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Dear Teacher
Thank you for incorporating OneCar into your classroom STEM activities. We trust that it will prove to be
the engaging and open-ended resource you require. We tried to keep it Simple, Flexible & Affordable.
Success to you!

STEM Education?
STEM is an acronym for Science, Technology, Engineering & Mathematics. 'Arts' is often
added to become STEAM. It is estimated that 75% of all jobs in the future will be in the STEM
ﬁelds. STEM Education is all about engaging students in these ﬁelds so they develop the
necessary skills and nurture a positive attitude towards STEM.

How is science and engineering the same and how does it differ?
Science is the systematic study of observed phenomena and explanation thereof building on
previous veriﬁed results. In engineering, this knowledge is applied and integrated to bring
about favorable outcomes for industry and society. Engineering usually involves a team effort
and has practical outcomes. Furthermore, progress is often supported by failure as a method
to improve knowledge and design. This process is often referred to as the Engineering Design
Cycle.

Why should we encourage students to tinker with technology?
Making and tinkering can motivate and inspire young people to excel in STEM subjects and
prepare them for careers in design, manufacturing and entrepreneurship. Many students
never get the opportunity to 'make', take apart or construct at home. Education has an
obligation to expose students to creative hands-on experiences while building their problem
solving and critical thinking skills. This allows students to move from being consumers of
content to producers.

OneCar Project Overview
OneCar is a comprehensive STEM program that allows students to explore mechanics, energy and motion
in exciting ways. Each OneCar has a car chassis, four wheels and supplies to allow students to create
different powered options. Students may use a solar panel, batteries, capacitor, kitchen chemicals,
compressed air and more to get the car moving.

Object of Project
The construction and development of a basic car that can be powered using various energy types and
mechanisms.
The emphasis is on an ‘open ended lab environment' where students have the opportunity to design,
develop and try new creative ways of propelling the car. The basic car simply provides a working, low
friction platform from where students can start their discovery. The instruction sheets should only be
viewed as guidelines to get students started on their STEM journey.
1 • OneCar, Teacher’s Notes
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Key Concepts / Learning Areas
Simple
Machines

Force &
Motion

Wheels, Levers,
Axles & Pulleys

Push & Pull: Newton's
Laws of Motion

Energy
Conversions & Storage

Electricity
Electrical Circuits

Renewable
Energy
Potential (elastic, chemical
& compressed air )
Kinetic (wind, solar)

Chemistry
Reactions, Limiting
Reactants

Visit www.onecar.science to view curriculum integration information, construction videos and
make copies of instruction sheets.

The Modules
We recommend the construction of the cars in this sequence:

www.onecar.science

1 Battery Car

2 Solar Car & 3 Capacitor Car

5 Chemical Car

6 Propeller Car
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4 Air Car

7 Elastic Car & 8 Mouse Trap Car
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OneCar Classroom Pack: Components

Before you start with a project . . .

Speed =

Reducing Friction
The chassis, axles and wheels provide a low
friction platform from which different propulsion
options can be explored. It is important that the
car experiences low frictional forces, the most
important ones found between the wheels and
ﬂoor and axles and chassis. Please check the
following:
•

Axle rubber tubes should not be mounted
too tightly against the chassis

•

Plastic bottles should not touch the wheels

•

Dry powdered graphite or a droplet of oil on
the axles will work wonders in the plastic
channels

•

Loose wires should be taped down in order
not to touch the wheels or the ﬂoor

•

Run OneCar on a smooth, hard ﬂoor. Carpeted
areas create lots of friction

•

Try to keep the car’s weight down. Increased
weight = more friction between axle and
chassis

Distance =
Trial

Time(s)

Distance
Time
m
Ave. Speed (m/s)

1.
2.
3.
Ave.

The 'Speed Gun' Method
Use a phone app that uses a mobile phone's
camera to record the speed of the car. We
recommend an app known as SpeedClock. There is
a few dollars cost involved but this app will be
worth every cent in your lab and you only need to
purchase one per lab. Its neat properties make it
easy to analyze the motion of fast objects and
small moving projectiles.
It is only available for iPhone and iPad. There is
more information on their website
www.appmaker.se/speedclock
This photo was taken with an iPhone using the
SpeedClock app:

TIP
Keep a pair of pliers
handy to extract the
axles from wheels if required

Measuring the average speed of
the car
The Classic Method
Students measure a set distance with a tape
measure and team helpers record the time lapse.
They record their data in a table and make at least
three observations to ﬁnd an average time over
the distance.
www.onecar.science

Recommendation
We recommend the use of both methods so
students can understand the basic principles that
underpin speed measurement, but also gain
experience in applying new technology. Each
measurement method has its own uncertainty /
accuracy issues and this should be discussed with
the students.
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BATTERY CAR

BASIC CONCEPTS
A. Electrical Circuits

Let's get the car moving!

