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          Shoestring Motor Lab

As we have discussed, a motor is a device that converts electrical energy (Kinetic) into mechanical energy (Kinetic).  

The concept behind the motor is that the field around an electric current has magnetic properties.  By coiling a wire carrying a current, we are able to concentrate this magnetic field into an electromagnet.  The next step we will take in building the motor calls for us to place our electromagnet in the field of a permanent magnet.  By applying and removing the current from our electromagnetic coil, we are able to get the permanent magnet to attract and then repel each side of our coil thus making it spin.
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Materials
One "D" cell battery

One paper cup

Masking tape

A flat magnet

90 cm, 20 gauge coated wire

Two paper clips
Sand paper

Scissors
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Procedure

1. Cut about 45 cm (18") of wire.

2. Carefully wind the wire around a test tube or similar object about 20 times to form a coil.  Leave about 7 cm (3") of wire free at each end.

3. Remove the coil from the test tube.

4. Loop the ends of the wire twice around and through the coil to prevent the coil from unwinding (see enlargement).

5. Completely remove the insulation from one end of the wire by using a piece of sandpaper as demonstrated by Mr. Alpert.

6.  Remove only the top half of the insulation with the scissors from the other end as shown in the enlarged illustration at the bottom of this page.
7. Tape the battery to an upside-down plastic foam cup.

8. Bend the paper clips as shown.  Wrap a rubber band around the clips and battery to hold the clips tightly to the battery.

9. Lay the free ends of the coil onto the paper clips.

10. Spin the coil, and it should continue to spin by itself.  If it doesn't, spin it again.  If the motor won't work, see the Troubleshooting instructions on the next page.
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Troubleshooting

1. If nothing happens, electricity may not be flowing through the coil.

a. Try spinning the coil while squeezing the clips against the battery.

b. Check that the insulation is completely removed from one end and half removed from the other.

c. Try your coil on someone else's battery and clips.  If it spins, check your battery or paper clips then repeat a and b.

2. If the coil rocks back and forth but won't spin, check the balance of the coil.  Adjust the free ends so they are wrapped around the center of the coil.


 Why does it Work?

Current flows through the wire coil and creates an electromagnet. One face of the coil becomes a north pole, the other a south pole. The permanent magnet attracts its opposite pole on the coil and repels its like pole, causing the coil to spin. 

Another way to describe the operation of the motor is to say that the permanent magnets exert forces on the electrical currents flowing through the loop of wire. When the loop of wire is in a vertical plane, the forces on the top and bottom wires of the loop will be in opposite directions. These oppositely directed forces produce a twisting force, or torque, on the loop of wire that will make it turn. 

Why is it so important to remove the insulation from one half of one projecting wire?  Suppose that the permanent magnets are mounted with their north poles facing upward. The north pole of the permanent magnet will repel the north pole of the loop electromagnet and attract the south pole. But once the south pole of the loop electromagnet was next to the north pole of the permanent magnet, it would stay there. Any push on the loop would merely set it rocking about this equilibrium position. 

     By removing the insulation on one half, you prevent current from flowing for half of each spin. The magnetic field of the loop electromagnet is turned off for that half-spin. As the south pole of the loop electromagnet comes closest to the permanent magnet, the insulation turns off the electric current. The inertia of the rotating coil carries it through half of a turn, past the insulation.  When the electric current starts to flow again, the twisting force is in the same direction as it was before. The coil continues to rotate in the same direction. 

Etc. Etc.

	     In this motor, the sliding electrical contact between the ends of the coil of wire and the paper clips turns off the current for half of each cycle. Such sliding contacts are known as commutators. Most direct current electric motors use more complicated commutators that reverse the direction of current flow through the loop every half cycle. The more complicated motors are twice as powerful as the motor described here. 

     This motor can also be used to demonstrate how a generator works. Try hooking up the ends of the paper clips to a sensitive galvanometer instead of the battery. Spin the coil and see if any current registers on the meter. 

	     How can you make the motor go faster?  One easy way is to add another magnet. Hold a magnet over the top of the motor while it is running. As you move the magnet closer to the spinning coil, one of two things will happen. Either the motor will stop, or it will run faster. Which of these happens will depend on which pole of the magnet you have facing the coil. Make sure you hold the motor down so the magnets will not jump together and crush the little motor!

	
 Alternate Construction

[image: image3.png]Coil of Insuiated Wire

=== gackenthe top hall of
one ofthe strpped wies.
Stippea wis








Wrap up questions:
1. Why do we need a permanent magnet for our motor?

2. How can you make your motor go faster?

3. What is Faraday’s Law of Electromagnetism?

4. How is a motor similar to a generator?

5. Why is a commutator necessary for a Direct Current motor?

6. What would happen if you added a second battery to your motor?

7. Why did you coil the wire to make the motor?
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