1. Project For Force and Motion
· Balloon Jet Cars

Materials (per group of students):

2 drinking straws

1 large index card

4 plastic juice bottle caps with small hole drilled in center of each

1 plastic “pick-up stick” or wooden skewer

tape

scissors

Assembly:

Instruct each group of students to use the above materials to construct a self-propelled vehicle.  Students can have as much tape as they need, and they can modify the straws, card, and skewer as much as they like (you might want to have extras on hand, and then again, you might want to tell each group that if they destroy one of their items, it’s gone…).  Students will catch on very quickly that the balloon will supply energy to make the car move forward, but it takes awhile for them to learn that the drinking straw is required as a nozzle to direct the air in the opposite direction of the car’s forward motion.  You can structure the balloon car challenge in a number of different ways.  For example, you can award a prize or points to the first team to make a car that moves 2 meters, then ask for the fastest car.  Encourage all of the teams to come up with a car that works.  Even the team that has a lot of difficulty getting a car to move in a straight line can get points for the best “trick” car.  It would also be fun to have the groups put their ideas together to come up with a “super” design that could be used in conjunction with photogates.  This project makes an excellent take-home assignment as well as a hands-on in-class project.  Newton’s third law is highlighted really nicely, and students can find applications of all three laws of motion.

2. Projects for simple machines and Energy
· Analysis of Bicycle Gear Ratios

Materials
Bicycle, 10 Speeds or more

Project overview

Our investigations with simple machines cover gear ratios and the concepts of force, distance, torque, and mechanical advantage.  In this project, you will determine and record the gear ratio for each speed on your bicycle.  You will then write up an explanation of the importance (or lack of, in some cases) of each speed, and a description of the physics involved in using each particular speed.  In doing this, you will explain what the rider experiences, how this is helpful, and in what situation the rider would take advantage of that particular speed.  Be sure to use the language of science and math whenever possible.  Vocabulary words from the investigations should appear throughout your final report.

You are required to hand in

· A brief (one page) report that discusses a little bit about the evolution of the bicycle: What was the first bicycle like, and how did we end up with the modern bicycles?   Include references to the importance of multi-speed bicycles.

· An organized, professional data table showing gear ratios.  A schematic of the bicycle gears with helpful labels is necessary.

· A summary report (two – three pages) in which you interpret your findings (see overview above for other summary ideas) and explain the trade-off between force and distance when pedaling a bicycle in each of the different speeds.  You should make a surprising discovery about the speeds – what is it?  Finish the report with your reflections about this project.

What’s Going on:

You can count the number of teeth on all front/rear wheel possible gear combinations.  When this is done, it becomes apparent that several gear ratios are actually repeated as you shift through the gears on a bike.  As a matter of fact, on the 10-speed bicycle that we analyzed recently, only 6 gear ratios were unique!  Check out the website list for excellent info on the physics of bicycles.  The bicycle is the most efficient human powered machine in existence!  Students will enjoy an opportunity to analyze several different types of bicycles, to see how their gear ratios compare.

· Build a Rube Goldberg Machine

Project overview

There are many different ways to structure this project.  One way to go about it is to give the students particular parameters for the project such as:

-build the machine so it fits in a copy paper box top

-use all common household items (alternatively, you could give each group a bag full of stuff that they can use)

-use at least one of each simple machine type

-choose one of two tasks to accomplish: either pop a balloon or turn on a small radio.

Students will come up with very clever ways of using Popsicle sticks, thread spools, cardboard cutouts, push pins, brass fasteners, rubber bands, marbles, paper towel rolls, and a multitude of other bits of stuff to make a Rube Goldberg-like apparatus.  You might want to set up a scoring rubric for the project, and additionally award prizes for different categories.  You choose the parameters to make the project as open or close-ended as you like.  If you decide to give no parameters, you will have groups that build the most elaborate, unbelievably awesome apparatus, and you will have groups that come in with something that they threw together on the bus.  By giving some guidelines, you will improve the quality of participation.  Of course, by giving too many guidelines, you risk squelching some budding inventors.

· Design and build a roller coaster

Materials (per group of students):

Specified length of foam pipe insulation (cut in half lengthwise)

Marble

Tape

String

Project overview

There are many different ways to build coasters – some can be purchased as kits, some are outlined on the web.  Students can build coasters out of Legos or K’nex, for instance.  One very inexpensive way to make a roller coaster is to use the foam insulation that you purchase to wrap water pipes.  This tube of foam can be cut in half (lengthwise) with a knife and voila – you have two marble tracks.  Give each group a defined length of marble track, and let them design a coaster by bending and even looping the foam.  The track can be taped to the back of chairs, or on large cardboard, or against the bleachers in the gymnasium.  Giving parameters for the project is a great way to insure excellent participation.  Decide which elements must be included in all designs, such as one loop, one hill, and even one gap that the marble must jump over.  To be a successful design, the marble must make it all the way to the end of the track.  Extra points can be scored for the groups with the least difference in height between the start of the track and the end of the track.