Components included in pack
required per car
1 plastic chassis
board

1 battery
holder

From classroom /
shop
Scissors

2 Steel Axles

1 motor
clamp

Ruler & Pen

4 wheels

1 rubber
drive belt

Pliers: To remove
stuck axles

1 rubber tube

1 electric
motor

Small hammer

1 motor pulley
(small)

1 pair of
Velcro® dots

Tape

1 axle pulley
(large)

2 x AAA batteries

An electrical circuit always has a source of electricity
(battery, generator), something that uses the
electricity (motor, lamp, fan) and conductors to
carry the electricity (wires). The electrons will
only ﬂow if an energy source supplies electrical
pressure that can push the electrons along. Also,
the circuit (of conductors) has to be complete.
This means there should be no gap in between
conductors as electrons cannot jump or swim! We
usually leave a small opening, which can be
closed, in a circuit that stops the ﬂow of electrons.
We call this a switch. When the switch is “off or
open” (any of the two jumper wires disconnected), the circuit is incomplete.
Electricity cannot ﬂow
through the circuit;
therefore, the motor will
not run.
When the switch is ”on or closed”, electricity is
pushed from the power source (battery), to the
motor and back.
An electrical conductor is a material that easily
allows the ﬂow of electricity. The wires and the
metal connectors are all conductors of electricity.
Insulators resist the ﬂow of electric current.
Electrical tape, cardboard, rubber, plastic and
glue are examples of insulators.

B. Laws of Motion
Objects move in orderly ways, in ways we can
predict. The principles of motion were postulated
by Sir Isaac Newton and are known as Newton's
Laws of Motion.

First Law (Inertia)
I. An object at rest will stay at rest until an
outside unbalanced force moves it.
Use this Instruction sheet (see included full size
version in the pack) or download.
5 • OneCar, Teacher’s Notes

For example, OneCar will never move without
energy being used to create an outside
(unbalanced) force. The push or pull created will
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put OneCar into motion.
II. A moving object will keep moving at a
constant speed and direction until a force
changes its motion.
When OneCar is moving, it is obvious that
colliding with an object such as a wall will create a
push force that will change its direction of
motion. What is not so obvious is that the force of
friction will constantly work against its motion
and will slow it down.
This is the main reason why batteries need to be
changed from time to time. Friction occurs
anytime one object is in contact with another
object. As the molecules of these surfaces
experience attractive forces, energy is lost and
motion is reduced. This is why a lighter OneCar,
which experiences less friction, will have
superior performance.

Second Law
The velocity (speed or direction) of an object will
change when an unbalanced force is applied. If it
is moving, an unbalanced force will speed it up,
slow it down or change its direction. A nonmoving object will be put into motion by any
unbalanced force. The movement will be in the
direction of the unbalanced force.
Applied to OneCar this means that a larger force
(more energy supplied to motor, e.g. one vs two
batteries) will create a bigger change in speed or
acceleration.
Keep in mind that the constant frictional forces
will try to slow it down and work against the force
from the motor. From the mathematical form,
F = ma, we can deduct that with a constant drive
force (F) from the motor, the car will most
deﬁnitely gain a higher acceleration (a) when the
car's mass (m) is minimized.

reaction force. If an object is pushed or pulled, it
will push or pull with equal force in the opposite
direction. A car moves by pushing backwards on
the ground but moves forward due to the ground
pushing with an equal and opposite force.

C. Simple Machines
Almost all devices around us are made up of
combinations of 6 simple machines.
These machines are: the inclined plane (ramp), a
wedge, a screw, a lever, a pulley, a wheel & axle
OneCar uses wheels & axles and two pulleys.

Pulleys are used to change the speed, direction of
rotation, or turning force (torque) of a moving
object. A pulley system consists of two pulley
wheels each on a shaft, connected by a belt.
If the pulley wheels are of different sizes then the
smaller one will spin faster than the larger one.
OneCar's wheel axle moves 5.3 times slower than
the motor axle but experiences a 5.3 times
increase in torque. This is very helpful when the
car has to overcome inertia and accelerate from
zero.

D. Energy Conversions
Batteries store energy in a chemical format. This
is called chemical potential energy. Energy of
motion is known as kinetic energy. So we have the
following energy conversions:
Chemical 4 Electrical 4 Kinetic energy
SAFETY

Third Law
For every force there exists an equal and opposite
www.onecar.science

There is a risk of students getting poked with the
steel axle. Students should be guided and shown
how the axle is tapped into the wheel, positioned
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on the table. It is by far the safest to lay the wheel
ﬂat on the table and then tap the axle lightly into
the wheel cavity. The same goes for the axle
pulley. Once the pulley is positioned on the axle,
the pulley can be gently ‘screwed down’ by hand.
Care should be taken in all cases.

PROBLEM SOLVING
If the car is not running, check the following:
•

Are the batteries positioned correctly? Also
check that the batteries do touch the springs
in the holder

•

Do the batteries have enough energy left? Are
they fresh?

•

The rubber tubes may sit too tightly against
the chassis board. Undo the driver belt and
check that the wheels can turn freely.

•

Change the position of the motor clamp if the
belt is too tight

•

Are the motor wires' soldering connections
still connected?

FURTHER INVESTIGATIONS
Here are a few ideas that you may want to pursue
with your students.
Please copy / edit into the worksheets.
1. What happens when you reverse the wire
connections on the motor?

