changed?
• What caused the shadow?
• What happened to your shadow during the last time period?
• What is needed to make a shadow?

Teacher Content References and Resources
Book titles:
Bear Shadow by Frank Asch
It’s Groundhog Day by Steven Kroll
Me and My Shadow by Arthur Dorrous
Shadows by Louise Spilsbury
Follow It! Learn About Shadows by Pamela Hall
Discover Shadows by Pamela Hall

• Have students make 
their own personal 
shadow into different 
letter shapes and 
numbers. 

• Make shadow shapes 
using hands and body.

• Using an overhead 
projector as the light 
source, make a shadow 
silhouette of each 
student’s head. Trace 
the shadowed outline 
onto black construction 
paper, cut out and glue 
onto white construction 
paper.

• Encourage students to 
make different sizes of 
shadows with the same 
object.

• Place items on an 
overhead projector 
and have a classmate 
identify the object by 
the shadow.

Extensions
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Light Is Energy
 

 

SUBJECT: importance of Solar Energy GR
AD

E

2K

Discussion Question
What would it be like if there was no sun?

Lesson Summary
 This lesson will ask children to think about the importance of the Sun to our planet. They will learn about some 
of the different ways the Sun supplies the Earth with energy.

What Do Students Already Need to Know?
The sun produces heat and light.

Objectives
Learning goals:
Students will

• Observe that the Sun provides heat and light.
• Be able to describe activities that occur due to the Sun’s energy.
• Be able to describe what their lives would be like without the Sun.

Language goals:
Students will

• Learn vocabulary associated with solar energy.

Materials
• Age-appropriate literature describing the Sun’s purpose.

Teacher Procedures
1. Begin a discussion with the class. Talk about day and night and how we must use artificial light at 

night to see. Compare cloudy and sunny days. Compare length of daylight in winter and summer. 
Explain how we can see when light bounces off objects and into our eyes. If we close our eyes, we 
can’t see because light can’t enter. What would our lives be like without the sun?

2. Paraphrase/explain to students:
a. The Earth gets most of its energy from the sun. We call this energy solar energy.
b. Sol means sun.
c. Solar energy travels from the sun to the Earth in rays. Some are light rays that we can see. 

Some are rays we cannot see, like x-rays.
d. Energy that travels in rays is called radiant energy.
e. Like all stars, the Sun is a giant ball of gas. It sends out huge amounts of radiant energy every 

day. Most of these rays travel into space. Only a small portion reaches the Earth.
f. When rays reach the Earth, some bounce off clouds back into space—those rays are reflected.
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g. The Earth absorbs most of the solar energy and turns it into heat. This heat warms the Earth and 
the air around it—called atmosphere.

h. Without the sun, we couldn’t live on the Earth—it would be too cold.
i. The sun’s energy can be converted or changed, to heat.
j. People, animals, and plants can live on Earth because it is just the right temperature for life.

3. Students are to draw pictures in their Science Journals of what they think the Earth would look like if 
there was no Sun. Students are to write a sentence describing their pictures.

Wrap-Up:
Students will share what they have drawn.

Assessment:
Students are able to verbalize at least two of the reasons the Sun is important to the Earth.
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Discussion Question
What do plants need to grow?

Lesson Summary
Students will compare two plants while manipulating one variable. They will investigate what would happen to a 
plant if it received no sunlight.

What Do Students Already Need to Know?
Plants are living things.

Objectives
Learning goals:
Students will

• Be able to make observations using their senses.
• Be able to explain that plants need sunlight to grow.

Language goals:
Students will understand science vocabulary relating to plants.

Materials:
• 2 Small potted plants of the same variety that require bright sunlight
• Water
• Rulers
• Magnifying lenses (optional)
• Science Journals

Teacher Procedures:
1. Show two plants to the students. Ask them to describe the plants. Talk about color, shape, height, and 

other plant characteristics. Record descriptive vocabulary on the board.
2. Ask the students: What will happen if we place one plant in sunlight and one plant in the dark? What do 

you think will happen to the plants? Let students share what they think will happen with a partner.
3. Have students record their prediction in their Science Journals. On the next page have students record 

Day 1 observations, drawing realistic pictures of the plants in their notebooks. Students should write 
individual words or complete sentences about their initial observations.

4. Put one of the plants in a location where it will receive direct sunlight. Put the other plant in a location 
where it will receive no light. Explain to the students that the plants will be watered with the same 
amount of water, so the only thing different in the investigation is whether or not the plant is receiving 
light.

5. Students should record new observations in their Science Journals every 2-3 days.
6. Once there is a noticeable difference between the plants, discuss with students what happened.  

Allow students time to share their ideas and explanations. Ask guiding questions to help students. 
7. Have students write conclusions in their Science Journals.

Plant Investigation
 

 

SUBJECT: Sunlight is needed for plant growthGR
AD

E

2K
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Suggested Prompts:
• How did each of the plants change?
• What was the one thing that was missing for one of the plants?
• Did both plants show some growth?

Wrap-Up
Suggested Prompts:

• Why do you think one of the plants stopped growing?
• Draw what you saw was happening.
• What do you predict will happen in two weeks based on what 

you see now?

Assessment:
Check for student understanding by asking: Why do you think one of the 
plants stopped growing?

 

Continue the investigation 
for several more days and 
record the progress. Put 
both plants in the sunlight 
and compare the progress.

Extensions
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Discussion Question
What is static electricity? 

Lesson Summary
This lesson explores static electricity.  

Background Information 
• Static electricity is a phenomenon that involves positive and negative charges.
• Static electricity is a form of energy. Energy can move to make things work.
• When two different materials come into close contact, electrons may be transferred from one 

material to the other. For example, a balloon rubbing against hair or two air masses in a storm 
cloud. When this happens, one material ends up with more electrons than the other and becomes 
negatively charged, while the other ends up with less electrons and becomes positively charged. 
This accumulation of different charges on objects results in the phenomena of static electricity.

What Do Students Already Need to Know? 
Understand that all materials contain tiny particles (called protons and electrons) that have electric charges. 
Protons carry a positive charge (+), and electrons carry a negative charge (-).

Objectives 
Learning goals:
Students will

• Observe static electricity.
• Be able to explain how static electricity works.

