Lagan College GCSE Physics P3


P3.3 Keeping things moving

Electric currents produce magnetic fields. Forces produced in magnetic fields can be used to make things move.

This is called the motor effect and is how appliances such as the electric motor create movement.

Many appliances do not use 230 volts mains electricity. Transformers are used to provide the required potential

difference.

Candidates should use their skills, knowledge and understanding to:

■ interpret diagrams of electromagnetic appliances in order to explain how they work

■ compare the use of different types of transformer for a particular application.
P3.3.1 The motor effect

a) When a current flows through a wire a magnetic field is produced around the wire.

b) The motor effect and its use.

c) The size of the force can be increased by:

■ increasing the strength of the magnetic field
■ increasing the size of the current.

d) The conductor will not experience a force if it is parallel to the magnetic field.

e) The direction of the force is reversed if either the direction of the current or the direction of the magnetic field is reversed.
P3.3.2 Transformers

a) If an electrical conductor ‘cuts’ through a magnetic field a potential difference is induced across the

ends of the conductor.

b) If a magnet is moved into a coil of wire a potential difference is induced across the ends of the coil.

c) The basic structure of the transformer.

d) An alternating current in the primary coil produces a changing magnetic field in the iron core and hence in the secondary coil. This induces an alternating potential difference across the ends of the secondary coil.
e) In a step-up transformer the potential difference across the secondary coil is greater than the

potential difference across the primary coil.
f) In a step-down transformer the potential difference across the secondary coil is less than the potential

difference across the primary coil.

g) The potential difference across the primary and secondary coils of a transformer are related by the equation:
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h) If transformers are assumed to be 100% efficient, the electrical power output would equal the

electrical power input.


[image: image2.wmf]s

s

p

p

I

 V

 

I

 

V

´

=

´


i) Switch mode transformers operate at a high frequency, often between 50 kHz and 200 kHz.

j) Switch mode transformers are much lighter and smaller than traditional transformers working from

a 50 Hz mains supply.

k) Switch mode transformers use very little power when they are switched on but no load is applied.
Magnets & Electromagnetism

From your work at KS3 you should already have an understanding of magnetism and electromagnetism.  Use the space below to recap on what you know already.  

Things to think about:
· What is a magnetic field?

· What do we mean by a permanent magnet?

· What is the shape of the magnetic field around a permanent magnet?

· What is produced when electric current flows through a piece of wire?
Motion from electricity  (The motor effect)
In 1821 Michael Faraday found a way of producing motion from electricity. He found that if a wire carrying an electric current was placed in a magnetic field then there was a force on the wire; and if it could it moved. This happens because of the combined effects of the magnetic fields of the wire and the magnets. 

This may not seem very important but this simple fact is the basis of all our electric motors. Just think of how many times you use an electric motor in the house or at school – none of them would have been possible without Faraday’s discovery.

The effect can easily be demonstrated by the experiment shown below.

When a current is passed through the wire in a magnetic field, a force may be exerted on the wire.  This effect is known as the motor effect.
You will find that altering either the direction of the current or the direction of the magnetic field will change the direction of motion.
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The maximum force occurs when the current and the field are at right-angles to each other and the motion is then at right angles to both the field and the current.

The bigger the current and the stronger the magnetic field the greater the force on the wire and the faster it will move. Also the wire will ‘feel’ the biggest force if it is at right angles to the magnetic field and no force at all if it is parallel to the field.

Professor J .A. Fleming found a simple way of remembering the direction of motion using your left hand. It is called Fleming’s Left Hand Rule. If the thumb, first finger and second finger of the left hand are placed at right angles to each other then:
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Summary – Force factors
The demonstration should that:

· the force can be increased by:

· increasing

· using a 

· the force depends on the angle between the wire and the magnetic field lines; the force is:

· greatest when

· zero when

· the direction of the forces is always
The simple electric motor 
Electric motors use the motor effect to get them (and keep them) moving.
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Electric motors play a very large part in our everyday lives. Perhaps you have made an electric motor like the one shown in the diagram. You will find electric motors in CD players, sewing machines …. 
Can you think of other examples?  …………………………………………………………………………..

The main parts of the motor are:

· the magnets that provide the magnetic field.  In this motor they are permanent magnets, but in many motors they are electromagnets. 

· the armature, which is a coil of wire free to turn.  The armature in this motor is made of a single coil of wire.  It has two poles. 

