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What Is a Gravity Cruiser? 
The gravity cruiser is a toy vehicle that can be easily constructed from common materials. It is 
powered by a lever and fulcrum mounted on the cruiser’s body. At one end of the lever is a weight; 
the other end is connected to one of the cruiser’s axles by string. As the weight moves the lever, the 
string rotates the axle, propelling the gravity cruiser forward.

Making a Gravity Cruiser
Gravity Cruiser Supplies
If your child hasn’t had a chance to experiment with a gravity cruiser, you can make one at home! 
You’ll need the following materials:

1. Corrugated plastic (available at your local art supply store or online)

• one 5 cm x 60 cm (2” x 24”) strip 

• two 60 cm (24”) strips 

• approximately 20 cm x 30 cm (8” x 30”) rectangle

• scraps of corrugated plastic that can be cut to desired sizes

2. 4 wooden or plastic wheels

3. 2-3 wooden dowels (matching the diameter of the hole in the wheels), 18-20 cm (8”) long

4. Plastic straws

5. 8 or more binder clips

6. A collection of paper clips

7. Kite string

8. Rubber bands

9. Small plastic vial

10. 100 pennies (two rolls) OR collection of washers, small nuts, or bolts 

11. Masking tape

12. Brass paper fasteners (brads)

13. Scissors and/or craft knife

Building the Chassis and Attaching the Wheels
1. Gather the materials to build your chassis. You will need your corrugated plastic rectangle,  

four wheels, and two dowels. 

2. Cut your chassis to the specifications shown (on the template on page 3). Cut on the dotted 
lines, making sure that you only cut through one side of its facing.
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3. Press one wheel onto the end of each dowel. You do not need to enlarge the wheel holes,  
but it will take a firm push to insert a dowel into the hole.

4. Fold the side flaps of the chassis so that they are perpendicular to the platform. Keep them 
folded by taping a length of masking tape across the center of the chassis. You may need to 
reposition (or remove) the tape later, but for now, taping the flaps will make building your 
model easier.

5. Turn the chassis platform so that the flaps are pointed down. Add binder clips to the side flaps 
at one end. Leave the arms of the clips sticking out (as shown in the image).

6. Slide one dowel through the binder clip loops and press a second wheel into place.

 

Further notes about attaching wheels:

• After you’ve attached the axles and wheels, make sure that no part of the chassis platform  
is in danger of dragging on the ground.

• Regardless of the attachment method you use (binder clips or straws), be sure to position the 
axles so that they are below the cutouts of the chassis platform. (See illustration next to step 4 
above.) Later in the construction process, you will need to connect one axle to the lever arm with 
string, so the string must be able to pass through the cut-out and wrap around the axle.

• While building your gravity cruiser model, experiment with attachment methods as you wish. 
Once your axles and wheels are attached, test your prototype chassis. Do the axles spin freely? 
Does the chassis travel in a straight line? How far does it travel when released at the top of an 
inclined ramp?

Optional: Using straws to attach your wheels: 

• Tape two small lengths of straw to the chassis platform, one on each 
side of the cut-out. Straws should be aligned and parallel to the end of 
the platform. Allowing the straw pieces to overhang the edge of the 
chassis platform just a bit, as shown in the illustration, will help keep 
the wheels from rubbing against the chassis. 

• Slide the dowel through the straws and attach the second wheel. If the axle isn’t straight, the 
straws can be easily removed, repositioned, and taped back into place until the axle is parallel 
to the edge of the chassis platform. 
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Creating the Lever Arm
1. Cut a 5 cm x 60 cm (2” x 24”) strip of plastic lengthwise down its center, making sure  

that you only cut through one side of its facing. 

2. Fold the strip along this cut so that it forms a v-shaped channel. 

3. Punch a small hole in the base of the channel near one end. This will be the place where the 
string connects the drive axle to the lever arm. 

4. Fill your small plastic vial with 30 pennies and fasten it to the other end of the lever arm with  
a rubber band. (Rubber bands are better than tape because they allow you to easily remove  
the vial or to change the vial’s position along the lever arm.) 

Building a Tower to Support the Lever Arm
1. Tape two 60 cm (24”) strips of corrugated plastic to either side of the chassis platform near  

the platform’s midpoint so that the strips stand vertically. 

