Film Can Racer
Reference:  
Square Wheels and Other Easy-To-Build, Hands-On Science Activities by Don Rathjen and Paul Doherty, pages 17-20.

Materials:

· Electric drill

· Drill bit, ¼ in or slightly smaller

· Film canister with lid

· Utility knife or X-Acto knife

· 3 rubber bands, a little longer than the length of the film canister (e.g., size 18)

· Small hex nut (1/4 in)

· Drinking straw (or pencil, wooden dowel, or bamboo skewer)

Assembly:

1. Drill a hole in the center of the bottom of the film canister.  The hole needs to be large enough for the rubber band to fit through, but small enough that the hex nut does not fit through.

2. Cut a flap in the lid of the film canister.

3. Push one end of a rubber band through the hole in the bottom of the canister.  Thread the end of the rubber band that is outside the canister through the hex nut.  

4. Push the straw through the loop of the rubber band that sticks out through the hex nut.

5. Take the end of the rubber band that is in the canister and push it through the hole in the lid created by the flap.  Slip the loop of rubber band around the flap and move it toward the bend.  Put the lid on the canister.
6. Wrap one or two rubber bands around the canister near the bottom of the canister to match the rim created by the lid on the other end.

Directions:

1. Turn the straw to wind the rubber band, but do not wind it too tightly.  Put the racer on the floor and release it.  Observe.

2. Complete the Four Question Strategy Worksheet.  Be prepared to discuss your answers in class.  

3. After class discussion, your teacher will direct you to choose an independent and a dependent variable and create an experiment using the film can racers.    Please use the Experimental Design Diagram to document your experiment.

What’s Going On?

When you turn the straw to wind up the rubber band, you exert a force on the end of the straw and move it though a distance – which means that you are doing mechanical work.  This mechanical work is stored in the rubber band as potential energy.  When you let the racer go, the potential energy is transformed into kinetic energy.  

When you rotate the straw, you are exerting a torque, or twist.  The farther out on the straw you push, the less force you need, but the greater the distance through which you must move the force.  No matter where you push, the work done (the product of force times distance) is the same-but you can choose whether you want to use a large force through a small distance or a small force through a large distance.

When you release the racer, the straw exerts a force on the floor.  The floor exerts a reaction force back on the straw, so the straw itself can’t rotate.  This forces the canister to rotate instead (provided the rubber band is wound tightly enough to overcome friction), and the racer moves.  (Remember that when you wound up the straw, held it, and then released the canister, the canister rotated.)

The wound-up rubber band produces torque on the lid.  This torque originally consists of a relatively large force located a short distance from the center of the canister.  The torque remains constant and reappears at the edge of the canister as a smaller force located a larger distance away from the center.  This force acts perpendicular to the radius of the canister – that is, tangent to the edge-where the canister is in contact with the floor.  The reaction to this force is the tangential force that the ground in turn exerts back on the racer and it is the force that propels the racer forward.

When you take off the rubber bands that form the rim at the bottom end of the canister that end of the can has a smaller circumference than the other.  Every time the canister makes one revolution, the lid end goes farther than the bottom end, causing the racer to travel in a circular path rather than in a straight line.