Language goals:
Students will learn the following vocabulary:

• Electricity: a type of energy that can build up in one place or flow from one place to another
• Static Electricity: when electricity gathers in one place
• Current Electricity: electricity that moves from one place to another

Materials
• Classroom set of balloons

Teacher Procedures 
1. Instructor will begin by asking students the following questions:

• Who has heard the word electricity?
• Where do you think you have seen electricity? (Encourage students to think about objects around 

their home or thunder and lightning storms)
• What do you think the word electricity means?

Introduction to Electricity

 

 

SUBJECT: Energy from the Sun - Static ElectricityGR
AD

E

42
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2. Next, the instructor will pass out balloons to each student to demonstrate how static electricity is 
created.
• Students will blow up balloons (instructor may need to assist with tying student’s balloons). 
• Have students rub balloons on their shirts. Ask the following questions:

 ‐ What is happening to your balloon?          
(after the balloon has been rubbed, it becomes negatively charged)

 ‐ Does the balloon stick?
As students rub balloons on their shirts negative and positive energy is being created causing the 
balloon to stick.

• Now have students rub the balloon on their hair (prepare for some giggles). Ask the following 
questions:
 ‐ What is happening to your balloon?
 ‐ Does the balloon stick?
 ‐ What is happening to your hair? Have students look in a mirror or observe each other and 

explain what they see happening.
These are examples of static electricity.

• Ask students to pair up, remove their shoes and drag feet (with socks) across a carpeted area. 
Now, ask students to tap their partner:
 ‐ Did you feel anything?
 ‐ What do you think happened? 
 ‐ Can you explain the shock?

3. Define electricity then explain to students that there are different types of electricity.
• Electricity comes from electrons, the tiny particles that “orbit” around the edges of atoms (of 

which everything is made).
 ‐ Each electron has a small negative charge.

Define static electricity
• Static is a type of electricity that forms when two objects are rubbed together. As the two objects 

are rubbed together an electric charge is being created.
 ‐ It is important that students grasp the concept that oppositely-charged objects attract each 

other and like-charged objects repel each other. The positive and negative energy are attracted 
to each other.

• Lightning is a very powerful form of static electricity.
 ‐ As rain clouds move in the sky they rub against the air.
 ‐ As they continue to rub against the air, electrical charge is being created. 
 ‐ When the electrical charge is big enough lightning is created and shoots across the sky. 

Define current electricity (also known as electrical current)
• When electrons move they carry energy from one place to another.
• For an electric current to happen, there must be a circuit. A circuit is a closed path or loop around 

which an electric current flows.

Wrap-Up
Suggested Prompts: Ask students if they knew they could create electricity. Ask them to think about and 
discuss other ways electricity is made. 

Assessment
Assess students’ understanding by asking them to explain why their balloon stuck to their hair/clothes. You can 
also assess student understanding by having them predict what will happen if they charge a balloon and hold it 
next to salt or styrofoam pieces. 
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Discussion Question
How does the sun become a source of electricity?

Lesson Summary
Student groups are given a set of materials and challenged to build a solar oven. Students will think like 
engineers and will analyze the strengths and weaknesses of their solar ovens.

Background Information 
Solar ovens are in use around the world and provide fuel-free and smoke-free cooking, baking and water 
decontamination. This is especially helpful in remote and poor regions of the world. 

What Do Students Already Need to Know? 
Students will need to know where energy comes from.

Objectives 
Learning goals:
Students will

• Learn that the Sun provides energy to Earth that can be used in many different ways.
• Learn that certain materials conduct heat well while others do not. 

Language goals:
Students will

• Learn the vocabulary:
 ‐ Solar Panel: A panel designed to absorb the sun’s rays as a source of energy for generating 

electricity or heating.
 ‐ Solar cells: Solar cells are devices that convert light energy directly into electrical energy. 

Within these cells are semiconductors (silicon alloys and other materials).

Materials
•  Pizza box {empty} •  Aluminum foil •  1 piece of notebook paper
•  Plastic wrap  •  Tape   •  Scissors
•  Ruler   •  Paper Plate  •  Graham crackers
•  Chocolate Bar  •  Marshmallow 

Activity Scaling
The following procedures are written for elementary students who may require more help with the process 
of engineering the solar oven. For advanced students, offer less advice and have the students research 
various options and develop their own designs. Ask these students to justify their design choices through a 
presentation or through writing a paper. 

Solar Ovens

 

 

SUBJECT: Solar Energy GR
AD

E

62

 – Cooking with the Sun

Adapted from U.S. Department of Energy | Energy Efficiency & Renewable Energy
energy.gov/eere/education/downloads/build-pizza-box-solar-oven-0

http://energy.gov/eere/education/downloads/build-pizza-box-solar-oven-0
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Teacher Procedures 
1. Ask students to make a KWL Chart. Have students list what they KNOW about solar ovens. Then, 

have students write down what they WANT to know about solar ovens.
2. Next, show students pictures or YouTube videos of various solar cookers (ovens) used around the 

world. 
3. Now explain to students that they will be engineering their own type of solar oven. They will test their 

solar oven to see if it will warm up S’mores. 
a. Ask students what they think their oven will need to do in order to work and what parts they will 

need? For example, they need something to concentrate the sun’s radiation, material to absorb 
that radiation, and material that insulates. Prompt students to think about how their oven will 
heat up and stay hot? How will it retain heat?

4. Directions for engineering your solar oven (divide students into groups of 3-4):
a. Make sure your pizza box is folded into its ‘pizza box shape’. Center a piece of notebook paper 

on the lid of the box and trace around it. Cut a flap in the top of the pizza box leaving a 2” border 
on the sides and front.  

b. Wrap the bottom side (inside) of the flap with aluminum foil “shiny side out“ and tape in place 
(keep tape on the outside of the flap). Ask students what purpose they think the foil may serve? 
The foil will reflect sunlight into the box.

c. Place black construction paper inside the box so that it lines the bottom. Ask students what 
purpose they think the black construction paper may serve? The dark color helps absorb the 
sun’s heat.

d. Next, roll up newspaper and tuck it around the inside edges of the box (1”-1.5” thick). Ask 
students what purpose they think the newspaper may serve? The newspaper will act as a sort 
of insulator to hold the heat in the box.

e. Cover the opening created by the flap with plastic wrap and tape into place (be sure the wrap 
is pulled tight across the opening). This plastic should be on the inside of the lid. Then, lift the 
flap and tape plastic wrap to the top side of the lid (again making sure it is pulled tight). The tape 
should create a seal around all edges. What might this layer of plastic wrap do for your solar 
oven? The two pieces of plastic create a layer of air that acts as insulation.