· The commutator, which connects the armature to the brushes.  The current passes to the armature by the commutator. 

· The brushes that bring the current to the commutator. 

An electric motor like the one above needs three things to make it work:

1
a magnetic field;

2
a coil of wire with a current flowing through it;

3
a means of getting this current in and out of the coil.


The electric motor works because if a wire carrying an electric current is in a magnetic field there is a force on the wire. This makes the wire move if it can.

The diagram shows the view of a simple electric motor looking from the end of the axle. (The end of the axle is the small white circle in the middle of the diagram). 

When a current flows through the coil there is a force on the coil. The side marked 1 is forced upwards and the side marked 2 is forced downwards.

The coil turns in an ANTICLOCKWISE DIRECTION. The inertia of the coil keeps it turning between each contact with the input wires (+ and -).

To make the motor turn faster we can:

(a) increase the current

(b) replace the magnets with more powerful ones

(c) push the magnets closer to the coil

(d) put an iron centre piece into the coil (this concentrates the magnetic field through the coil)

(e) adding more sets of coils around the central core

Changing the direction in which the motor turns

MAGNETS

If we change the magnets so that they face the other way (North on the left and south on the right) the motor will turn in the opposite direction (CLOCKWISE in this case).

CURRENT

If we change the direction of the current so that the wire on the right is negative and that on the left positive) the motor will turn in the opposite direction (CLOCKWISE in this case).

MAGNETS AND CURRENT

If we change BOTH  the direction of the current AND the way the magnets are facing the motor will turn in the SAME direction as the original one (ANTICLOCKWISE in this case).

Questions - The Motor Effect
Q1 Complete the passage below using the words supplied.

Force
  angle    magnetic field
stronger
current
permanent       magnets

A wire carrying an electric current has a …………………   ………………… around it.

This can interact with the magnetic fields of other wires or of ……………………
........................

to produce a …………………… and sometimes movement.  A bigger …………………or a …………………magnet will produce a bigger force. The size of the force will also depend

on the ………………………….
at which the two magnetic fields meet each other.

Q2.  The diagram shows an electrical wire between two magnetic poles. When the current is switched on, the wire moves at right angles to the magnetic field.
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a) Use Fleming's Left-Hand Rule to predict which way the wire will move.  ………………………………
b)  How could the wire be made to move in the opposite direction?

……………………………………………………………………………………………………………………..
Q3. Read the three statements below. Tick the box next to each statement that you think is true.

□  A current-carrying wire will not experience a force if it is parallel to the magnetic field of a permanent magnet.

□ A current-carrying wire will not experience a force if it is at right-angles to the magnetic field of a permanent magnet.

□ A current-carrying wire will not experience a force if it is at an angle of 45° to the magnetic field of a permanent magnet.

Q4. The diagram shows an aerial view of a copper wire carrying a current down into the page.

State which way the wire will move …………………………

Questions -  The Simple Electric Motor

Q1 Which of the following will not make an electric motor spin faster? Tick one of the boxes.

□ Having more turns on the coil.
□ Using a bigger current. 
□ Using a commutator.

□ Using a stronger magnetic field.


□Using a soft iron core inside the coil. 
Q2 Read the three statements below. Tick the box next to each statement that you think is true.

□ The split-ring commutator makes the motor spin faster.

□ The split-ring commutator reverses the direction of the current every half turn by

swapping the contacts to the DC supply.

□ The split-ring commutator makes the motor rotate in a different direction.
Q3 Suggest two ways in which the direction of spin of a simple DC motor can be reversed.

…………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
Q4 The electric motor is often used in lifts in tall buildings and mines.

Describe briefly how an electric motor can be used to raise (and lower) a lift cage.

…………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
……………………………………………………………………………………………………………………
Q5 Use the words supplied to fill in the blanks in the explanation of how a loudspeaker works.
Move
  amplifier
current
    force
field
sound
   frequency
magnetic
The loudspeaker relies on the fact that a wire carrying a ………………………....
in a ………………...   ………………………   can experience a ……………………….  A coil is attached to a cardboard or plastic cone. An AC signal is then sent to the coil from an ………………………This makes the coil …………………….
and causes the cone to vibrate. The cone vibrates at the same ………………as the signal from the amplifier and produces …………………………..
Electromagnetic induction
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All these effects and uses are due to something called electromagnetic induction. This may sound rather complicated but all it means is a way of generating electricity by using moving wires, moving magnets or changing the voltages in one coil to make electrical energy in another.

