| KidWind’
Solar Scavenger Hunt

PROJECT

Time Required

- Two 45 minute class periods

> 4-12 o ] . . .
Science and Engineering Practices

m Concepts - Asking questions and defining problems
- Energy and transformation
> Inquiry and science process - Collecting and interpreting data

- Energy and energy transformation Objectives

U foerlte el At the end of the lesson, students will:
> sing basic too - Understand and be comfortable with basic electrical concepts and

- Collecting and interpreting terminology
quantitative and qualitative data - Know the fundamental aspects of a solar panel and understand how
placement and orientation affect its power output

@ Disciplinary Core Ideas - Be able to use a multimeter to measure voltage and amperage in order
to collect data

- PS1-A, PS2-A, PS3-B, ETS1-B

7

Use the scientific method to isolate and understand solar panel variables

\

Build teamwork skills during the investigation and experiment process

This activity guide was adapted from a prior REcharge lesson.
Reproduction Note: Reproduction of this activity guide is prohibited except for student use in the classroom. For
permission to copy portions or all of this material for other purposes, please contact info@thegaleforce.org.

Click to check out the NGSS Website, Full NGSS Standards, or Science and Engineering Practices in the NGSS Solar Scavenger Hunt Activity 1


https://www.nextgenscience.org/sites/default/files/resource/files/Appendix%20F%20%20Science%20and%20Engineering%20Practices%20in%20the%20NGSS%20-%20FINAL%20060513.pdf
https://www.nextgenscience.org/sites/default/files/AllDCI.pdf
https://www.nextgenscience.org/
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Materials
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Solar panel (2V 400mA)
Multimeter
Assorted LEDs

Assorted incandescent bulbs (ie reused Christmas tree
bulbs)

Solar motor
Pair of clamp wires

Screw hub and acorn nut

You will need to supply the following materials:
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Pencil

Tape measurer

Wire stripper

Small Phillips head screw driver (for the teacher only)

Adjustable work lamp that can handle 150 watt or
higher incandescent bulb

150 watt or higher incandescent bulb
Protractor

Print out of the Solar Scavenger Hunt Kit worksheet

Bonus materials to supply:

9

9

Compact fluorescent bulb for lamp

LED bulb for lamp

REcharge Labs & KidWind have been leaders in K-12
renewable energy education for over 15 years. Their library
of materials and programming are now a part of Gale Force
Education. Gale Force Education is a non-profit focused

on fostering opportunities for students, educators, and the

public to explore a future powered by renewable energy.
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Learning Goals

Students will learn about some of the main
variables that determine what can be powered
by a solar panel. Solar panels can be hard to
understand, as they appear to be powering
things but it’s not clear how and why they
work. By gathering both quantitative and
qualitative information, students will get a
better idea of how solar panels work, where
they work best, and what variables affect their
productivity. Students will use a tool called

a multimeter to read the exact voltage and
amperage of a solar panel, which will help
them measure, understand, and compare the
information they gather during the hunt.

Getting Ready

- Go on a test Scavenger Hunt! This is useful
in knowing what light sources are available
within the Scavenger Hunt parameters. It is
also helpful in testing things out to make
sure they work.

- Brush up on your circuitry knowledge, as
students will have questions.

- Gather the tools and any additional items
students will need to complete the activity.

- Practice using the multimeter, following
instructions on page 8.

- Set up the lamp with the high wattage bulb
on a work table. Keep it off until the
students are ready.

- Parts of this activity are best done outside
on a sunny day, although they can be done
indoors using other light sources. If outside
is not an option, make sure you set up high
wattage lamps in the activity area, with 150
watt or more incandescent bulbs. For best
performance indoors, lamp lights need to
be within 4”-8” from the solar panel.

Activity

This is a step-by-step activity guide that will take two 45 minute class
periods to complete. During the first class period, students will learn
about solar panels and use them, and during the second they will learn
how to measure their results. An extension is provided as an additional
activity to use for longer class periods, or for older students.

Class Period 1

Understanding loads, light sources, connecting loads in series and
parallel, and polarity.