5. Now give it a try! Have students discuss where they should place their solar oven. Which direction 
should it face? How high should the flap be? Does it matter? Have students move the flap up and 
down and make observations about how the sunlight is reflected. Ask students how long they think 
they should they leave their s’mores in the solar oven? Does the outside temperature matter? Note: if 
it is cold, can they further insulate the solar oven? (placing a blanket or towel under the box will help 
keep the heat inside)

a. Place food to be warmed on a paper plate inside the solar oven. Prop the flap open with a ruler 
or dowel in position to reflect the sun into the oven.

b. Let the sun warm the food. Depending on the time of day, heat and other variables, it may take 
up to an hour. You may wish to have students monitor the temperature with a thermometer.

 **Be careful removing food as it may be hot and the oven may release steam when opened**
6. Have students make observations about their food when it is warmed. Ask them to explain how they 

think the solar oven worked.
a. Why does the solar oven work?

The sun’s light (energy) is collected by the foil flap and concentrated inside the box. The light 
energy is transformed into thermal energy that slowly raises the temperature inside the box, 
causing the food to warm up! 

7. After the activity, students will discuss as a group what they learned and complete their KWL Chart.
• What are other objects that use sun light as a source of energy?

 ‐ Calculator, plants, etc.
• What part of the oven acted as a solar panel?
• How did the sun or position of the solar oven affect how the marshmallows heated up?
• What advantages does solar energy provide over other types of energy? 
• Why could solar ovens be important? Who might solar ovens help? 
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Assessment
Have groups give class presentations about their solar ovens. Older 
groups of students should describe how their ovens work and why 
they made certain material/design choices, such as reflector types and 
insulation used.

 

Visit a business that uses 
solar hot water or passive 
solar heating.
Have students determine 
how well the solar oven 
performs in winter. How 
important is the season? 
How important is the time 
of day? How important is 
the outside temperature?
What are the similarities 
between the greenhouse 
effect and what happens in 
the solar oven? 

Extension
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Discussion Question
How does solar energy work?

Lesson Summary
Students will get hands on experience working with a solar cell. They will discuss the benefits of solar energy 
and learn how the sun affects everything.

Background Information 
All About the Sun

• The Sun is a medium-sized yellow star. It is a main sequence star sometimes referred to as a yellow 
dwarf. 

• The Earth is 93,000,000 miles away from the Sun. 
• If you were to drive a car from the Earth to the Sun at 70 miles per hour it would take you 151 years 

to reach the Sun. 
• It would take about 109 Earths lined up end to end, to equal the diameter of the Sun. 
• Our Sun provides the Earth with heat and light. 
• The Sun is expected to burn out in another 4.5 to 7 billion years. 
• It takes approximately 8 minutes for sunlight to reach Earth. 
• The Sun is the center of our solar system. All of the planets orbit the Sun.  
• Without the Sun, life would not exist on our planet. 
• If you were to draw the Sun on a board one meter in diameter, the Earth would be approximately one 

centimeter in diameter. 
• Sunlight intensity varies in different places around the world. It is affected by latitude, altitude, and 

seasons. 
• Sun blockers can prevent the Sun’s rays from reaching the Earth. They include clouds, wind, and 

pollution. 
• The energy from sunlight can be transformed to electricity by photovoltaic cells and this energy can 

be stored in batteries. 
• The Sun is a giant ball of gas, mostly hydrogen and helium. 
• In a series of reactions in the Sun, four atoms of hydrogen are fused into helium atoms. 
• The loss of atomic matter (photons) is radiated into space and hits the Earth, providing light and heat. 

What Do Students Already Need to Know? 
What it means when something is renewable.

Solar Energy
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Objectives 
Learning goals:
The student will: 

• Be able to list what they have learned about solar energy. 
• Understand how knowledge of a subject creates further questions. 
• Understand that light energy from the Sun can be turned into electricity with a photovoltaic (solar) 

cell. 
• Understand variables such as clouds, shading and direction of panel tilt can affect the amount of 

power that the photovoltaic cell produces. 

Language goals:
Students will be able to articulate what they have learned about solar energy.

Materials
• Marker, journal, large flip chart
• Garden solar cell (hands-on activity to take apart and play with), 1 cell/group
• Sticky notes
• Chart Paper
• Radiometer
• Paper and pencils/crayons

Teacher Procedures 
Procedure (Introductory Lesson) 

1. Title two sheets of paper “Solar Energy” (the other two sheets will be used on the follow-up day). 
2. Under the title, label one sheet, K - Things I know about solar energy, and the other sheet, W - Things I 

want to find out about solar energy. 
3. Give the students a few minutes to answer questions 1 and 2 in their Science Journals. 
4. Lead a brainstorming session with the class to fill in the first sheet. Write all of the information offered 

by the students. It is very important to use the words stated by the children or to ask permission to 
paraphrase. If they give false information, refrain from correcting them. 

5. Then, ask the students what they would like to learn about solar energy. Use their questions to fill in 
the second sheet.

6. Save the K-W-L for the follow-up lesson. 

Garden Solar Cell Breakdown
1. Divide students into groups of two or three.
2. Give a solar cell to each of the groups and ask students to make observations. Have them point out all 

major parts of the cell and which ones they think are most important.
3. Have the students dismantle the panel. Now that they can see the circuit board ask them, what 

pieces look more important?  How does everything connect? What makes it work? What happens 
when you cover up the solar panel? Why is there a battery if there is a solar panel?

4. Have the students draw a diagram of the components of the entire piece.
5. Continue with a discussion about what the students learned from their observations. Have them 

record any questions they may have in their science notebooks and also on the “Things I Want To Find 
Out” chart paper.
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Radiometer
1. Show students the radiometer. Ask students, what do you think will happen when we place the 

radiometer in the sun? (If students are unfamiliar with a radiometer give a brief introduction to the 
purpose of the device. A radiometer is an instrument used for detecting or measuring the intensity or 
force of radiation.)

2. Have them observe what happens when the radiometer is in the sunlight outside or in the bright light 
source. 

3. Change the amount of sunlight hitting the radiometer. What happens to the radiometer when the 
amount of light changes? The spinning slows as less radiant energy (light) hits the radiometer. Have The Water Cycle

Water falls as rain.
Water collects as clouds.