The way of making electricity using magnets was discovered by Faraday in 1831 and this method is the basis of all dynamos used for making electricity today.

We can show this by two simple experiments.

In the first experiment we use a wire connected to a sensitive meter and pass the wire between the poles of a strong magnet (Figure 1). 


The next experiment uses a coil of wire instead of just a straight piece (Figure 2). If the north end of the magnet is pushed into the 600 turn coil a current is produced, pushing in the south end makes a current in the opposite direction, as does pulling a north end out.



These results show that:

If you work out the polarity of the coil as the magnet is pushed towards it you will always find that the induced current in the coil tries to prevent the motion.

For example, if you move a north pole towards a coil then that end of the coil becomes north, trying to push the magnet away.

This is called Lenz’s Law.


Another way of inducing a current in a coil is shown in Figure 3. If the wire is connected to the battery, a current will flow in coil A. This will be like bringing up a magnet to coil B and so a current will flow in B. If the switch is held fixed to the battery the current will fall to zero, but if the wire is disconnected a current will flow in B in the opposite direction but will stop after the switch has been opened. Connecting quickly will give a larger current than if the wire is slowly pressed against the battery terminals

NB – strictly speaking in all these experiments it is a voltage that is generated and this then gives a current in the meter if the circuit is complete. 
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Assessment Questions - Electromagnetic Induction

Q1 Look at the apparatus shown in the diagram below.


a) Describe how you could use the apparatus to demonstrate electromagnetic induction.

________________________________________________________________________________________________________________________________________________________________

b) What would you see on the ammeter?

________________________________________________________________________________________________________________________________________________________________
c) What effect, if any, would the following have: 
i) swapping the magnets

________________________________________________________________________________
ii) reversing the connections to the ammeter

_______________________________________________________________________________
Q2 A simple generator can be made by rotating a magnet end to end inside a coil of wire.

a) What happens to the magnetic field when the magnet turns half a turn?

________________________________________________________________________________
b) What is created in the wire by this rotation?

_______________________________________________________________________________
c) The magnet is constantly turned in the same direction. Would this generate an AC or DC current in the wire?
____________________________________________________________________________
Q3 Moving a magnet inside an electric coil produces a trace on a cathode ray oscilloscope.


[image: image7]
When the magnet was pushed inside the coil, trace A was produced on the screen. 
a) Explain how trace B could be produced.
____________________________________________________________________________
b) Explain how trace C could be produced.
____________________________________________________________________________
c) Explain how trace D could be produced.
____________________________________________________________________________
d) Explain how energy is transferred from the moving magnet to the oscilloscope.
___________________________________________________________________________
Remember that electromagnetic induction is a similar idea to the simple electric motor, but the other way round. With the electric motor, a current and a magnetic field cause movement. In electromagnetic induction, movement in a magnetic field induces a current.

Q4 Put each of the features of a DC motor or AC generator into the correct column in the table.

Kinetic energy produced
Kinetic energy consumed  
Slip rings

Commutator

	DC motor
	AC generator

	
	


Q5 Explain why the lights on a bicycle with a dynamo dim if the bicycle goes more slowly.

____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Q6 Complete the energy transfer diagrams below by writing in the correct forms of energy.

………………. energy (  Generator (  …………………… energy

………………. energy ( Electric motor (  …………………… energy

--- What sort or energy goes in? What sort comes out? ---

Q7 Which one of the statements below about slip rings in an AC generator is true? 
Tick the appropriate box.

□The slip rings prevent a current from flowing through the coil of the generator while it is turning.

□ The slip rings increase the size of the current generated by the coil.

□ The slip rings reverse the direction of the current supplied to an external circuit every half turn.

Q8 Steam can be used to generate electricity in power stations. 
a) What fuels are often used to produce steam in power stations?

________________________________________________________________________________________________________________________________________________________
b) The amount of fuel used may affect how fast the coil in the generator spins. How would the display of a connected cathode ray oscilloscope change if the coil of the generator spun faster?

________________________________________________________________________________________________________________________________________________________________________________________________________________________________

The transformer    

If we wish to run a 12 V train set from the 240 V mains or change 20 000 V to 400 000 V for transmission in a power cable then we must use a transformer. You will also find one in record players, mains radios, computers etc.


A transformer consists of two coils - the primary coil and the secondary coil both wound on a soft iron core as you can see from the diagram.