2. Bring the strips together at the top and fasten them together with one or two binder clips,  
as needed. 
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3. Reinforce the vertical strips by bracing them with shorter lengths of plastic that run diagonally 
between the vertical strips and the chassis platform flaps. Position the braces so that the  
vertical strips cannot lean forward or backwards. Use brass paper fasteners to attach the braces. 
(While holding the braces in position, carefully punch holes with scissors through both pieces  
of plastic at the attachment points, and stick paper fasteners through the holes to hold the 
braces in place.)  

Attaching the Lever Arm
1. The lever arm should be attached at least ¾ of the way up on the support tower. To allow the 

lever arm to work properly, you will need to put a smaller piece of plastic between the vertical 
strips as a spacer.

2. To create a spacer, cut an approximately 12 cm x 5 cm (5” x 2”) plastic strip. Cut halfway through 
the plastic 2.5 cm from each end and fold down the flaps, as if creating a table. Fit this spacer 
between the vertical strips above the location where you want to put the lever arm. Tape the 
flaps to the tower strips.

3. Cut a small length of dowel, long enough to span the tower at the height at which you would like 
to attach the lever arm. 

4. Attach binder clips to the support tower and run the dowel through the clip arms. (Using binder 
clips allows you to more easily change the height of the fulcrum above the chassis platform.) 

5. Remove any weights from your lever arm. (It is easier to attach the lever arm without 
the weights.)
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6. The lever arm will use the dowel as its fulcrum. Use rubber bands to attach the lever arm by 
wrapping the rubber band around the lever arm and then around the ends of the dowel. (You 
could also use tape, but rubber bands are recommended for the prototype because they will 
allow the lever arm’s position to be modified quickly.)

Further notes about attaching the lever arm:

You may wish to decrease friction at the fulcrum by adding a piece of straw around the dowel  
and attaching the lever arm to the straw instead of attaching it directly to the dowel.

Creating the Drive Mechanism
1. Put the penny vial back on the lever arm.

2. Keeping the string on its roll, tie the loose end to the lever arm using the hole you punched 
earlier as the attachment point.

3. To determine the length of string, carefully rotate the lever arm so that the weights are at the 
lowest position, and the string attachment point is at its highest location. 

4. Stretch the string from its attachment point on the lever arm to the drive axle. Cut the string 
approximately one to two centimeters beyond the point where it reaches the axle. This small  
bit of extra length gives you enough to wrap around the axle when you start to wind the string, 
but not so much extra that the excess is in the way.

5. Hold the end of the string to the axle with your fingers and turn the axle in the opposite 
direction from which you want the gravity cruiser to move. Let the string wrap around the axle 
as the axle turns. After a few turns, the end of the string should be held in place.

Testing Your Model Gravity Cruiser
Once the string is wound, set the gravity cruiser on a flat surface and test whether it travels 
forward. You may find that your cruiser does not perform very well at first. Below is a list of 
potential problems and ideas for addressing those problems:

• Drive wheels lift off the ground. Add ballast (weight, which can be washers, pennies, or other 
objects) to the cruiser near the drive wheels, decrease the amount of weight on the lever arm,  
or change the position of the fulcrum.

• String slips on axle. Tape the end of the string to the axle when you first start to wind it.

• Tower bends over. Add diagonal braces to the tower to strengthen it.

• Wheels aren’t turning. Gravity cruisers are powered by string unwinding from the axle, causing the 
axle to turn. The wheels of that axle must be tight enough so that when the axle turns, the wheels 
turn, too. If the hole in the wheel has been widened—perhaps by detaching the wheel from the 
axle and re-affixing it too many times—you will need to replace the wheel or figure out a way to 
make the wheel stay tight on the axle.
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Alternate Tower Construction

• A note about tower height: The gravity cruiser’s maximum possible travel distance is related to 
the distance between the lever arm string attachment location at its highest and lowest points. 
(The string attachment point is at its highest point when the end of the lever arm with the weights 
attached is at its lowest, and vice versa.) This is why increasing the overall lever length can 
increase travel distance. The difference between high and low points is the important variable—
raising the fulcrum higher with a tall tower so that the high and low points are both raised won’t 
increase travel distance. 