Step 1: Beginning questions for students

- How many light sources can you identify?
- What are some of the qualities of the difference light sources?

- Have you seen a solar panel before? How do you think a solar panel
works?

- What do you think affects how much energy the solar panel
produces?

Step 2: Distribute materials

Organize students into groups of 1-3. Each group of students will need:
two LEDs, two incandescent lights, a motor, a solar panel, and wire
strippers.

Step 3: Identify solar panel and loads

Have students take turns looking at the materials. Understanding the
parts of these objects will help students understand how they work!

Solar panel: The correct term for this item is PV (photovoltaic) module, but
because its common name is solar panel, that is the term used in the
guidebook. A solar panel is made up of tiny photovoltaic (PV) cells.
Photovoltaic comes from the words photo, meaning light, and volt, the
measurement of electricity. Solar panels transform radiant energy (light)
into electrical energy, which can be used to power a load. Because solar
panels require light to generate electricity, the intensity and the angle of
the light affects how much electricity can be generated.
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Features: There are two wires, one red (+) and
one black (-) attached to the panel by screws,
with clamps on the opposite ends (Fig. A). Solar
panels are a direct current (DC) circuit, meaning,
one pole is always negative, the other pole is
always positive, and the electrons only flow in
the direction of negative to positive.

Load: A load is work the power source has to
do. Some loads are more difficult to power

than others. Think of the loads as weights. ||||||||||||| ||||||||||||| ||||||||||||| |||||||||||||
Some may be easy to lift because they are
light, and some may more difficult to Lift

because they are heavy. In order to lift heavy
loads with a solar panel, more electricity
needs to be generated with a stronger light
source, connecting additional solar panels, or
reducing the load. Listed below are the load

options included in the kit. . .

LED bulb: The LEDs in the kit have a crystal
ball shape and two wires coming out of them.

Incandescent bulb: The incandescent bulbs
have a fluted glass top and two wires coming
out of them.

Motor: A motor transforms electrical energy
(from the solar panel) into mechanical energy, I

and spins a shaft. Features: This motor is a DC
circuit, and has a red (+) and black (-) wire
(Fig.B). Motor moving an object: The motor can

lift weight or spin something using the Screw
Hub (the red piece) and the acorn nut. The
Screw Hub fits on the motor shaft and the
acorn nut on the screw. A piece of thread or a
piece of cardboard can be secured between
the Screw Hub and acorn nut. Adding weight
increases the load (Fig. C).

Multiple loads hooked together

A solar panel can power more than one load
depending on how much electricity is generated
and how much power each load requires. Now
that we have identified the basic components,
we can move on to getting them ready to be
tested and hooked up into a circuit (Fig. D).

Solar Scavenger Hunt Activity 4



ES|

Step 4: Practice stripping wire

Using the following steps, have students take turns using a wire stripper
to strip 1/4” inch of the rubber coating off the wires of the LEDs,
incandescents, and motor (Fig. E). Practice first on the lights, and do the
motor last. Squeeze the wire stripper gently around the rubber coated
wire, scoring the rubber all around. Pull the rubber off the wire, and

it should easily slide off. If not, cut deeper. Don’t cut too deep or the
tool will just cut through the wire! The exposed wire is often threaded,
meaning it has many strands of copper wire in it. If the small copper
wires get frayed while stripping, twist the frayed wires together.

Step 5. Use the solar panel to test loads

Before the students go on their scavenger hunt, give a brief overview of
how to use a solar panel to test loads.

Attach clamp wires to the exposed wires of the load (not the plastic wire
coating), with the solar panel pointing towards the light source (Fig. F)

When testing the LED, if it doesn’t work with the wires attached to the
panel one way, flip it around and try it with the opposite wires (Fig. G).
This is because LEDs are polarity sensitive, so the direction of electron
flow matters.

Step 6: Attach loads in series and parallel

A solar panel can run multiple loads at a time depending on the type of
load, how many loads there are, how they are connected, and the light
available. While still at their tables, have students practice attaching
their loads in series and parallel circuits. Test under the lamp at the
table to see if their connections are working.