Water returns to land and ocean.

Water changes to gas.

Precipitation

Evaporation

Condensation

The Photosynthesis Cycle

Water & Mineral Salts
from the soil

Carbon Dioxide
from the air

Energy from Sunlight
Oxygen

goes back into the air

students explain what is 
happening in their own 
words.

The water cycle and 
photosynthesis cycle

1. Ask students what other 
things does the sun power?  
Allow them time to think-
pair-share and then share 
their responses. Students 
may respond with: plants, 
rain, clouds, wind, etc. 
The sun also powers 
processes in nature such 
as photosynthesis and the 
water cycle, and even food 
chains and webs. All of 
these processes get their 
power from the sun.

2. Check for student 
understanding. Have the 
students draw how they 
think the water cycle, 
photosynthesis, or a food 
web or food chain works. 
How does the energy 
(power) flow? Explain that 
the sun powers the wind 
and water cycle, and gives 
energy to plants.

photosynthesis cycle

water cycle
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Procedure (follow-up lesson)
1. Hang the K and W sheets from the first lesson. 
2. Hang the third sheet and title it Solar Energy and under the title, label it L - Things I learned about solar 

energy. 
3. Lead a brainstorming session with the class to fill in the last sheet. Refer back to the first two sheets 

and make sure the items listed in the second column have either been answered, or the students 
know where they could go to find their answers. At this time they should also revise misconceptions 
that they had at the beginning of the unit. 

4. On the fourth sheet of paper write the title Further Study. Explain to students how scientific study 
spawns new questions of inquiry. Brainstorm with the students what new questions they now have 
about solar energy. Write these on the Further Study sheet.

Suggested Prompts:
• What are the different types of solar energy?
• What happens when the panel is turned over away from the light? 
• What happens when part of the radiometer is shaded with your hand? How much of the panel can 

you shade before the propeller stops spinning?
• Does the angle of the cell in relation to the Sun make a difference in the light being on or off, or the 

radiometer spinning?
• How are the energy types of the radiometer, garden cell, and natural processes similar and different?

Wrap-Up
Suggested Prompts:
After returning to the classroom, discuss variables that can affect the output of the solar cell such as: 

• Time of day 
• Weather conditions 

Students should then draw a solar powered system in their science notebook. Encourage them to be creative 
as to what device their system powers. 

Assessment: 
Ask students to discuss or write about the following:
Were students surprised by their findings vs. their assumptions about solar energy?
What other things operate because of the sun?
Can you think of anything else that can be powered by solar energy? Not just solar cells, but by the heat and 
light of the sun?

Be on the lookout for solar panels and solar energy near you!
Visit the Omaha Zoo and Aquarium’s solar array located in African 
Grasslands at the wildlife management headquarters area. Go to 
omahazoo.com/conservation/going-green-at-the-zoo to view 
readings of the solar panel’s energy intake and output.

http://www.omahazoo.com/conservation/going-green-at-the-zoo
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Discussion Question
What causes shadows to change positions, and how do shadows change?

Lesson Summary
In this lesson, students will tilt paper plates (representing Earth) inhabited by straw people to create shadows 
and mimic the rotation of Earth.

What Do Students Already Need to Know?
Students should have an understanding of the relations between a light source, an object, and its shadow. 

Objectives
Learning Goals
Students will 

• Be able to explain how moving or rotating an object in the path of a light ray changes its shadow.
• Describe where the sun is located in the morning, Noon, and sunset and demonstrate with their plates.

Materials
• Sturdy paper plate (1 per student group)
• Straws (approximately one 2-inch piece per student group)
• Glue
• Light source 
• Pencil
• Science Notebook

Preparation
1. Fix a 2-inch length of straw at the center of the plate with glue.
2. Mark one edge of the plate with an “E” and the opposite side with a “W” (these represent east and 

west).

Teacher Procedures 
1. Pre-activity assessment:

• Use the following questions to test student understanding. Have students brainstorm and record 
their thoughts in their science notebooks.
 ‐ What happens to your shadow throughout the day?
 ‐ What causes your shadow to change positions? How does your shadow change?

Me and My Shadow 
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2. Introduce the activity with the following: Ask students if they think they could explain how our 
shadows change through the day by imagining that the ground (and us with it) was moving, while the 
Sun stayed fixed in place? When observing our shadows, we see how the Sun moves across the sky 
and how this causes our shadows to move through the day. Have students draw and write in their 
science notebook their ideas on how this could happen. Prompt them to think of the way the Sun and 
ground should be arranged at sunrise, at noon, and at sunset.

3. Explain to students that in this lesson they will experiment with a plate inhabited by a straw person 
to explore how shadows can change in the presence of a fixed light source. Remind students, 
“Your challenge is to connect your understanding of the Sun, light, and shadows with how the earth 
moves.”

4. Next, darken the classroom and turn on the light source. Ask students to work through the first three 
questions on the worksheet (below), then stop them and collect responses for discussion. 
• In the first question, they should find that while the direction and length of the shadow can be 

changed by tilting the plate, it is always approximately the same shape and thickness, and always 
begins at the point where the straw meets the plate (at the straw “person’s” feet). 

• In the second question, some students will turn the plate away from the light so the straw casts 
no shadow. Others will have found that by holding the plate so that the straw points straight at 
the light source, they can make the shadow disappear. Those who picked the first solution should 
conclude in response to the third question that the “person” can’t see the light bulb at all (the 
plate is in the way). Those who picked the second solution should come to the conclusion that 
the person should look straight up. Help the entire class understand the transition from their 
perspective to the straw “person’s” perspective.

5. Next, have the students continue working through the remaining questions. While the groups are 
working, walk around and assist the students in drawing a connection between the shadows on their 
plates and their own shadows. Help them visualize where the straw “person” would look to see the 
lightbulb “Sun.” 
• When the shadow is long, the person would find the Sun by looking near the plate — the horizon 

— in the direction opposite to the shadow. As the plate turns, the Sun first emerges from behind 
the plate above the “E” in the east, moves across the sky until it is nearly overhead at noon, and 
then sets near the “W” on the western horizon.

6. Once groups have finished work through their answers via a class discussion. Encourage them to use 
their plates to demonstrate positions to the class when necessary.