2. Connect the wires to one battery only by
inserting the motor wires into the battery
holder as in image - see two arrows:
Is the car more / less powerful? ________________
3. The batteries in the battery holder are
connected in series. This is the symbol for a
series connection.
This means that the positive
terminal of one battery touches
the negative terminal of the next one. Investigate
the battery holder and check if this is true?
When connected like this, the voltage of each
battery is combined. So we have 1.5V + 1.5V = 3.0V
but the current (amps) stays the same (constant).
4. The other battery connection option is a
parallel connection. Represented by:
All positive terminals are grouped
a s we l l a s a l l t h e n e ga t ive
terminals from the batteries. Here the voltage
stays constant but the current is combined.
Unfortunately our battery holder does not allow
such a setup.
5. Determine the average speed of the car. For
this you have to measure a set distance and get
team helpers to record the time lapse. Draw
up a table and make at least three observations to ﬁnd an average time over the
distance
Distance
Speed =
Time
Distance =

__________________________________________
One could say that the change in polarity changes
the powering between ‘push’ and ‘pull’.
Which action is best for your car?

Trial

Time(s)

m
Ave. Speed (m/s)

1.
2.

__________________________________________

3.
Ave.

6. Sir Isaac Newton stated three basic Laws of
Motion. Can you apply the Laws to OneCar to
explain the motion of the car?
7 • OneCar, Teacher’s Notes
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First Law
Objects at rest will
stay at rest and
objects in motion
will stay in motion
unless acted upon
by an outside
unbalanced force.

Second Law
An unbalanced
force will accelerate an object

Third Law
Every force has an
equal and opposite
force

The larger the
force, the larger the
acceleration
The larger the
mass, the smaller
the acceleration

With the electrical
circuit open, no
unbalanced force
is established so
the car does not
move.
With the circuit
made, an
unbalanced force
is created and the
car starts moving

One battery vs two
batteries will
create a smaller
force and less
acceleration
The heavier cars
accelerate much
slower

From your classroom

1 Basic Battery Car

Scissors

1 Super capacitor (10F)

Cardboard / Craft sticks

1 Battery pack (optional)

Glue / Tape

1 Solar panel

2 x AAA batteries (optional)

1 Set of jumper wires

Mirror (optional)

Use this Instruction sheet (included in the pack):

The wheels push
the ﬂoor and the
ﬂoor responds
with an equal
force that moves
the car

7. Conductors / Insulators How can you adapt
the car to use it as a testing device to check if
an object is an insulator or conductor?
Make a sketch.

Components included
in pack required per car

BASIC CONCEPTS
A. Energy & Power
Energy creates the ability or capacity to generate
change, to do work or make something move
against a force. It is measured in joules (J) or kWh.
1kWh = 1000J/s x 60 x 60s = 3600kJ

SOLAR CAR
Sunshine into electricity!

The total amount of energy in the universe
remains the same. When we use energy we do not
‘use it up’, we simply convert it into another form.
So strictly speaking, we are not energy consumers
but converters. Waste heat is produced during
these transformations. It is considered the lowest
form of energy and is difﬁcult to capture and reuse.
Power is the rate at which work is done or energy
converted.
Measured in watts (W)

1W = 1 J/s

The solar panel in the pack delivers 2V and 300mA
current in peak sunlight. Its power is calculated
by
P = V x I = 2 x 0.3 = 0.6W or 600mW
This means that at peak sunlight the panel will
www.onecar.science
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produce 600mJ/s. It consists of 4 cells connected
in series, each delivering 0.5V.

of the wheels? Use a glue gun - careful with
heat!
__________________________________________

B. Solar Energy
Solar or radiant energy has by far the highest
theoretical potential of the earth’s renewable
energy sources. The earth receives vast amounts
of radiant energy from the sun. In 4 days the
Earth's surface is struck by more solar energy than
the total worldwide energy consumption in a year
(about 585 EJ (exajoules) in 2015)!
Most of the world’s population lives in areas with
solar radiation levels of between 150 and 350
Watt/m2per 24 hrs.
Solar panels consist of many silicon cells, each
containing silicon wafers that have the ability to
convert radiant (light) energy into electrical
energy through a process known as the photovoltaic effect. Currently, the energy conversion
efﬁciency is between 10 and 19%.

C. Energy Conversions
For OneCar we have the following energy
conversions:

4. Determine the average speed of the car. For
this you have to measure a set distance and get
some team helpers to record the time lapse.
Draw up a table and make at least three
observations to ﬁnd an average time over the
distance.
Speed =
Distance =
Trial

Time(s)

Distance
Time
m
Speed (m/s)

1.
2.
3.
Ave.