Attaching two incandescent bulbs in series:

Connect one leg of the incandescent bulb to the leg of another. The
other legs connect to the solar panel. This connection is a series circuit.
Think of it as people holding hands in a line (Fig. H).

Light two LEDs in series:

Have the students try hooking up the LEDs in series. Regardless of how
they attach the legs in series, keeping in mind the polarity, LEDs will not
light up in series unless a much higher voltage runs through them.

Light two LEDs in parallel:

Another type of connection is called a parallel circuit. In a parallel
circuit, the positive wires from both LEDs are connected to the positive
wire of the solar panel, and the negative wires from both LEDs are
connected to the negative wire of the panel. LEDs work well in a
parallel circuit (Fig. I).
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Attaching the motor to a series or
parallel circuit:

The motor can be added to any series or
parallel circuit like the lights (Fig. J).

Step 7: Test solar panel variables

While in groups, have the students initiate
the Scavenger Hunt by attaching the solar
panel to one of the LED bulbs, then going
in the sun (or under a lamp) to test and see
what factors get the best performance
from the solar panel. Make sure they have
all the loads available and switch them out
to see if there is a difference.

Variables to be tested:

- Angle of solar panel to the light source
- Type of load attached

- Time of day if in sun, or type of light
source

As students are testing their solar panels
with different variables, watch what they
are figuring out. There may be some
troubleshooting you can help with, refer to
the tips to the right.

Step 8: Recap
Once the time is up, call them back to their
tables. Ask them the following questions:

- How does an LED light work with a solar
panel compared to an incandescent?

- Did anyone get the motor to work? How
did that happen?

- What did you find out about the solar panel

and the light sources?

- What did not work?

Troubleshooting the Solar Panel

- Check the connections between the solar panel and load, and

make sure they are attached properly.

Make sure the solar panel is directly facing the light source, and
there are no shadows or objects (including fingers!) blocking the
panel.

Move the solar panel closer to the light. Be aware that if you are
too close to a hot lamp, you may burn yourself or the panel.

The light source may not be strong enough. Move on to test a
different kind.

If the solar panel is left under a lamp and gets hot, its ability to
produce electricity will be significantly less than in its room
temperature condition. Cool the panel off and production should
return to normal.

Check the wire terminals on the back of the solar panel. Make
sure the wires are still secure where they are screwed into the
panel. If they have fallen out, screw them back in. If the wire has
been broken off, use a wire stripper to strip off 1/4 “ of the wire,
twist the copper threads, and screw in the wire to the terminal.

Make sure there are no short circuits. A short circuit is an
important safety issue to bring up with students. It is easy to
prevent, but a short circuit will probably happen at least once
during the activity. A short circuit occurs when two conductive
parts are touching within a circuit, causing a path of very low
resistance (Fig. K). When a short circuit occurs, the load stops
working, and the power source will start to get hot! Unlike a
battery pack-which can get dangerously hot instantly, the small
solar panel provided takes a while to get hot in a short circuit, and
is not as dangerous. Regardless, short circuits still need to be
watched out for and prevented.
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Step 9: Clean up

Time to clean up. Disconnect the solar panel from the loads, and the
loads from each other.
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Class Period 2

Collecting data, using a multimeter, understanding voltage and
amperage.

Getting ready:

Set up the lamp with the high wattage bulb on a work table. Keep it off
until the students are ready.

Step 1: Introduce the Scavenger Hunt

For the Solar Scavenger Hunt, students will be documenting and
experimenting with variables that affect a solar panel’s ability to
generate electricity. Hand out the Solar Scavenger Hunt Worksheet.
They will record the data they collect on this worksheet.

Step 2: Identify the Solar Scavenger Hunt variables in
the worksheet

« Solar panel variables

» Light source (described below)

- Distance from the light source

« Angle of the panel to the light source

Light source variables

Type of light source: There are different light sources in the world, both
natural and human-made.

Human-made sources, like light bulbs, come in a variety of sizes,
brightnesses, and types. There may be different types of lights located
within the classroom, for example: fluorescent, incandescent, LED.

