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Objective: 
Use online resources to determine how Earth’s 
climate is changing and what effects those changes 
might have on people around the world. 

Background: 
Is our planet getting warmer?  Even if it is, does it 
matter?  And how do we know that we’re the ones 
responsible for it?   It seems like everyone has an 
opinion about the idea of climate change, but what 
do we know for sure?  During this activity, we’ll be 
looking at many different sources of information 
to try and get at the scientific facts behind climate 
change.     

First, what exactly do we mean by “global climate?”  
Global of course means we’re talking about the entire 
planet Earth.  And climate is basically the average of 
all the weather that happens in a particular part of 
the world over the course of a year. 

Climate should not be confused with weather, which 
describes the current conditions in a single place.  
Weather can be different in two places just a short 
distance apart: it may be raining here even though 
it’s sunny just a mile away, for example.  

Since climate is concerned with the average weather 
over an entire year, these small differences at one 
moment in time don’t matter as much.  And since 
global climate is the average of climates from around 
the world, local observations don’t count as much 
either.  Just because it’s raining for us right here 
doesn’t mean the whole planet is getting more rain 
than usual, after all.   

Many people view the idea of global climate change 
as a recent development.  As early as 1896, though, 
there was an idea that carbon could have a key role 
to play in changing the Earth’s climate.  That was 
the year that a Swedish scientist named Svante 
Arrhenius calculated that doubling the amount of 
carbon dioxide in the atmosphere would increase 
global temperature by 5 to 6°C.  At the time, the 
amount of carbon dioxide humans were producing 
was very small (most people still got around on 
horses) so Arrhenius thought that it would take 
thousands of years.  

Svante Arrhenius

Arrhenius would probably be surprised at just how 
much carbon dioxide we’ve put into the atmosphere 
in the century since he warned about the possibilities 
of global climate change because of carbon dioxide.  
But how do we know how the Earth’s atmosphere is 
changing?  And what’s causing it?  We’ll look at some 
scientific data to find out.  
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Carbon and Climate:
Carbon dioxide (CO2) is often called a “greenhouse gas,” meaning that it’s responsible for warming the Earth’s 
climate.  But how do we know that? Read this article to find out what makes CO2 a greenhouse gas and then 
answer the questions below.

1. According to the article, what don’t climate scientists agree on when it comes to global climate change?

2. In your own words (and with a drawing if you want), describe how the greenhouse effect works.

3. Explain in your own words the evidence presented in the article that presents CO2 as being the biggest
source of warming among all of the greenhouse gases.

4. Do you think the author presents a good argument for CO2 being responsible for increased global
temperatures?  Explain your reasoning.

http://www.skepticalscience.com/empirical-evidence-for-co2-enhanced-greenhouse-effect.htm
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Carbon Over Time:
How much carbon dioxide was in Earth’s atmosphere in the past?  And how do we know?  Scientists have found 
many ways to determine what the Earth’s atmosphere was like in the past.  

1. On this page, click through each of the graphs that are displayed.  According to the graphs, what is the
highest concentration of ppm of CO2 in our atmosphere over the last 400,000 years and when did that
occur?

2. If you look at the longest timescale and ignore the most modern data (the red and bright blue dots), what
would the highest concentration of CO2 over the last 400,000 years be?

Effects of Global Climate Change:
1. If CO2 is increasing in the atmosphere, what changes we would expect to see in global temperatures and

the overall climate?

2. How do you think these changes in temperature and climate would impact humans?

3. Many changes in the world have been blamed on changes in the climate.  Use internet searches to
estimate what the chances are that the following occurrences are caused by climate change and indicate
your results in the table:

Not At All Possible Likely Almost 
Certainly

Rising Sea Levels
Colony Collapse Disorder
Extreme Storms and Hurricanes
Increased Earthquakes
Increased Animal and Plant Extinctions
Expansion of Deserts

http://chemistry.beloit.edu/Warming/moviepages/CO2long.html
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4. Among the issues in the previous question that you found were “Likely” or “Almost Certainly” caused by
global climate change, which do you think has the greatest effect on human life?  Why?

5. If the issue that you chose in the previous question were to get worse, how would people in your region
and the whole country be affected?  What would need to be done to adapt?

Action:
Discuss with your group and write your answers to these questions below.  

1. Do you think people are doing enough to combat global climate change?  Why or why not?

2. If you could encourage people to do one thing to combat global climate change, what would it be?

3. What would travel and transportation look like in a world where non-polluting sources of fuel were used?
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Goals
 ᄏ Understand how energy can change
 ᄏ Observe the transformation of energy
 ᄏ Compare the efficiencies of processes

Background
We can’t create or destroy energy, only transform it 
from one form to another.  But why do we talk about 
energy being used up, wasted, or lost?  When energy 
transforms into a form that we can’t use effectively, 
it can be said to be wasted.  Our goal then is to 
minimize the amount of energy that is wasted in any 
energy transformation by trying to get as much of 
the energy as possible to convert into the form we 
want.  

Gasoline-powered cars face this problem every 
day.  The ideal energy transformation is from the 
chemical potential energy within the fuel to kinetic 
energy of motion, which causes the car to move.  
However, most internal combustion engines, which 
release the stored energy of the fuel by burning it, 
have terrible efficiency, averaging around 20%.  

Efficiency is just the ratio of the output (or useful) 
energy of a process to its input energy.  Efficiency is 

always a dimensionless number from 0 to 1.0, and 
is usually written as a percentage from 0% to 100%.  

Internal combustion engines, which run on gasoline, 
have an upper limit of around 40% efficiency.  So a 
majority of the energy transformation of an internal 
combustion engine does not go into its primary use: 
motion.  Instead, the potential energy of the gasoline 
is turned into sound, vibration, and a large amount 
of heat.  

Fuel cells, in comparison, regularly achieve 
60% efficiency in stacks, and have upper limits 
approaching 85%.   With no moving parts, there’s 
much less energy loss to heat and friction.  

How well does a miniature fuel cell approach the 
efficiencies of its larger cousins?  We will run a series 
of experiments to find out.  

Procedure
1. Insert the cylinders into the frame of the car. Fill them with about 40 mL of distilled water.

