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The Solar Carnival project from Solar Schoolhouse is an idea that mixes the solar cell explorations 
found within our Solar Cell Classroom Set (SCS3) together with the project building creativity of the 
Solar Whirlygig & Solar Fountain projects. 

Using the ingredients found in SCS3 (solar cells, modules, motors, fans, wheels, radios, buzzers, 
music chips…) students are asked to apply what they’ve learned through a variety of solar cell 
explorations to design and build a Solar Carnival, a medley of solar powered kinetic gadgets that 
together become a Carnival.   

Our assumption is that you’ll want to recapture the ingredients of the SCS3 (solar cells, motors, fans, 
etc.) at the end of the school year, so as to utilize it again the following year. 

This is possible if students use only tape to attach the solar cells to other objects.

Plastic wheels can be hot-glued to cardboard, and them peeled away from the glue when removing 
them for reuse. 

You can also add some cells, motors, fans, as needed, to rebuild your set, if materials go home with 
the student-built carnival rides. 

For ease in moving your Solar Carnival in and out of your classroom, to allow for sunshine to bring 
it to life, and to bring it indoors in the evening for safekeeping, we suggest using a 2’ x 4’ or 2’ x 6’ 
piece of plywood as a footprint to build the carnival.

Introducing the Solar CarnivalSo
lar

Schoolhouse
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This size fits through a door, and can sit on a table in the classroom or a picnic table outside. Most hardware 
or lumber stores will cut a 4’x8’ piece of plywood for you. A single 4’x8’ piece can be cut into 2 - 2’x6’ 
pieces and 1- 2’x4’ piece, OR 4- 2’x4’ pieces as shown below. Thickness can ½” to ¾” and can be OSB.

As a starting point, one layout option is to section the Carnival plywood into 12”x12” squares. 
Then each student, or student group, would work on a 12”x12” piece of cardboard to build their 
ride. This is just one option, so feel free to adjust with your class. 

We’ve experimented with creating a variety of carnival rides for your students to try.  For some 
rides additional parts were needed, which we’ve provided. Some rides include gears. We’ve shown 
one way to mount gears on the motor, and also on the ride, to slow the rotations down. Depending 
on the age group, you might want to encourage more gear building explorations. 

While we include instructions for building a variety of rides, there remain various challenges 
to design and build appropriately-sized solar arrays (combinations of solar cells) to power 
each ride. We’ve provided some solutions for each ride in the Teacher Tips, so you can share 
or encourage students as they explore a strategy. There is always more than one way to build 
something, and this is a spirit we encourage within this project. 

Encourage your students to name their carnival ride, and even the carnival as a whole. Empower 
their creative artistic side to add color, reflection, etc. to each creation. 

As an extension, for example, if a student is finished earlier than others, they can work on making 
model people to place within the carnival. 

Feel free to change the parameters of the carnival as you introduce the idea to your students. The 
common denominator is that all features are powered by sunshine.  

If access to the internet is available, you may encourage your students to research other ideas for 
building a solar carnival ride. Also encourage research historical stories about carnival or carnival 
rides that can inspire students to include this information in their designs. 

Some examples: 
Human Cannonball:
http://io9.gizmodo.com/a-glimpse-inside-the-secretive-world-of-human-cannonbal-1692521305
http://www.thehumanmarvels.com/zazel-the-human-cannonball/
Ferris Wheel
https://en.wikipedia.org/wiki/Ferris_wheel

Pictures and weblinks of these and other rides are included with the project guides.

Have FUN!!!

A digital version of this guide is available to download at solarschoolhouse.org/carnival
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Use one or more DC motors with blue fans and solar 
cells to create the world famous Egg Beater! 

Design and build a structure to hold the motor/fan 
sets in a variety of directions.

Designers will need to figure out 
where to place the solar cells so that 
the Egg Beater works optimally. 

Instructions
1. Connect a solar cell, a DC motor and a blue fan 
from the Solar Cell Classroom Set.

2. Place in sunlight and test the circuit. 

3. Repeat with several more solar cell & motor/fan combinations. 

4. Using cardboard, or a small cardboard box, attach 
the motors and fans to the box in a variety of directions, 
making sure they don’t bump into each other. 

NOTE: A nickel can be used as a template 
for cutting holes for the motor. 

Just put the nickel on the cardboard where 
you want to mount a motor, and trace 
around it.

5. Design a part of your motor and fan structure as a 
place to attach the solar cell(s). 

You can also create a separate structure for the solar 
cells.

Try to hide the wires inside the box or under the 
cardboard. 

6. Decorate the Egg Beater, and place it in the sunshine. 

So
lar

Schoolhouse Solar Egg Beater

R Materials List
n Motor(s) with wires
n Blue Fan(s) 
n 0.5 volt Solar Cell(s)
n Tape
n Glue
n Glue gun (optional)
n Scissors 
n Nickel coin for motor template
n Snap or xacto knife (optional)
n Cardboard to create a structure to 
mount the solar cell(s) and house the 
motor/fans
n Art & craft supplies

A digital version of this guide is available to download at solarschoolhouse.org/carnival
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Make your own whirling disc ride with a CD, a DC motor and one 
or more 0.5v solar cells. The image on the right shows just one way 
to make the basic structure. Experiment with designing your own 
Whirlygig, and feel free to make people to ride on the disc.  

Instructions
1. The first step is to attach the CD to the plastic wheel. There are two 
ways to do this:
If you have a hot glue gun, you can glue the wheel to the disc. First 
align the plastic wheel with the center of a CD. 

It helps to hold them both up to the light and center the cross-shaped 
shadow on the back of the wheel with the hole in the center of the 
Glue the wheel to the duller side of the CD as shown below.

You can also tape the wheel to the 
CD. Use many strips of tape to 
crisscross the wheel as shown on the right. Make 
sure you don’t tape over the hole in the wheel. 

2. Design a way to attach the motor to a 
small cardboard box or other cardboard 
structure of your own design. 

You can cut a hole for the motor, and tape it in place, or you can tape the motor to 
the outside of the structure. Try to make the motor as stable as possible.

NOTE: A nickel can be used as a template for cutting a hole for the motor. Just put the nickel on the cardboard 
where you want to mount a motor, and trace around it. The cut out the hole.

3. Carefully push the CD and plastic wheel onto the metal post on the motor. 

4. Design a place to attach the solar cell(s), and a method for connecting them to the motor. Tape the solar cell(s) 
in place, and connect the wires to the motor. 

Try to hide the wires inside the box or under the cardboard. 

5. Create seats &/or 
people to ride on the 
Whirlygig, and glue or 
tape them in place. Paper 
and pipe cleaners can 
work as people.

6. Decorate the Whirlygig 
Ride with art supplies like 
paint, fancy paper, ribbon, 
foil, or glitter.

Titt-A-Whirl Picture:
http://www.flickr.com/photos/daryl_mitchell/2778489482/ Tilt-A-Whirl

So
lar

Schoolhouse Solar Whirlygig Ride

R Materials List
n Cardboard &/or cardboard box 
n Motor with wires 
n 0.5 volt Solar Cell(s)
n CD (Compact Disc) 
n Plastic wheel
n Glue &/or tape
n Glue gun (optional)
n Scissors &/or craft knife
n Pipe cleaners
n Art & craft supplies

A digital version of this guide is available to download at solarschoolhouse.org/carnival
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Make your own model swinging ride, and power it with the 
hobby motor and a one or more 0.5 volt solar cells. The model 
shown on the right is just an example. Use your imagination to 
create your own design!  