Wattage (Watts): This is often printed on light bulbs, and indicates the
intensity of light. A 120 watt bulb is brighter than a 60 watt bulb.

Step 3: Understand polarity, voltage, and amperage

Write polarity, voltage, and amperage on a board. Give the students a
couple minutes within their groups to figure out what the terms mean.
Record their definitions on the board.

Polarity: Designates the way electrons flow through any circuit: from
negative to positive. Polarity is symbolized as a (+) or (-) sign, or with the
colors red and black, respectively.

Voltage: Voltage is the amount of potential energy between two points
on a circuit. V is the symbol for voltage.

Amperage (amps): Amps measure electrical
current. A is the symbol for amps. Amps are
important because they are the easiest way to
distinguish the strength or capacity of a power
source.

What is the difference between voltage and
amperage? Think of it this way: electricity
flowing through a wire is like water flowing
through a garden hose. The amount of water
that can fit through the hose depends on the
diameter of the hose (amps). The pressure of
the water depends on how open the faucet is
(volts). Voltage and amperage will make more
sense as students use a multimeter to explore
how different light sources affect the voltage
and amperage output of a solar panel, and
how loads require specific rates of each in
order to do work.

Step 4: Assign roles for the hunt

This activity is best done in groups of 1-3
students because of the number of parts to
hold onto and measure at once. Each role is
equally important, and each member of the
group must work closely together. If there are
fewer than three in the group, roles can be
combined.

Roles for each group member:

1. Holding the solar panel and protractor

2. Holding the multimeter

3. Doing measurements, and recording on
the Scavenger Hunt Data Sheet

Step 5: Distribute materials

Each group will get a multimeter, solar panel,
protractor, tape measurer, a pencil, and a copy
of the Solar Scavenger Hunt worksheet.
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Step 6: Introduce the Solar Scavenger

Before each group scatters, take a moment to
assign roles, demonstrate how to use a
multimeter, and have them identify different
light sources as a class. Encourage students to
think about indoor and outdoor options. What
are the different types of light bulbs? Also
prompt them to think about how additional
variables affect the lights, such as colors,
reflective surfaces, shade, or through windows.
What might different angles and distances from
the light source do to the solar panel’s
effectiveness?
On the Solar Scavenger Hunt worksheet, they
will:
- Choose and record at least three light
sources to test

- Choose and record at least three distances
to test for the light sources

- Choose and record at least three angles to
test for the solar panel

Step 7: Practice using a multimeter

Since we cannot see energy flowing through a
wire or the voltage of a solar panel, we must use
measurement tools like multimeters to visualize
what is happening with the charge in a system.

Multimeters are tools that measure voltage

and short circuit amperage, among other things
related to circuits. The data is displayed as
numbers giving an exact quantitative value to the
connection being tested. A multimeter is the tool
that will help us see what is happening within a
solar panel.

Measuring the potential voltage of a solar panel

Turn on the table lamp. At their tables, have
the students connect their multimeter to the
solar panel, with their panel below the lamp,
then turn the meter to the position shown in the
direct current (DC) range (Fig. L). What numbers
are they getting? This number represents the
voltage from the solar panel. Still at their tables,
ask the students: do the numbers change if they
move the panel around?

I
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Measuring the short circuit amperage of a solar panel

Ask students to use a multimeter to see the potential short circuit
amperage reading from the solar panel. Students should set the meter
to the position shown in the diagram; notice the positive probe is
plugged into a different hole on the meter (Fig. M). This position will
allow us to read short circuit amps. In the 10 A setting, the multimeter
should be reading somewhere around .01 - .50 Amps (1/100th - /2 an
amp) or 10-500 milliamps for a single solar panel.

Why is this called “short circuit amperage” instead of amperage? To
test current in the measurement of amperage there needs to be a load.
The solar panel needs to do work in order to know its potential of how
much work it can do! In order to take an amperage reading, inside the
multimeter is a measured load in the form of a resistor.