3. Projects for Electricity, Magnets, and Motors
· Build a cheap-O motor

Materials:

D cell

About 3-4 meters of enameled copper wire

2 large paperclips

1 magnet (CPO variety or donut magnet from Radio Shack)

1 strong, heavy rubber band (not too large)

razor blade (sandpaper will work also)

Assembly:

1. Wind 12 or so turns of enameled copper wire (see diagram).  It is important to wind the coil as circular a possible, to distribute the mass of the wire evenly all the way around.  Winding the coil around a D cell is a great way to keep the coil circular.

2. Use a razor blade or fine sandpaper to remove the enamel completely from one of the tails.  With the coil in a vertical position, remove the enamel from the top half only of the other tail.
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3. Center the tails and straighten them to form a shaft for the coil.

4. To form supports for the coil, open 2 jumbo paper clips and bend a hook in the large end as shown.  

5. Use a sturdy rubber band to attach one support to each end of a “D” cell.  Set a magnet on the cell as shown.  You may have to tape the paperclips to the cell terminals tightly with masking tape to achieve excellent connections.

6. To operate the motor, set the coil in the supports.  You might have to give the coil a gentle spin to get it started.

7. Wind a second coil with 24 turns or so.  See how this compares to the coil with 12 turns.

Troubleshooting:

This project is extremely satisfying once you are able to get the motor to run.  The main problem spots to watch out for: An unbalanced coil, poor connections, dead battery, or improperly sanded/scraped armature tails.  This cheap-O motor is also referred to as “Beakman’s motor”, since Beakman featured it on one of his shows.  There is a place on the web devoted to explaining how this little motor works.  Once a few students are able to get a motor to run, other students will check out the design and use clues from these working motors to tweak their own designs.  

· Electric Circuits out of holiday lights and aluminum foil

Materials:

String of miniature holiday lights

Wire cutter/stripper

Aluminum foil

Scotch tape

scissors

D cell

Assembly:

1. Make a collection of individual bulbs for your circuit:  Cut apart a section of a string of lights so that each bulb has about 2 inches of a wire pair still attached.  The number of bulbs you use in your circuits is up to you.  Strip about a half inch of insulation from each “tail” of wire.

2. Make a collection of aluminum foil wire:  Tear off a piece of aluminum foil, about 12 inches long.  Cut this piece lengthwise into long rectangles that measure 1 ft long and about 3 inches wide.  Place a strip of cellophane tape lengthwise across each rectangle.  Fold the aluminum foil rectangles into long strips by using the tape as a guide and as reinforcement.  Make as much aluminum foil wire as you need.

3. Wire up your circuits, using a D cell, aluminum foil wire, and miniature bulbs.  Have fun – make an interesting pattern or design. You can even poke the bulbs through some cardboard so the wiring is hidden in the back.  You can admire the pattern made by the miniature lights on one side, and then turn the project over to see the wiring.  

4. Use common household items such as paperclips, washers, rubber band, etc. to design a simple switch that you can operate to turn your circuit on and off.

5. Wire two different circuits; one parallel, one series.  Compare the brightness of the bulbs.  What happens in each case when you remove a bulb from the circuit?
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4. Projects for Science and Math of Music, Sound, and Waves
· Straw Kazoo

See Foundations of Physical Science investigation manual, section 13.3.

· Palm Pipes

See attached packet.

· Plastic bottle/tube instrument

Materials:

1 plastic soda bottle (2 L or 1 L)

1 14 inch length of ½” PVC pipe

water

Assembly:

1. Simply fill the plastic bottle with water, place the PVC tube in the bottle (it should just fit through the opening perfectly), and blow air across the top of the tube.  To change the pitch of the sound, pull the tube up out of the water.  As the column of vibrating air gets longer (because not as much of the pipe is in the water), the frequency of the note will get lower.

· Cheap-O Speaker

Materials:

1 source of music (CD Walkman, small radio, or anything that takes the mini, 1/8” plug)

1 earphone with the earplug cut off and two wires stripped back about 1 inch

1 copper wire armature with at least 20 turns or so (22 to 26 gauge)

tape

several ceramic magnets (CPO variety) or 1 donut magnet (Radio Shack is good source)

1 rubber band

1 disposable drinking cup

Assembly:

2. Strip about 1 inch of the enamel coating from the two ends of the wire coil (a razorblade works well for this)

3. Bend the very end of each wire coil end back on itself to form a little “eye” hook.

4. Thread one of the stripped wire ends of the earphone cord through the “eye hook” of one of the armature ends, and pull it halfway through.  Twist the stripped wire around and around so that it tightens up against the eye hook.  Fasten with tape to ensure an excellent connection.
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5. Repeat step 3 with the other free end of the earphone cord.

6. Place the wire coil on the bottom of the plastic cup and fasten with a rubber band.

7. Plug the earphone wire into the music source.

8. Rest the magnet on top of the rubber band, inside the wire coil, and hold it there while you place the open end of the cup against your ear.
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9. Listen for the music!  Make sure the volume is on LOUD.