Overview
The swinging chairs hang from a cardboard circle that’s attached to 
a yellow plastic wheel. The wheel is attached to a hobby motor that’s 
fitted into a cardboard tube. The tube is attached to a cardboard base.

Making the Swing Ride 
1. Follow the Tube Making Guide 
(page 28) to build a cardboard tube 
around a hobby motor.

2. Cut three cardboard fins, and tape or glue 
them to both the tube and the cardboard 
base. You can also use brass brads to attach the fins as shown on the left.

4. Use the Circle Cutting Guide (page 27) to cut a circular cardboard top. Attach the cardboard top to the yellow 
wheel. There are a couple of ways to do this:

Method A. A strong joint can be made by drilling holes in the yellow wheel at each of the four 
ribs as shown in the image on the left.

Next put the wheel on the center of the cardboard base, and poke a kabob stick through the 
holes in the wheel. 

Then use brass brads to attach the wheel to the base as shown 
in Method A below.

Method B. If you don’t have a 
drill, you can glue or tape the 
yellow wheel to the cardboard 
instead. See Method B below left. 

5. Build the chairs and attach 
them to the wheel with string. 

NOTE: A coin or washer taped to 
the bottom of each seat will help 
the seat stay upright.

6. Slide the yellow wheel onto 
the motor shaft, then connect 
the solar cell, and test the 
model in the sun.

7. The final challenge is to 
regulate the speed of the wheel.

 How can you slow down the 
hobby motor?

R Materials List
n 12” x 12” Cardboard Base
n Cereal Box (for cardboard)
n Corrugated cardboard
n Hobby motor
n 0.5 volt Solar Cell(s)
n Drill & drill bits (optional)
n Glue &/or tape
n Craft knife
n Plastic wheel
n String or twine
n Pencil 
n Ruler
n Kabob stick
n Brass brads
n Sandpaper
n Art & craft supplies
n Circle Cutting Guide (see pg. 27)
n Tube Making Guide (see pg. 28)

So
lar

Schoolhouse Solar Swing Ride

Method A

Method A

A digital version of this guide is available to download at solarschoolhouse.org/carnival
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Pumping water with solar electricity helps show the dynamic 
way in which solar cells interact with sunshine.

 Shading cells or turning them away from the 
sun results in an immediate reaction in the 
flowing water. 

The Solar Power Boat Ride uses a small DC 
(direct current) pump designed for use with 
solar cells (a DC voltage source). 

You can choose to pump water horizontally to 
create a current in a tub of water. 

You could pump the water up instead, and then drop it 
into a trough or channel that drains back into the tub.

The pump is a submersible pump, meaning it needs 
to be under water. 

Water is sucked in through one opening, then 
pushed out the other opening. Solar powered 
electricity is delivered through the 2 wires. 

NOTE: Wire connections should be made outside 
of the water basin. 

When making a model solar fountain or water slide, 
it’s best to have a minimum 4 -5” depth basin to hold 
the water. 

This reduces the chance of the basin being empty 
and the pump running dry. 

The pump can run dry for a little while, but it will 
fail if left too long running without water. 

In this project, you’ll need to experiment to find the 
right combination of 0.5v solar cells to power the 
Boat Ride. 

Instructions.
1. Explore and find a plastic basin to serve as a 
lake.  A round basin is ideal, but a rectangular one 
is fine too. 

R Materials List
n Plastic or waterproof tray, 4-5” deep
n Plastic bowl for island (eg. yogurt container)
n Rocks, sand etc. to anchor the island 
n Small DC water pump
n 0.5 volt Solar Cell(s)
n Glue &/or tape
n Glue gun (optional)
n Scissors &/or craft knife
n Tubing for pump: 1/4” ID x ⅜3/8” OD, 
clear and flexible
n Cardboard to mount the solar cell(s)
n Bendable plastic straw (optional)
n Materials (like wood chips that float, or 
folded paper) to make small boats and people.
n Art & craft supplies

So
lar

Schoolhouse Solar Boat Ride - page one

A digital version of this guide is available to download at solarschoolhouse.org/carnival
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Examples for the basin might include: a plastic 
milk jug cut in half, a rectangular organizer box, 
or plastic storage containers. 

2. Explore and find a smaller plastic container 
to serve as the island that goes in the middle of 
the lake.  

Examples might be a yogurt container, or a plastic 
water bottle.

The island must be big enough to mount the solar 
cells onto. 

3. Experiment with one more solar cells to see how 
strong you’d like to the flow of water to be.  

4. Connect the tubing to the pump, and place it 
underwater in the lake. 

NOTE: The wires should be connected to the solar cells outside of the water. 

5. Add rocks or weight inside the island so it doesn’t float.  

6. Design a structure from sticks and cardboard that the solar cells will mount onto. 

The structure can be mounted in the island or on the outside edge of the lake. 

7. Design a switch (shade) that will turn the solar cell(s) on and off. 

8. Put it all together, then use your creativity to design and build some boats for the ride. Use wood 
scraps, folded paper, or other material for the boats or rafts. An online search for “origami boat” yields 
useful designs.

9. Consider adding model people. 

10. Give your ride a name. Have Fun!

Solar Catamaran picture on previous page:

http://www.solarnavigator.net/solar_sailor.htm

So
lar

Schoolhouse Solar Boat Ride - page two
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Make your own model rocket ride, and power it with the hobby motor 
and 0.5 volt solar cells. The model shown on the right uses the rocket 
template on the next page, but feel free to create your own design!  
Overview
A tube made from cereal box cardboard is rolled around a hobby motor. 
On top is a cardboard circle with two solar cell that are wired to the 
motor through the tube. 
The motor shaft fits into a yellow plastic wheel that’s attached to a 
cardboard base. The model rockets are made from paper, and attached 
to the tube with kabob sticks. 
Making the Ride Structure 
1. Follow the Tube Making Guide (page 28) to make a cardboard tube around a hobby motor. Cut a notch in one 
end for the motor wires.

2. Attach a yellow wheel to the cardboard base. It’s easiest to tape the 
yellow wheel to the cardboard as shown below, but the tape may rip 
off if you’re not careful. 
3. A stronger method is to drill holes in the yellow wheel by each of 
the four ribs as shown on the right.

Center the wheel on the cardboard base. Poke a kabob stick through the wheel holes. 
Then use brass brads or pipe cleaners to attach the wheel to the base as shown on the right.
4. Use the Circle Cutting Guide (page 27) to cut a circular cardboard top. Cut a hole 
in the center of the top big enough to pull the wires through. 

5. Cut three cardboard fins, and 
tape or glue them to both the 
tube and the cardboard top as 
shown in Method A on the left. 

6. Another method for attaching 
the top is to fold the top ends of 
the cardboard fins. 

Then use brass brads to attach 
them as shown in Method B on 
the left. 