Because of the way the solar panel is hooked up to the multimeter, and
the small quantity of the load within, it is practically a short circuit, and
the measurement is just potential, not actual amperage.

/6\

SAFETY WARNING:

To avoid electrocution, do not use the multimeter to

touch anything that is attached to wall power, or any
outlets. Additionally, multimeter probes can be pointy!
Be careful not to poke or scratch with them.
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Step 8: Go on the scavenger hunt!

Using the techniques they've learned to
measure voltage and amperage on the lamp,
have students go out and test other light
sources. Allow 10-20 minutes for students

to gather data on their worksheet. Remind
them to fill in for each light source: type and
wattage (if known), distance, angle, voltage,
and amperage.

Step 9: Evaluate the data

Afterwards, reconvene as a class to discuss
the data gathered. A larger version of the

worksheet can be projected and filled in, or
a chart can be drawn on the board, and the
students can come up and fill in their data.

Questions:

Ask students to reflect on the data, and within
their groups discuss these questions:

- Was there light source that had a high
voltage but low amperage? Reflecting on
the previous hunt with the loads, how does
this match up?

- Which areas are the best places to place
solar panels? Why?

- What conclusion can be drawn from the
data gathered with the multimeter and the
testing done previously with the loads?

Step 10: Clean up

Shut off the lamps, make sure the multimeter
is turned in the off position, detach the solar
panel, and return all the tools.

Extension Activity
Hooking solar panels in series and parallel

In this activity, students will learn how to connect multiple solar
panels, and understand how panels in series or parallel can affect
output.

Prepare

At least two solar panels are required to do this extension. Set up the
lamp with the high wattage bulb at a work table. One lamp per group.

Step 1. Form groups

Form groups of 1-3 students, and have them sit around a table
with a lamp.

Step 2: Distribute materials

Hand out more solar panels if you have extras, or combine groups so
that they can share two panels. Each group should get a multimeter,
two LEDs, two incandescents, one motor, and two solar panels.

Step 3: Connect the panels

Turn on the table lamp. To start, have students use the multimeter to
read the short circuitamperage and voltage of a single solar panel
under the lamp light. They should take note of the numbers they are
getting. Then, they should connect the two panels in series, clipping the
red wire to the black wire (Fig. N). Using the multimeter, they should
measure both amperage and voltage, noting what happens to those
numbers. How did that change from the numbers they got from the
single panel? Now, have them connect the two in parallel, clipping the
red to red wire and black to black wire (Fig. 0). Using the multimeter,
they should again measure amperage and voltage and note the
changes. Students should be getting approximately double the voltage
when they hook up two solar panels in series, but still around the same
value for amperage. When the two panels are in parallel, the
amperage should almost double, while voltage remains around the
same.

Wired in series
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Step 4: Attach the loads

Using what they learned about the amperage
and voltage differences of panel arrangement,
have students connect their arrangement of
choice to a single load, or multiple loads in
series or parallel. Does this have the effect
they anticipated? If not, they should switch

it to the other panel arrangement and see if
that makes a difference. What arrangement of
solar panels was able to turn on all the loads
really well?

Wired in parallel

Vocabulary

We have listed some important vocabulary terms for students to
understand as they work through the activities.

load

The work the power source has to do.

polarity

Designates the way electrons flow through any circuit - from negative
to positive. Polarity is symbolized as a (+) or (-) sign, or red and black,
respectively.

direct current (DC) circuit

A circuit in which one pole is always negative, the other pole is always
positive, and the electrons flow from negative to positive.

voltage (V)

The amount of potential energy between two points on a circuit.

amperage (amps)

A measure of the current of a circuit, or the amount of electricity used.

series circuit

A circuit in which components are connected in a single path, like
hands being held. In series, voltage changes and current remains
consistent throughout.

parallel circuit

A circuit in which components are connected in parallel lines, like
tracks on a railroad line. In parallel, current changes and voltage
remains consistent throughout.

solar panel

Otherwise known as a photovoltaic module, comes from the words
photo, meaning light, and volt, the measurement of electricity. A solar
panel transforms radiant energy (light) into electrical energy.
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