ASSESSMENT
Can the students demonstrate how moving or rotating their plates is making the shadow change? Can they 
show how to make the shadow smaller and how to make it larger?
Is the connection between the plates and the Earth clear? Can the students demonstrate how their plate can 
represent different times of the day when rotated into different positions?
Post-activity Assessment
The following items should be used for the post-activity assessment.
Drawings and pictures are labeled and connect content from prior knowledge with this new information.
Students participate in class discussion and group activity.



1. Tilt the plate in various directions and observe the shadow 
created by the straw on the plate. What changes about the 
shadow? What is unchanged? 

 

 

me and my shadow

2. Can you tilt the plate so that the straw creates no shadow at all? Describe how you did this and   
draw a picture to show your explanation.

3. Imagine that the straw on the plate is a person. If that person wanted to look at the light bulb, which way 
should they look when you hold the plate as you did in #2?

4. Imagine that the light bulb at the center of the class is the sun. Find a way to hold the plate so that the 
shadow of the straw “person” is long, and points to the west (the “W” on the plate).    
At what time of day would your shadow be long and pointed to the west? 

If the straw “person” were to look at the sun (straw “people” have eyes that will not be harmed by light-
bulb “suns”), where should he or she look? 

Name: ________________________________________



5. Find a way to hold the plate so that the shadow of the straw “person” is long, and points to the east (the 
“E” on the plate).  At what time of day would your shadow be long and pointed to the east? 

If the straw “person” were to look at the sun, where should he or she look? 

6. Hold your plate in a vertical (straight up and down, with the straw pointing away from your body) position, 
turn the plate so that the straw “person” thinks it is:
• Morning
• Noon
• Evening
What would night look like?

7. Now tilt your plate towards you a little, while still keeping it mostly vertical (so that if there was food on it, 
it would still slide off). Re-create the morning, noon, and evening shadows from problem 6 with this tilt. 
What is different about these shadows from the shadows you made in problem 6? Why do you think the 
shadows changed? 

8. Do parts or sections of your shadows seem darker than other parts? Do some parts seem lighter than 
other parts? Draw your shadow below. Use different shades of gray or black to show the different parts of 
your shadow. Describe what you think is happening to cause the light and dark parts of your shadows.
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Discussion Question
Why do we need other forms of energy? What is a biofuel? How can we evaluate a biofuel?

Lesson Summary
Students will explore how the energy of the Sun is harnessed for human use.

Background Information 
Biofuels are sources of energy that originate from organic sources-such as plants or animal waste (such as cow 
manure). Currently, 10% of the world’s energy demand is covered by biofuels. Examples of a biofuel include 
ethanol (made from corn and sugar cane), methanol (inedible plants), and wood.

What Do Students Already Need to Know? 
The transfer of energy from one living organism to another is known as a food chain. Because the original 
source of energy for everything on Earth is the Sun, all food chains begin with the Sun. Through photosynthesis, 
plants can turn sunlight into food. Herbivores that eat the plants get energy through the Sun by eating the plant. 
Carnivores also get energy from the sun by consuming herbivores.

Objectives 
Learning goals:
Students will

• Understand what a biofuel is
• Use evaluation to compare and contrast different biofuels
• Decide the impact of fuels on the environment and human economy

Materials
• Biofuel background information
• Internet
• Paper and Pencil

Teacher Procedures 
Lesson sequence: 
Have students read information found on the below website for background information: 
www.nationalgeographic.com/environment/global-warming/biofuel/

• Ask students: Are biofuels a better alternative to petroleum-based fuels? Discuss their responses. Have 
students list factors that might make a biofuel a good alternative to the fuels used today. They may 
respond with the following factors: less dependency on foreign oil, better for the environment, cheaper, 
works better in vehicles, renewable resource, etc. 

Energy Conversion 
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• Have the students write the following questions in their notebooks. 
 ‐ What are biofuels?
 ‐ How can biofuels be used?
 ‐ What are the cons of using biofuels? 
 ‐ What factors are used to evaluate a biofuel? 
 ‐ What are the benefits of using biofuels? 

• Share the following statement with the class, For a biofuel to be a viable alternative to petroleum-
based fuels (i.e., gasoline, diesel) it should: 

 ‐ Provide a more energy than is used
 ‐ Benefit the environment
 ‐ Be affordable
 ‐ Be producible in large quantities without reducing food supply 

• Discuss each point of the statement. Use the following talking points. 
 ‐ Provide a net energy gain: Energy contained in a biofuel is greater than the total energy used 

to grow and process the fuel. 
 ‐ Benefit the environment: This factor includes all the good and bad aspects of the growth, 

production and use of the fuel. For example, does the plant growth negatively effect the 
environment? Are large amounts of environmentally harmful chemicals needed to grow the 
plant? What are the pros of using it as a biofuel? How does it compare to other fuels in how 
much damage it does to the environment?

 ‐ Be affordable: This factor is determined by the jobs, costs and prices to provide the biofuel. 
If a fuel is too expensive to make, it may not be financially possible to mass produce it. If the 
technology doesn’t exist to use it in our transportation, a fuel might not be a good resource 
despite being less expensive to make. 

 ‐ Be producible in large quantities without reducing food supply: Many biofuels originate 
with plants that are traditionally used as food, such as corn, soybeans, rice and sugar cane, 
making these plants into biofuels repurposes them in ways that might diminish a vitally 
important resource: food. 

• These factors are important in determining if a biofuel is a good alternative fuel. Different groups of 
people may have opposite opinions in each of the determining factors. It is important to research both 
the pros and cons of each factor and biofuel. Discuss each factor with the class. 

• Have the class create a rubric that includes the factors discussed above. Use the rubric to rank 
biofuels. Ask students to create a scoring system for each factor. For example, each factor can be 
assigned scores of one to five points. The better the fuel fits the factor, the higher the score. As an 
alternative, students can create symbols to use in a pictograph representing the value of each factor. 
Use the chart below for each biofuel. Assign each group of students a different biofuel to research and 
score.             
Example Biofuels Sources: 

 ‐ Sugar 
 ‐ Cane Corn 
 ‐ Soybeans 
 ‐ Flaxseed 
 ‐ Canola 
 ‐ Rice 
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Suggested Prompts
• What factor in ranking a biofuel do you think is the most 

important?
• If you could take one thing about your biofuel and improve 

it, what would you change?
 