• People frequently assume that increasing the distance from the axle to the string attachment will 
increase the travel distance, and therefore try to build very tall towers. Towers do need to be tall 
enough so that the lever arm can make a full sweep, but no taller. When the tower is too large, 
other complications, such as too much weight or problems with stability, are introduced.

• A note about string length: Wrapping extra string around the axle won’t make the gravity cruiser 
travel further. Once the pennies have brought the weighted end of the lever arm down to its 
lowest point, there is no way for the lever arm to unwind more string from the axle. Plus, it takes 
time to wind the string, so having too much string can be frustrating. 
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How Does the Gravity Cruiser Work?
Potential and Kinetic Energy 
The gravity cruiser is powered by a falling weight. When the weight is held stationary at its highest 
point, the vehicle has stored energy. This stored energy is called potential energy. As the weight 
falls, causing the lever to rotate around the fulcrum, the potential energy becomes kinetic energy. 
Kinetic energy is the energy of motion. 

Friction 
Friction is a force between all moving objects that tends to resist motion and dissipate energy. 
Friction exists between moving parts, such as the axles and the straws, and the wheels and the 
chassis platform. Friction also exists at the points of contact between the gravity cruiser’s wheels 
and the floor. Some friction is necessary for the gravity cruiser to move. Imagine the cruiser trying 
to move forward on ice, for example: The wheels would simply spin in place. Too much friction, 
however, whether it’s between the vehicle and the ground or between moving parts of the vehicle, 
will use up the available energy, and the vehicle will move slowly or not at all. 

Distance 
As you experiment with the gravity cruiser, you’ll discover that the distance it travels is generally 
related to the number of times the string wraps around the axle and to the size of the drive wheels. 
The more times the string winds around the axle, the more times the axle rotates and turns the 
wheels as the weight falls. Each time the axle rotates, the cruiser travels a distance equal to the 
circumference of the drive wheels. There are three ways to determine the circumference of the 
wheels: 

1. measure it with a tape measure 

2. wrap a string around the edge of the wheel and measure the string 

3. use the geometric relationship between circumference and diameter: 

diameter

circumference

circumference = π x diameter
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Multiplying the circumference by the number of times the string is wound around the axle gives you 
the approximate distance the gravity cruiser can travel. 

It is important to note that the axle is rotated by the unwinding of the string. If a gravity vehicle 
has a longer string, there will still be string wound around the axle when the string attachment 
reaches its highest point. These extra winds do not contribute to the gravity cruiser’s travel distance 
because they will not be forcibly unwound from the axle by the lever.

Torque
Torque is a turning or twisting force, and it is key to the gravity cruiser’s operation. The magnitude 
of torque is equal to the size of the force causing the rotation multiplied by the distance between 
the force and the point of rotation. For instance, the torque produced by the falling weight is equal 
to the weight times its distance from the lever’s fulcrum. In turn, this torque is equal to the force in 
the string multiplied by the distance from the fulcrum to the string attachment. 

The force created by the string creates torque about the axle. The axle torque is equal to the force 
in the string times the axle radius. Therefore, a thicker axle means that the string produces greater 
torque. 

Ballast 
A ballast is a heavy object used to stabilize something, such as the ballast used to steady a boat. 
Depending on the design of a gravity cruiser, it may be necessary to add ballast to your cruiser. If 
the lever design leaves the weight concentrated on the opposite end of the vehicle from the drive 
wheels, the vehicle becomes unbalanced and tips. In order to keep the vehicle from tipping (and to 
keep the wheels in contact with the ground), you can move the lever, shorten the distance between 
the fulcrum and the weight, or add ballast to the vehicle near the drive axle. 

Forces and Motion
Forces

Forces are pushes and pulls. Forces make things start moving. Forces make objects stop moving 
and forces change the directions in which things are moving. Forces can also change the shape of 
objects. Forces are not visible, but everything that moves in the universe is impacted by forces. 

Forces are at work even in things that are not moving. For example, a bridge isn’t moving at all (at 
least you hope it isn’t), but there are lots of forces at work. The bridge doesn’t move because the 
forces in play are balanced and thus cancel each other out.

