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Worksheet 1 
Motor principles 

 

Electric motors come in all shapes and sizes.  
 

Some run off DC power, others need AC.  

 

There are brushed and brushless, single 

phase and three phase,  induction,  

synchronous, stepper ,servo, and many more. 
 

 

In the car, they: 

¶ start the engine,  

¶ operate the windows,  

¶ wipe the windscreen,  

¶ run the fan,  

¶ pump the washers, raise the radio aerial, ad-

just the driverôs seat .....  
 

They can even power the whole car. All rely on 

the same physical principle, investigated here 

 

Over to you: 
 

¶ This investigation uses the Motor-effect carrier, shown opposite. It has two  

 fixed conductors, with a moveable metal rod sitting on top, across them. 
 

¶ Build the system shown in the second picture. 

 For clarity, the magnet has not been pushed right over the metal  rod.  
 

¶ Push it right across, so that the moveable rod sits in the  

 middle of the magnetic field. 
 

¶ The power supply is set to 3V. 
 

¶ Press the push switch, and notice what happens. 
 

¶ Next, flip the magnet over so that the South pole is on top. 
 

¶ Press the push switch again. What is the difference? 
 

¶ Reverse the current direction by rotating the power supply carrier so that the negative end 

(short line on the symbol) is at the top.  
 

¶ What happens now when you press the push switch? 
 

¶ Change the power supply voltage to 13.5V. This should increase the current flowing 

through the rod.  
 

¶ Can you see any difference when you close the push switch? 

w1h 

w1j 
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So what? 
 

Hereôs the underlying theory: 
 

¶ a current is a flow of electrons, tiny negatively-charged 

óparticlesô found in all atoms; 
 

¶ when electrons move, they generate a magnetic field; 
 

¶ this interacts with the field of the ceramic magnets, caus-

ing attraction / repulsion, except that it acts at right-

angles to the current direction and to the magnetic field. 
 

Flemingôs Left-hand Rule: 

John Ambrose Fleming devised a way to work out the direction a wire will move in (also known 

as the motor rule): 

 
 

Clamp your left-hand to the corner of an imaginary box, so that 

thumb, fore finger and centre finger are all at right-angles to each 

other. Then, line up the Fore finger points along the magnetic Field 

(from North pole to South pole,) and line up the Centre finger with 

the Current (from positive battery terminal to negative.)  

The thuMb now points in the direction of the resulting Motion. 

Worksheet 1 
Motor principles 

w1a 

For your records: 
 

Copy and complete the following, using your observations from the investigation: 
 

¶ The magnetic field exerts a force on a conductor which is at .........-angles to the direction of 

the .......... and to the direction of the .......... . 

¶ When the magnetic field is reversed, the .......... is reversed. 

¶ When the current is reversed, the .......... is reversed. 

¶ Increasing the current, increases the .......... 
 

Complete the following version of Flemingôs motor rule: 
 

¶ Using the .......... hand, hold the thumb, fore finger and centre finger at .......... to each other. 

¶ Keeping this shape, move the hand until the fore finger points in the direction of the .........., 

(from .......... to ..........) and the centre finger points in the direction of the .......... ( from .......... 

to .......... .) 

¶ The thumb now points in the direction of .......... . 
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Worksheet 2 
The electric motor 

Electric motors usually consist of a coil rotating inside the magnetic field of either a permanent 

magnet or an electromagnet. They rotate because the current reverses at just the right time.  

There are two problems to be solved then: 

¶ making electrical connections to a rotating coil; 

¶ reversing the current at the right time. 

Two solutions are: 

¶ use slip rings with an AC supply; 

¶ use a commutator and carbon brushes with a DC supply. 

w2a 

Over to you: 
 
 

This investigation uses any of the three Locktronics DC motors. 

They use a commutator and carbon brushes. 

 

¶ Build the system shown opposite with a 6V power supply. 

Press the push switch, and watch the ammeter reading. 

¶ Next, keep the push-switch closed, and press gently on the 

motor shaft, or against the plastic wheel attached to it, to slow down the motor. Watch the 

ammeter reading as you do so. 

¶ Press the push switch again. Press on the shaft or on the 

wheel to stop the motor rotating for a moment. Again watch 

the ammeter reading as you do so. 

¶ Copy the table, and complete it with your measurements. 

w2b 

Motor speed Current in A 

Maximum   

Slow   

Zero   

So what? 

Most motors rotate, so how does that happen? 
 

The top diagram shows a cutaway coil of wire, dis-

appearing into the sheet of paper. There is a mag-

netic field from left to right. Current flows into the pa-

per on the left side of the coil, and out of the paper on the right.  

Using the Left-hand rule, the coil sides move in the directions shown by 

the blue arrows, and so the coil starts to rotate. (There is no force on the 

back of the coil, because there current flows parallel, not at right-angles, to 

the magnetic field.)  
 

When the coil reaches the position shown in the second diagram, there is 

no twisting effect as the forces on the sides are in line, but in opposite directions.  

Momentum carries it past that position.  
 

We now reverse the current, so that when the coil reaches the position 

shown in the third diagram, the forces keep it rotating. 
 

Provided the current reverses again at the right time, rotation continues.  

w2d 

w2e 

w2f 

w2c 
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Worksheet 2 
The electric motor 

For your records: 
 

 

¶ When the work done by the motor increases, the current it draws from the supply increases. 
 

¶ When running freely, at maximum speed, the current is at a minimum because the rotating 

coil generates a voltage that opposes the externally applied voltage. 

So what? 
 

There are two ways to reverse the current: 
 

1. use slip-rings with brushes: 
 

The picture shows one form of slip-ring. 

Each end of the coil is connected to its own full brass ring.  

Electrical contact is made to each ring with a carbon brush,  

which moulds itself to the shape of the ring, reducing contact resistance.  

The coil is supplied with AC, and so the current automatically  

changes direction in step with the mains supply.  
 

 

2. use a commutator with brushes: 
 

The diagram shows the design of a simple commutator, a  

brass drum, split into two halves, separated by an insulator.  

Electrical contact is made by carbon brushes.  

The coil is connected to the two halves at X and Y.  

As the coil rotates, X is connected to the positive supply for roughly 

half of the time, and then to the negative supply. At all times, Y is connected to the opposite 

supply to X.  
 

The pictures show a typical design of carbon brush, and an electric motor. Its rotor contains a 

large number of coils, and so requires a more complicated commutator. 

 

 

 

 
 

The current is a minimum when the motor is spinning fastest - why? 
 

We will see that when a coil spins round inside a magnetic field, it generates a voltage. The 

faster it spins, the greater the voltage and this voltage opposes the external voltage producing 

the motion. Otherwise, we could switch off the external voltage, and have perpetual motion!   
 

As a result, at full speed, the overall voltage, and so the current, is reduced.  
 

Putting it another way, when we ask the motor to do more work, spinning against the extra  

friction of us pressing on the axis, it needs more current. 

w2h 

w2i 

w2j 

w2g 


