-H STEM Toolkit

The Sky’s the Limit: Solar Energy Project Toolkit

he Sky’s the Limit 4-H Science curriculum
Twas created to increase awareness and

scientific literacy about solar energy.
Activities in this toolkit use engineering design
principles to develop an understanding of solar
energy. Participants will become familiar with the
how and why of using solar energy. The activities
focus on the transfer of energy, circuits, capturing
solar energy, and engineering design. Lessons
scaffold from the basic understanding of circuits
and include building design challenges such as
building a solar oven, constructing a solar-
powered boat, and exploring elements that
impact solar cars.

The activities are designed for middle school
students (grades 6-8), but may be adapted for
other-age learners. These lessons require access to
direct sunlight or a high-power spotlight.

If you need assistance with these activities please
email us: 4-HScience@maine.edu.

Information about additional 4-H STEM Toolkits
is available on the 4-H STEM Toolkits page:
extension.umaine.edu/4h/stem-toolkits/

* Activity 1: What is a Circuit?

e Activity 2: Capture the Sun

* Activity 3: Series and Parallel Circuits

e Activity 4: Solar S‘'mores

* Activity 5: Design and Build a Solar Car

* Activity 6: Engineering Solar Powered Boats
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4-H STEM Toolkit

The Sky’s the Limit: Activity 1: What is a Circuit?

Time: This lesson should take approximately 60 - 75 minutes minutes to complete.

Learning Targets

* Understand how electricity flows through a
circuit.

* Demonstrate how to light a bulb with wire
and a battery.

» Utilize the circuit to determine if materials
conduct electricity or insulate.

Essential Questions

1 How do the parts of an electrical circuit work
together?
2 What makes a good circuit design?

Enduring Understandings

1  All electrical circuits must include a power
source, a load, and a path for electricity to
flow. Electricity only flows through a
complete circuit.

2 Conductors and insulators help in designing

circuits.
NGSS Standards
e 4-PS3-2,4-PS3-4
e 5.ESS3-1
e  MS-PS3-3

Background for Facilitator

Electricity is a type of energy (EXPLAINTHATSTUFF!
website: wexplainthatstuff.com/energy.html) that
can build up in one place or flow from one place
to another. When electricity gathers in one place
it is known as static electricity (does not move);
electricity that moves from one place to another is
called current electricity. 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. Linking electrical components
together with pieces of wire cable usually makes
a circuit. Thus, in a flashlight, there is a simple
circuit with a switch, a lamp, and a battery linked
together by a few short pieces of copper
(EXPLAINTHATSTUEFF! website) wire. When
you turn the switch on, electricity flows around
the circuit. If there is a break anywhere in the
circuit, electricity cannot flow. If one of the wires
is broken, for example, the lamp will not light.
Reference the EXPLAINTHATSTUFF! website for
more background information as needed.

This activity has youth explore what objects may
conduct electricity (conductors) and which objects
do not conduct electricity (insulators). Metals are
generally good conductors of electricity, for
example, the washer provided in this activity.
Insulators do not conduct electricity, for example,
glass marbles, wood, plastic, and most rocks.

extension.umaine.edu/4-H
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Many youth may not have had any formal
exposure to electricity or circuits. Be sure to let
them know it is ok if they have not had any
experience with this before, and if they have, this
will hopefully be a new approach for them.
Building a circuit with these materials, while
seemingly simple, requires everyone to be open
to a new challenge and discovery. It may also
require some grit to keep trying if the light bulb
does not light easily.

Vocabulary List

* Circuit: A device that provides a path for
electric current to flow.

* Voltage: The force or “pressure” pushing the

electricity through the circuit; measured in volts.

¢ Conductor: Material that allows the flow of
electricity.

¢ Insulator: Material which does not allow the
flow of electricity.

* Power: The rate of doing work, measured in
watts.

* Resistance: A material’s opposition to the
flow of electric current; measured in ohms.

