TAP 415-1: A simple electric motor
Construct a simple motor such as one of those shown below. If you are working with other groups of students compete to see whose motor can rotate for more than 30 seconds.

Motors have their own vocabulary: armature, split ring commutator, brushes, etc. Use this activity to make sure that you know and recognise them.

You will need:
[image: image1.emf]Westminster motor kit containing:
· steel yoke

· Magnadur magnet (2)

· split pin (2)

· axle

· support base

· armature block

· rivets (4)
Other items:
· wire strippers

· Paper clip motor

· bar magnet

· paper clip (2)

· [image: image2.emf]leads (2)

· crocodile clips (2)

· polystyrene cup

· piece of glass paper

· 2 V power supply or 1.5–3 V battery

· access to Sellotape

· 26 swg PVC-covered copper wire

· rubber bands (cut from 2.5 mm bore rubber tubing)

· 30 swg enamel-covered copper wire (Philip Harris Y94912/9)

· 2 V dc power supply or 1.5–3 V battery

Optional extension: applet demonstration of electric motor

· PC with Internet access

Set-up:

Take the long piece of plastic covered wire and wind it tightly onto the plastic or wooden block to make the armature. Bring both ends to the same end of the block and strip a little of the insulation from both ends.

Insulate the end of the tube in the block with Sellotape as shown. Make two rubber bands by cutting slices of small rubber tubing. Loop the bare ends of the coil wire and use the rubber bands to hold them in place, on top of the Sellotape, as shown in above. Trim any excess wire. Make sure the bare wires are on opposite sides of the tube and do not touch one another or the metal tube.

The electric current is brought into the armature coil by wires that brush against the looped ends of wire, the commutator that you have just made.

Make these brushes from two further lengths of[image: image3.emf] wire. Bare a short section at each end of these. Place the split pins in the holes provided on the baseboard. Anchor one end of each of the wires into the baseboard with the rivets, making sure that the bare ends – the brushes – are at the level of the holes in the split pins. Make the brushes cross over temporarily.

Raise the armature up through the crossed-over brushes so that they spring into contact on each side of the commutator.

Place the axle through the tube and the holes in the split pins. Check at this stage that the armature can spin freely but with the brushes maintaining contact with the commutator.

Place the Magnadur slab magnets onto the steel yoke so that they are attracting across the gap.

Slide the baseboard and motor assembly into the steel yoke.

Connect the wires that end at the brushes to a low-voltage dc power supply and switch on. If it does not start on its own, give the armature a gentle flick.

Time how long your motor continues to run.

Paper Clip motor


Make a circular coil, the armature, from the length of enamelled wire, taking the ends out to opposite sides as shown. 
Open up your paper clips to make a ledge on which to support your coil and insert these firmly into the base of the polystyrene cup. These will make the brushes.

Scrape the enamel off the ends of the coil wire where they will sit on the paper clips – glass paper is ideal for this.

Connect wires onto each of the paper clips from a low-voltage dc supply and switch on. Introduce one pole of the magnet as shown in above and you should find that the motor begins to turn.

The momentum of the coil will keep it going if it is symmetrical. If it does not turn initially, give the armature coil a gentle flick.

Time how long it spins on its own.

Recording your work

Make notes and diagrams on the following points.

· Draw diagrams of a coil inside a magnetic field in the positions listed below.

· Decide on a direction for the current to flow round the coil.

· Add the forces, which would act on the sides of the coil in each position, to your diagrams.

Positions:

· plane of coil parallel to field lines;

· plane of the coil perpendicular to the field lines, i.e. after a 900 rotation;

· after a further 900 rotation, when it is once more in the plane of the field;

· at an angle in between.

How does the brush construction affect your drawings? Why is this technical arrangement so important?

At what position is the torque or turning effect of the forces on any coil at its greatest?

Further work

1 
Derive a formula for the torque on this coil due to the field shown below.

[image: image4.emf]
Write your formula in terms of flux density B, current I, the coil’s length L and width w. Then generalise your formula so that it gives an expression for the torque on a coil with n turns and area A.

2 
Carry out an information search to find out about modifications to the simple electric 
motor to make it run smoothly on dc. Can such a motor work on ac?

Practical advice

Two versions of a motor are suggested for this activity; the Westminster model, and a simpler version using paper clips. If time allows, we recommend that students see both. It is worth discussing the Westminster model and ensuring that students appreciate the crucial role of the split-ring commutator in ensuring that the torque is always in the same sense.

The Westminster model will work on ac, often better than with dc provided it is flicked at the correct speed. It may burn out more quickly but well constructed motors can run for some time

Applets available at the time of writing are found at:

http://users.pandora.be/educypedia/electronics/javamotor.htm 

The W Fendt applet is at:

http://www.walter-fendt.de/ph11e/electricmotor.htm 

or

http://www.sciencejoywagon.com/physicszone/lesson/otherpub/wfendt/electricmotor.htm 

or

http://mgc314.home.comcast.net/motor.html 

External reference

This activity is taken from Salters Horners Advanced Physics, section TRA, activity 10
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