5. What effect does it have when you reﬂect
additional sunlight with a mirror / CD onto the
solar panel? Can you run your car in the shade
using a mirror or CD? (This is a fun group
activity)

Radiant 4 Electrical 4 Kinetic energy

FURTHER INVESTIGATIONS
Here are a few ideas that you may want to pursue
with your students.
Please copy / edit into the worksheets:
1. What happens when you reverse the wire
connections from the solar panel to the
motor?
__________________________________________
2. Is it best for your car to be pushed or pulled by
the wheels?
__________________________________________
3. Will it make a difference if you increase the
size of the wheels by gluing CDs to the outside
9 • OneCar, Teacher’s Notes

6.1 From your experience with OneCar, write
down three design principles to create the
most efﬁcient solar driven car (e.g. what
would you focus on to make your car more
efﬁcient?)
_________________________________________
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_________________________________________

BASIC CONCEPTS

_________________________________________

Capacitors

_________________________________________

One of the drawbacks of solar energy is the fact
that the converted energy needs to be stored, as
peak sunlight does not coincide with peak energy
usage. The low efﬁciency of the energy
conversion in the panel is a problem too. In order
to store the energy converted by the solar panel
you could use rechargeable batteries. They are
very handy but their weight will weigh OneCar
down. Fortunately, the development of super
capacitors has surged ahead. Capacitors are
lightweight and very quick to be charged and
discharged. Plus they don't age as fast as batteries
do.

_________________________________________
_________________________________________
6.2 Write down three advantages of a solar driven
car
_________________________________________
_________________________________________
_________________________________________
_________________________________________
_________________________________________
_________________________________________
6.3 Write down three disadvantages of a solar
driven car
__________________________________________
__________________________________________
__________________________________________
__________________________________________

Like an ordinary capacitor, a super capacitor has
two conductive plates that are separated. The
plates are coated with a porous substance such as
powdery, activated charcoal, which effectively
gives them a bigger area for storing much more
electrical charge. Scientists name them
"lightning in a bottle" due to the quick discharge.

__________________________________________

The 10F super capacitor supplied can hold 26.5J of
energy.

__________________________________________

W = ½(CV2) = ½(10x(2.3)2) = 26.5J
Ideally the solar panel can deliver 0.6J/s in full
sun, so it will require 26.5/0.6 = 44 seconds to fully
charge the capacitor. Two fresh AAA batteries
will require around 40 seconds to complete the
same charging job.

CAPACITOR CAR
Energy storage supreme!

Energy Conversions
We have the following energy conversions:
Chemical (battery) or Radiant (sunlight) energy4
Electrical4Electrical potential (capacitor)
4Electrical4 Kinetic energy

PROJECT INFORMATION

Components included in
pack required per car

From your classroom

A. Connecting to the energy supply

See Solar Car above

See Solar Car above

The capacitor is inserted directly into the plug

www.onecar.science
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cavities of the battery holder or the solar panel.
The negative terminal of the capacitor is marked with
an arrow sign and has to be connected to the black
wire.

•

A simple challenge to determine the weight
inﬂuence on the car. Have three teams
compete against each other. One team
running their car from batteries, one team
powering their car from the sun and a third
powering their car from a fully charged
capacitor (1 minute of charging).

•

Organize a 4 Minute Solar-Capacitor Car race
on the basketball courts.

This is the only polarity sensitive connection in
all investigations.
Battery charging

Solar charging

This could be similar to the Air Car race (see
under Air Car) except that the teams charge
the capacitor with a loose solar panel and the
capacitor powers the car till all energy is
depleted and it stops. Teams then recharge
using the sun. The race ends when the 4
minute timer sounds.

IMPORTANT
One minute of charging should be sufficient to fully charge the
capacitor.

•

There are many ways to charge the capacitor.

Have students create unique devices to do the
charging. In each case check the polarity
before connecting. Here are a few ideas:

B. Connecting to the motor
The charged capacitor is connected to the electric
motor using the pair of jumper wires. The
capacitor can be taped down to the chassis.

DC hand
generator
(voltage should
be below 6V)

DIY wind /
water generator
Use the included
propeller & motor
and hold the
propeller under
a water stream

DIY
electrochemical
battery

check wire
polarity

check wire
polarity

Instructions
below

SAFETY
•

The capacitor cannot produce any harmful
shock but 26J discharged in a short period of
time may create heat. Warn students not to let
the two capacitor terminals touch when they
connect the capacitor.

•

Ensure that all are aware of the polarity issue
with the capacitor. Make sure students
connect the capacitor's negative terminal to
the black wire from the energy source.

High School/Secondary School Application:

FURTHER INVESTIGATIONS
Here are a few ideas that you may want to pursue
with your students.
Please copy / edit into your worksheets.
11 • OneCar, Teacher’s Notes

LCD clock shown here but
capacitor can be charged too

How to generate electrical energy from a magnesium
pencil sharpener
You will need
•

Magnesium pencil sharpener

Copyright: © Prof Bunsen Science, 2016

www.onecar.science

AIR CAR
Compress and race!

Teachers: These sharpeners are lightweight and
will generate a slight acidic sensation on the
tongue when the blade and body is touched
simultaneously with the tongue, due to
electrochemical activity. Check online for
suppliers if your local stationery supplier does
not keep them. The German “KUM” brand is a
famous magnesium pencil sharpener brand.