Materials

e 2-AA batteries
e 1.5V bulbs

e Wires

e LED lights

* Tape

* 5 objects (marble, washer, wood, plastic, rock)

* Pencils

*  What is a Circuit Data Sheet (PDEF) (to
download and print from:
extension.umaine.edu/4h/stem-
toolkits/skys-the-limit-solar-energy-project-to
olkit/activity-1-what-is-a-circuit/

What is a Circuit? Data Sheet

Insulate or Conduct

Draw the complete circuit:

ey T s
Acorn

Paperclip

Glass Marble

Bead

Aluminum Foil

Paper

Figure 1.1: What is a Circuit? materials. Goal: Help students
visualize how electricity flows through a circuit.
(UMaine Extension 4-H Photo: Sarah Sparks)

Methods

Engage

Begin by playing a few rounds of the game Have
You Ever? Facilitators should designate one side
of the room as “yes” and one side of the room as
“no.” Tell youth that you will be reading

statements out loud and they should go stand on

extension.umaine.edu/4-H
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the side of the room that best describes their
answer to that question. Read these out loud, one
at a time, and allow youth to move appropriately.
Where youth stand can help serve as an
indication of what their own experience is with
renewable energy and energy consumption.

* Have you ever left the room and not turned
out the light?

* Have you ever seen a wind turbine?

* Have you ever used energy captured from a
wind turbine?

* Have you ever seen a solar panel?

* Have you ever used energy captured from a
solar panel?

* Have you ever left the sink on while you
brush your teeth?

* Have you ever walked or ridden a bike to
avoid driving somewhere?

* Have you ever used data on your cell phone
instead of using wi-fi (when it was available)?

* Have you ever used a device powered by a
battery (stored energy)?

* Have you ever unplugged something when
you were done using it?

* Have you ever recycled something?

* Have you ever used a clothesline (or hung
clothes outside to dry)?

* Have you ever used an air conditioner in the
summer or heated your home in the winter?

After youth have played Have You Ever, ask
them what they know about how energy is
directed to things like lights, cell phone chargers,
etc? Help them connect what they brought up in
Have You Ever to what they might already know.

Explore

1 Begin by letting youth know that today they
are going to build a circuit. Provide each team
of students with a set of materials. Before
starting, make sure they know that the wire is
insulated in the middle, but the open ends
can get hot and are sharp.

2 Explain that each team should construct a
working circuit with 2 wires, the 1.5V bulb,
and the battery. Challenge them - how many
different ways can you put the circuit
together to get the light to shine? Reference
additional information and diagram below.

3 Have each participant draw a sketch of the
completed circuit in the results table.

4  After they have completed steps 1-3, let
groups know their next step is to construct a
working circuit using the LED lights, battery
and wires (lights will illuminate).

5 As groups work on their working circuits,
introduce the concept of polarity testing.
Polarity testing the LED bulbs can be a way to
reinforce concepts of the circuit. Youth can
test the polarity by matching the positive and
negative terminals of the bulb to the
appropriate positive/negative terminals of
the batteries. (Tip: in typical LEDs, the
longer wire terminal is generally positive).

Safety Consideration: Do not leave the wires
attached to the battery (completed circuit) any
longer than to see the light illuminate, as the wire
could become warm.

Explain

1 Asalarge group, have a sharing discussion
about what each group did that successfully
completed a circuit.

2 What did they discover that did not work to
make a complete circuit? Tip for facilitator:
taking time to reflect together can help all
groups have some foundational knowledge
for the second half of this activity.

3 Discuss how energy flows through a circuit.

Now it’s time to introduce some key
vocabulary for circuitry. Explain that today
we learned about circuits, insulators, and
conductors. These can be questions
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brainstormed as a whole group, or in small
groups and then reported out.

* Tell what you know about circuits.

* Tell me what you think an insulator is.
What are examples of insulators in the
circuits you built?

* Tell me what you think a conductor is.
What are examples of conductors in the
circuits you built?

Elaborate

1

Now groups will be given five sample objects
to test. Each participant should predict which
of the test objects they think can conduct
electricity and which cannot. Examples of
sample objects could include metal coins,
washers or tinfoil, wooden items
(acorn/toothpick), and rocks or marbles.

