 

IGCSE – PHYSICS – Electricity and Magnetism


TOPIC: 9
ELECTRICITY AND MAGNETISM
9.01- 9.04 SIMPLE PHENOMENON OF MAGNETISM
Objectives:

By the end of this chapter you should be able to:
· State the properties of magnets
· Give an account of induced magnetism
· Distinguish between ferrous and nonferrous materials
· Describe methods of magnetization and of demagnetization
· Describe an experiment to identify the pattern of field lines round a bar magnet
· Distinguish between the magnetic properties of iron and steel
· Distinguish between the design and use of permanent magnets and electromagnets
Content
History of Magnetism
The Chinese discovered the magnetic compass as early as 200 BC. At first fortune-tellers used it. Later people realised that it was a way to find the direction of North and South.

The ancient Greeks knew that the lodestone or magnetite attracted iron towards it. It is known that the Vikings used a lodestone to navigate. Later at the end of the twelfth century Europeans were using this simple compass to aid navigation.

During the 16th century Sir William Gilbert discovered that the properties of the lodestone could be transferred to ordinary pieces of iron by rubbing them with a lodestone.

What is a Magnet?
The first magnets were made of iron. These days they are 

· alloy magnets that contain metals such as

iron

nickel

copper

cobalt

aluminium

· ceramic magnets that are made from powders called ferrites which contain iron oxide and barium oxide
Properties of Magnets:

1. Attractive Property: 

 Magnets attract certain materials eg iron, steel, nickel, cobalt etc. These materials are called magnetic materials.  Magnetic materials are attracted to the poles of the magnet. Poles are the points of a magnet where the attraction appears to be maximum.
2.  Directive Property: 

         A freely suspended magnet always points towards geographic North and South.
One end which points roughly to the Earth's North pole is called North seeking pole - North pole and the other pole is called - South - S pole.
3. Like poles repel and Unlike poles attract
4. Magnetic monopoles do not exist.
Note:  Force between magnetic poles decreases as their separation increases. A permanent magnet causes repulsion with one pole when the poles are brought in turn near a suspended magnet. An unmagnetised magnet material would be attracted to both poles. Repulsion is the only sure test for a magnet. Magnetism can work over a distance and magnets can exert a force (push or pull) on objects without making contact with them.
Induced Magnetism
When a piece of unmagnetised magnetic material touches or is brought near to the pole of a permanent magnet, it becomes a magnet itself. The magnetism is induced.
A South Pole induces a South Pole in the far end. 
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Magnetic Induction
The magnetism acquired by a magnetic material when it is kept near (or in contact with) a magnet is called induced magnetism.
Examples 
Chains of paper clips can be hung from a magnet. Each paper clip magnetises the one below it by induction and the unlike poles so formed attract. If top paper clip is removed the chain collapses, which shows:-
Magnetism induced in iron is temporary (SOFT) 
If the nails are made of steel, the chain it does not collapse -
Magnetism induced in steel is permanent (HARD) 

Strings of papers clips
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Induction precedes attraction: This explains why an ordinary piece of iron is attracted towards a magnet. When a piece of iron is brought near a magnet, the end which is closer to the inducing pole of the magnet acquires opposite polarity due to induction. Opposite poles then attract each other and the bar moves towards the magnet.
Storing Magnets
Magnets become weaker with time (due to ‘free’ poles) near the ends repelling each other and upsetting alignment of tiny magnets). To prevent this bar magnets are stored in pairs with unlike poles opposite and pieces of soft iron - keepers across the ends.

The keepers become induced magnets and their poles neutralise the poles of the bar magnets.
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Making a Magnet
· By stroking

(i) Single touch method
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(ii) Double touch method is a better method
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· Electrically
Place magnetic material in a solenoid (cylindrical coil of wire) which is connected to 6-12 V d.c. supply. Switch on current for a second and then off. Remove material from solenoid - material will be a magnet.

Polarity of magnet produced depends on direction of the current
 

Electro-Magnets
A wire which has a current flowing through it has a magnetic field around it. This can be shown using plotting compasses or non filings.
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	If you reverse the current you reverse the polarity of the field.
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	A coil of wire with electricity flowing through it acts as a bar magnet. However, you can control magnetism, you can turn it on and off by using a switch to turn the current and off. You can also reverse the chaining the connections battery. Placing a piece of iron into the coil induces a magnetic effect in the iron when the current is flowing in the coil and so turning it into an electro magnet to the polarity by on 


The strength of the electro-magnet can be improved by the following: 

· increasing number of coils

· increasing the current

· using an iron core (iron magnetises and demagnetises quickly, whereas steel takes time to magnetise and demagnetise)
Use of electro-magnets

· Electric generators

· Electric Motors

· Loudspeakers

· Telephones

· Tapes - flexible magnets

Having made an electro-magnet it can now be used to produce movement. .Iron or steel can be attracted towards the end of the electro-magnet when it is switched on.

Bar magnets and other electro-magnets may be repelled away the nearest pole is the same (like poles repel ...... etc).

Metal may also spring back when the current is turned off. 

 The reverse of the initial electro-magnetic theory - if a magnet or magnetic field is moved near a wire then an electric current flows in the wire. This is important to understanding why many things work.

Magnetic Fields
A magnetic field is the area around a permanent magnet or a wire carrying a current in which a force is experienced.

Magnetic Field Characteristics
Magnetic Field In and Around a Bar Magnet
The magnetic field surrounding a bar magnet can be seen in the magnetograph below. A magnetograph can be created by placing a piece of paper over a magnet and sprinkling the paper with iron filings. The particles align themselves with the lines of magnetic force produced by the magnet. The magnetic lines of force show where the magnetic field exits the material at one pole and reenters the material at another pole along the length of the magnet. It should be noted that the magnetic lines of force exist in three dimensions but are only seen in two dimensions in the image.

