Make your own toy motor
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An electric motor converts electrical energy into mechanical energy. For instance a motor causes a fan to rotate: the electric current is used to turn the blades. This turning motion is usually obtained through interaction with a magnetic field. 

Magnets

All of you must have played with magnets: they attract metallic objects because of the magnetic field or force they produce. Every magnet has a North (N) and South (S) pole, with opposite poles of two magnets attracting each other. That is why, for instance, a magnetic compass points north because it is nothing but a very long, light-weight magnet! And the Earth is a huge, weak bar magnet, with its S pole somewhere close to the North Pole of the Earth. Hence the N pole of a compass is attracted to the S pole of the Earth and thus points to the geographical North pole of the Earth!

Electro-magnets

When a current passes through a wire, it also generates a magnetic force field. Unlike a permanent magnet, the magnetic field goes to zero as soon as the current is switched off. The combined effect of the magnetic force due to the current and the magnetic force due to the magnet results in a turning motion, called a torque.

Effect of two magnetic fields

Consider a wire wound on a nail (See figure). When current passes through the wire, it causes a magnetic field. If the nail is suspended on a horizontal axis, and kept within a permanent horse-shoe magnet, it will turn (around the other horizontal direction) so that its North pole comes as close as possible to the magnet's South pole. However, it does not rotate any more: it comes to a halt.

Now, it can be arranged so that, at the moment the N pole of the nail-magnet rotates towards the S pole of the horse-shoe magnet, the current in the nail is reversed so that N and S poles are also reversed. In this case, the nail does not come to a halt, but rotates on until its new S pole (old N pole) is aligned with the N pole of the horse-shoe magnet.

Electric motor

It is clear that if this reversal of fields can be correctly done, the nail will keep rotating uniformly and you have a motor! In this diagram, the current is switched by flipping the battery over. In a real motor, this is done through what is called the commutator, and the nail, of course, is replaced by an armature, which is a wire wound around a metal centre.

The central part of the motor (shaft) is stationary and does not move, so it is called the stator. The moving part is called the rotor. Magnetic fields are formed in both the rotor and the stator. The result of these two fields gives rise to the torque on the motor shaft. Motors can work on both AC and DC current, though not usually both simultaneously. Universal motors can run on either AC or DC.

How do you keep applying power to something that is constantly rotating? Imagine a wire sticking out of a rotating ring (or nail). As the ring rotates, the wire loops many times over the shaft. Soon it will be hopelessly enmeshed and the ring cannot rotate any longer. So the electrical contact is made through a rotary electrical switch called a commutator. It slides over the ring, keeping the contact with the ring, as well as keeping contact with the electrical wire, also allowing for reversal of current.

Homopolar motor

A homopolar motor is an electric motor that works without the need for a commutator. As the name suggests, it does not need two different polarities so the electrical current reversal is not needed. Such motors necessarily have a single-turn coil, which restricts their practical applications, since they must be used with low voltages and produce relatively small torques.

How do we eliminate the commutator? By rotating along a fixed axis that is parallel to the external magnetic field produced by a permanent magnet.

A homopolar motor is very easy to build. A permanent magnet is used to provide the external magnetic field in which the conductor will turn, and a battery causes a current to flow along a conducting wire. It is not necessary for the magnet to move, or even to be in contact with the rest of the motor; its sole purpose is to provide a magnetic field that will interact with the magnetic field induced by the current in the wire. However, the magnet must be made of a conductive material if it is to be used to complete the circuit powered by the battery. One can attach the magnet to the battery and allow the conducting wire to rotate freely while closing the electric circuit by touching both the top of the battery and the magnet attached to the bottom of the battery.

Make a homopolar motor

Use a flat-headed screw or suitable nail. Use any battery that is easy to hold. Use a piece of bent copper wire for the contacts. Get a neodymium flat magnet from a toy (it is an electrical conductor). Place the flat head of the screw on the magnet.

Attach the magnet to one end of the battery. Since the battery casing (or button) is metallic and so is the nail, the contact is made simply by magnetic attraction. The weak, single-point contact serves as an low-friction bearing. You can connect it to either end of the battery. (This simply changes the direction of spin. You can also reverse the direction by flipping the magnet upside down.)

Press and hold the top end of the wire to the top end of the battery, making an electrical connection from the top battery end to the wire. (For a disc-shaped magnet, if the N pole is the top surface, then the S pole is the bottom). Lightly touch the free end of the wire to the side of the magnet. The magnet and screw start to spin immediately.

Watch out: The screw and magnet can easily fly out of control. Also, the wire can get very warm, so don't run the little motor for more than a few seconds at a time.

Principle of operation

The homopolar motor is like any other electric motor. Because the axis of rotation is parallel to the external magnetic field, no commutator is required for the conductor to keep turning. This simplicity is achieved at the cost of not being able to have more than one coil turn, which makes the homopolar motor unsuited for most useful applications.

Electric current flows through the magnet (on average) in the direction from the center of the magnet to the edge. The magnetic field from the magnet is vertical, along the screw. With this configuration, the force is in the tangential or circular direction, around the screw axis, and so the magnet begins to spin.

The figure shows the magnetic field lines on the rotating coil: a cross indicates that the force pushes the left side coil inwards and the dots indicate that the magnetic field pushes the right side coil outwards, thus making it spin.

The homopolar motor was the first ever electrical motor to be built. Its operation was demonstrated by Michael Faraday in 1821 at the Royal Institution in London.
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