Wrap-Up
Suggested Prompts:

• Have students share what findings they have made while 
researching. 

• Have students share their rating of their assigned biofuel.

Assessment  
Have students write or draw what they learned during this activity. 
What new information did they gain?

Visit the Omaha Zoo 
and Aquarium to see the 
train. What kind of fuel is 
used in the train? Have 
students evaluate the 
biofuel used based on our 
criteria. Between 300 to 
400 gallons of fryer oil is 
repurposed from Omaha’s 
Henry Doorly Zoo and 
Aquarium’s concession 
stands for use in the train 
each year.

Contact universities that 
are working on biofuel 
research or have a guest 
speaker come talk about 
biofuels to students 
(example: a representative 
from a corn-based biofuel 
plant or algae-based 
biofuel plant).

Extension
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Discussion Question
What is the difference between renewable and nonrenewable energy?
 

Lesson Summary
In this lesson, students will learn the difference between a renewable and nonrenewable source of energy. 
 

Background Information 
• Nonrenewable sources of energy are things that humans can run out of. This includes the majority of 

energy sources we use today such as fossil fuels, natural gas, coal, and wood.
• Renewable sources of energy are sources of energy that have the potential to last forever. These 

include solar energy, wind energy, and geothermal energy.
 

What Do Students Already Need to Know?
Students should have a basic understanding of what energy is. If necessary, the instructor can talk to 
students about fuel and electricity before the lesson begins. Students should understand that we use energy 
to power objects in our daily lives, such as cars and electricity.
 

Objectives 
Learning goals:
Students will be able to describe the difference between renewable and nonrenewable energy, and give two 
examples of each.
  
Language goals:
Students will be able to describe the difference between renewable and nonrenewable.
   

Materials
• Activity Packet
• Slides with images of energy sources
        

 Teacher Procedures
1. Begin the lesson by asking students what kind of energy they use during the day. Specifically, what do 

they use everyday that requires some kind of energy? Allow student groups or pairs to discuss answers 
with one another. Chances are good they’ll mention phones, computers, or electricity. Ask students if 
they know where the energy they are using came from. Many will likely say electricity. How do we make 
electricity? Adapt the lesson to your local area. In Omaha, much of our electricity is produced by natural 
gas.

2. Explain to students that today, much of our energy is nonrenewable. What does nonrenewable mean? It 
means that someday, we will run out of it. Since we will someday run out of this energy, it’s important for 
humans to find sources of renewable energy. These are places we can get energy that will never run out. 

Renewable or 
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What’s the Difference?Nonrenewable. 
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3. The instructor will provide students with two sheets- the first contains six examples of energy: fossil 
fuel, natural gas, coal, wind energy, water energy, and solar energy. Students should work individually 
or in pairs to cut these out, and place them on the second sheet in one of two columns: Renewable or 
Nonrenewable. Once students have completed the activity, encourage them to share where they placed 
each idea and why. 

4. The teacher will next show images of energy sources, and begin a discussion with students as to why they 
are renewable or nonrenewable.
• Fossil Fuel: The fuel that we use in our cars is found underground, and made from plants that died 

millions of years ago. It takes millions of years to make new fuel. 
• Natural Gas: Natural gas is a gas that occurs underground, and we frequently use it to produce 

electricity. But new gas is not being made, so we will eventually run out of this too!
• Coal: Coal is mined from underground, and can be burned to produce energy like electricity. However, 

it takes millions of years for new coal to be formed.
• Wind Energy: Wind energy uses the wind to make wind turbines spin, creating energy like electricity. 

Wind will never go away on Earth, so we can never run out of it!
• Water Energy: Water energy uses moving water like rivers or waterfalls. Rivers and waterfalls will 

always be flowing somewhere, so we can’t run out of this kind of energy.
• Solar Energy: Solar energy uses the power of sunlight to create electricity. The sun has been shining 

everyday for millions of years, and will continue to do so for millions to come. This is a great example 
of energy we cannot run out of!

5. Now that students have learned about these sources of energy, they may revise their choices on the 
activity if needed. These can be glued down once they are in the right place. 

Have students explore local 
initiatives to use renewable 
energy in place of nonrenewable. 
For example, the Omaha Public 
Power district plans to use wind 
energy as 33% of the total 
energy it produces and be 50% 
solar by the year 2020.

Extensions

Investigate
1. Pass out a pinwheel to each student. Instruct students to blow on the pinwheel. What kind of energy 

is this? Where is the energy coming from? Where do we see this in real life?  (Wind Turbine) What 
other ways can we use this pinwheel to transfer energy? One way is through water or steam.

2. Next, the students will be creating a structure that shows how energy moves from one object to 
another. 

3. The students will first put their pinwheel over the bucket. They will then pour water over their 
pinwheel. How is the energy transferred? Where do you see this type of energy transfer? 

4. Next they will collect water in a beaker. With the help of the instructor and supervision, they will turn 
the heating element on. The water will start to boil. 

5. The students will then hold the pinwheel over the steam and watch how the steam is moving the 
pinwheel. Where do we see steam as an energy source at the Omaha Zoo and Aquarium? (Train) 

Wrap-Up
Suggested Prompts: 
Ask students to think about why it is important to find 
renewable sources of energy. Do they think there are any 
other advantages to using them besides just not running out? 
What type of renewable energy would work well in their own 
home town?         

Assessment
Throughout the lesson, questions are asked to engage the 
students and get them to think about how energy is used 
today.
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Discussion Question
How exactly do solar panels work?

Lesson Summary
During this lesson, students will learn how electricity is generated by photovoltaic cells.
  

Background Information 
Photovoltaic cells (solar panels) work by creating an electrical current from two pieces of metal, usually 
silicon. Each cell has a positive side and a negative side. When electricity strikes the panel, it knocks 
electrons off the negative side, creating an electrical field. This works because the metal silicon is a 
semiconductor- it can both conduct and insulate electricity. This unique property creates an electrical field 
during this process, and electrons can be moved through a wire and into a storage center, such as a battery.
 

What Do Students Already Need to Know?
Students need to understand that solar panels produce electricity.
 

Objectives
Learning goals: 
At the end of the lesson, students will be able to describe how electricity is produced by solar cells.