Now using your completed circuit, test your
hypotheses. Place one of the other objects
between the battery and the bulb. Write in the
data table if the object conducts (bulb lights
up) or insulates (bulb does not light up).

Look around the classroom and try to find 3
insulators and 3 conductors. Discuss what
makes you believe they are insulators and
what makes them conductors.

Evaluate

As a group, take time to reflect on the experience
you just had. Here are some questions to get you
started.

* How did you feel when you were
building your circuits?

*  What did you think was going to happen
when you put the wire, battery and light
together the first time? How about when
you tried the LED lights and test objects?

* What process or method did you use to
design your circuit?

* How did you decide what to do to build
your circuit? Who did what?

Did everyone design their circuit the same
way? Did your background knowledge
impact how you designed your circuit? What
did you already know before this activity
that you used in designing your circuit?

How did you make your circuit light up
the bulb?

Can you think of objects in a house that
conduct and those that insulate?

What would happen if the wires in your
house were not insulated?

Why might it be important for us to know
about how energy flows in circuits?

How might you explain circuits to
someone else?

Extension Ideas

Try a bigger or multiple batteries and see
what happens.

Try adding a longer length of lights and
see what happens.

Test other objects.
Try a lemon battery.
Try adding a switch.

extension.umaine.edu/4-H



Additional Information Additional Resources

* Electric Circuits Lesson Plan (PBS Learning
Media | MPBN)
mainepublic.pbslearningmedia.org/resource
/phy03.sci.phys.mfe.lp_electric/electric
Figure 1.2: Here are some of the different orientations of the

circuit with the 1.5V bulb. CiI'CU.itS/ #.Ww6xc()gszU
(UMaine Extension 4-H Graphic, D.O. Neill)

Figure 1.3: Here is how you need to set up the circuit for the LED
light (tape the batteries together to keep them from separating)
(UMaine Extension 4-H Graphic, D.O. Neill)

Test Objects

Figure 1.4: Here is how you need to set up the circuit to test
conductivity (tape the batteries together to keep them from
separating) (UMaine Extension 4-H Graphic, D.O. Neill)
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4-H STEM Toolkit

The Sky’'s the Limit: Activity 2: Capture the Sun

@ Time: This lesson should take approximately 40 - 50 minutes minutes to complete.

Learning Targets

e Learn about renewable resources versus
nonrenewable resources, and how
conservation and new technologies are
needed to prevent the complete elimination of
nonrenewable resources.

* Construct a circuit using the solar panel as the
power generator.

* Compare panel power output under different
conditions.

* Understand how to use solar panels in the
best way to capture solar energy.

Essential Questions

1 What are the best conditions for the panel to
produce maximum power?

What are the benefits of solar power?

3 What are the limitations of solar power?

Enduring Understandings

1 Electricity can be produced from solar energy
using a solar panel.

2 Solar power can be used as a renewable
resource; but has limitations.

NGSS Standards
e 4.PS3-2,4-PS3-4
e 5-ESS3-1
e MS-PS3-3

Background for Facilitator

It takes millions of years for the radiant energy in
the sun’s core to make its way to the solar
surface, and then just a little over eight minutes
to travel the 93 million miles to earth. The radiant
energy travels to the earth at a speed of 186,000
miles per second, the speed of light. Only a small
portion of the energy radiated by the sun into
space strikes the earth, one part in two billion.
For example, energy from the sun travels through
space, through the earth’s atmosphere and
weather forces before reaching the earth’s surface.
Yet this amount of energy is enormous. Every day
enough energy from the sun strikes the United
States to supply the nation’s energy needs for one
and a half years. About 15 percent of the radiant
energy that reaches the earth is reflected back into
space. Another 30 percent is used to evaporate
water, which is lifted into the atmosphere and
produces rainfall. Plants, the land, and the oceans
also absorb radiant energy. Capturing sunlight
and putting it to work is difficult because the
solar energy that reaches the earth is spread out
over a large area. The amount of solar energy an
area receives depends on the time of day, the



season of the year, the cloudiness of the sky, and
how close you are to the earth’s equator. More
information that may be useful is available in the
Exploring Solar Energy Student Guide (Seven
Activities) (PDF), U.S. Department of
Energy/Energy Efficiency & Renewable Energy
website: wwwl1.eere.energy.gov/education
/pdfs/solar_exploringsolarenergystudent.pdf