Motion

Motion is defined as a change in position of an object. Even though it doesn’t look like it, everything 
in the universe is in constant motion—even you. While you are reading this, you are hurtling through 
space at thousands of miles per hour. You don’t feel like you are moving because you are on Earth 
and you are not moving relative to Earth’s movement. However, Earth is moving and it is moving 
fast in two ways. First, the Earth is spinning on its axis—at a speed of nearly 460 meters per second 
(1,000 mph) at the equator. Second, the Earth is flying through space as it orbits the Sun at 220 km 
per second (490,000 mph). 
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There are lots of ways to measure motion. People use the terms displacement, distance, velocity, 
speed, and acceleration to describe motion.

• Displacement is the change in position of an object. Displacement is a vector meaning it is both a 
magnitude and a direction.

• Distance is also defined as the change in position of an object. However, distance is scalar, 
meaning that it doesn’t include direction.

• Velocity is the rate at which an object changes its position and the direction in which the object is 
travelling—it is a vector.

• Speed is a scalar that explains how fast an object is moving.

• Acceleration is a vector that describes the rate of change of an object’s velocity.

Energy

Energy is the ability to do work or make change. Energy is measured in joules. One joule is equal to 
the work done by a force of one newton acting through a distance of one meter.

Law of Conservation of Energy 

The law of conservation of energy is also known as the first law of thermodynamics (the science 
of heat, work, and temperature, and their relation to energy, radiation, and physical properties of 
matter). This law states that energy in a closed (isolated) system is never created or destroyed, it is 
only changed from one state to another. The tricky part of this is the “in a closed system.” A system 
is closed if it cannot exchange energy with the surrounding environment. While totally closed 
systems exist in theory only, systems can be very close to completely closed. For example, a closed 
system would be a pot on a stove with a closed lid. The lid is the difference between the system 
being open or closed, as it allows (or doesn’t allow) for an energy exchange. If the lid is removed, 
the system is no longer closed. The universe would also be considered a closed system.

Types of Energy

While energy cannot be created or destroyed, it can be converted from one form to another. Energy 
is either potential energy—energy that is stored—or kinetic energy—the energy of motion. Within 
those broad categories are a variety of types of energy which are detailed before.
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Potential Energy

• Chemical energy comes from atoms and molecules and how they interact.

• Gravitational energy is the potential energy of gravity. It takes energy to lift something up, so an 
object that is lifted has higher potential energy.

• Mechanical energy is contained in a stretchy object such as a spring or a rubber band.

• Nuclear energy is generated by splitting or combining atoms.

Kinetic Energy

• Electrical energy is generated by the movement of electrons.

• Sound energy is the energy produced by vibrations which move through substances such as air 
or water.

• Thermal energy is the vibration and movement of the atoms and molecules within substances.

• Radiant energy is electromagnetic energy that includes visible light, x-rays, gamma rays and 
radio waves.

Inertia

Inertia is an object’s resistance to change in motion. Sir Isaac Newton developed three laws of 
motion, the first of which is also known as the Law of Inertia. In science, inertia causes objects to 
move in the same direction at the same velocity unless a force acts on them to change their motion. 
Inertia also causes objects at rest to stay at rest. That may seem counterintuitive, as objects in our 
world don’t stay in motion. When someone throws a baseball or kick a soccer ball, it doesn’t keep 
moving in the same direction at the same velocity forever. That’s because there are external forces 
acting upon the ball—the forces of friction from the air and the surface and the force of gravity.

Types of Inertia

There are three types of inertia:

• The inertia of rest is the inability of an object to change its state of rest by itself.

• The inertia of motion is the inability of an object to change its state of motion by itself.

• The inertia of direction is the inability of an object to change its direction of motion by itself.
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Momentum

Momentum is the measurement of mass in motion. All moving objects have momentum—the more 
mass an object has, the more momentum it will have and the harder it will be to stop that object in 
motion. Objects that are not moving do not have any momentum.