Materials
• See materials list within Investigation Activities
 

Teacher Procedures
The Solar Cell
1. The teacher will begin the lesson by asking students what kind of energy solar cells produce? Many of 

them will know by now that solar cells produce electricity, but they most likely do not know how this 
happens. Explain to students that today we will be learning HOW the solar cells produce that electricity 
and how we use it.

2. The teacher should have a solar cell to show students (or if there are enough, give each student group a 
solar cell to investigate). Begin by explaining that solar cells are also called photovoltaic cells. What does 
“photo” mean? What do you think “voltaic” means? Have students discuss with each other. The word 
“photo” means light, and “voltaic” is named after Alessandro Volta who was an early pioneer in the study 
of electricity. Together, these words mean “light electricity”, or light from electricity.

How Do Solar Panels Work?

 

 

SUBJECT: Renewable vs. Nonrenewable EnergyGR
AD

E

63



33

• Most solar cells are produced like sandwiches- they have two layers of a special metalloid (a type 
of metal with some nonmetal qualities) called silicon. Scientists add elements to each silicon layer, 
making one side negative and the other side positive. The negative side of the solar cell has lots of 
extra electrons- these are very tiny particles found in atoms, and they are negatively charged (show 
students a diagram of an atom, pointing out the electrons on the outside.) Atoms have the capability 
to lose electrons, which flow from atom to atom in the form of electricity. The atoms making up solar 
panels are set up in such a way that an electric field is created which pushes the electrons to the 
bottom of the solar panel.

• Sunlight is made up of very small particles called photons. When photons hit the negative side 
(bottom) of the solar panel, it gives the electrons enough energy to move back to the top of the solar 
panel. Very simply put, the photons bump into electrons like a game of pool. The free electrons jump 
to the positive side of the solar cell (top) where they are collected in a wire, called a terminal. The 
electrons at this terminal cannot flow (create a current) without being hooked to a loop which feeds 
back to the positive terminal. This loop is called a circuit. 

Investigate - Bending Water
You just learned that electric fields are necessary for solar cells to function. But, electric fields are invisible. So 
how do we know they exist? 
Materials: 
• Plastic comb
• Access to a faucet Note: this activity may also be performed using 2 cups and a toothpick. Insert the 

toothpick into the bottom of one cup and fill this cup with water. Hold the water-filled cup over the empty 
cup and remove the toothpick, then proceed to step 2.

1. Turn on the faucet until a very small stream of water is flowing.
2. Brush the plastic comb through your hair 10 times.
3. Slowly bring the comb close to the flowing water (don’t touch the water). What do students see 

happening? Have students discuss their observations and what they think happened that caused the 
water to bend toward the comb. As you move the comb through your hair you are collecting electrons. The 
stream of water has a more positive charge, causing the water to move toward the comb. 

Batteries
1. Solar cells are normally attached to batteries. Ask students to discuss what purpose do you think the 

battery serves? Why not just send the electricity directly to our houses?
• The battery stores the energy from the solar panels. It is a good idea to use batteries on solar cells 

because you may not be able to get energy from the sun every day. If you don’t save the energy that 
you generate, it could otherwise be wasted.

2. Hand student groups a variety of batteries. Ask them if they can explain how batteries work? Be listening 
and encourage them to use language such as positive, negative, electrons, circuit. What do electrons 
‘do’ inside the battery? To test students’ understanding have groups draw a diagram of a working battery 
showing the flow of energy.

Investigate - Making a coin battery
Materials: 
• Copper coins (10/group or student pair)
• Thin cardboard, aluminum foil
• Vinegar
• Small bowl
• Multimeter (to read volts)
1. Prior to the investigation, the teacher should watch the following video for instruction on how to build a 

simple battery out of coins.         
You Tube: How to Make a Coin Battery - DaveHax.com www.youtube.com/watch?v=vIHfUJu3aKo

2. Next, have students build a simple battery out of coins. 

https://www.youtube.com/watch?v=vIHfUJu3aKo
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Investigation Challenge - Use the coin battery to light an led
Materials: 
• Coin battery
• Wires
• Tape
• Crocodile clips
• Single led light with wires exposed
1. Challenge students to light up the led using their coin battery and other materials supplied.

• Since we store the electricity in batteries, we also have to use a charge controller. Charge controllers 
make sure that the flow of electricity to the battery doesn’t overcharge the battery. 

• Finally, we must do one more step. Solar cells produce direct current electricity- that means all the 
electricity flows in one direction. Most of the appliances we use today rely on alternating current- 
electricity that flows back and forth. The last step of creating solar electricity is to use an inverter that 
switches the direct current to an alternating current we can use.

 

Assessment
• Hand students a blank diagram and have them sketch or write about the flow of energy from the sun, 

through the solar cell, to the battery, and out to the house. 
• Each student will create their own portable charger or solar LED lantern, etc. Follow the directions 

of the kit. Suggestions for DIY kits include: DIY solar USB charger - Altoids, Do-it-Yourself Solar LED 
Lantern, etc. 

 

Visit the Omaha Zoo and Aquarium’s solar array located in African 
Grasslands at the wildlife management headquarters area. Go to 
omahazoo.com/conservation/going-green-at-the-zoo to view 
readings of the solar panel’s energy intake and output.

• Create a large model of a solar cell that can be 
manipulated, with electrons that students can grab and 
move from one side of the panel to the other.

• Show videos and animations depicting the flow of 
electricity in a solar cell.

• To further investigate electric fields, try other activities 
such as rubbing a balloon in your hair and putting it next 
to an empty pop can laying on its side. Have students 
brainstorm and investigate other ways to create electric 
fields using static electricity.

Extensions

http://www.omahazoo.com/conservation/going-green-at-the-zoo
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Discussion Question
How can the tilt of a solar panel affect the amount of energy it produces? How does the color of light affect 
the amount of energy a solar panel absorbs?
 

Lesson Summary
 This lesson will teach students about the importance of how solar panels are set up to collect energy, 
specifically investigating the tilt of solar panels and the potential to use colored filters to generate more 
energy.
 

Background Information  
• The tilt of solar panels directly affects how much energy they can produce. For example, in the 

summer the sun is very high in the sky, and a solar panel at a lower angle will catch more sunlight. 
However, in winter the sun is at a lower angle in the sky, and the solar panels will need to be 
adjusted to a greater angle to catch as much sunlight as possible.