If you are doing this curriculum as a series, youth
in Activity 1 learned what a circuit is. It is not
necessary to have done Activity 1 in order to do
this activity. Either way, be sure to let youth know
it is ok if they were not successful in lighting the
light bulb or have never had experience with
solar energy. This will hopefully be a new
approach for them. Building a circuit with these
materials, while seemingly simple, requires
everyone to be open to a new challenge and
discovery. It may also require some grit to keep
trying if the fan does not spin easily.

Standard electrical circuits use red wires as
positive and black wires as negative. These are
used to indicate electrical polarity or the flow of
energy in a circuit. Electricity flows from the
positive pole to the negative pole. It will be
important to explain the colors of the wires (black
and red) to youth, so they match them correctly
when building circuits.

This activity wraps up with a discussion around
the pros and cons of solar energy, as well as how
it might be utilized in real-world applications.
This is not a complete list but provided as a
reference for facilitators in case it is useful when
engaging with young people in this discussion.

Table 1: Example Benefits and Challenges of Solar Energy

Benefits of Solar Energy

* [t captures energy from the sun and converts
it to energy and provides an alternative to
fossil fuel-based energy sources.

* Solar energy is environmentally friendly
because it is a renewable source of energy
with limited emissions that are harmful to the
atmosphere, like those released by energy
conversion with fossil fuels.

* Solar energy is less likely to impact the
environmental conditions of an area, leaving
energy in the area for the surrounding
ecosystem (ex. plants can still grow).

* Solar energy is readily available. It does not

have a significant conversion process to create

energy, which is different from other
processes used to generate energy, such as
photosynthesis.

Challenges of Solar Energy

* Actually producing solar cells has a high
energy cost because the materials used to
create cells are likely to be produced in a way
that is not environmentally friendly.

* Sun and solar energy are not always
available. Factors that influence this
intermittent production include daylight
hours, the angle of the sun, weather/clouds,
and other influences.

* There is some maintenance required of cells
to be most efficient. A common example is
due to weather interference and clearing
snow or dust from the panels to maximize
efficiency.

» Efficiency of panel designs are evolving.
Engineers are currently working on bi-facial
cells that would collect solar energy from
both sides of panels.

extension.umaine.edu/4-H
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Facilitators and youth may also watch the video
Maine 4-H Solar Energy Project with RLC
Engineering 5422 (YouTube).
youtube.com/watch?v=H23iWucMDeM

Limitations of solar energy are highlighted at
minute marker 10:31-12:49 and benefits of solar
energy are highlighted from marker 12:49-13:48.

Solar panels are absorbing energy from the sun.
Solar panels do not radiate light from them or
generate energy on their own, as they require an
input of visible light.

Potential uses of solar energy include powering
cars, boats, homes, and businesses. Solar energy
can also be utilized to power smaller items, such
as lights, heat, and the things created in this kit.

Safety tip: Youth should be told not to look
directly at the sun or any area where the rays
are concentrated.

Vocabulary List

* Non-renewable resource: A resource that is
not able to be replenished in a human lifetime

¢ Renewable resource: A resource that is able
to be replenished in a human lifetime

* Solar energy: Energy that comes directly from
the sun

* Photovoltaic cell: A small part of a solar
panel that converts energy from sunlight;
many photovoltaic cells make up a solar panel.

Materials

* Solar panels
*  Wires with alligator clips
*  Motor with fan

e Multi-meter

e Capture the Sun Solar Panels Data Sheet
(PDF) (to download and print)
extension.umaine.edu/4h/wp-
content/uploads/sites/38/2022/03 / Capture-
the-Sun-Solar-Panels-Data-Sheet_2022.pdf

Capture the Sun Solar Panels Data Sheet

# of Times Fan

Variables Revolves/Speed

Voltage
No Light

Indoor Light

Flashlight

Direct Sunlight

Shadowed
Sunlight

Angled Sunlight

* Pencils

* Flashlight

* Protractor

* Graph paper

*  One small bag of “resources” per group (this
includes a Ziploc bag containing 45 red

kidney beans and five white lima beans for a
total of 50 beans per bag.)