7. Pull the motor wires through 
the hole in the top.

8. Use a loop of tape to attach 
the solar cells to the top. 

9. Use your knowledge of 
solar cell wiring to connect the 
cells to the motor.

10. Go to the next page to 
make the rocket ships.

R Materials List
n 12” x 12” Cardboard Base
n Cereal Box (for cardboard)
n Corrugated cardboard 
n Hobby motor
n Two 0.5 volt Solar Cells
n Drill & drill bits (optional)
n Glue &/or tape
n Scissors
n Plastic wheel
n Thin ribbon
n Pencil 
n Ruler
n Push Pin
n Kabob sticks (4)
n Brass brads
n Art & craft supplies
n Circle Cutting Guide (see pg. 27)
n Tube Making Guide (see pg. 28)

So
lar

Schoolhouse Solar Rocket Ride

Method A

Method B

 - page one

A digital version of this guide is available to download at solarschoolhouse.org/carnival



Solar Carnival v.20170705www.solarschoolhouse.org 12

Making the Rockets
NOTE: If you want to color the rockets, it’s easier to do that before assembling them.
1. Cut out the tail template on the solid outer lines. Fold on the dotted lines. Tape the bottom. 
Cut notches on the inner lines.  
2. Cut out the body template on the solid outer lines. Poke through the hole marks with a push pin 
or a sharp pencil. Then do the following steps:

3. Poke holes near the top of  the tube, and slide kabob sticks though them. Slide the rockets onto the sticks.
4. Slide the motor shaft into the yellow wheel. Put the ride in the sun, and watch it spin!

Tail Template

Finished tail

D. Slide in the tail

A. Roll & tape the nose

B. Roll & tape the body

C. Tape the nose & cut slots.

Tail Template

Body Template

holes for kabob stick 

Body Template

holes for kabob stick 

So
lar

Schoolhouse Solar Rocket Ride - page two
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So
lar

Schoolhouse Solar Waterslide

Moving water with solar cells helps show the dynamic nature of how solar cells 
interact with sunshine.  Shading cells or turning them away from the sun, results 
in an immediate reaction in the flowing water. 
The Solar Powered Water Slide uses a small DC (direct current) pump designed 
for use with solar cells (also DC).  The idea is to pump water UP, then let it come 
back down in a “slide”.  The pump is a submersible pump, meaning it needs to 
be under water. Water is sucked in through one opening, then pushed out the 
other opening. Solar powered electricity is delivered through the 2 wires. Wire 
connections should be made outside of the water basin. 
When making a model solar fountain or water slide, it’s best to have minimum 
4 -5” depth basin to hold the water, to minimize the chance of the basin being 
empty and the pump running dry. The pump can run dry for a little while, but it 
will fail if left too long running out of water. 
In this project, you’ll need to experiment to find the right combination of 0.5v solar 
cells to power the Water Slide. 
Instructions
1. Cut out a rectangular window in the middle of the bottle using 
the snap or xacto knife. The bottom of the window should be at 
least 4” up from the bottom. Make the window big enough for the 
pump to fit through. 
2. Cut a small hole for the PUMP tubing at the top of the bottle 
3. Cut 2nd hole for the SLIDE tubing near the top of the bottle, just below the bottle angles from it’s opening 
to the vertical side of the bottle. 
4. Cut pump tubing. Length = height of the bottle + 5”   (example if the bottle is 12”, then the tubing length is 

= 12” + 5” = 17”).  This will allow the pump to sit on the bottom 
of the bottle and the tubing to reach up and out the top with extra 
length to reach the top of the funnel. 

R Materials List
n 12” x 12” Cardboard Base
n 1.5 to 2 Liter plastic water or soda bottle
n Small DC water pump
n Plastic funnel
n Tubing, clear, flexible. 1/4” ID x ⅜3/8” OD for pump
n Tubing, clear, flexible. 1/2” ID x 5/8” OD for ‘slide’
n 0.5v solar cells
n Snap or xacto knife
n Pipe cleaner or wire
n Clear packing tape
n (Optional) Rocks, wooden blocks to support bottle
n (Optional) Plastic straw with bendable section

hole for 
slide tubing

hole for 
pump tubing

hole for 
pump

 - page one
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5. Thread the pump tubing through the 
small hole at top of bottle. Then pull it 
out the window, and connect it to the 
pump (see the image on the left). 

6. Cut piece of slide tubing ~ 18”. This 
should be long enough to wrap around 
the bottle once or twice. 

7. Thread the slide tubing through the side 
hole, and pull it out the top. Connect to the 
funnel as shown in the image on the right. 

8. Wrap the slide tubing around the outside 
of the bottle and tuck the open end into the 
window at the middle of the bottle. 

9. Use clear packing tape to secure the 
tubing to the side of the bottle such that 
there is a downward slope allowing water 
to run down and back into the bottle. 

10. Add water to the inside of the bottle, 
though the window. Fill it up to just below 
the window edge. 

11. Attach the pump tubing to the funnel 
using a pipe cleaner or other wire. 

12. A plastic straw with bendable section 
can be inserted into the end of the tubing 
to redirect the water into the funnel (see the 
image on the left). 

13. Experiment with 1 or more solar cells to power 
the pump and raise the water to the top of the bottle. 

14. Using cardboard or other materials, organize the solar cells into a solar array that 
can be tilted toward the sun. 

Explore attaching them to the bottle in some way, or mounting them together nearby.

15. Consider adding some weight around the base of the bottle, to keep it from 
tipping over. Rocks, blocks of wood, or other heavier objects.  Or use Duct tape. 

16. Optional: design/build little ‘people’ that ride the slide. Then put a net inside the 
bottle to catch them as they come out the Slide tube. 

They might need to be roundish, so they don’t get stuck inside the tube. 
Experiment. 

17. Optional: Design your own Water Slide using the principles above, but 
perhaps with different objects to replace the funnel and water bottle.  

Have Fun!

So
lar

Schoolhouse

Slip tube 
through 
top and 
connect 
pump

connect 
funnel 
& thread 
tube out 
hole 

insert straw.
wire tube to funnel.

Solar Waterslide - page two
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Make your own model Ferris Wheel, and 
power it with the universal motor mount 
and one or more 0.5 volt solar cells.
 The model shown on the right is just 
an example. Use your imagination to 
create your own Ferris Wheel!  
Overview
This project guide shows how to make 
the drive mechanism and basic wheels. 
It’s up to you to build the rest. You can 
even make model people for the ride! 
Making the Hub 
1. Cut the solid lines on the template at the 
bottom of this page. 
2. Use a glue stick to glue the template on an 
unfolded cereal box. 
3. Poke through the holes with a sharp 
pencil or push-pin. 

6. Fold on the dotted lines to 
make a triangular box. 
7. Tape the seam. 
8. Tape the corner flaps 
down to finish the hub 
construction.

R Materials List
n Cardboard box (see pg. X)
n Cardboard & a cereal box 
n Universal Motor Block (pg. 5)
n 0.5 volt Solar Cell(s)
n Glue, Glue stick &/or tape
n Glue gun (optional)
n Scissors &/or craft knife
n Rubber bands
n Washers
n Push-Pin
n Kabob stick
n Toothpicks
n Art & craft supplies
n Circle Cutting Guide (pg. 27)
n Gear: 1 5/8” diameter, fits a

3mm (1/8”) axle/shaft

4. Cut out the cardboard around the 
solid lines of the template 

5. Draw over the dotted 
lines a few times to 

mark the cardboard 
underneath. This 

makes it easier 
to fold. 

Cut on solid lines.

Fold on dotted lines. 