The formula for linear momentum is:

momentum = mass x velocity

The terms mass mean very specific things in physics. Mass—which is often confused with weight—is 
the amount of “stuff” in an object. Weight is a measure of the pull of gravity on a mass, so weight 
changes when the pull of gravity changes. That’s why an object’s weight on the moon is different 
from its weight on Earth—the moon’s gravity is about 1/6 of Earth’s gravity. However, the mass of 
the object remains the same, no matter the magnitude of gravity.

Rotational motion also has momentum, which is called angular momentum. The formula for angular 
momentum is:

momentum = mass x velocity x radius of rotation

Speed and velocity are often used interchangeably, but they don’t mean exactly the same thing. 
Speed is how fast you are traveling; it is usually measured in distance travelled divided by time 
traveled. So, speed is usually measured in miles per hour or kilometers per hour or meters per 
second. Velocity, on the other hand, is speed plus a direction. So, the speed of a car might be 40 
mph, but its velocity is 40 mph north.

Speed is scalar—it is described by a single number: a magnitude (a measure of size). Velocity is a 
vector. Vectors are a combination of magnitude and direction.

Conservation of Momentum

Sir Isaac Newton changed the way that people understood how objects moved. Newton’s Third 
Law, which states that “for every action (force) there is an equal and opposite reaction,” was the 
basis for the law of conservation of momentum which is very much like the law of conservation of 
energy. The law of conservation of momentum says that if two objects smash into each other, the 
combined momentum of the objects before the collision will be the same as the momentum of the 
objects after the collision. 
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Conservation of Angular Momentum

Angular momentum is also conserved, meaning that if momentum remains the same when an 
object is rotating even when an aspect of the motion changes. If an object is rotating and its radius 
of rotation changes, its velocity must change to compensate. Because mass and the momentum are 
constant, when the radius gets larger, the velocity must get smaller and vice-versa.

Momentum vs. Inertia

The concepts of inertia and momentum are often confused—because they have similar definitions. 
Inertia is the resistance that an object has to changes in motion, while momentum is the tendency 
of an object to stay in motion. Inertia depends on mass—the more mass something has, the more 
inertia it has and the harder it is to get moving when it isn’t moving and the harder it is to stop 
moving when it is moving. Momentum depends on mass and velocity—momentum is proportional 
to mass and velocity. This means that objects with larger masses will have greater momentum than 
objects with smaller masses. The same is true of velocity—objects that are travelling at high velocity 
have greater momentum than those travelling at low velocity. 

This table shows some of the major differences between inertia and momentum.

Momentum Inertia
Momentum is a vector Inertia is scalar
The formula for momentum is mass x velocity There is no formula for inertia
Depends on mass and velocity Depends only on mass
Momentum is conserved Inertia is not related to conservation
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ACTIVITIES
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1. Introducing Energy
In this activity, children explore how static electricity (energy) can light a compact fluorescent bulb.

Magic Light Bulb
Materials

• Latex balloon

• Energy saving florescent light bulb

• Dark room

2. Different Types of Energy
In this activity, children investigate potential and kinetic energy by building a marshmallow catapult 
and Mentos fountains.

Marshmallow Catapult
Materials

• 9-15 craft sticks

• 6-10 rubber bands

• Plastic bottlecap

• Mini marshmallows

• Tape

• Hot glue or white glue

Maximum Mentos Fountain
Materials

• 3-4 2-liter bottles of diet cola

• 3-4 rolls of Mint Mentos

• Piece of paper

• Optional: Smart phone with camera

3. All About Friction
In this activity, children explore how friction affects the motion of a toy car.

Toy Car Race
Materials

• 2 toy cars of similar size and model (if you  
don’t have toy cars, you can use marbles)

• Foam board (at least 3 feet long) or 2 pieces  
of cardboard of the same size

• Stack of thick books (to a height of 
about 30 cm)

• Towel

• Masking tape

• Pencil

• Ruler

• Notebook



18    
SAE STEM@HOME™ | Energy in Motion Educator Guide

4. Introducing Inertia
In this activity, children investigate inertia and its effect on the motion of objects.

Lemon Drop
Materials

• Small lemon

• Large drinking glass (preferably plastic)

• Empty toilet paper roll

• Paper plate

Spinning Eggs
Materials

• Cold raw egg

• Cold hard-boiled egg

• Permanent marker

Round and Round
Materials

• 4 juice pouched

• 2 straight sticks (about 1 m in length)

• Duct tape

• Stopwatch or smart phone with stopwatch app

5. Marveling at Momentum
In this activity, children explore the concept of momentum and how momentum is conserved 
(meaning that if two objects smash into each other, the combined momentum of the objects before 
the collision will be the same as the momentum of the objects after the collision.