*  One large bag of “resources” per group (this
includes a Ziploc bag containing 90 red
kidney beans and ten white lima beans for a
total of 100 beans)

*  One copy of the worksheets for each group
member:

* Renew-a-Bean Activity: Table 1 for a small
bag of beans (PDF)

* Renew-a-Bean Activity: Table 2 for a large
bag of beans (PDF)

* Large paper or plastic cup for holding “used
resources”

Goal: To practice producing electricity from a
solar panel.

extension.umaine.edu/4-H
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Methods
Engage

The electricity that we use every day comes from
two different kinds of resources, renewable
resources, and nonrenewable resources.
Renewable resources are resources that can be
used again, that regenerate, or that are available
in an almost never-ending supply. Nonrenewable
resources, on the other hand, are resources that
can be used only once and are then used up
completely.

Take a moment to brainstorm some examples of
renewable and nonrenewable energy resources.
How many can the youth come up with?

The point of this part of the activity is to
demonstrate the consequences of relying too
heavily on nonrenewable energy resources. The
red beans represent the nonrenewable resources
and the white represents the renewable resources.

1 Have one person in the group pick 5 beans
out of the bag without looking.

2 Count how many red beans and how many
white beans were removed from the bag and
record the information on the datasheet.

3 Once the beans have been counted and the
number of each color removed has been
recorded, place the red beans in the cup and
put any white beans back in the bag. Since the
red beans represent nonrenewable resources,
after they have been removed from the bag
they are considered “used up” and are no
longer viable. Since the white beans are
renewable, they can go back into the bag to be
used again.

4  Continue this pattern until you have drawn
from the bag 20 times or until you are left
with only white beans in the bag.

Once all the youth have finished the activity, have
them put the beans back in the bags and regroup.
The previous activity was great to demonstrate
the differences between renewable and

nonrenewable energy resources at a constant rate,
but as we know, the consumption of electricity is
ever on the rise. Therefore, this model the youth
just worked with is not applicable to the real-life
model.

Next, each group of youth will need the next size
up, the bags with 100 beans in them.

1 Same as before, have one group member
remove five beans from the bag without
looking.

2 Record how many of each color of bean was
removed from the bag.

3 Once the numbers of each bean have been
recorded on the data sheet, put the red kidney
beans in the cup and any white beans that
were removed back in the bag.

4 Here is where it’s different from before: since
electrical demand is always on the rise, we
will increase the amount of “energy
resources” used by two each subsequent turn.
For example, instead of picking out five beans
on the second turn, the youth will now pick
out seven.

Repeat steps two to three.

6 Youth will then remove nine beans from the
bag.

7 Repeat this pattern until either all of the
nonrenewable resources have been used up or
until the group has removed beans from the
bags 30 times.

Questions to Discuss

1 How many turns did it take for your group to
deplete the nonrenewable resources when
consumption remained constant?

2 Did you notice a pattern as you took more
turns? Around what turn did you start to see
an increase in the number of white beans you
removed from the bag each turn? Did the
same thing happen when you increased the
number of beans you drew each turn?
Around what turn did you see the increase in
part two?
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3 What does this activity show about our
consumption of nonrenewable energy
resources?

Can we continue to consume high levels of
nonrenewable energy resources like we have
been for many years to come?

— Courtesy U.S. Department of Energy’s Office of
Energy Efficiency and Renewable Energy.

Explore

Be sure to be in the sunlight (or a high-power
spotlight) when testing.

Today youth are going to explore ways to harness
the energy of the sun. Divide youth into
cooperative learning groups.

1 Provide groups with a solar panel, a set of
alligator clips, motor, and a plastic fan. If you
have other materials, such as LED lights or
buzzers, consider offering those as well.
Introduce all the materials to youth so they
know what they are called.