Poke through holes 
with a sharp pencil.

hole for kabob stick 

hole for kabob stick 

So
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Schoolhouse Solar Ferris Wheel - page one
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Making the Wheels 
NOTE: The wheels shown below are plain. You can use your imagination to make your design look more 
like a real Ferris Wheel. Try cutting out areas or coloring sections to make spokes.
1. Use the Circle Cutting Guide (page 27) to cut out a circle template.
2. Glue the template on a piece of cardboard with glue stick. 
3. Cut out the cardboard wheel. Poke through the center hole with a push-pin or pencil. 
Optional: Draw or cut out sections of the wheel to make “spokes.” Decorate them as desired. 
4. Use the first wheel as a template to cut out the second wheel.
5. Decide how many seats you want to make, and divide 360 degrees by that number. This gives you the 
number of degrees on the template separating the seats. Label these degree lines on the template.
6. Make the seats out of paper or cardboard. Use toothpicks for the seat hangers.
Optional: Tape a coin on each seat to keep it upright as the wheel rotates.

7. Mark the positions of each seat by poking a hole through the labeled 
degree lines on the first wheel with the seat’s toothpick. 
8. Put the first wheel on top of the second 
wheel, and make sure they’re aligned. 
9. Poke through the seat marks with a 
toothpick to make holes through the 
second wheel.
10. Push a kabob stick through the 
center hole in the first wheel, then 
through both of the holes in the hub.
11. Tape the hub to the wheel as 
shown on the left. 
NOTE: See the end of this section 
for another way to make wheels 
and attach them to the hub. 

12. Attach the seats to the inside of the wheel by pushing their 
toothpicks into the holes made in Step 7.
13. Slide the second wheel on the kabob stick. Fit the seat’s 
toothpicks in the holes, and tape the wheel to the hub as before.

14. To attach the kabob stick to 
the wheel assembly, cut a small 
cardboard triangle. 
Tape it to the axle and wheel as 
shown in the image on the left.
You can also tape a folded piece of 
cardboard or short length of wire instead. 

A third way to attach the stick is to put a small amount of glue at the point where the stick meets the wheel. 
This makes a strong joint, but it’s harder to remove the wheel if you need to. 

So
lar

Schoolhouse Solar Ferris Wheel  - page two
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Making the Box Base 
1. Find a cardboard box with a length and width no larger than the ride 
base are specified for the Ferris Wheel ride. For this example we’re 
using a base of 12” x 12”.
2. Measure the radius of the wheels, and the combined width of the hub 
and both wheels.
3. Using the information in the illustration on the right, draw the area 
for the center cutout, and cut the opening in the box.

4. Cut a slot on the each side of the 
box for the axle. The slots should be 
~ 1/8” wide, and 1 inch deep. The 
space below the slots must be larger 
than the radius of the wheels.
If you make a mistake and cut the 
slots too deep, you can cut new slots 
and tape over the old ones.
The box should look similar to the 
one shown on the left.

Finishing the Ride 
1. Slide the kabob stick axle into the 
slots in the box. 
2. Slip a washer on the kabob stick on 
the outside of the box. 
3. Slide a rubber band onto the 
kabob stick outside the washer. 
4. Wrap the rubber band around 
the stick many times to hold the 
washer in place. 
5. Put the gear on the end of 
the stick as shown on the in the 
image on the left.

6. Put a washer and a rubber band on the other end of the stick 
on the outside of the box. 
Wrap the rubber band as before. 
9. Pull the axle assembly out of the box, it should look like the 
image  on the right.
10. Put the axle back in the slot, connect the motor to one or 
more solar cells, and line up the gears. You may need to add 
cardboard shims under the motor mount to match the gears.
11. Put the ride in the sun to test the system. 
12. The final challenge is to regulate the speed of the wheel. 
How can you slow down the motor?

So
lar

Schoolhouse Solar Ferris Wheel

Rubber band 
& washer

Rubber band 
& washer

Motor
Block

Rubber Band

Axle Slot

a = width of hub + wheels
b > a
c > radius of wheels
d < 12 inches (or as specified)

 - page three
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Optional: Making Wheels With Tabs 
The circle template has marks for three small tabs.
You can make wheels that use these tabs to attach to the hub. 
This will provide a stronger joint that the simple tape version 
shown before. 
1. Use the ircle Cutting Guide on Page 27 to cut out a circle 
template.
2. Glue the template onto a piece of cardboard with a glue stick. 
3. Use a craft knife to cut the three solid lines of each of the 
tabs as shown in the image on the right. 
NOTE: Be careful not to cut the dotted lines. These are fold lines. 
4. Cut out the cardboard wheel on the outer solid line of 
the template. 
5. Use this wheel as a template to cut the second wheel. Cut the tabs on the second wheel, and cut out the wheel.
6. Use the same method as before to poke the center holes and the seat holes,. Cut out other areas to make 
“spokes” for the wheels, and decorate them as desired. 

7. Fold open the tabs on the first wheel as shown above.
8. Push a kabob stick through the center hole in the first wheel, then through both 
of the holes in the hub.
9. Tape the hub to the wheel as shown on the right. You can wrap tape all the 
way around the end of the hub to hold all the tabs in place.
9. Complete the Ferris Wheel as shown previously.

So
lar

Schoolhouse Solar Ferris Wheel

Rubber Band

Washer

Cardboard
Hub
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Make your own model merry-go-round, and power it with the universal motor 
mount and a one or more 0.5 volt solar cells. The model shown on the right is 
just an example. Use your imagination to create your own design!  
Overview
The merry-go-round is attached to a yellow plastic wheel. The wheel and a gear 
are fitted to a kabob stick. The stick spins in a hole drilled in a block of wood. 
The universal motor block lines up with the gear to power the model.
Making the Merry-Go-Round 

1. Drill a 5/32”hole about 1/4” from the edge of the block of wood. 
2. Slide the gear on the pointy-end of a kabob stick until if fits tightly. 
3. Push the hole in the yellow wheel onto the pointy-end of a stick until it’s tight. 
4. Measure about 3” to 4” from the bottom of the gear, and mark the stick with a pencil.
5. Put the marked  line on the stick into the jaws of a pair of scissors, and rotate the 
scissors around the mark to score the wood.

6. Lay the stick on the block of wood. 
Align the mark with the edge of the block.
Push down on the end of the stick to break 
off the end as shown on the right. 

7. Put the stick in the hole in 
the block of wood. 
Mark the point where the 
stick meets the wood as 
shown on the left. 
Remove the stick and 
measure the distance from 
the mark to the end of the 
stick.
Write this number down as 
distance “a.”

8. Measure the distance from 
the top of the motor mount to 
the bottom of the motor gear 
as shown on the left.
Write this number down as 
distance “b.”

R Materials List
n 12” x 12” Cardboard Base
n 4” length of 2”x 4” wood
n Universal Motor Block (see pg. 5)
n 0.5 volt Solar Cell(s)
n Drill & 5/32”drill bit
n Cardboard
n Glue &/or tape
n Craft knife or scissors
n Plastic wheel
n Candle or candle wax 
n Kabob stick
n Brass brads
n Sandpaper
n Art & craft supplies
n Circle Cutting Guide (see pg. 27)
n Gear: 1 5/8” diameter, fits a

3mm (1/8”) axle/shaft

So
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Schoolhouse Solar Merry-Go-Round

mark scored with scissors

Push down to break off end

mark point where 
stick meets block
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9. Add distances a + b, and measure that distance from the bottom of 
the gear along the stick. Mark it with a pencil.

10. Put the marked  line on the stick into the jaws of a pair of 
scissors, and rotate the scissors around the mark to score the wood.