2. Uncap the tube on the O2 side of the fuel cell.

3. Fill the syringe with distilled water and fill the fuel cell using the syringe.

4. Replace the cap on the O2 tube.

5. Insert the fuel cell into the frame of the car in front of the cylinders. Attach the H2 and O2 sides of the fuel
cell to the H2 and O2 cylinders with the longer tubes, which will prevent the hydrogen and oxygen gases
from escaping.

6. Connect the battery pack to the fuel cell using the red and black plugs, then turn on the battery pack. You
should see the fuel cell start to generate hydrogen and oxygen gas.

7. Once you see bubbles start to escape the H2 cylinder, turn off and disconnect the battery pack.

8. Connect the red and black wires to the car chassis to start the car.

FCJJ-31 Multi Energy Car Science Kit
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Observations

Experimentation

1. You’ve produced hydrogen and oxygen from water.  Now, connect the fuel cell to the motor.  What happens?

2. What could you change about your car that might make the car run faster?  Design an experiment to try to
make the car run faster.  Describe it and record your results below.

3. What if you wanted to make your car run for a longer time?  How would you alter your car to achieve that?
Design an experiment you could run and describe it below.

FCJJ-31 Multi Energy Car Science Kit



Energy Conservation and Transformation

Copyright © All Rights Reserved to Horizon Fuel Cell Europe 

www.horizoneducational.com

MIDDLE & HIGH SCHOOLLab
Physics

STUDENT GUIDE

Measurement
For this section, you will need a multimeter or the Horizon Renewable Energy Monitor.  For an introduction to 
using a multimeter, click here.  

1. Measure the current in Amps and the voltage in Volts while generating hydrogen and oxygen.  Record your
answers below:

Current: _______________ A

Voltage: _____________ V

2. Voltage is equal to the current multiplied by the resistance (V = IR), so according to your data what is the
resistance of the fuel cell?

Resistance: ______________ Ω

3. Lift the front wheels to keep the car in one place and measure the current in Amps and the voltage in Volts
while the car is running.  Record your answers below:

Current: _______________ A

Voltage: _____________ V

4. P = I • V, where P is power, I is current, and V is voltage.  Calculate the power required to split water and the
power to run the car and record your answers below:

Power (generating): _______________ W

Power (running): _______________ W

5. How do you explain the results you just calculated in terms of the efficiency of the fuel cell?

FCJJ-31 Multi Energy Car Science Kit
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Analysis

1. Make a scientific claim about what you observed while running the fuel cell car.

2. What evidence do you have to back up your scientific claim?

3. What reasoning did you use to support your claim?

4. Use your observations to design an experiment you could run to try to increase the energy efficiency of the
fuel cell.  Describe your experiment below.
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Conclusions
1. Would it ever be possible to use 100% of the electric energy produced by the fuel cell to move the car?  Why

or why not?

2. Do you think your fuel cell achieved the levels of efficiency of the fuel cell stacks described in the Background
section?  Why or why not?

3. Why is it important for machines to have high efficiency?

4. Based on your results, do you think fuel cells are a good energy source for cars?

FCJJ-31 Multi Energy Car Science Kit



Electricity

Copyright © All Rights Reserved to Horizon Fuel Cell Europe 

www.horizoneducational.com

MIDDLE & HIGH SCHOOLLab
Physics

STUDENT GUIDE

Goals
 ᄏ Use a generator to make an electric current
 ᄏ Store electric charge in a capacitor
 ᄏ Power a car with the capacitor

Background
More than any other technological advance, 
electricity has shaped our modern world.  Nearly 
everything you do in an average day, from turning on 
a light in the morning, to driving to school or work, 
to listening to music or watching movies, would be 
impossible without electricity.    

Electricity is actually nothing more than the movement 
of electrons, the tiny subatomic particles that orbit 
the nucleus of every atom at almost the speed of 
light.  When large numbers of electrons move in one 
direction, we call that an electric current.  But if large 
numbers of electrons don’t move, but instead pile 
up in one place, we say that we’ve built up an electric 
charge.  

If you’ve ever felt your hairs stand on end from static 
electricity, you’ve felt an electric charge building up 
on your skin.  When you get an electric shock from 
touching metal or another person, that charge 
moves and turns into a short-lived electric current.  

Electricity can move in two ways.  It can proceed in 
a single direction around a circuit, or it can move 
back and forth many times a second, never moving 
any one electron far from its origin but transmitting 
electric energy over long distances.  

Alternating current(AC), the movement of electrons 
back and forth in a circuit, is very useful for generating 

and transporting electricity.  The current that comes 
out of a wall socket anywhere in the world is an 
alternating current.  But direct current (DC), where 
electricity travels in one direction, is used in nearly 
all of our electronic devices such as computers, 
phones, or tablets.

A capacitor is a perfect tool for exploring electricity 
because it is capable of storing electric charge, which 
it will then gradually release as electric current.  
Capacitors do this by stopping electric current from 
passing through them.  When a current is applied 
to a capacitor, through a generator or battery, the 
current is forced to build up in the capacitor instead 
of flowing through it, as the current would do with a 
lightbulb, motor, or other electrical device.

All that built-up current sits in the capacitor as electric 
charge, which can then be released as an electric 
current in the reverse direction if the capacitor is 
hooked up to an electric circuit.  

During this activity, we will use a hand-crank generator 
to build up electric charge on a supercapacitor (a 
capacitor with the ability to hold a large amount of 
electric charge) and we will use that charge to run an 
electric car.    

Procedure
1. Connect the capacitor to the hand-crank generator using the set of red and black wires.

2. Gently turn the hand-crank clockwise to generate current and charge the capacitor.  Charge the capacitor
for at least 60 seconds.
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3. Disconnect the hand-crank generator from the capacitor and connect the capacitor to the plugs on the
front of the frame.  Secure the capacitor in the middle of the frame.

4. Connect the wires from the motor to the red and black plugs nearest to them on the front of the frame and
the car will start moving.  Record your observations below.

Observations

Experimentation

1. How much time does the car run for each turn of the generator?  Count how many times you turn the
generator and then use a stopwatch to measure the amount of time the motor runs once you connect it to
the supercapacitor.  Record your results below:

Trial: Turns: Time (sec): Observations:

1

2

3

4

According to your data, how many seconds of running time do you get per turn of the generator?
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2. Will the capacitor keep its charge when disconnected, or does it lose charge over time?  After charging the
capacitor for an equal number of generator turns, disconnect it and wait before hooking it up to the motor.
Record what happens below:

Trial: Idle Time (sec): Motor Time (sec): Observations:

1

2

3

4

Measurement
For this section, you will need a multimeter or the Horizon Renewable Energy Monitor.  For an introduction to 
using a multimeter, click here.  

