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INTRODUCTION

To keep students engaged in the science of electromagnetism, an inspiring activity is to make a small electric motor with a few simple materials. This small motor models electromagnetism and the functioning of an electric motor. By running a current through the magnetic wire (bent in loops) we create an electro magnet (a moving electric charge produces an electric field and when the current carrying wire is bent in a loop, the magnetic field lines become concentrated inside the loop). The electro magnet is being attracted by the magnet under the loop. Because one end of the wire is completely conductive for the current, but the other end only half, the electro magnet is being ‘turned’ on and off. The magnet only pulls the electro magnet when it is on, thus the electro magnet, or the magnet wire loop, is spinning on the armature. Although most electric motors work with reversed currents by each revolution, which switches the poles of the electro magnet, this simple electric motor spins because of the inertia of the spinning loop and the ‘on and off’ functioning of the small electro magnet.

ABSTRACT

The objective of this experiment was to make a simple electric motor and to investigate how it works. With a few items such as a magnet wire, a battery, jumper cables, paperclips and magnets, it was possible to make a simple electric motor. The motor that was made ran well and was an effective model for showing the functioning of an electric motor in general. 

PROCEDURE

Materials and equipment:

	Quantity
	Item description

	1
	Scissors or pliers

	2
	Battery (1.5 V) AA

	2
	Jumper cables 

	1
	Battery holder

	1
	Styrofoam ( 1x3x5 inch)

	1 m
	Magnet wire

	2
	Magnet bar

	2
	Paper clip large

	2
	Push pin

	1
	Sandpaper


1. Cut the length of magnet wire into two 50-cm pieces.

2. Beginning about 21/2 cm from one end of a piece of the insulated wire, wrap the wire for 7 to 10 tight and close turns around a AA battery or something similar that will make a coil with a diameter of about 11/2 cm. Leave a ~21/2-cm tail at the end of your coil.

3. Carefully slip the coil off of the round battery. On opposite sides of the coil, wrap the

beginning and ending wire tails around the coil once or twice and then pull the tails

straight out and away from the coil as shown in picture 1.

Picture1
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It is important that about 2 cm of wire tail stick out from each side of the coil. The wire knot created around the coil helps to hold it together and the wire tails form an axle around which the coil will rotate. The coil and its built-in axle are called an armature. See figure 1

figure 1:
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4. Take a small piece of sandpaper and sand the coating off of one of the two wire tails

beginning at their tips and working inward for only 1 to 11/2 cm. Make sure that all of

the coating is sanded off all sides from one of the tails. Next, use the sandpaper to

strip off only half of the insulation of the other tail. Be very careful that you do not

accidentally sand or damage the coil in this process. See figure 1.

 (Note: It is very important that the orientation of the exposed wire

corresponds to the orientation described here: If the coil is held in the vertical

plane, the insulation must be removed from only the top or only the bottom of the

second wire tail)

5. Next you must open a pair of paper clips and bend them to use as supports for the

coil.

a. Open the paper clip to where the large end is perpendicular to the small end and the clip stands steadily on its smaller end.

b. Next open out the paperclips’ large end and form it into an open hook to support the tails from your coil, or more correctly, the arms of your armature. A pair of pliers or

scissors is helpful for this task.

c. The hooks of both modified paper clip supports must be the same height.

6. Arrange the paper clip supports on a support base that will not conduct electricity,

such as a small piece of wood or Styrofoam. The paper clip supports must be

spaced in such a way that the sanded wire tails can lie in their open hooks turn freely

and securely. Also, the sanded areas of the wire tails must be in contact with the metal of the hooks.

7. When you have appropriately spaced the paper clip supports fasten them to the

support base with two thumbtacks as shown in figure 2.

Figure 2:
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8. After the paper clip supports are well fastened to your base, position the coil within

their hooks as shown in the illustration. Make certain that the armature can spin evenly and is not lop-sided.

9. Lay the two magnets on the support base directly under the coil.

10. Take the two jumper cables and attach one to each connection of the battery

holder. Then attach the other ends the paper clip armature supports. It is best to

attach the alligator clips close to the bottom of these paper clip supports to increase

their stability and not stress the hooked ends.

11. Spin the armature to start the motor. If all goes well the armature will then continue to spin and you will have a functioning mini motor! If it does not work correctly, you will need to make adjustments to the magnet position, the supports, and/or the

armature to get the motor running smoothly. See picture 2

Picture 2:
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To see the motor running, see movie :
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OBSERVATIONS

See movie.

After the motor was made, the cable jumpers were connected with the motor and the battery. Initially the motor only ran for a few seconds. Moving the magnets a bit more under the coils and turning the wire coils around improved it and made it run for more than 2 minutes.

Switching the jumper cables made the motor turn in reverse.

ANALYSIS

When the magnetic wire coils are attached to the batteries, an electric current moves through the wire. When a current carrying wire is bent into a loop,  magnetic field lines are bunched up inside the loop, making the loop an electro magnet. The more loops, the stronger the magnet. This magnet is being deflected by the magnets under the loop. Because the ‘motor’ is made out of insulated cooper wire it does not receive the electric current all the time. The end where the insulation is sanded of only partially makes the current stop whenever the insulation touches the armature. Then the  loop does not act like a magnet anymore. But because of the inertia of the coils, the coils still spin in the same direction until the part of the wire where the insulation is removed makes contact with the armature again. A current runs through the coils again and the coils become magnetic and the magnets under the coils reflect the electro magnet again. This all happens in a cyclic manner so that the motor moves continuously. See figure 3. 

Figure 3:
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Because sanding the one end of the wire is a precision job, a bit too much sanding or a bit too little can already causing the motor to stall. Also: when the motor is spinning and the armature is not exactly horizontal, the wire can spin of the sanded spot, which will stop the current, which will stop the motor. The distant between the magnets and the coils is also important. Too close and the magnet will pull the coils of the armature too far and the deflection is not strong enough to make the coils spin.

Improvements for this little electric motor would be to use a stronger armature out of metal wire, nailed into a block of wood to keep it stable. A stronger motor made out of more loops of magnetic wire, a stronger magnetic  and bigger wire that does not bend and that is easier to sand off the isolation. But actually when everything is set up well, this little motor did its job pretty fine for me.

CONCLUSION

Overall this is a very exciting experiment, especially when done with students. To see the tiny motor actually work was thrilling for me and my students alike! This experiment shows with very simple means the functioning of simple DC electric motor and it is a great experiment to illustrate electro magnetism and how electric energy transforms into mechanical energy.
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