11. Lay the stick on the block of wood. 

Align the mark with the edge of the block. 

Push down on the end of the stick to break it off as shown on the left. 

12. Put the stick into 
the hole in the block of 
wood, and line up the 
motor mount as shown 
on the right. 

13. Sand the flat end of the stick smooth, then rub candle wax on the 
end to make it slip better. Remove the yellow wheel.

14. Use the Circle Cutting Guide (page 27) to cut a round cardboard base, and attach the base to the yellow wheel. 
There are different ways to do this:

It’s easiest to tape the yellow wheel to the cardboard, but the tape can 
rip off if you’re not careful. 

A stronger method is to drill holes in the yellow wheel by each of the 
four ribs as shown on the right.

Center the wheel on the cardboard base, and poke a kabob stick through the holes 
in the wheel. 

Then use brass brads to attach the wheel to the base as shown on the left.

15. Next build the actual merry-go-round on top of the base using more cardboard and 
craft supplies. 

16. Try to have the weight 
evenly distributed on the 
base so the merry-go-round 
doesn’t wobble.

17. When you’ve finished building the merry-go-round, 
carefully slide the kabob stick with the gear into the hole in 
the yellow wheel. Make sure it fits tightly.

18. Put the stick into the wood block.

Line up the motor block, and connect the solar cell(s).

19. The final challenge is to figure out how to regulate the 
speed of the wheel. 

How can you slow down the motor?

So
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Schoolhouse Solar Merry-Go-Round

Break over edge of block

scored with 
scissors
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Press the lever on the box switch to close the 
circuit and make the clown honk!  

Overview
The clown is fitted with a small DC buzzer 
connected to an array of solar cells through 
a simple switch. 

When the switch is on, the buzzer sounds 
and the clown honks.

The Challenge
Use your knowledge of solar cell 
wiring to design a solar array to 
power the buzzer. 

It’s labeled 3 volts, but can 
you power it with less?

1. Make a clown out of 
cardboard and art and 
craft supplies.

2. Glue or tape the clown 
to the cardboard base.

Note: It helps to make 
a cardboard support for 
the back of the clown.

3. Tape the buzzer to the back of the clown.

4. Wire a solar array through the Box Switch 
to the buzzer.

It’s up to you to figure out how many cells it 
will take. 

Experiment to see how few are needed.

Extra Challenge
See if you can add the LED light to the circuit.
HINT: The longer leg is the positive (+) connection.

So
lar

Schoolhouse Honk The Clown

R Materials List
n 12” x 12” Cardboard Base
n Box Switch (see page 24)
n 0.5 volt Solar Cells 
n 3 volt buzzer
n LED light 
n Cardboard
n Glue &/or tape
n Craft knife
n Pencil 
n Ruler
n Kabob stick
n Brass brads
n Pipe cleaners
n Art & craft supplies

A digital version of this guide is available to download at solarschoolhouse.org/carnival
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So
lar

Schoolhouse Human Cannonball

A small 5volt DC fan, normally used to cool a computer, is the engine that makes this ride fly. 

The human cannonball is a Carnival feature that originated in the 
late 1800s at PT Barnum Carnival. 

In this model, you’ll use a ping pong (with a smiley face 
perhaps?) to represent the human.   

A solar array, that you’ll 
design, will power the 
fan, shooting the ‘human’ 
cannonball up the tube. 

Design and construct a 
switch to turn the solar array 
on and off. 

In this project, you’ll need to 
experiment to find the right 
combination of 0.5v solar cells 
or 3v solar modules to power 
the Human Cannonball. 

Instructions
1. Cut off the bottom of the 
plastic water bottle using the 
snap knife or scissors. 

R Materials List
n 12” x 12” Cardboard Base
n 0.5v*400mA solar cell(s) or 
3v*1A solar module(s) 
n 5vdc cooling fan
n 0.5 Liter (~ 1 pint) disposable 
plastic water bottle
n 5vdc cooling fan
n Cardboard
n Tape
n Snap or xacto knife
n Pencil 
n Ruler
n Sheet of clear transparency 
material - used for overhead 
projectors
n Ping pong ball
n Scissors for tape & cardboard
n Glue or glue gun.
n Art & craft supplies

 - page one
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Instructions (continued)
2. Roll the clear sheet of transparency material 
into a tube. 
3. Adjust the diameter so that the ping pong ball can 
roll and up and down inside without getting stuck. 
4. Put tape on the seam to fix the diameter of the tube. 
5. Tape the clear tube to the small opening on the 
water bottle. 
6. Make a flap with paper and tape on the other end 
of the tube to keep the ping pong ball from falling 
out of the tube. 
7. Experiment with a batch of 0.5v solar cells 
or 3v solar modules, found in the Solar Cell 
Classroom Set, to design and build a solar array 
that will power the fan and rocket the human 
cannonball along the tube. 
CLUE: the nameplate voltage for the fan is 5v. 
Use your knowledge of series and parallel circuits to 
create an array that will provide ≥ 5v dc for the fan. 
8. Test by holding the solar powered fan on the 
bottom of the water bottle to see if the ping pong 
ball will move. 
Try one direction and then the other to see which 
side of the fan is pushing or pulling air.  
Given the right amount of solar power and the 
proper angle of the cannon, the ball should move 
to the end of the tube. 
9. Tape the fan to the opening on the bottle. 
10. Build a support leg using cardboard or other 
material to hold the cannon up at the angle where 
the ping pong ball moves best along the tube. 
11. Design and build a mounting system for the 
array near the cannon. 
12. Design a Switch to turn the solar array on and off.  Use your understanding of 
how SHADE on a portion of the solar string can turn off the electricity. 

Biblio - picture of Zazel human cannonball. 
http://entertainment.howstuffworks.com/arts/Carnival-arts/human-cannonball.htm
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Schoolhouse Human Cannonball
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Music livens up any situation, and a Solar Carnival is a lively place! 

As designer of the DJ station for the Solar Carnival, your first job is to create a solar array that will 
power the AM/FM radio found in the Solar Cell Classroom Set.

Next, create a Radio Station: a structure to house the radio that will broadcast music throughout the 
Solar Carnival. 

Instructions
1. Look for clues on the radio nameplate to determine how many VOLTS are needed to power the radio. 

Check the battery compartment to see how many batteries 
are used, what kind of batteries they are, and how they 
are connected.

2. Using your knowledge of solar circuit wiring principles, 
use the small 0.5v solar cells to create a solar array that will 
provide enough voltage to power the radio. 

3. Test it out in the sun. Make sure the radio is set to FM. 

4. Once you’ve got the radio working, design and build a 
structure to house it.

5, Then design and build a structure for the solar array. 

Use scrap cardboard to construct the structures, and use tape 
to attach the cells to the structure. 

5. Give your DJ station a name, and the let the good times roll!

HINT: If you have trouble designing the array, review the 
Tips for Building Solar Circuits.

So
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Schoolhouse Solar DJ

R Materials List
n Cardboard to create structures to 
mount the solar cell(s) and to house 
the radio
n 0.5 volt Solar Cell(s)
n Glue
n Glue gun (optional)
n Scissors &/or craft knife
n Tape
n Pencil 
n Push-Pin
n Art & craft supplies
n Test leads, if needed. (from SCS3)
n Radio from the Solar Cell Classroom 
Set. It should have a red wire in the 
battery compartment for ease in 
connecting to solar cells.