2 Tell groups their challenge is to make the fan
spin (or light up or make sound). Allow youth
time to explore different ways to assemble the
materials to complete the task.

3 Once they are successful, encourage youth to
explore the following conditions: darkness,
indoor light, direct sunlight, shadowed light,
and angled light.

4 What happens to the direction of the fan’s
rotation when they reverse the connections of
the wires to the panel?

5 What predictions do youth have about if they
were to connect the fan to a battery? What do
they think would happen?

Explain

Ask each group to share what they observed.
Here are some questions that could be used as
discussion prompts:

*  What designs did they discover that worked?
*  What designs did not work?

*  What evidence supports designs that worked
or did not work?

Figure 2.1: Sample set up of solar panel with motor and fan.
(UMaine Extension 4-H Photo, Sarah Sparks)

e Were there other factors that influenced
whether the fan moved?

* Facilitators may want to have each group
introduce their design.

*  What patterns emerge?

* Did everyone use a common design to make
their fan spin or are there different methods
that worked?

* Are there places that consistently capture
more energy than others? For example, did
the fan spin faster in the darkness or outside?
Why do they think that happened?

The more direct the sunlight is to the panel the
more energy is produced. Solar panels work best
if they can track the movement of the sunlight
throughout the day. This is correlated between
the solar radiance (energy per square foot) and
the angle of the sun relative to the angle of the
solar cell. Demonstrate this using a flashlight,
graph paper, and a protractor. The paper
represents the earth’s surface, the edge of the
paper represents the horizon and the flashlight
represents the sun. Mimic the sun rising and
setting and see how many squares are covered in
light at different points during the day.
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Figure 2.2: The sun at 9:00 a.m. Figure 2.3: The sun at 12:00 p.m. Figure 2.4: The sun at 3:00 p.m.

(UMaine Extension 4-H Graphics, Jessy Brainerd)

Elaborate

As a group, discuss how you might be able to
know what design or factors work best (generate
the most energy). Explain that next you are going
to use a scientific tool, a multi-meter, to measure
the energy generated in voltage.

1 Provide groups with a multimeter, solar panel
and a set of alligator clips. Groups will need
to follow directions carefully to get started,
but will have time to explore after the first
few steps.

2 Turn the dial of the multi-meter until it points
to 20V.

3 Touch the red probe to the positive (+) end of
the battery and the black probe to the
negative (-) end of the battery. Record the
voltage reading (see image below).

4 Repeat with the black probe on the positive
and the red on the negative. Record the
voltage reading.

5 Connect the solar panel to the multimeter
using the alligator clips (see image below).

6 Measure the solar panel’s voltage under the
following conditions: darkness, indoor light,
direct sunlight, shadowed light, and angled
light.

7 Shut off the multimeter when finished.

Figure 2.5: Sample set up of solar panel with multi-meter.
(UMaine Extension 4-H Photo, Sarah Sparks)

Evaluate

As a group, take time to reflect on the experience
you just had. Here are some questions to get you
started.

1 How did you feel when you were testing the
solar panels?

2 What did you think was going to happen
when the solar panel was in direct sunlight?
Indoor light? Darkness? What did you think
was going to happen

3  When you attached the motor/fan to the solar
panel?

4 What did you observe happening when you
attached the motor/fan?

What challenges did you run into?

6 How did you troubleshoot problems when
your design did not work like you thought?



7 How could you take what you discovered Additional information: You could do this

today and apply it to using larger solar experiment without the motor and examine bulb
panels? brightness by using LED lights or 1.5V bulbs in
holders.

8 What are some of the benefits of solar energy?

What are some of the concerns with solar

energy? Additional Resources

10 What are the potential uses for solar energy?
* Exploring Solar Energy Student Guide
(Seven Activities) (PDF), U.S. Department of

Extension Ideas Energy/Energy Efficiency & Renewable
Energy website
1 Try a bigger motor and see what happens. * Renewable Solar: Solar Basics, Energy from
2 Try moving the solar panel higher and lower the sun, Energy KIDS | U.S. Energy
in the sky. Information Administration:
3 Try different angles of the solar panel, different www.eia.gov/kids/energy-sources/solar/

times of day, or different compass bearings.
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XA THE UNIVERSITY OF

M A I N E Capture the Sun

Solar Panels Data Sheet

Cooperatlve Extension

# of Times Fan

Variables Voltage Revolves/Speed

No Light

Indoor Light

Flashlight

Direct Sunlight

Shadowed Sunlight

Angled Sunlight

extension.umaine.edu!