Components included in
pack required per car

From your
classroom

•

Alligator clip wires (2)

•

Cola drink

1 basic battery car

1 nail

Soft drink bottle
600mL or 1.25L or 2L

•

Small dish

2 pairs of Velcro® dots

1 ball
inﬂator
needle

Bicycle air pump

Here’s how

1 pushpin

1. Unscrew the steel blade from the sharpener
body.

Small hammer / pliers

Use this Instruction sheet (included in the pack):

2. Connect the positive wire (red) to the blade
and the negative (black) to the magnesium
body.
3. Pour the cola solution into a petri dish, dip the
electrodes (blade & body) into the solution
and connect the wires to the capacitor. The
charging is slow and the capacitor should be
connected for at least 12 hours.
Explanation
The magnesium (anode, -) and steel blade
(cathode, +) acts as the electrodes in a galvanic
cell (battery). The Cola contains phosphoric &
+
citric acid, both sources of hydrogen ions (H ).
These ions are reduced to hydrogen gas on the
blade’s surface:
Anode (oxidation):

Mg → Mg2+ + 2e

BASIC CONCEPTS
Plastic soft drink bottles can safely be pumped up
to a high pressure so that when the air is released
through a small pinhole, the jet of air can propel
the car. Perfect for experiencing Newton's laws in
action!

Cathode (reduction): 2H + 2e → H2
+

The galvanic cell produces a very small current.

Pressure vs. Force

Note that the sharpener body will reduce in size
over time.

When the bottle is pumped to 3Bar (43.5PSI) or
more, why does the inﬂator needle not get darted
out like an arrow?

www.onecar.science
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There is an important difference between
pressure and force.

the activity. Most pump connectors can 'lock' the
inﬂator needle in.

The air pressure within the bottle is uniform
throughout. This pressure is deﬁned as the force
applied by the moving air molecules per surface
area.
Force

It is VERY important that the wheels be in a
central position so the car steers straight. Also
check that the bottle does not touch the wheels
and the rubber tubes are not positioned too
tightly against the chassis.

Pressure =

Area

The needle has a 2mm diameter so the surface
2
area is only 0.00000314m
If the bottle gets pumped to 3Bar (43.5PSI) or
300000Pa then the force pushing on the needle is
2

F = P x A = 300000Pa x 0.00000314m = 0.94N
So the needle only experiences a 0.94N force due
to its small surface area and this is not large
enough to overpower the frictional force of the
bottle holding onto the needle. Over time, with
use, the hole might get smoothed-out and friction
may be reduced.

SAFETY
•

Take care when the pushpin is used to pierce a
hole through the plastic lid. One person
should hold the bottle steady and the other
use the pin

•

The bottle should not be pumped to more than
the strokes given in the table below:

Energy Conversions
The air pumped into the bottle has the potential to
push. The air molecules are in constant motion
and exert a pressure on the walls of the bottle. So
we have the following energy conversions:
Pressure Potential energy 4 Kinetic energy
(One could trace the energy conversion back to
the chemical energy in the muscles, food and the
sun)

PROJECT INFORMATION
During construction the OneCar chassis is turned
upside down so you will be using the 'underside'
of the Battery Car for the Air Car and Chemical Car.
The battery pack is easily removed as it is stuck on
with Velcro™.
Note that the inﬂator needle does not have a
valve, so it cannot hold back air on its own. The
needle has to stay connected to the pump during
13 • OneCar, Teacher’s Notes

Bottle Size

Maximum number
of strokes (ﬂoor
standing pump)

Max. Pressure
PSI

600 mL (20 ﬂ oz)

10

58

1.25 L (42 ﬂ oz)

17

58

2 L (67 ﬂ oz)

24

58

•

The inﬂator needle should be locked onto the
pump connector

•

The inﬂator needle should be pushed all the
way into the lid before inﬂation starts

•

All participants should wear safety glasses
once the pumping starts

FURTHER INVESTIGATIONS
Here are a few ideas that you may want to pursue
with your students.

Please copy / edit into your worksheets:
•

Investigate the average speed and maximum

Copyright: © Prof Bunsen Science, 2016

www.onecar.science

distance obtained from Air Cars using three
different bottle sizes. Try to pump all bottles
to the same pressure.

Bottle

Time

Distance

Calculated
Speed

600 mL / 20 oz
1.25 L / 42 oz
2.0 L / 67 oz

What is your hypothesis? ____________________

bottle and the inﬂator needle inserted. When a
car runs out of gas it may be pumped up and
released. The car may be turned around at the
end of the track.

__________________________________________
Explain your observations:
_________________________________________
•

Make a Balloon car. Remove the bottle and
use the car chassis, wheels and axles as base
and design your own balloon car. You may
use standard balloons or the longer rocket
type balloons. Tip: Tape a straw to the
balloon's mouth and tape the straw down onto
the chassis.

SET UP AN AIR CAR RACE

•

After the 4 minute timer sounds, the cars may
not be touched again and must be allowed to
roll to a stop. Distances are then recorded.

•

There is no restriction on the car design and
another chassis may be used. But only
compressed air is to be used.

•

Each team provides their own pump (Having
students bring these in ahead of time will
ensure enough for race day).

•

A stick or dowel may be used to guide the car
but may not be used to push the car and it may
only be applied to the front of the car. Any
team deemed to have pushed the car will be
disqualiﬁed.