A digital version of this guide is available to download at solarschoolhouse.org/carnival
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Solar Carnival Component Guides
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This switch can turn off power for an entire series string of 0.5 volt 
solar cells. 

This switch works best for rides that are OFF most of the time, for 
example: Honk the Clown.”  

Overview

Cut out  the template to cut out cardboard or dark-colored card stock. 
Fold into a box, and attach the top with a straw, tape and a toothpick. A 
solar cell inside is shaded when the top is closed; the current stops, and the switch is off.

Making the Switch

1. Cut out the template on the next page. Glue the template 
onto cardboard with glue stick. Cut on the heavy solid lines. 

Note there are two pieces: the Top, and the Box. 

Be sure to cut the small notch, and the heavy lines in the right side of the box.

2. Score & fold along the dotted lines.

3. Put the solar cell in the box, and slip the wires through 
the notch. 

4. Tape along the inside corners of the folded box, and along 
the outside end.

5. Tape a piece of drinking straw on the top as labeled on the 
template.

6. Put the top on the box, and cut small holes where the 
straw meets the sides of the box. Push a toothpick through 
the holes.

7. Push down on the back of the top to open the lid and turn 
on the switch.

So
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Schoolhouse Box Switch - page one

R Materials List
n Cardboard n Drinking Straw
n 0.5 volt Solar Cell(s)
n Tape
n Glue stick
n Toothpick
n Glue gun (optional)
n Scissors &/or craft knife

A digital version of this guide is available to download at solarschoolhouse.org/carnival
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Schoolhouse Box Switch - page two

Box Switch Template

A digital version of this guide is available to download at solarschoolhouse.org/carnival
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So
lar

Schoolhouse Dimmer Switch

This type of switch can reduce the power delivered from 0.5 volt solar cells without totally turning off the current. 
An opaque flap covers a portion of the cell. The more of the cell that’s covered, the less power is provided.

It’s important that the shade covers only one end of the cell’s internal wiring. Do not cover one or more of the 
entire internal wires or the current will be completely cut off. (See figures 1 and 2 below).

The essence of this switch is a black piece of paper or 
plastic that’s used as a shade flap.

There are many ways to apply this principle. Here are 
two you can try.

Box Dimmer Switch

1. Make or find a box that fits the number of solar 
cells you want to shade. 

2. Cut a slot on one side of the box top to slide the 
flap through. (See the image on the right).

Flat Dimmer Switch

1. Another way to make this switch is to lay out the solar 
cells on a piece of cardboard.

2. Make a cardboard frame to hold the flap. The frame 
can be attached to the cardboard base with tape or 
brass brads. 

Be sure to leave room for the shade flap to slide under 
the frame.

These are just a couple of ways to make a dimmer switch 
for solar cells.

 Experiment to design your own switch!

Fig 1. Correct cell 
shading

Fig 2. Incorrect cell 
shading

A digital version of this guide is available to download at solarschoolhouse.org/carnival
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So
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Schoolhouse Circle Cutting Guide

What To Do 
There are many ways to draw a circle. You can put a jar or a can on a piece of cardboard, and draw around the outside of 
it. If you want a circle of a specific size, you can use a compass to draw it. If you don’t have those things, use the circle 
on this page as a template. Just cut it out, use glue stick to fix it on a piece of cardboard, and trace around it.
The inner or outer circles will work for a Ferris Wheel, a Merry-Go-Round, Rocketship Ride or Swing Rides. 

A digital version of this guide is available to download at solarschoolhouse.org/carnival
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Many Solar Carnival rides use cardboard tubes to hold the motors. The 
tube in an aluminum foil package works well for this, but you can also 
make your own tube with a cereal box and tape.  
Instructions
1. Unfold the cereal box. 

2. Cut a rectangle to wrap around a motor. The sides of the rectangle need 
to be square to align to the motor. 

The length of the rectangle varies according to the height of the ride. Lengths from 6” to 10” 
work for most rides. The width of the rectangle should be about 5” to wrap around the 
motor. The example below shows a tube made from a 7” x 5” rectangle.

NOTE: If you don’t have a way to draw a precise rectangle, you can use a 
compass as shown on the next page. 

3. On the printed side of the rectangle, draw 8 lines, spaced 1/8” apart, 
along both long sides of the cardboard (see the image on the right). 
Go over the lines a few times with a pencil or pen to score the cardboard. 

These scored lines make it easier to 
roll the cardboard around the motor.

4. Tape the motor to the non-printed side of the cardboard as shown on the left. 
Make sure the motor wires extend beyond the other end of the cardboard. 

5. If you have a second motor, put it at the other end 
of the cardboard, but don’t tape it. The second motor 
makes it easier to roll the tube, and will be removed.

6. Roll the cardboard around the motor(s) to make a tight-fitting tube as shown on the right. 

7. Remove the second motor. Tape around the ends and middle of the tube as shown below. 

NOTE: If you want to be 
able to remove the first motor 
without unrolling the tube, don’t 
tape it to the cardboard (Step #6). It 

should be tight enough to keep from spinning in the tube. To make a stop for the motor, poke holes in 
the tube with a push pin or pencil, then thread a pipe cleaner through the holes as shown on the right.

8. Decorate the tube 
with art & craft 
supplies as desired.

NOTE: Some rides 
may need to have the 
motor wires come out 
between the tube and 
an attached piece of 
cardboard. 
If so, be sure to cut a 
notch in the tube as 
shown on the left.

R Materials List
n Cereal Box
n Tape
n Scissors
n Pencil 
n Ruler
n Ball point pen
n Push Pin 
n Pipe cleaner
n Circle-cutting compass
n Art & craft supplies
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If you don’t have a way to draw a precise rectangle, you can use a 
compass as shown below. The example shows a 7” x 5” rectangle.

Instructions 
1. Draw a line about 10” long on the inside of an unfolded cereal box. 
2. Mark a 7” section of the line. Label the end points ‘a’ and ‘b’ See Fig. 1. 
3. Draw a half circle around point ‘a’ with the compass. See Fig. 2.

4. Label the points where the circle crosses the line as point ‘c’ and 
‘d.’ Open the compass slightly, and draw an arc with the end of the 
compass at point ‘c.’See Fig. 3.

4. Draw an arc with the end of the compass at point ‘d.’ See Fig. 4.

5. Draw a 5” vertical line from point ‘a’ through the crossed arcs. See Fig. 5.

6. Repeat steps 3-5 to draw a vertical line from point ‘b.’ See Fig. 6.

7. Connect the 5” lines to complete the rectangle. See Fig. 7.

Fig 4. Open the compass, draw an arc around d

So
lar

Schoolhouse

Fig 2. Draw an arc around point a Fig 3. Draw an arc around point c

Fig 5. Draw a 5” line from point a through 
the crossed arcs.

Fig 6. Repeat these steps to draw a vertical 
line from point b.

Fig 7. Connect the 5” lines to complete 
the rectangle.

Fig 1.

Tube Making Guide - page two
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This simple motor and gear mounting system can be used to power several Solar 
Carnival rides!  
Overview
The hobby motor is fitted into metal clamp. The clamp is screwed 
onto the side of a piece of  2” x 4” wood, and the gear-pulley is 
attached to the motor shaft. 