• The color of light that hits the solar panels may also impact how much energy it can produce. 
Different colors of light have different wavelengths, and each color carries a unique amount of 
energy. Adding filters to change the color of light hitting a solar panel will impact the amount of 
energy that the panel produces.

What Do Students Already Need to Know?
Students need to understand how solar panels work, how the sun behaves differently throughout seasons 
and throughout the day (rising and setting). 
Students should also understand that light comes in different colors and wavelengths.
 

Objectives
Learning goals:
At the end of the lesson, students will be able to describe why the tilt of a solar panel can affect the amount 
of energy it produces. They will also be able to hypothesize what might happen to energy capture if different 
colored filters are applied.
  
Language goals:
Increase students’ scientific vocabulary by introducing the word “hypothesis”.
  

Materials
• Small solar panels 
• Photometers (or a device to measure energy output)
• Light source (natural sunlight or a lamp, something that can be manipulated to simulate the moving sun)
• Colored cellophane to use as filters
 

Solar Panel Tilt & Filters
 

 

SUBJECT: Solar Panel Tilt and Colored FiltersGR
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Teacher Procedures
Part 1
1. Begin the lesson by asking students about their previous knowledge of the sun. Does the sun rise and set 

the same way every day? When would it change?
• After letting students share ideas, explain that the seasons affect how much sunlight we get, and 

in some seasons, the sun may be out longer and higher than other times of the year. If possible, 
students should go outdoors to observe the position of the sun in the sky. 

2. Demonstrate these changes using a manipulated source of light. Using the handheld light, the teacher 
can simulate the ‘rising and setting’ of the sun for students. The teacher should demonstrate this process 
for different seasons. Depending on the season, the sun will reach a different point in the sky and spend 
more time there, this is known as the solar zenith. Ask students to think about how knowing the angle of 
the sun might help with setting the best angle for solar panels. If we want to use solar panels to produce 
electricity, we need to set up our panels to catch the most sunlight possible.

3. To demonstrate this, students will conduct an investigation. 
• The teacher should explain what a hypothesis is to students if they aren’t already aware. Scientists 

create hypotheses before they do experiments. It is their prediction about what will happen. 
Students will be given three potential solar panel angles: 0 degrees, 30 degrees, and 60 degrees. Ask 
students to make a hypothesis relating to which angle they think will produce the most energy or receive 
the most light during a summer day (consider changing to winter depending on your current season).
• Before doing the activity, the teacher should have each student record their hypothesis in their 

science notebook. 
4. Allow students to manipulate their solar cells with a the light source and monitor the photometer readings. 

Prompt them as needed: What position should the light source be in to best represent a summer day? 
A winter day? What do you notice happening to the photometer readings as the angle of the solar panel 
changes?

5. After the experiment, the teacher can ask students which angle worked the best. A 30 degree angle works 
best on a summer day because it catches the most direct sunrays for the longest time.

WINTER
SOLSTICE

SPRING &
FALL EQUINOX

SUMMER
SOLSTICE

seasonal solar array tilt angles
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Longer waves have low energy, while shorter waves have 
more energy.  To simulate this, have students stand up and 
walk slowly in place. Then have them rapidly jog in place. This 
simulates the difference between long and short waves.

3. Ask students if they think the color of light could change 
how much energy we get from our solar panel. Have them 
write down a hypothesis focused on which color of light will 
produce the most energy? Let them choose between white, 
red, blue, or purple.

4. To demonstrate this, students will conduct an investigation 
to test their hypothesis. Initially, students should keep the 
light source and solar panel in the same places for each test. 
Wrap the colored cellophane around the panel or light source 
in order to change the color of light. Students should record 
findings in their science notebooks.

5. After obtaining all the data, ask students which color of light 
had the most energy? Was their hypothesis supported? What 
happens if it wasn’t?
• Remind students that if a hypothesis isn’t right that’s 

okay! Scientists use the data they have obtained to 
change their hypotheses, and are always willing to learn 
something new, even if their idea wasn’t right.

Part 2 - Exploring how colored filters affect energy 
absorption
1. Begin by asking students what color do they think sunlight 

is? Let students share their answers and ideas. Allow them 
to look out the window and make observations about the 
light. Quick Investigation: give student groups a prism and 
have them hold it in a sunlit window or next to a direct 
light source. What do they see happening? Ask students to 
explain what they are seeing. A prism can be used to see 
all colors of sunlight. When light passes through the prism, 
it bends. Each color can be seen at a different angle. Ask 
students to discuss which color they think bends the most? 
Least? Violet bends the most and red bends the least. Again, 
ask students why sunlight appears white? Sunlight looks 
white to us because it is a mix of all these colors.
• The colors that we see are light being reflected off 

those objects. Light comes in many different colors. 
Show students an image describing different colors and 
wavelengths of light.

2. Explain that the light we see comes in waves, and the 
length of a wave tells us how much energy the light has. 

VISIBLE LIGHT - WAVELENGTH

• Have students consider the 
best solar panel tilt options 
for various places around the 
world- for example, near the 
equator where summer is 
much longer. Are there places 
in the world where using solar 
panels might not be effective? 
Are there places where solar 
panels would gather more 
energy than in others?

• To extend the colored filter 
experiment, the teacher can 
introduce even more colored 
filters or mix colored filters to 
produce new effects.

Extensions
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Teacher Content References and Resources

American Solar Energy Society
www.ases.org

Solar Energy Animations
www.NEED.org/solar

Energy Information Administration
www.eia.gov

EIA Energy Kids
www.eia.gov/kids

Energy Schema Solar Energy Animations
www.NEED.org/solar

National Renewable Energy Laboratory
www.nrel.gov/solar

Omaha Public Power District
www.oppd.com/about/energy-portfolio/

U.S. Department of Energy, Solar Energy
http://energy.gov/science-innovation/energy-sources/renewable-energy/solar

U.S. Department of Energy Sun Shot Initiative
https://energy.gov/eere/sunshot/sunshot-initiative

www.ases.org
http://www.need.org/solar
https://www.eia.gov
https://www.eia.gov/kids/
http://www.need.org/solar
https://www.nrel.gov/solar/
http://www.oppd.com/about/energy-portfolio/
https://energy.gov/science-innovation/energy-sources/renewable-energy/solar
https://energy.gov/eere/sunshot/sunshot-initiative