•

Teams of three participants are allowed. One
acts as the captain. Here are the suggested
functions:-

-

The Pumper shall operate and carry the pump
with inﬂator needle

-

The Holder shall hold the car, insert the
needle, extract the needle and release the car

-

The Driver shall steer the car with the stick
applied to the front of the car only

•

Teams have to practice so they operate like a
well drilled Formula 1 / Nascar pit team. The
captain decides on the number of strokes to be
pumped and gives the instructions to engage
and release.

This can become an annual event and be the
highlight of your Motion / Energy unit. Here are a
few suggestions:
The objective is to achieve the maximum distance
in a period of 4 minutes on a smooth ﬂat ﬂoor such

as a gymnasium or basketball court. If the venue
allows, mark more than one track out so more
than one team can compete at a time. Students
may want to decorate the car. A prize can be
allocated for this.
•

The race starts with a completely pumped up

www.onecar.science
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CHEMICAL CAR

students. The chemicals ﬁzz, produce carbon
dioxide gas and the internal pressure in the bottle
increases. When the pushpin is unplugged, a jet
of CO2 gas propels the car forward in line with
Newton’s Third Law.

Fizzy kitchen fuel!

For this investigation you will need citric acid and
sodium bicarbonate. Both chemicals are
available from the supermarket or wholesale food
chemical suppliers. Larger quantities are
available online.
Components included in
pack required per car

From your classroom

1 Air Car (as constructed above)

Soft drink bottle 600mL or 1.25L

1 pair of Velcro dots

Extra lid for bottle

1 pushpin

Plastic funnel
Measuring spoon & measuring beaker
Sodium bicarbonate & Citric Acid

Use this Instruction sheet (included in the pack):

Why can't we use household vinegar instead of citric
acid?
You can use vinegar and sodium bicarbonate for
classroom volcanoes but to propel a car you will
need much more gas. Vinegar only contains
around 5% acetic acid. Furthermore citric acid is
+
triprotic (it can produce three acidic H ions where
acetic acid only delivers one H+). So you will need
to add a lot of vinegar and this will weigh the car
down.
Sodium bicarbonate (also known a bicarb, sodium
hydrogen carbonate, baking soda or bicarbonate
of soda) is a weak base, with a chemical formula

BASIC CONCEPTS
Object
To produce as much gas as possible, with the
smallest possible weight gain so the car can be
accelerated by the jet of gas and travel as fast and
far as possible.
The Chemistry
Well known kitchen science volcanic reactions
illustrate neutralization reactions of acids and
bases, forming water, a salt and carbon dioxide
gas. The preparation of the gas is a fun and safe
classroom activity that introduces chemical
reactions and the concept of reactants to
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of NaHCO3. It is used in baking as a ‘leavening
agent’ where it reacts with acidic compounds in
the baking mix (batter) to produce carbon dioxide
which causes the expansion of the batter. Sodium
bicarbonate is not the same as ‘baking powder’
but can substitute baking powder when sufﬁcient
acid reagent is added to the mix.
Citric acid is a weak organic acid. It is used to
provide a sour taste to foods, sweets and soft
drinks. Lemons and limes possess high
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concentrations of citric acids. Combined with
sodium bicarbonate, it is used to make ﬁzzy bath
salts and bombs or effervescent tablets.
This is the chemical reaction:
Citric Acid+ Sod. Bicarbonate ➞ Water + Carbon
Dioxide + Sodium Citrate
C6H8O7 + 3NaHCO3 ➞ 3H2O + 3CO2 + Na3C6H5O7

In the presence of water, citric acid and sodium
bicarbonate react to form water, carbon dioxide
and sodium citrate. From the balanced equation,
we know that 1 molecule of citric acid reacts with 3
molecules of sodium bicarbonate to produce 3
molecules of carbon dioxide. We can then look up
(or calculate) the following molecular weights:
C6H8O7 (citric acid)

: 192.1 g/mole

NaHCO3 (sodium bicarbonate) : 84.0 g/mole
Thus the ideal calculated mass ratio will be:
Citric acid
1 x 192.12 = 192.1g

Chemical potential energy 4 Pressure potential
energy 4 Kinetic energy

PROJECT INFORMATION
•

If you have 50mL syringes available, let the
students use that to squirt water into the
bottle quickly and accurately.

•

Have a few waste buckets available and
bottles of water for re-ﬁlling.

•

It is best to avoid the need to clean up by
running the car on a smooth surface outdoors
as the solution and salt may squirt out.