1. Raise the front wheels off the ground and record the highest current in amps and highest voltage in volts
produced while the capacitor is powering the motor.  Record your answers below:

Current: _______________ A

Voltage: _____________ V

2. Voltage is equal to the current in amps multiplied by the resistance in ohms (V = IR), so according to your
data what is the resistance of the motor in ohms?

Resistance: ______________ Ω

3. Capacitance (C) is measured in farads.  Look closely at your capacitor and you’ll find that it lists its capacitance.
Record it below:

Capacitance: ______________ F

FCJJ-31 Multi Energy Car Science Kit
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4. Since C = q/V where q is the charge and V is the voltage, how many coulombs of charge does your capacitor
hold?

Charge: _______________ C

5. One coulomb of charge is equal to approximately 6.242×1018 electrons.  How many electrons are stored
in your capacitor?

_________________ e-

Analysis

1. Make a scientific claim about what you observed while running your capacitor-powered car.

2. What evidence do you have to back up your scientific claim?

3. What reasoning did you use to support your claim?
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4. Design an experiment that could test the relationship between the size of the capacitor and the current it
produces when discharging.  Describe your experiment below:

Conclusions

1. Why did the car eventually stop moving?  Construct an explanation of what you observed using what you
know about electricity.

2. Could a capacitor be a useful source of electricity for an electric car?  Why or why not?

3. Based on your observations, does the capacitor lose its charge over time?

4. Based on your results, do you think fuel cells are a good energy source for cars?

FCJJ-31 Multi Energy Car Science Kit
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Goals

 ᄏ Assemble and run a salt water battery
 ᄏ Maximize the generated electric current
 ᄏ Make calculations based on data

Background
Electrochemistry is a branch of scientific study that 
has been around for hundreds of years.  Almost as 
soon as experiments with electricity were developed, 
it was recognized that there were chemical processes 
that could produce an electric current.  

Now we know that electrochemistry is involved in 
your own brain, and that the thoughts, feelings, and 
memories you have would not be possible without a 
near-constant movement of electrically charged ions 
in and around the cells of your brain.   

Electrochemistry is closely related to redox reactions.  
All electrochemical reactions involve two electrodes: 
an anode and a cathode.  The anode is defined as the 
electrode where oxidation occurs and the cathode is 
the electrode where the reduction takes place.  So 
the anode is negatively charged and the cathode is 
positive.  

In our battery, the anode is made of magnesium, 
while the cathode is actually the air around it, so the 
overall reaction is:

2Mg + O2 + H2O → Mg(OH)2

Between the two electrodes is an electrolytic solution 
of salt water.  Can we change the electrical output of 
the battery simply by changing the solution?  

During this activity, you will use different solutions of 
salt in water determine the effects on the battery’s 
electric current.  

Procedure

1. Get salt water solution from your teacher and put it in the graduated cylinder. Make sure to get at least
25mL. And be careful, it’s hot!

2. Using the syringe, transfer 15mL of the salt water solution into the bottom of your battery.

3. Snap the blue top of the battery onto the white bottom.

4. Attach one red wire to two red plugs on the left and right sides of the battery at the back.

5. Connect the wires from the motor to the red and black plugs nearest to them on the front of the frame.

6. Connect the loose wires from the battery to the other plugs on the front of the frame.

7. Use the stopwatch to time how long your car takes to complete the track. Repeat and record your results
in the table below.

8. When you’re finished with the salt water battery, rinse the top and bottom with distilled water.
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Observations

Data Table
Trial Time (sec): Observations:
1
2
3

Experimentation

1. Run your battery like you did in the Procedure section, but this time measure out different volumes of salt
water to see what happens to the motor. Record your observations below.

Volume (mL): Time (sec): Observations:
5
7
10
12
15
18

2. How can you maximize the amount of electric current generated by your battery?  Using the volume that
worked best in the previous experiment, work with your group to think of ways that you can make the
motor move faster by generating more electricity.  Change the characteristics you think might have an

effect and record your observations below:
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Trial: Time (sec) Observations:

1

2

3

4

5

6

7

8

Some examples of things students could try: different concentrations of salt water, different solution 

temperatures, different wires, different air temperatures, different air humidity. 

Measurement
For this section, you will need a multimeter or the Horizon Renewable Energy Monitor.  For an introduction to 
using a multimeter, click here.  

1. Raise the front wheels off the ground and measure the current in Amps and the voltage in Volts while
running the battery with different volumes of salt water.  Record your answers below:

Volume (mL): Current (A): Voltage (V):
5
7
10
12
15
18
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2. Voltage is equal to the current multiplied by the resistance (V = IR), so according to your data what is the
resistance of the fan motor?

Resistance: ______________ Ω

3. Construct an explanation of what you observed as you tested salt water solutions of different volumes.

Analysis

1. Make a scientific claim about what you observed while running your battery.

2. What evidence do you have to back up your scientific claim?

3. What reasoning did you use to support your claim?
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4. Design an experiment that would determine the effect of the size of the anode on the performance of the
battery.  Describe your experiment below:

Conclusions

1. Based on your observations, what is the relationship between the volume of the salt water solution and the
amount of electricity generated by the battery?

2. What other factors did you identify that affected the output of the battery?

3. Based on your experiments, what would be the best possible conditions for maximizing the electrical output
of the battery?
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Goals
 ᄏ Understand how energy can change
 ᄏ Observe the transformation of energy
 ᄏ Make calculations based on data

Background
Energy is what allows all objects in the universe 
to move.  The energy of atoms or molecules and 
the energy of stars or galaxies is all the same, just 
at different sizes.  Though we talk about energy 
being consumed, lost, or used up, it can never be 
destroyed.  It can also never be created.  The only 
thing that energy can do is transform from one kind 
to another.  

Using this fuel cell car, we can use the chemical 
potential energy of hydrogen to create electrical 
energy, which will be turned into kinetic energy to 
cause the car to move.  But there are other ways that 
energy is transformed, even in this small car, which 
mean that not all the energy in each transformation 
remains in a useable form.  