10. Play around with your design.  What happens when you use a coil with more or less turns?  Does the magnet have to touch the rubber band?  Can you hold the magnet a few cm away from the coil?  What else can you use to transfer the vibrations besides a plastic cup?

How it works:

A pulsating electric current travels from the music source to the wire coil (voice coil).  This induces a magnetic field of varying strengths, so it interacts variably with the permanent magnet via rapid pulses.  The plastic cup is attached to the voice coil so that the rapid vibrations are amplified and thus sound louder.  The speaker converts electrical pulses into mechanical vibrations that end up producing sound waves in the air that reach our ear.  All speakers use a variation on this theme.  Check out www.howstuffworks.com and do a search on speakers.  There is an excellent animation of how a speaker works – it looks very much like the cheap-O speaker!

· Music through a Motor

Materials:

1 source of music (CD Walkman, small radio, or anything that takes the mini, 1/8” plug)

1 earphone with the earplug cut off and two wires stripped back about 1 inch

1 small electric motor (Radio Shack, $1.99)

tape

¼” wooden dowel, cut to about 4 inch length, with a small hole drilled in one end (so dowel will fit tightly over shaft of motor)

Assembly:

1. Thread one of the stripped wire ends of the earphone cord through the hole of one of the motor contact clips and pull it halfway through.  Twist the stripped wire around and around so that it tightens up against the contact.  Fasten with tape to ensure an excellent connection.
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2. Repeat step 3 with the other free end of the earphone cord.

3. Plug the earphone wire into the music source.

4. Place the motor against your ear and enjoy the music!  Try different ways of amplifying the sound.

5. Now, for another great trick, place the wooden dowel on the shaft of the motor and make sure it fits tightly.  Clench the dowel in your teeth, plug your ears, and enjoy the music!
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How it works:

The motor contains the same components that we needed to make the cheap-O speaker: a wire coil and permanent magnet.  It just so happens that, in the case of the motor, these components are housed neatly in a metal can.  When the pulsating electric current passes through the motor coil, the armature interacts variably with the permanent magnets, creating mechanical vibrations that our ear and brain interpret as music.  When you allow the wooden dowel to transfer these mechanical vibrations to your teeth, the vibrations pass through your skull and are sensed by your inner ear, which passes the info along to your brain.  In this case, the sound travels via solid conductors rather than through air to your ear.  Far-OUT!

· Wind Chimes

See attached packet.

5. Project For Light and Optics
· Musical Laser Beam

Materials:

Laser pointer

Solar cell (Radio Shack, $5-$10)

Small amplified speaker (Radio Shack, $10-$15)

Assembly:

Hook up the circuit as shown in the diagram.  It’s fun to try different ways of “breaking” the laser beam to hear the clicks.  Run a comb through the beam and you will hear a VERY interesting sound.  Try strumming a rubber band in the beam, or a guitar string.  You can even investigate the rpms of a fan by allowing the fan blades to break the laser beam.  Analyzing the energy conversions that make this demonstration work is an interesting exercise.
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      To construct a modulated laser system that you can send an audio signal (like music from a transistor radio, cd or tape player) with just follow these instructions and match your arrangement of components to the pictures and diagrams.

      The diagram shows the power source as 4.5 volts since most small handheld laser pointers use this voltage.  If your laser uses three small watch-type batteries, it probably uses 4.5 volts.  If your laser device it not a standard laser pointer type device, make sure to check what voltage your laser uses.
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The laser will just need to be aimed at the solar cell which has been wired up with a standard audio cable with a plug (using an old headphone wire with the plug already attached makes it easy), and make sure the solar cell is plugged into the mini-amplifier.  The signal will be modulated and you will hear the music through the speaker of the mini-amplifier. 

1. Attach/connect the wires from your earphone/headphone plug to the wires of the  transformer.  Match up the red wire from the transformer with the red wire of the headphones, and the white wire from the transformer with the white wire from the headphones.  Soldering works best to attach/connect, but only try this if you know how to use a soldering iron/kit.  Twisting the wires together after they have been stripped and wrapping the exposed copper with electrical tape will also work.

2. Attach the black wire from the battery connector/power source to the negative terminal on the laser device.  This may require a solder.

3. Attach the green wire from the transformer to the positive terminal on the laser device.  This too may require a solder.  

4. Attach the red wire from the battery connector/power source to the blue wire from the transformer.  

5. The black wire from the transformer does not need to be connected to anything.
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It can be helpful to carefully place this little set-up into a small plastic box.  This will help protect the wires and connections.  You can set it up so the battery connector comes out one side, the headphone plug and wires out another side, and the laser out the another side by making or drilling small holes in the side of the box.  Make sure to make the holes just the right size to fit the wires and the laser. If you leave the laser dangling free on the black and green wires, it will be hard to aim and it will move every time any part of the assembly is touched or moved.  If you decide to use a box, one that is clear plastic is great because you can still see the components, wires and connections while they stay protected inside.

The audio isolation transformer can be obtained from Radio Shack, part # 273-1380.  

An earphone jack that will fit your transistor radio CD/tape player can also be found at Radio Shack #42-2434.
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