Momentum Conserved
Materials

• 5-6 small, heavy balls such as golf balls or marbles

• 1 piece of foam pipe insulation, cut in half lengthwise

• 2 stacks of books (approximately the same height)Ball Drop

Materials

• 2 or 3 water balloons filled (you may only  
need 1, but have a couple for backups just 
in case)

• Tennis ball

• Ping pong ball

• Golf ball
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SAMPLE 
SOLUTIONS
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1. Introducing Energy
Think About It!
1. What happens when you rub a balloon on your hair?  

Rubbing a balloon on your hair gives it an electrical charge by transferring electrons from your 
hair to the balloon. Electrons have a negative change, so the balloon becomes negatively charged. 

2. Why do you think the light bulb lights when you move the balloon over the top of it?  
Compact fluorescent bulbs are filled with argon gas and a small amount of mercury vapor. When 
exposed to an electric current, the gases give off ultraviolet light (which we can’t see). The ultra-
violet light excited a fluorescent coating on the bulb which emits visible light.

2. Different Types of Energy
Think About It!
1. Will the weight of a projectile make a difference in how far it travels or how fast it falls to the 

ground? Try launching other objects with your catapult to test it out!  
Children should find that heavier projectiles travel farther (unless they are a much different size).

2. Think about the Mentos fountain activity. How do you think you could make the highest 
fountain?  
This will depend on the various experiments that children carry out. Most likely, they will suggest 
that more Mentos will make a bigger fountain.

3. What could you do to figure out the best design for the fountain to make the soda/candy geyser 
go the highest?  
Carefully experimenting with different combinations will allow you to determine the best design. 
Emphasize that children need to test out one variable at a time to ensure that they can see the 
effects of the change. For example, different types of soda should be tested with the same 
number of Mentos, at the same temperature, etc. 

3. All About Friction
Think About It!
1. How does friction affect your life?  

Children should recognize that friction allows them to walk and play sports, that friction allows  
a car to move (and stop), and that rubbing hands together produces friction.

2. Why do you think it is easier to slide down a slide in long pants than in shorts?  
Children should understand that bare skin creates more friction on a slide than fabric.
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4. Introducing Inertia
Think About It!
1. Think about a time when you were riding in a car and it stopped abruptly. What did you feel? 

How does inertia help explain that?  
Because inertia is an object’s resistance to change in its motion, the human body has inertia when 
riding in a car. When the car stops abruptly, inertia will resist the change in motion and people 
riding in the car will continue to move forward.

2. If you pushed a ping pong ball and a bowling ball with the same force, which do you think  
would roll the furthest?  Why?  
A ping pong ball has less inertia because it has less mass and will not roll as far.

3. Which do you think would be harder to stop, a fidget spinner with a lot of mass on the arms  
or a fidget spinner with a little mass on its arms? Why?  
Because inertia is dependent on mass, the more massive fidget spinner will be harder to stop.

5. Marveling at Momentum
Think About It!
1. When have you experienced momentum in real life?  

Children may have seen momentum at work in a game of pool, when a batter hits a baseball bat, 
or when two objects crash into one another.

2. Do you think an object with a small mass can have the same momentum as an object with a 
large mass? What would have to be different about the two objects for them to have the same 
momentum?  
For momentum to be the same for an object with a small mass, the object’s velocity would have 
to be greater than the velocity of the object with greater mass.

3. Watch some sports on television or in real life. Look for examples of inertia, momentum,  
and conservation of momentum and discuss them.  
Answers will vary, but most sports include these concepts. For example, children might 
recognize that:

• a cyclist who is less massive needs less force to get their bike moving (inertia)

• a football player with greater mass seems more difficult to stop (momentum)

• a baseball seems to fly further after a fastball is hit than a curve ball (conservation of 
momentum)
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