Thermal energy is an example of a type of energy 
that isn’t always useful.  Though we can use it for 
some applications, such as cooking food, the 
transformation of different kinds of energy into heat 
energy is usually a bad thing for most machines.  
In the case of a car, more heat energy means less 
kinetic energy, so a smaller percentage of the energy 
put into the car is used to actually run it.  

Fuel cells are much more energy efficient than the 
internal combustion gasoline engines that power 
most cars today, but they still have their sources of 
inefficiency.   

Procedure

1. Insert the cylinders into the frame of the car. Fill them with about 40 mL of distilled water.

2. Uncap the tube on the O2 side of the fuel cell.

3. Fill the syringe with distilled water and fill the fuel cell using the syringe.

4. Replace the cap on the O2 tube.

5. Insert the fuel cell into the frame of the car in front of the cylinders. Attach the H2 and O2 sides of the fuel
cell to the H2 and O2 cylinders with the longer tubes, which will prevent the hydrogen and oxygen gases
from escaping.

6. Connect the battery pack to the fuel cell using the red and black plugs, then turn on the battery pack. You
should see the fuel cell start to generate hydrogen and oxygen gas.

7. Once you see bubbles start to escape the H2 cylinder, turn off and disconnect the battery pack.

8. Connect the red and black wires to the car chassis to start the car.
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Observations

Experimentation

1. You’ve produced hydrogen and oxygen from water.  Now, connect the fuel cell to the motor.  What happens?

2. What could you change about your car that might make the car run faster?  Try it and observe what happens.

3. What if you wanted to make your car run for a longer time?  Would you change the same thing or something
different?  Try it and observe what happens.
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Measurement
For this section, you will need a multimeter or the Horizon Renewable Energy Monitor.  For an introduction to 
using a multimeter, click here.  

1. Measure the current in Amps and the voltage in Volts while generating hydrogen and oxygen.  Record your
answers below:

Current: _______________ A 

Voltage: _____________ V 

2. Voltage is equal to the current multiplied by the resistance (V = IR), so according to your data what is the
resistance of the fuel cell?

Resistance:______________ Ω

3. Lift the front wheels to keep the car in one place and measure the current in Amps and the voltage in Volts
while the car is running.  Record your answers below:

Current: _______________ A

Voltage: _____________ V

4. Why is there a difference between the current/voltage when producing hydrogen and the current/voltage
when the car is running?  Where has the energy gone?
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Analysis

1. Make a scientific claim about what you observed while running the fuel cell car.

2. What evidence do you have to back up your scientific claim?

3. What reasoning did you use to support your claim?

4. Use your observations to design an experiment you could run to try to increase the energy efficiency of the
fuel cell.  Describe your experiment below.
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Conclusions

1. What kinds of energy did you observe while running your experiments with the fuel cell car?

2. Describe the ways that energy changed from one form to another during this activity.

3. Describe three ways that energy was transformed that didn’t help your car move faster or farther.

4. Would it ever be possible to use 100% of the electric energy produced by the fuel cell to move the car?  Why
or why not?
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Goals
 ᄏ Use a solar panel to generate electricity from light
 ᄏ Run a motor with the electricity generated
 ᄏ Use the speed of the motor to measure light energy

Background
Light is a strange phenomenon.  You’ve probably 
been using two highly sensitive light detectors since 
the day you were born, and they’re helping you to 
read these words right now.  But what we see as 
light is just part of a diverse type of energy that exists 
all over the universe and has many uses here on our 
own planet as well.   

Light is just a small part of something known as the 
electromagnetic spectrum, a form of energy that 
travels through space as waves.  You can see only 
part of that spectrum with your eyes, which your 
brain interprets as colors.  Difference in wavelength 
(the distance between the peaks of the waves) result 
in different colors.  The colors you can see range 
from red at the long end of the spectrum to violet at 
the short end.  

But there are many more “colors” beyond those 
that you can’t see, although you may have heard of 
their names.  We call the colors with wavelengths 
too short to see “ultraviolet” and those with 
wavelengths too long to see “infrared.”  Other types 
of electromagnetic waves, like X-rays and gamma 
rays, have even shorter wavelengths than ultraviolet. 
Radio waves and microwaves have even longer 
wavelengths than infrared.  

Solar power is a way of generating electricity that 
uses the energy contained in these waves to create 
an electric current.  During this activity, you’ll use 
a solar panel to generate an electric current and 
describe how it works.  

Procedure

1. Look at the top of the car frame to see where you should attach the solar panel support. Make sure the
solar panel support fits securely onto the top of the frame.

2. Place the solar panel on top of the support.

3. Connect the wires from the motor to the red and black plugs nearest to them on the front of the frame.

4. Use the other red and black wires to connect the solar panel to the other plugs on the front of the frame.

5. Make sure the car is in direct sunlight, and it should start to run.

6. Use the stopwatch to time how long it takes your car to complete the track.
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Observations

Experimentation

1. You can use colored plastic gels, or different lightbulbs, to change the color of light hitting the solar panel.
Do certain colors work better than others?  Try using the solar panel to run the car while the panel is hit
with different wavelengths of light and record your observations below:

Light Color: Time to fill H2: Observations:

2. The solar panel is dark in color.  Does the color of its surroundings affect how well it collects light for
generating electricity?  Try using the panel to run the car while the panel is in front of different colored
backgrounds and record your observations below:

Light Color: Time to fill H2: Observations:
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3. Raise the front wheels off the ground and use a piece of paper or other method to shade parts of the panel
and observe the effects.  How much of the solar panel can you cover before the motor stops running?  Does it
matter which side of the solar panel is shaded?

Measurement
For this section, you will need a multimeter or the Horizon Renewable Energy Monitor.  For an introduction to 
using a multimeter, click here.  

1. Raise the front wheels off the ground.  Measure the current in Amps and the voltage in Volts while shading
the solar panel to find the minimum values for each that will still run the motor.  Record your answers
below:

Current: _______________ A

Voltage: _____________ V

2. Voltage is equal to the current multiplied by the resistance (V = IR), so according to your data what is the
resistance of the motor?

Resistance: ______________ Ω

3. Use different colors of light with your solar panel as before.  Measure the current in Amps and the voltage
in Volts while running the motor.  What color gave the highest values?  Record your answers below:

Color: ________________

Current: _______________ A

Voltage: _____________ V
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Analysis

1. Make a scientific claim about what you observed while running the solar car.

2. What evidence do you have to back up your scientific claim?

3. What reasoning did you use to support your claim?

4. Design an experiment that could test the relationship between the energy of light and its wavelength.
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Conclusions

1. Based on your observations, do you think a solar panel would be useful for generating electric energy from
any type of light?  Explain your reasoning.