Making the Motor Block 
1. Cut a four inch long piece of 2” x 4” wood 
as shown on the left. 
It helps to use a miter box if you have one. 
2. The metal strap may be slightly too tight to 
fit around the motor. 
To fix this, slip the strap around the neck of a 
hammer as shown on the upper right. 
3. Put on safety glasses. 
4. Lay the hammer head flat on a piece of 
wood. Strike the hammer’s neck with a 
second hammer as shown on the right. 
5. Put the motor into the strap. 
6. Hold the strap and motor on the side of 
the 2” x 4” block, and drill a pilot hole for 
the screw as shown below.

7. Screw the woodscrew through the hole in the strap to attach the motor to the 
wooden block.
8. Slide the gear-pulley into the motor shaft. 

So
lar

Schoolhouse Universal Motor Block

R Materials List
n 2” x 4” wood (at least 4” long)
n Hobby motor
n Plastic gear-pulley
n Drill & drill bits 
n 3/4” One-Hole Strap
n Woodscrew 
n Screwdriver
n Saw
n Pencil 
n Safety glasses
n Ruler or tape measure
n Hammers (2)
n Miter box (optional)

A digital version of this guide is available to download at solarschoolhouse.org/carnival
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Building Solar Electric Circuits
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Schoolhouse Tips for Building Solar Circuits

You need a complete circuit for 
electricity to flow. Check wire 

connections if the circuit doesn’t work. 
Every load also needs both the right 

voltage and enough current. 

SAV = Series Adds Volts

Don’t Angle Away

PAA = Parallel Adds Amps

Make sure all the solar cells 
are facing the sun directly, 
especially in series wiring.

Pa can’t remember how to 
wire solar cells & modules. 
The acronym “SAV PAA” 
equals “Series Adds Volts” 
and “Parallel Adds Amps.”

SAV PAA!

To increase VOLTAGE (electrical 
pressure) connect red (+) to black 

(–). The voltage of the cells is 
added together. The total current 

(amperage) is the same as a single cell. 

To increase AMPERAGE (electrical 
current) connect red (+) to red (+) & 
black (–) to black (–). The amperage 

of the cells is added together. The 
voltage is the same as a single cell. 

Don’t Shade the Cells

Even a small amount of 
shade can reduce the electric 
current in a series circuit.

A direct, 90 degree angle 
between the sun and the cells 
delivers the greatest power.

Face the Sun

For most electronic devices, the positive 
and negative wires from the solar cells 

must match the wires to the device. Red 
wires are usually (+) & black wires are (-).

Polarity Matters
Circuit Requirements

All Silicon Solar Cells produce 
0.5 volts - no matter what size 

they are. Larger cells deliver more 
current (amps) than smaller cells.

Silicon Solar Cells

0.5 V

Check
Connections

Check
Connections

 - page one
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Step One: Analyze the Load
What are you trying to power? 
To power any LOAD (i.e. electrical device), you need to provide the right amount of both voltage and current. 
The first step is to figure how much of both the load you want to power needs.
The other thing to be aware of is POLARITY ( + & - connections). For some loads it matters how you connect 
the positive and negative wires from the solar array.

Motors
Many motors can run on a range of voltage. 
The motors in the Solar Cell Classroom Set can run on 0.5 volts up to a maximum of 5 volts. More than 5 volts can 
damage the motor. The amperage for these motors is not given. 

POLARITY DOESN’T MATTER for the solar cell set motors. They will just spin the other way if the RED (+) & 
BLACK (–) wires are switched. 

Electronics
Radios, music chips, LED lights and many other devices require a minimum voltage. 
If they don’t get this voltage they won ‘t run. 

POLARITY MATTERS for these loads. (See #3 on the next page).

Finding Out How Much Voltage a Load Needs
1. Look at the nameplate if the device has one. It will 
often list the required volts and amps.

2. If there’s no nameplate, check the battery compartment 
for battery-powered devices like radios. 

You can see how many batteries are used, what kind, 
and how they are connected.

For example, look at the open battery compartment on the 
back of the radio on the right.

There are usually symbols showing how the batteries are 
placed in the compartment. 

This radio uses three AA batteries. 

If you look closely at the battery connections, you’ll see 
they’re wired in series (+) to (-) and (+) to (-). 

Examine a AA battery, and you’ll see it provides 1.5 
volts. We know that series wiring adds volts.  

To find the required voltage for this radio, just add the 
voltage of all three batteries:

So
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Schoolhouse

1.5 V
1.5 V

+ 1.5 V

4.5 V

Tips for Building Solar Circuits - page two

Device Nameplate
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Step Two: Match the Solar Power Supply to the Load
Once you know how many volts and amps the device needs, use your knowledge of series and parallel wiring to 
connect solar cells in a solar array to power the load. 
To find out how many cells you’ll need, divide the total load voltage requirement by the voltage of each cell. For 
example: the radio on the last page would need nine 0.5 volt solar cells wired in series to get the 4.5 volts it needs:
4.5 V ⁄ 0.5 V = 9 of the 0.5 volt solar cells

Increasing Amps
If you provide the number of volts the load needs, but the device doesn’t work, check polarity (see #3 below).
If the device still doesn’t work, it may need more amps. Experiment with wiring series strings together to increase 
amperage while keeping the voltage the same.
Look at the solar array below. The three solar cells on top are connected in series. We call this a series string. Each 
cell provides 0.5 volts; the voltage is added, so the string provides 1.5 volts.
The three cells on the bottom are also connected in a 1.5 volt string. 
The ends of both series strings are connected in parallel:(+) to (+), and (-) to (-). This adds the amps of each string, 
but the voltage remains the same. This is a Series-Parallel Array.
If you connect the load to the ends of the array, you can increase the amperage in the circuit while keeping the 
voltage the same as one series string.

Step Three: Remember Polarity
If you’re powering electronics, like a radio, make sure that the last RED wire (+ ) from the solar cells is connected to the 
(+) terminal on the radio, and the last BLACK (–) solar cell wire is connected to the (–) terminal on the radio. 

So
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A SERIES-PARALLEL ARRAY: Two series strings connected in parallel

To (-) load connection

To (+) load connection
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So
lar

Schoolhouse Helpful Facts & Figures

AMPS: (or amperes) measure the number of electrical particles in an electric current.
LOAD: In an electric circuit, the things that use power, such as lights, motors, etc.
PARALLEL WIRING: All the (+) are connected together, all the (-) are connected together. 
The amps of all the cells are added together; the voltage stays the same as a single cell.
POWER FORMULA: Volts x Amps = Watts 
SERIES WIRING: Connected in a string: (+) to (–) between each cell or module. The voltage of all the cells is 
added together; the current stays the same as a single cell. 
SOLAR ARRAY: A group of solar cells or modules wired together to produce a specific amount of power. 
VOLTS (or voltage):  the force that pushes an electrical current through a wire. 

SOLAR CELL & BATTERY COMPARISON CHART

Feature SILICON SOLAR CELL BATTERY CELL

Voltage Determined by its chemistry 
Silicon Cells =~0.5V per cell

Determined of its chemistry
Fully charged batteries:
Alkaline batteries = 1.5V per cell
NiCad batteries = 1.2V per cell
NiMH batteries = 1.2V per cell
Li-ion batteries = 3.7V per cell

Amps
(Current)

Determined by of the AREA of the cell 
& the available sunlight. The larger 
a solar cell is, the more amps it can 
deliver in the same amount of light.