Renew-a-Bean Activity: Table 1 (for small bag of beans)

Turn Red Beans White Beans
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Renew-A-Bean Activity: Table 2 (For large bag of beans)

Turn Number of Red Beans White beans
beans removed
1 5
2 7
3 9
4 11
5 13
6 15
7 17
8 19
9 21
10 23
11 25
12 27
13 29
14 31
15 33
16 35
17 37
18 39
19 41
20 43
21 45
22 47
23 49
24 51
25 53
26 55
27 57
28
29

(o)
(=]
















Series Circuits:

Figure 3.3: Series Circuit (UMaine Extension 4-H Photo,
Sarah Sparks)

Figure 3.5: Parallel Circuit (UMaine Extension 4-H Photo,
Sarah Sparks)

Figure 3.4: Series Circuit (UMaine Extension 4-H Photo,
Sarah Sparks)

Figure 3.6: Parallel Circuit (UMaine Extension 4-H Photo,
Sarah Sparks)

Evaluate

As a group, take time to reflect on the discoveries
just made. Here are some questions to get you
started:

1 How did you feel when you were adding
solar panels and light bulbs?

2 What did you think was going to happen
when you added a second solar panel? How
about a second light bulb?

3 How did you decide how to add a second
solar panel or second light bulb?

4 What did you observe?

Encourage youth to use observations and data
collected with the Series/Parallel Circuits Data
Sheet to support their claims by answering these
questions:

1 What happens when one of the light bulbs is
removed from the series circuit?

2 What happens when one of the light bulbs is
removed from the parallel circuit?

3  What effect did series circuits have on the
light bulbs?

4  What effect did parallel circuits have on the
light bulbs?

5 How might you use different types of circuits
in the real world? Can you think of an
example where you use these every day?

6 In which setup did you get the most power
output? Use evidence to support your claim.

7 How do you think engineers decide whether
to use series or parallel circuits in large solar
arrays? Why do you think they design them
that way?

extension.umaine.edu/4-H



8 How could what you learned to be valuable “p

in the future? How might this apply to the Additional Resources

world around us? * Electric Circuits - Lesson 4 - Circuit
Connections, Two Types of Connections (the
Physics Classroom website)
physicsclassroom.com/ class/ circuits/ Lesson-
4/ Two-Types-of-Connections

Extension Ideas

Try with 1.5V bulbs in holders or buzzers and
measure speed or sound intensity. * Video: Series and Parallel Circuits (PBS

Learning Media | Maine Public website)
mainepublic.pbslearningmedia.org/resource
/1r10.sci.phys.energy.sources.seriespar/series
-and-parallel-circuits/ # Ww_zcOgvzIU

How many solar panels would you need to meet
your household energy needs? How could you
figure this out?

* Renewable Solar, Solar Basics (energy KIDS
| U.S. Energy Information Administration
website)
eia.gov/kids/energy-sources/solar/
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http://education.com/science-fair/article/design-solar-cooker/
http://education.com/science-fair/article/design-solar-cooker/









http://education.com/science-fair/article/design-solar-cooker/
http://education.com/science-fair/article/design-solar-cooker/
http://climatekids.nasa.gov/smores/
http://nasa.gov/audience/foreducators/best/edp.html
http://nasa.gov/audience/foreducators/best/edp.html









http://youtu.be/H23iWucMDeM
http://youtu.be/MAhpfFt_mWM






http://youtube.com/watch?v=MAhpfFt_mWM












http://eia.gov/kids/energy-sources/solar/
http://fsec.ucf.edu/en/education/k-12/energywhiz_olympics/jss/rules.htm
http://fsec.ucf.edu/en/education/k-12/energywhiz_olympics/jss/rules.htm
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