2. What would you say is the most important factor in determining how much electric energy a solar panel
produces?

3. Based on your observations, what color of light emits the most energy?

4. Based on your observations, what color of background absorbs the most energy?
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Goals
 ᄏ Assemble multiple cars powered by renewable energy
 ᄏ Alter the cars to increase their range
 ᄏ Compare the pros and cons of different technologies

Background
One of the biggest challenges to building a car 
powered by renewable energy is the issue of range.  
People have always had to refuel their cars to keep 
them moving, but it’s something that no one wants 
to have to do every day or every couple of hours on 
a long trip, so cars need to have the ability to travel 
for hundreds of miles at a time.  

Also, no one wants to buy a car that takes forever 
to refuel.  Electric cars especially have suffered from 
this drawback: it takes more than half an hour to 
fully charge their batteries on a high-speed charging 
system, and many hours to do so on a regular 
household electric current.  

There are many different options for powering cars 
with renewable energy, but range will always be a 
factor in most people’s decision on whether or not 
to buy a particular car.  So whatever the fuel of the 
future might be, cars that run on it will have to be 
able to run for a long time.  

Here are some examples of technologies that could 
be used to power cars and how they work:

• Solar panels – Change light to electricity to power
an electric motor.

• Supercapacitors – Store electricity in a capacitor
to power an electric motor.

• Fuel cells – Use hydrogen, split from oxygen in
water, to generate an electric current and power
a motor.

• Batteries – Store electricity chemically and use it
to power an electric motor.

• Metal hydrides – Store hydrogen chemically and
use it in a fuel cell to power an electric motor.

You may notice that many of these technologies 
seem very similar.  At some point, they all have 
to turn a motor in order to get the car to move.  
However, the way in which they get the energy to do 
so is very different, and can result in a big difference 
in the amount of time that they can run.

During this activity, we will build cars powered by 
different technologies, modify them to try to increase 
their range, and determine which type of car can 
keep running for the longest time.   

Note: For each trial, have one member of your group stand at either end of the race track.  Release the car from one 
end and have the person at the other end pick up the car and turn it around once it reaches them.  Continue to do this 

until the car stops running and record your time and distance.  

Solar Car Procedure

1. You’ll need the car frame, red and black wires, the solar panel, and the solar panel support to assemble the
solar car.

2. Look at the top of the car frame to see where you should attach the solar panel support. Make sure the
solar panel support fits securely onto the top of the frame.
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3. Place the solar panel on top of the support.

4. Connect the wires from the motor to the red and black plugs nearest to them on the front of the frame.

5. Use the other red and black wires to connect the solar panel to the other plugs on the front of the frame.

6. Make sure the car is in direct sunlight, and it should start to run.

7. Use the stopwatch to time how long your car travels.  Calculate distance by counting laps and multiplying
by 5, then add on however many more meters your car traveled on its final lap. Repeat and record your
results in the table below.

Trial Time (sec): Laps: Distance (m): Observations:
1
2
3

Fuel Cell Procedure
1. You’ll need red and black wires, the fuel cell, battery pack, H2 and O2 cylinders, two lengths of tubing, and

a syringe to assemble the fuel cell.

2. Insert the cylinders into the frame of the car. Fill them with about 40 mL of distilled water.

3. Uncap the tube on the O2 side of the fuel cell.

4. Fill the syringe with distilled water and fill the fuel cell using the syringe.

5. Replace the cap on the O2 tube.

6. Insert the fuel cell into the frame of the car in front of the cylinders. Attach the H2 and O2 sides of the fuel
cell to the H2 and O2 cylinders with the longer tubes, which will prevent the hydrogen and oxygen gases
from escaping.

7. Connect the battery pack to the fuel cell using the red and black plugs, then turn on the battery pack. You
should see the fuel cell start to generate hydrogen and oxygen gas.

8. Once you see bubbles start to escape the H2 cylinder, turn off and disconnect the battery pack.

9. Connect the loose red and black wires to the fan or LEDs to start generating electricity.

10. Use the stopwatch to time how long your car travels.  Calculate distance by counting laps and multiplying
by 5, then add on however many more meters your car traveled on its final lap. Repeat and record your
results in the table below.
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Trial Time (sec): Observations:
1
2
3

Salt Water Battery Procedure
1. You’ll need red and black wires, the salt water battery (white bottom and blue top), syringe, and a graduated

cylinder to assemble the salt water battery.

2. Get salt water solution from your teacher and put it in the graduated cylinder. Make sure to get at least
25mL. And be careful, it’s hot!

3. Using the syringe, transfer 15mL of the salt water solution into the bottom of your battery.

4. Snap the blue top of the battery onto the white bottom.

5. Attach one red wire to two red plugs on the left and right sides of the battery at the back.

6. Connect the wires from the motor to the red and black plugs nearest to them on the front of the frame.

7. Connect the loose wires from the battery to the other plugs on the front of the frame.

8. Use the stopwatch to time how long your car travels.  Calculate distance by counting laps and multiplying
by 5, then add on however many more meters your car traveled on its final lap. Repeat and record your
results in the table below.

9. When you’re finished with the salt water battery, rinse the top and bottom with distilled water.

Trial Time (sec): Observations:
1
2
3

Supercapacitor Procedure

1. You’ll need red and black wires, the capacitor, and the hand-crank generator to use the supercapacitor.

2. Connect the capacitor to the hand-crank generator using the set of red and black wires.

3. Gently turn the hand-crank clockwise to generate current and charge the capacitor.  Charge the capacitor
for at least 60 seconds.

4. Disconnect the hand-crank generator from the capacitor and connect the capacitor to the plugs on the
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front of the frame.  Secure the capacitor in the middle of the frame.

5. Connect the wires from the motor to the red and black plugs nearest to them on the front of the frame.

6. Use the stopwatch to time how long your car travels.  Calculate distance by counting laps and multiplying
by 5, then add on however many more meters your car traveled on its final lap. Repeat and record your
results in the table below.