2.5g or 1.3g

Students could weigh chemicals off using a
kitchen / lab balance but using a volumetric
spoon speeds up the process. The heap densities
of the two chemicals are different, so if using
volumes to measure, 2 tsp : 3 tsp will do (citric
acid : sod. bicarbonate). Ordinary kitchen
measuring spoons work well for this task. We
have used this approach on the instruction sheet.
The ensuing chemical reaction is endothermic.
The reaction requires energy to proceed and that
is taken from the solution, beaker and surrounding. So the temperature drops quickly and this
makes a great classroom demonstration:
Do the mixing in a glass beaker and then place the
beaker in a small puddle of water on a wooden
block. After a few minutes the beaker freezes to
the wood. In our solution the temperature
o
o
dropped to -8 C. [ -7.3 C in photo ]
www.onecar.science

The chemicals create carbon dioxide that has the
potential to create a push force. We have the
following energy conversions:

1.9g or 1.0g

Sod. Bicarbonate
3 x 84.0 = 252.0g

Energy Conversions

SAFETY
All chemicals used are food grade but students
should always treat chemicals as if they are
‘hazardous’. Students should wear eye protection
due to the irritating nature of citric acid and wash
their hands afterwards. If any acid gets into the
eye, wash the eye under running water for one
minute. Eye protection should also be worn by
students who are preparing and launching their
cars.

FURTHER INVESTIGATIONS
Here are a few ideas that you may want to pursue
with your students.
Please copy / edit into your worksheets:
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•

Investigate the average speed and distance
obtained from cars using three different
mixing ratios of chemicals. Design your own
experiment and draw up a table to note the
results. Can you explain the outcome of the
investigation?

PROPELLER CAR
Wind generation that works!

_______________________________________
(Talk about reactants and how one can be a
limiting reactant).
•

We got a range of 20 meters from the 6 + 4
teaspoons in a 1.25L bottle. How does yours
compare? _____________________________

•

What happens when you double or triple the
chemical volumes but keep the water at
50 mL?________________________________

•

Teacher Demo: Demonstrate the properties of
CO2 gas by extinguishing a ﬂame with the gas
jet from the bottle.

Components included in
pack required per car

From your classroom

1 Battery Car (as constructed above)

Tape

1 propeller

Craft sticks & cardboard (optional)

1 plastic cup

Glue (optional)

1 motor holder
1 solar panel

•

Secondary School Application: Describe how
Newton's Laws apply to the following
observations

1 capacitor
1 pair jumper wires

Use this Instruction sheet (included in the pack)

First Law:
Inertia

Volume of
water used

Suggested answers: The more
water used, the larger the mass
and therefore the higher the
inertia (tendency to stay at rest)

Second Law
F = ma

Gas
propulsion
Volume of
water

The more gas produced (larger
force), the larger the acceleration
of the car. The more water used,
the larger the mass and therefore
for the same gas force, the
acceleration will be reduced.

Third Law

Direction of
gas and car
motion

Gas pushes one way but
the car accelerates in an
opposite direction

PROJECT INFORMATION
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•

As before, keep the car as light as possible
(low friction and low inertia). Conﬁrm this
with students as they construct.

•

The charged capacitor is connected to the
electric motor using a pair of jumper wires.
The capacitor can be placed in the empty
motor clamp so it does not touch any moving
parts.
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•

Encourage students to design and build their
own motor / propeller stand from cardboard
or craft sticks or what you have available.
Check that it can be removed if required.
Example below.

Solar panel

Lightweight

Needs to be positioned at an angle
Intermittent source: Requires sunlight
Low conversion rate of less than 20%
Expensive

Capacitor

Lightweight
Medium energy
density
Quick charging

Limited storage capacity

Newton's Third Law: In which direction does the
wind move? In which direction does the car
move?
__________________________________________
Which is the best way to move the car? A push or a
pull action? (That is wind blown over the car or
wind blown away from the car)
__________________________________________
The background image on the Instruction Sheet is
that of a Wind farm. How is a wind farm different
to what you are trying to achieve?
__________________________________________

Energy Conversions
We have the following energy conversions:
Chemical potential (battery) or Radiant (solar)4
Electrical 4 Electrical potential (capacitor)
Electrical 4 Kinetic (spinning propeller) 4
Kinetic (car moving)
SAFETY
The propeller blades won't cut the skin but warn
students not to get their ﬁngers or noses in the
path.

Here are a few ideas that you may want to pursue
with your students.

(1 non-sustainable; 10 perfect sustainable system)

2.

List the advantages and disadvantages
associated with each system. Such as cost,
availability, intermittency, etc.
Propulsion System

Rating

Advantages

Disadvantages

Air Car pumped up by
a pump connected to a
solar panel or wind vane

Air Car pumped up with
electric pump connected
to mains power
Propeller Car &
batteries

Please copy / edit into your worksheets:
There are three means of energizing the Propeller
Car. Each has its advantages and disadvantages.
Complete the table:

www.onecar.science

1. Rate each of the following propulsion systems
on a scale 1 to 10 for being “sustainable”.

Air Car pumped up
by a human

FURTHER INVESTIGATIONS

Batteries

Start a discussion on renewable energy in the
class and have students

Advantages

Disadvantages

High energy
density
Ready to use

Heavy - adds mass to car
Not rechargeable
Has to be disposed of

Propeller Car & solar
panel
Propeller Car & capacitor
charged from batteries
Propeller Car & capacitor
charged from solar panel
Propeller Car & capacitor
charged from wind turbine
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POTENTIAL ENERGY I :
ELASTIC CAR

friction between the wheels and the ﬂoor then the
wheels will not be able to transfer a force to the
ﬂoor. In real life this happens when there is ice /
mud on the road. But this can happen too if the
applied force is too large and the surface too
smooth. Think of the start in a dragster race where
there is a lot of spinning happening. By increasing
the number of windings or adding more rubber
bands you may create this situation. Gluing
rubber bands or applying plumber’s pipe tape to
the wheels will increase the friction force.
Increasing the weight of the car will also increase
the friction.