Determined by the SIZE of the 
battery. The larger the battery cell 
is the more amps it can deliver. 

A1 

A2  can deliver 
more current 

than A1 

A2 

A
A

 D

Both cells deliver the same 
voltage. The D cell can 
deliver more current than 
the AA cell. 

A1 

Both A1 and A2  
can deliver the 
same voltage

A2 

TROUBLESHOOTING

Issue Remedy

The circuit doesn’t work Be sure to clip to metal parts, not the wire insulation. Make sure the + and 
– clips on the solar cells don’t touch each other, creating a Short Circuit. 
The current will follow the path of least resistance back to the cell

Two solar cells wired in 
series produce no voltage

Instead of + to – series wiring, one cell may be wired from + to the + of 
the next solar cell. When a positive and negative voltage combine in this 
way, they cancel each other out, producing zero voltage.

Series wiring doesn’t 
power the radio

For radios & other electronics, polarity matters, meaning the (+) and (–) wires 
must match correctly. For radios make sure that the last RED wire (+) from the 
solar cells is connected to the (+) terminal on the radio, and the BLACK (-) solar 
cell wire is connected to the (–) terminal on the radio.  Connections between 
solar cells should still be (+) to (–) for series wiring to increase the voltage. 
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Solar Carnival Teachers Guide
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About the Project Guides
Most of the instructions focus on details for building the main motor and solar cell mechanisms. The goal 
is to leave room for student experimentation and creative exploration. 
When possible, provide a basic introduction to wiring solar cells, and let your students to figure out how 
to apply that knowledge to build a solar-powered ride. 

Introducing the Solar Carnival to Students
Start with solar electricity basics - SSH online videos
Show real-world solar application - like solar airplane. 

General Tips
1. Print individual pages from this guide for students to work from in building rides.
2. Push pins can be used to start holes in stiff cardboard. Then widen the hole as needed with a 
sharp pencil or kabob stick.
3. Wire Management: Encourage students to keep the wires tidy. Tuck and secure wires out of the way of 
moving parts. 
4. Shade part of a solar cell to reduce the speed of an attached motor. 
5. If students are struggling, have them go back and read the text.

If Students Finish Early
Have them try the following extra activities:
1. Make people for their ride. These can be made from cutout cereal box cardboard, pipe cleaners or 
other art & craft supplies.
2. Decorate the ride with paint, colored paper, or other art supplies. Sun Beads can also be attached to 
the rides for decoration.
3. Choose a name for the ride. Many full-size carnival rides have very creative names, such as the 
Hurricane, Kamikaze, etc.
4. Make a poster advertising the ride or the Solar Carnival.
5. Add flags or streamers to the ride.

Project Tips
Solar Whirlygig Ride
1. Use tape if possible to attach the motors to the cardboard box, to stabilize 
the motor. 
2. If students are not allowed to use Xacto or snap knives:
If a hole is needed in the cardboard, have the student(s) mark where the hole 
should be and ask you to help cut it. 

So
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Egg Beater
1. Use tape if possible to attach the motors to the cardboard box, and to 
stabilize the motor. 
2. If students are not allowed to use Xacto or snap knives:
If a hole is needed in the cardboard, have the student(s) mark where the hole 
should be and ask you to help cut it. 
3. This is the simplest of rides.  Ages 5+ can do this. 

Swing Ride
1. The motor needs very little power to turn this ride at a brisk clip. 
Using only one solar cell, or adding a dimmer switch to slow down the 
ride may be an appealing option for some students.
2. The ‘seats’ can be as minimal or as complex as students desire or 
time permits.
The example on the left uses pipe cleaners for simple swings and seats.

Solar Boat Ride
1. To pump water horizontally requires less power than 
pumping water UP 12”- 14.”  Three solar cells, wired in 
series, would provide good flow (horizontally). 
2. To pump water up 12 to 14” using the small DC pump, an 
array of 5 (good) or 6 (better) 0.5v solar cells, wired in series, 
provides a good result. 
3. Remember in series, all the cells need to see the same 
amount of sunlight to work properly. Shading just one will turn 
the pump off.
4. Model boats are completely up to you to guide students 

in creating. One option is to give them some paper, scissors, and tape with the simple instructions to 
“build a boat”, and let them create. Or they can find something else that floats. 

Solar Rocketship
1. The project guide shows four rockets, but the ride works fine 
with just two.
2. The rocket kabob stick can also be placed at an angle as shown 
in the example on the right.

3. Solar Rocket Ride wiring:
 Connect the cells in series 
to increase voltage and speed 
up the motor as shown in the 
image on the left. 
If you connect the cells in 
parallel, the ride will perform better in diffuse light.
Note: It helps to tape over the wiring to prevent short circuits.

So
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Water Slide 
1. To pump water up 12” to 14” using the small DC pump, an 
array of five (good) or six (better) 0.5v solar cells, wired in series, 
provides a good result. 
Remember in series, all the cells need to see the same amount of 
sunlight to work properly. 
Shading just one cell will turn the pump off. 
2. If concerned with students cutting with snap or xacto knife:
Have students mark where the holes and window should be, then you 
or a helper can make the cuts. 

Ferris Wheel
1. The motor needs very little power to turn this ride at a very 
brisk clip, which is not hat you want for a Ferris Wheel. 

Using only one solar cell, or adding a dimmer switch to 
slow down the ride is an effective strategy. See the example 
on the right.

2. The gears can bind and stop the ride if they are too close 
together. You can slide the motor mount sideways to adjust 
the gear tension.

Once a good gear alignment is found, tape the motor mount to 
the cardboard base to keep it in place.

Merry Go Round
1. The motor needs very little power to turn this ride at a very brisk 
clip, which is not hat you want for a Merry Go Round. 

Using only one solar cell, or adding a dimmer switch to slow down 
the ride is an effective strategy.

2. The gears can bind and stop the ride if they are too close 
together.  You can slide the motor mount sideways to adjust the 
gear tension.

Once a good gear alignment is found, tape the motor mount to 
the cardboard base to keep it in place.

Honk The Clown
1. Powering both the LED light and the buzzer requires a series string of six 0.5 v solar cells.

2. The box switch only needs to shade one cell in the series string to cut off the output of the entire string. 

So
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Human Cannonball
1. To get the ping pong ball to move a solar array producing 5-6 volts 
is needed. 
This can be done by any of the following methods with the Solar 
Cell Classroom Set:
•  Connect ten 12 0.5v solar cells in series
•  Connect two 3v solar modules in series. 
•  Connect one 3v solar module in series with five or six 0.5v 
solar cells.  
Since the cells are in series (a single chain or path), shading just one 
solar cell in the string can stop the solar electricity.  
2. If concerned with students cutting the plastic water bottle with a 
snap or xacto knife, have them mark where the bottom of the water 
bottle should be cut, then you or a helper can make the cuts. 

Solar DJ
1. The solar radio is designed for 3V power input. 

This is noted on the nameplate.

You can also discern this because there is room for two 1.5v 
AA batteries in the battery compartment. 

The batteries are wired in series to produce the 3V  needed 
for the radio.  

2. A small (red) wire is soldered to the positive (+) terminal 
in the radio battery compartment, for ease in connecting 
solar cells.  

The negative (-) terminal is a spring, and can easily be 
connected to the solar cell alligator clips. 

3. If students have trouble designing the array to meet the 
required voltage, have them review the Tips for Building 
Solar Circuits.

So
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