Trial Time (sec): Observations:
1
2
3
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Experimentation
1. Choose two or three technologies that traveled the farthest.  Discuss with your group ways you could

improve the car to make each of them go even farther.  Write down your best ideas here:

Light Color: Observations:

1.
2.
3.

1.
2.
3.

1.
2.
3.

2. Now build your car using each technology and try the ideas you thought of to see what happens to the car’s
speed.  Record what you changed, how you changed it, and the results below:

Technology: Changed What?: Changed How?: Time (sec): Distance (m):
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Analysis
1. Make a scientific claim about what you observed while racing your cars.

2. What evidence do you have to back up your scientific claim?

3. What reasoning did you use to support your claim?

4. Design an experiment that would test whether the surface the car runs on affects its range.  Describe your
experiment below:

. 
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Conclusions
1. What would be the biggest drawback to using the technology that ran for the longest time in a full-sized car?

What makes this problem the biggest drawback?

2. What is a possible way that you could overcome this drawback?

3. Do you think the technology that ran for the longest time would be the most practical solution for a
renewable energy source to power a full-sized car?  Why or why not?

4. Could a combination of these technologies perform with even better range?  Describe a possible combination
below that you think might work.
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Goals
 ᄏ Use a solar panel to generate electricity from light
 ᄏ Understand how semiconductors in the solar panel change light to electricity

Background
Metalloids are strange elements.  They exhibit 
characteristics of both metals and nonmetals, 
defying categorization in either category.  Silicon 
and germanium, the metalloids in Group 14, have 
become some of the most important elements to 
our modern world: they’re the most commonly used 
semiconductors.    

A semiconductor is a material that conducts electricity 
weakly due to high resistance.  However, unlike 
metals, their resistance decreases when heated.  
From the first experiments with semiconductors in 
the 1830s by Michael Faraday, it was obvious that 
they behaved differently.  They quickly became vital 
materials for radios and telephones.  Since the late 
20th century, they’ve enabled the mass production 
of computers and solar panels.  

In a solar panel, silicon semiconductors use the 
photovoltaic effect to convert sunlight to electricity.  
Photons of light strike valence electrons in the 
semiconductor, causing them to travel through the 
material and generating an electric current that can 
be collected and used as a power source for all kinds 
of applications, from satellites and spaceships to 
pocket calculators.  

During this activity, we will use the semiconductors in 
a solar panel to generate an electric current and use 
that current to power a small motor and determine 
how the semiconductors work.    

Procedure

1. Look at the top of the car frame to see where you should attach the solar panel support. Make sure the
solar panel support fits securely onto the top of the frame.

2. Place the solar panel on top of the support.

3. Connect the wires from the motor to the red and black plugs nearest to them on the front of the frame.

4. Use the other red and black wires to connect the solar panel to the other plugs on the front of the frame.

5. Make sure the car is in direct sunlight, and it should start to run.

6. Use the stopwatch to time how long it takes your car to complete the track.
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Observations

Experimentation

1. With the front wheels lifted, try tilting the solar panel so that it changes the angle of the light that hits it.  Can
you tilt it far enough that the motor stops running?  Does it matter which direction you tilt the panel?  Using
a protractor, measure the biggest angle at which you can still run the motor.

2. You can use colored plastic gels, or different lightbulbs, to change the color of light hitting the solar panel.
Do certain colors work better than others?  Try using the solar panel to run the motor while the panel is hit
with different wavelengths of light and record your observations below:

Light Color: Time to fill H2: Observations:
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3. Raise the front wheels off the ground and use a piece of paper or other method to shade parts of the panel.
Using a ruler, measure the farthest distance in from the edge of the solar panel that you can move the
covering before the motor stops running.

Side: Distance: Observations:

Measurement
For this section, you will need a multimeter or the Horizon Renewable Energy Monitor.  For an introduction to 
using a multimeter, click here.  

1. Raise the front wheels off the ground and measure the current in Amps and the voltage in Volts while tilting
the panel to get the highest values.  Record your measurements below:

Current: _______________ A

Voltage: _____________ V

2. Measure the current in Amps and the voltage in Volts while shading the solar panel.  What is the lowest
current and voltage that will still run the motor?

Current: _______________ A

Voltage: _____________ V

FCJJ-31 Multi Energy Car Science Kit



Semiconductors

Copyright © All Rights Reserved to Horizon Fuel Cell Europe 

www.horizoneducational.com

MIDDLE & HIGH SCHOOLLab
Chemistry

STUDENT GUIDE

3. Use different colors of light with your solar panel as before.  Measure the current in Amps and the voltage
in Volts while running the motor.  What color gave the highest values?  Record your answers below:

Color: ________________

Current: _______________ A

Voltage: _____________ V

Analysis

1. Make a scientific claim about silicon semiconductors based on what you observed while running the solar
car.

2. What evidence do you have to back up your scientific claim?

3. What reasoning did you use to support your claim?

4. Design an experiment that could test the effects of temperature extremes on the silicon in the solar cell.
Describe your experiment below:
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Conclusions
1. Based on your observations, do you think a solar panel would be useful for generating electric energy from

any type of light?  Explain your reasoning.

2. What would you say is the most important factor in determining how much electric energy a solar panel
produces?

3. Based on your observations, what color of light is absorbed most easily by the solar panel?
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Goals
 ᄏ Create solutions of different concentrations
 ᄏ Use solutions to run a salt water battery
 ᄏ Make calculations based on solution data

Background
Combining two substances doesn’t have to result in 
a chemical reaction.  It’s possible to mix substances 
and have them form a mixture instead of a 
compound.  Mixtures are classified based on how 
the substances interact when mixed together.  

Heterogeneous mixtures still have different parts 
visible (like if you shake up oil and vinegar salad 
dressing) while homogeneous mixtures appear to be 
the same throughout (like air, which is a mixture of 
nitrogen, oxygen, carbon dioxide, and trace gases).  

Solutions are a special type of homogeneous mixture 
where the particles of the substance being dissolved 
are so small that they can’t be separated from the 
mixture by straining or centrifuging.  Salt in water 
is a perfect example: once the salt has dissolved in 
the water, it can’t be removed unless the water is 
evaporated.  

Dissolved salt splits into sodium (Na+) and chloride 
(Cl-) ions.  The presence of these ions in the water 
makes it easier for an electric current to flow. This 
allows us to generate electricity by pumping electrons 
from the magnesium anode to the cathode (which is 
actually the air) through the wires, just like a battery. 
If you don’t remember what anodes and cathodes 
are, read more about electrodes in Introduction to 
Batteries.