Energy from stretched molecules!

Included in pack
1 Basic Car Chassis
with wheels

From your classroom
2 or 3 Rubber bands
Any size up to the length of
the chassis can be used as
short ones can be
interconnected by loopthreading one band through
the other

Another option to increase the stored energy
component is to extend the chassis length.
Students may add an extended cardboard base or
use wooden sticks or whatever they can come up
with. This can extend the distance to the
anchoring point of the paper fastener and longer
rubber bands can then be used.

Energy Conversions

1 paper fastener

We have the following energy conversions:
Elastic potential energy 4 Kinetic energy

1 staple

(the potential energy was transformed from the
chemical energy in your muscles that came from
the food you ate, that got its energy from the sun.
So this can also be viewed as a ‘solar powered’
car!)

Tape (Duct tape
recommended)

Box cutter / Hobby knife
Some risk involved with
the cutting!

BASIC CONCEPTS

PROJECT INFORMATION

Rubber or latex is made from molecules that can
stretch and deform a lot before they break. When
you deform them by stretching or twisting the
rubber band, molecular forces try to reform them
into their original shape. This provides a way to
store energy in rubber (elastic potential energy).
Many materials have this property but few can
stretch as far as rubber without breaking.
The car moves as the wheels push back against
the ﬂoor (Newton’s III). If there is no or low
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All construction information is listed in the
instruction sheet in the pack. Here is a note on
making the ‘catch’: The unattached loop of the
rubber band is hooked onto a 'catch' on the axle.
This is made by bending one arm of a paper staple
down and taping the staple tightly to the axle. The
unbent arm becomes the ‘catch'.
SAFETY
Cutting the chassis with a box cutter / knife is a
hazardous activity.
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Tape (Duct tape recommended)

FURTHER INVESTIGATIONS

Box cutter / Hobby knife
Some risk involved with the cutting!

Here are a few ideas that you may want to pursue
with your students.

BASIC CONCEPTS

Please copy / edit into your worksheets:

Levers

Energy source: Where did the car get its energy
from?

A lever is a simple machine that makes our work
easier. It involves moving a load around a fulcrum
(pivot) using an applied force (effort). Many of our
basic tools use levers, including scissors, pliers,
hammer claws, nut crackers and tongs.

__________________________________________
Where does a real car get its energy from? Go
beyond gasoline/diesel . . .
__________________________________________

First Class

Second Class

Third Class

What changes can be made to the rubber band to
make the car go further?
__________________________________________
How can you increase the grip of the wheels on
the ﬂoor?
__________________________________________

POTENTIAL ENERGY II:
MOUSETRAP CAR

Class 1 and class 2 levers both provide mechanical
advantage. This means that they allow you to
move a large load with a small effort. Load and
effort are forces and are measured in newtons (N).

The killer force that moves a car!

From your classroom

Included in pack
1 Basic Car Chassis
with wheels

1 wooden skewer stick (cut to length
to match length of chassis when
mounted on mouse trap)
1cm plastic tube (to ﬁt skewer stick
tightly so thread is clamped securely)
70cm thin thread
1 staple
cable ties 2 long, 2 short
1 small mouse trap
(remove unwanted
parts with pliers
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The mouse trap car is an example of a Class 3 lever. A
class 3 lever does not have the mechanical
advantage of class-one and class-two levers. The
effort and the load are both on the same side of the
fulcrum, but the effort is closer to the fulcrum
than the load, so more force is put into the effort
than is applied to the load.

How then can this be of an advantage to OneCar? The
mouse trap applies a huge force (Fa) over a short
distance (da). When we extend the length of the
lever arm (dl), the advantage is that a smaller force
(Fl) can be applied to move the load over a much
longer distance. We do not require a large force to
move the car, so the longer applied force is a great
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advantage. This can also be derived from the Law
of Levers.

Notes:

The Law of Levers
daFa = dlFl

Energy Conversions
We have the following energy conversions:
Mechanical potential energy 4 Kinetic energy

PROJECT INFORMATION
All construction information is listed in the
instruction sheet in the pack. These are just
guidelines and many other approaches may be
followed. The Elastic Car's chassis can be used
for this project as the notched chassis and staple
catch can be used unaltered.
Making the 'catch'. The unattached loop of the
thread is hooked onto a 'catch' on the axle. This is
made by bending one arm of a small metal staple
down and taping the staple tightly to the axle.
The unbent arm becomes the ‘catch'.
SAFETY
1. The mousetrap spring catch lever should be
handled with care as it can cause injuries.
2. Cutting the chassis with a box cutter / knife is
a hazardous activity

FURTHER INVESTIGATIONS
Levers. Draw the car and indicate the load, effort
and fulcrum to conﬁrm that it is a Class 3 lever.
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