If an ac. voltage is applied to the primary coil then this will produce a changing magnetic field in the iron core. This then induces an alternating voltage in the secondary coil.

Remember that you will only get a voltage in the secondary coil if the magnetic field is changing. Therefore:


The number of turns on both the primary and secondary coils affects the output voltage of the transformer. In fact the ratio of the output voltage to the input voltage is the same as the ratio of the number of turns on the secondary to the number of turns on the primary.


Worked Example

A transformer is used to step a p.d. of 230V down to 10V. The secondary coil has 60 turns. Calculate the number of turns of the primary coil.

Questions

1. A transformer with a primary coil of 1200 turns and a secondary coil of 120 turns has 240 V connected to its primary. What is the output voltage?

2. What is the ratio of the primary turns to the secondary turns for a transformer that has an input of 20 000 V and an output of 400 000 V?

If the number of turns on the primary is greater than that on the secondary then the voltage on the secondary will be less than that on the primary. If there are more turns on the secondary the output voltage will be larger.

A voltage change from primary to secondary will mean a current change also. If the voltage is increased the current will be decreased and vice versa.


So a 20:1 step-down transformer for voltage will be a 20:1 step-up transformer for current.

Bigger currents need thicker wire and so step down transformers have primary coils of thin wire and secondary coils of thick wire.

Examples of step up and step down transformers

(a) Step down: electric mains clock, stereo, substation, low voltage power supplies, and audio systems in televisions.

(b) Step up: power station end of transmission cables, electron gun in a TV, “starter” coils in fluorescent lights.


Transformer efficiency [HIGHER]

Transformers are almost 100% efficient.  When a device is connected to the secondary coil, almost all the electrical power supplied to the transformer is delivered to the device.

· Power supplied to the transformer = primary current, Ip x primary p.d., Vp
· Power delivered by the transformer = secondary current, Is x secondary p.d., Vs

Therefore , for 100% efficiency:

Power IN = Power OUT

primary current x primary p.d. = secondary current x secondary p.d.

IpVp = IsVs
Complete the following table. The first one has been done for you.

(Assume that all the transformers are 100% efficient – that is, no energy is converted to other forms)

	
	Primary voltage
	Secondary voltage
	Primary turns
	Secondary turns
	Primary current
	Secondary current

	1
	12V
	240V
	100
	2000
	1A
	0.05A

	2
	240V
	12V
	5000
	
	0.1A
	

	3
	100V
	
	2000
	100
	
	2A

	4
	200V
	
	200
	10000
	1A
	

	5
	12V
	
	50
	
	1A
	0.1A

	6
	60V
	
	4000
	200
	100 mA
	


Switch Mode Transformers 
Switch mode transformers are a type of transformer that operate at higher frequencies than traditional transformers.  They usually operate at between 50 000Hz (50 kHz) and 

200 00Hz (200 kHz).  Its main features make it very suitable for use in mobile phone chargers.

· ______________________________________________________________________________________________

· ______________________________________________________________________________________________

A mobile phone charger has three main circuits. The diagram shows what each circuit does.

The switch mode transformer has a ferrite core.  This is much lighter than an iron core and, unlike an iron core, can work at high frequency.  The circuits convert the mains pd (at 230V  and 50Hz in Europe) to a much lower direct pd.
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Figure 1








The ignition and sparking system in many cars uses an induction coil


Transformers are used in thousands of different appliances


Electricity is generated in power stations using generators


Electricity is transmitted round the country at very high voltage


Electric guitars are ways of making music


Clockwork radios can pick up signals in remote places


Tape recorders and video tape recorders can store information
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Figure 3








The induced current is always trying to prevent the change.








Figure 2
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If the magnet is moved faster, a bigger current is produced.


Leaving the magnet still in the coil gives no current.


Using a coil with more turns, say 1200 gives a bigger current.








A current is only produced in the wire if it is moved up or down in the field cutting through the lines of the magnetic field.


Side-to-side or end-to-end motion produces nothing and when the wire is held still in the field there is no reading.


If the wire is moved upwards the flow of current is in the opposite direction to that when the wire is moved downwards.
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If the secondary voltage is less than the primary voltage, the transformer is known as a STEP-DOWN transformer. 


If the secondary voltage is greater than the primary voltage it is known as a STEP-UP transformer.
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Transformers will only work with a.c.








A transformer is used to change one a.c voltage into another
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