The concentration of a solution can be expressed as 
a percentage ratio (mass of solute/volume of solvent) 
or as a molar ratio such as molarity (moles of solute/
volume of solvent) or molality (moles of solute/mass 
of solvent).

During this activity, you will use a solution of salt 
in water to run a battery and generate an electric 
current.      

Procedure

1. Get salt water solution from your teacher and put it in the graduated cylinder. Make sure to get at least
25mL. And be careful, it’s hot!

2. Using the syringe, transfer 15mL of the salt water solution into the bottom of your battery.

3. Snap the blue top of the battery onto the white bottom.

4. Attach one red wire to two red plugs on the left and right sides of the battery at the back.

5. Connect the wires from the motor to the red and black plugs nearest to them on the front of the frame.

6. Connect the loose wires from the battery to the other plugs on the front of the frame.

7. Use the stopwatch to time how long your car takes to complete the track. Repeat and record your results
in the table below.

8. When you’re finished with the salt water battery, rinse the top and bottom with distilled water.
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Observations

Data Table

Trial Time (sec): Observations:

1

2

3

Experimentation

1. Prepare solutions of salt water according to the following concentrations.  Record how much salt you used
in each concentration below:

Concentration: g NaCL: mL H2O:

4% 1 25mL
8% 2 25mL

12% 3 25mL
16% 4 25mL
20% 5 25mL
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2. Using the different concentrations of salt water solution, use the battery to power the motor as in the
Procedure section. Observe what happens each time and record your results below.  Be sure to rinse out
the salt water from the battery after each trial.

Concentration: Time (sec): Observations:

4%

8%

12%

16%

20%

3. Using salt water of different temperature, run the battery like you did in the Procedure section, using the
same concentration each time. Write your observations below.

Temperature (°C): Time (sec): Observations:

Measurement
For this section, you will need a multimeter or the Horizon Renewable Energy Monitor.  For an introduction to 
using a multimeter, click here.  

1. Raise the front wheels off the ground and measure the current in amps and the voltage in volts while
running the battery at different concentrations of salt.  Record your answers below:
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Concentration: Current (A): Voltage (V):

4%

8%

12%

16%

20%

2. Voltage is equal to the current multiplied by the resistance (V = IR), so according to your data what is the
resistance of the fan motor?

Resistance: ______________ Ω

3. Measure the current in Amps and the voltage in Volts while running the battery with different temperatures
of salt water.  Record your answers below:

Temperature (°C): Time (sec): Observations:

4. Construct an explanation of what you observed as you tested salt water solutions of different temperatures.
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Analysis

1. Make a scientific claim about what you observed while running your battery.

2. What evidence do you have to back up your scientific claim?

3. What reasoning did you use to support your claim?

4. Design an experiment that would determine the volume of salt water solution that would produce the most
electric current.  Describe your experiment below:
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Conclusions
1. Express the concentrations of salt water solution you measured as molar and molal solutions:

Concentration: Molarity (mol/L): Molality (mol/kg):

4%

8%

12%

16%

20%

2. Based on your observations, what is the relationship between the concentration of the salt water solution
and the amount of electricity generated by the battery?

3. Based on your observations, what is the relationship between the temperature of the salt water solution
and the amount of electricity generated by the battery?
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Goals
 ᄏ Assemble multiple cars powered by renewable energy
 ᄏ Alter the cars to increase their speed
 ᄏ Compare the pros and cons of different technologies

Background
What makes a car move?  Most cars today are 
powered by gasoline, but that wasn’t always the 
case.  Early cars were powered by kerosene, ethanol, 
electricity, even steam.  In fact, until the electric 
starter motor became common in 1920, steam cars 
outsold gasoline cars!  

Without a starter, gasoline cars had to be hand-
cranked to start, which occasionally caused backfires 
that suddenly swung the crank backwards, often 
resulting in a broken arm for the poor person 
operating it.  It’s easy to see why steam was more 
popular!

Steam engine in a 1924 Stanley Steamer

Today, there probably aren’t many people who’d 
favor a return to steam-powered cars.  However, 
there are many other power sources that are 
receiving attention as the world looks for alternatives 
to traditional gasoline power in the face of global 
climate change.

Different technologies have advantages and 
disadvantages.  Some of them (like the possibility of 
breaking your arm with a hand crank) can be solved 
with new inventions, while others (like the carbon 
dioxide in engine exhaust) are too closely tied to 
how the technology works to be eliminated.  

Here are some examples of technologies that 
could be used to power cars and how they work: 

• Solar panels – Change light to electricity to power
an electric motor.

• Supercapacitors – Store electricity in a capacitor
to power an electric motor.

• Fuel cells – Use hydrogen, split from oxygen in
water, to generate an electric current and power
a motor.

• Batteries – Store electricity chemically and use it
to power an electric motor.

• Metal hydrides – Store hydrogen chemically and
use it in a fuel cell to power an electric motor.

You may notice that many of these technologies 
seem very similar.  At some point, they all have to 
turn a motor in order to get the car to move.  But how 
they get the energy to do that is very different, and 
that will affect how the car performs when powered 
by each of them.  Whatever technology they run 
on, we want cars to do many different things: they 
should accelerate quickly, operate reliably, and be 
able to be refueled easily.  Today we will test just 
one aspect of the job that a car is supposed to do: 
provide energy quickly.  

During this activity, we will build cars powered by 
different technologies, modify them to try to increase 
their power output, and determine which type of car 
can complete a 5-meter drag race in the fastest time.   
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Solar Car Procedure
1. You’ll need the car frame, red and black wires, the solar panel, and the solar panel support to assemble the

solar car.

2. Look at the top of the car frame to see where you should attach the solar panel support. Make sure the
solar panel support fits securely onto the top of the frame.

3. Place the solar panel on top of the support.

4. Connect the wires from the motor to the red and black plugs nearest to them on the front of the frame.

5. Use the other red and black wires to connect the solar panel to the other plugs on the front of the frame.

6. Make sure the car is in direct sunlight, and it should start to run.

7. Use the stopwatch to time how long it takes for your car to go 5 meters. Repeat and record your results in
the table below.

Trial Time (sec): Laps: Distance (m): Observations:
1
2
3

Fuel Cell Procedure
1. You’ll need red and black wires, the fuel cell, battery pack, H2 and O2 cylinders, two lengths of tubing, and

a syringe to assemble the fuel cell.

2. Insert the cylinders into the frame of the car. Fill them with about 40 mL of distilled water.

3. Uncap the tube on the O2 side of the fuel cell.

4. Fill the syringe with distilled water and fill the fuel cell using the syringe.

5. Replace the cap on the O2 tube.

6. Insert the fuel cell into the frame of the car in front of the cylinders. Attach the H2 and O2 sides of the fuel
cell to the H2 and O2 cylinders with the longer tubes, which will prevent the hydrogen and oxygen gases
from escaping.

7. Connect the battery pack to the fuel cell using the red and black plugs, then turn on the battery pack. You
should see the fuel cell start to generate hydrogen and oxygen gas.

8. Once you see bubbles start to escape the H2 cylinder, turn off and disconnect the battery pack.

9. Connect the loose red and black wires to the fan or LEDs to start generating electricity.
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10. Use the stopwatch to time how long the fuel cell car takes to complete the race.  Record your results below.

Trial Time (sec): Observations:
1
2
3

Salt Water Battery Procedure
1. You’ll need red and black wires, the salt water battery (white bottom and blue top), syringe, and a graduated

cylinder to assemble the salt water battery.

2. Get salt water solution from your teacher and put it in the graduated cylinder. Make sure to get at least
25mL. And be careful, it’s hot!

3. Using the syringe, transfer 15mL of the salt water solution into the bottom of your battery.

4. Snap the blue top of the battery onto the white bottom.

5. Attach one red wire to two red plugs on the left and right sides of the battery at the back.

6. Connect the wires from the motor to the red and black plugs nearest to them on the front of the frame.

7. Connect the loose wires from the battery to the other plugs on the front of the frame.

8. Use a stopwatch to time how fast the battery can make the car complete the race.  Record your results
below.

9. When you’re finished with the salt water battery, rinse the top and bottom with distilled water.

Trial Time (sec): Observations:
1
2
3

Supercapacitor Procedure

1. You’ll need red and black wires, the capacitor, and the hand-crank generator to use the supercapacitor.

2. Connect the capacitor to the hand-crank generator using the set of red and black wires.

3. Gently turn the hand-crank clockwise to generate current and charge the capacitor.  Charge the capacitor
for at least 60 seconds.
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4. Disconnect the hand-crank generator from the capacitor and connect the capacitor to the plugs on the
front of the frame.  Secure the capacitor in the middle of the frame.

5. Connect the wires from the motor to the red and black plugs nearest to them on the front of the frame.

6. Use a stopwatch to time how fast the capacitor can make the car complete the race.  Record your results
below.

Trial Time (sec): Observations:
1
2
3

Metal Hydride Procedure

1. You’ll need red and black wires, the mini fuel cell, purge valve, silicon tubing, clamp, hydrostik, and the
pressure regulator to assemble the hydrostik generator.

2. Push the silicon tubing through the clamp until the clamp is about halfway along the tubing.

3. Attach one end of the tube to the pressure regulator by unscrewing the cap, threading the tubing through
the cap, pushing the tubing onto the regulator, and screwing the cap back on.

4. Screw in the pressure regulator to the top of the hydrostik.

5. Attach the other end of the tube to the nozzle of the mini fuel cell.

6. Place the fuel cell in the frame of the car with the nozzles facing forward.

7. Use the loose red and black wires to connect the red and black plugs on the fuel cell to the other red and
black plugs on the front of the frame.

8. Open the clamp and press the purge valve for two seconds on the fuel cell. This will allow hydrogen to enter
the fuel cell and cause the car to start running.

9. Use a stopwatch to time how fast the fuel cell can make the car complete the race.  Record your results
below.

10. When the hydrostik is empty, use the Hydrofill Pro to refill it.

Trial Time (sec): Observations:
1
2
3
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Experimentation
1. Choose two or three technologies that were the fastest to complete the track.  Discuss with your group

ways you could improve the car to make each of them go faster.  Write down your best ideas here:

Light Color: Observations:

1.
2.
3.

1.
2.
3.

1.
2.
3.

2. Now build your car using each technology and try the ideas you thought of to see what happens to the car’s
speed.  Record what you changed, how you changed it, and the results below:

Technology: Changed What?: Changed How?: Time (sec): Distance (m):
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Analysis
1. Make a scientific claim about what you observed while racing your cars.

2. What evidence do you have to back up your scientific claim?

3. What reasoning did you use to support your claim?

4. Design an experiment that would test how a particular technology you used today could be improved to
increase the amount of energy it produced.  Describe your experiment below:
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Conclusions
1. What would be the biggest drawback to using the technology that completed the race the fastest in a full-

sized car?  What makes this problem the biggest drawback?

2. What is a possible way that you could overcome this drawback?

3. Do you think the technology that ran the race the fastest would be the most practical solution for a renewable 
energy source to power a full-sized car?  Why or why not?
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How will you share what you’ve learned about transportation powered by renewable energy?  Choose from the 
following final products that you will prepare:

Video presentation:
Write, direct, and star in your own short documentary.  Take video while you perform experiments and record 
video testimonials of you and your lab group as you learn about renewable energy.  

Newspaper article:
Summarize your findings for the general public and explain renewable energy in a style that conveys the 
importance of further research and interest in global climate change.

Letter to mayor or city council:
Explain to your local leaders what you’ve discovered in your experiments and suggest actions that you feel your 
community should take to combat global climate change locally.  

Research paper:
Compile all of your experiments and data into a comprehensive research paper, fit for publication in an 
academic journal.  Compare your results to the findings of other scientists investigating similar questions 
around the world.  

PSA poster:
Create a visual artifact that will convince people that they should take some sort of action in their lives, based 
on your findings on renewable energy.

Scientific lecture:
Build a PowerPoint or other kind of visual presentation and write an accompanying speech to showcase your 
findings to the rest of the scientific community.  
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See the rubric for detailed information on what your product must include.  When you’ve chosen your product, 
fill in the information below:

I, ____________________________________________(student name) will complete a 

_____________________________(product) as my final project for this unit on renewable energy.  

I understand the due date for this project is no later than ______________________(deadline).  

Signed:________________________________________ Date:_____________________
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