[image: image9.png]



It can be seen in the magnetograph that there are poles all along the length of the magnet but that the poles are concentrated at the ends of the magnet. The area where the exit poles are concentrated is called the magnet's north pole and the area where the entrance poles are concentrated is called the magnet's south pole. 

Magnetic Fields in and around Horseshoe and Ring Magnets
[image: image48.png]


Magnets come in a variety of shapes and one of the more common is the horseshoe (U) magnet. The horseshoe magnet has north and south poles just like a bar magnet but the magnet is curved so the poles lie in the same plane. The magnetic lines of force flow from pole to pole just like in the bar magnet. However, since the poles are located closer together and a more direct path exists for the lines of flux to travel between the poles, the magnetic field is concentrated between the poles. 
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If a bar magnet was placed across the end of a horseshoe magnet or if a magnet was formed in the shape of a ring, the lines of magnetic force would not even need to enter the air. The value of such a magnet where the magnetic field is completely contained with the material probably has limited use. However, it is important to understand that the magnetic field can flow in loop within a material. (See section on circular magnetism for more information).

 

General Properties of Magnetic Lines of Force
Magnetic lines of force have a number of important properties, which include:

· They seek the path of least resistance between opposite magnetic poles. In a single bar magnet as shown to the right, they attempt to form closed loops from pole to pole.

· They never cross one another.

· They all have the same strength.

· Their density decreases (they spread out) when they move from an area of higher permeability to an area of lower permeability.

· Their density decreases with increasing distance from the poles.

· They are considered to have direction as if flowing, though no actual movement occurs. 

· They flow from the south pole to the north pole within a material and north pole to south pole in air.
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The direction of the field at any point should be the direction of the force on a N pole.

The direction is shown by arrows - these point away from N pole towards S pole.
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Magnetic field of two magnets with like poles facing.
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Magnetic field of two magnets with unlike poles facing.
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Theory of Magnetism
If a magnetic piece of steel rod is cut into smaller pieces, each piece is a magnet with a N or a S pole.

Therefore a magnet can be said to be made of lots of "tiny" magnets all lined up with their N poles pointing in the same direction. At the ends, the "free" poles of the "tiny" magnets repel each other and fan out so the poles of the magnet are round the ends.
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In an unmagnetised bar the "tiny" magnets point in all directions - the N pole of one neutralized by S pole of another. Their magnetic effects cancel out and there are no "free poles near the ends.

 This theory explains: 

· the breaking of a magnet

· limit to strength of magnet

· demagnetization

Demagnetisation: Is a process through a magnet loses its magnetic properties.
This can be done by:

· hammering a magnet

· heating

· dropping a magnet

· demagnetizing by using reduced alternating current through a coil of wire wrapped round a magnet
Worksheet( classwork)
1. A permanent magnet is a device that retains a magnetic field without need for a power source. Though many of us have experienced the effects of magnetism from a permanent magnet, very few people can describe what causes permanent magnetism. Explain the cause of permanent magnetism, in your own words.
2. If we were to trace the magnetic lines of flux extending from this bar magnet, what would they appear like? 
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3. Magnetic poles are designated by two labels: "North" and "South". How are these labels defined? Explain how we can experimentally determine which ends of a magnet are "North" and "South", respectively?
4. What happens to the magnetic lines of flux emanating from a magnet, when an unmagnetized piece of iron is placed near it?
5. State the four properties of a magnet.
6. When an unmagnetised iron nail is brought near a magnet it gets attracted to the magnet. Explain the mechanism how it happens?
7. Why iron filings which are sprinkled on the sheet of a cardboard over a bar magnet take up definite positions when the cardboard is slightly tapped?
Worksheet( homework)
Question 1
[image: image17.emf]
Question 2
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ACTIVITY
1. Making a magnet.

You will need:

• an iron wire

• a steel needle

• a bar magnet

• iron fi lings

• steel pins or paperclips

• a plotting compass

Procedure

1. First, magnetise the iron wire by stroking it with a permanent magnet, as shown in the picture. You will need to stroke it 50 times or more from one end to the other, always in the same direction, and always with the same pole of the magnet.
[image: image19.emf]
2 Now decide how to test your magnet. Will it pick up iron filings, pins or paperclips? If you hang it up so that it can turn freely, will it point north–south?
3 Repeat steps 1 and 2 with the steel needle. Steel is a hard magnetic material. Can you magnetise it?

4 Try to demagnetise your iron wire. Bang it with a stone or hammer. Can you tell if it is weaker? Heat it with a Bunsen flame. Does this destroy its magnetism? Can you demagnetize a magnetised iron wire using the opposite pole from the one you used to magnetise it?

Points to discuss

Is your method 
• Good enough to tell whether the magnetized iron is stronger than the magnetised steel?

• How does induced magnetism come into these experiments?

2. Plotting of lines of force of a bar magnet

You will need:

• a bar magnet

• a plotting compass
• plain paper, a pencil
PROCEDURE:
1 Place the magnet in the centre of the sheet of paper and mark its outline.

2 Place the compass near one of the poles of the magnet. Mark dots 1 and 2 on the paper to indicate the two ends of the compass needle.

[image: image20.emf]
3 Move the compass away from the magnet and position it so that one end of its needle is marked by dot 2. Mark dot 3 at the other end.

4 Continue this process, until you have moved round to the other pole of the magnet.
5 Remove the compass. The sequence of dots shows one of the field lines of the magnet’s field. Draw a smooth line through the dots.

6 Repeat the process, starting at a slightly different position, to obtain another field line.
9.05 Magnetic Force On a Current
9.06 Electric Motors

Objectives:

By the end of this chapter you should be able to:

· Describe the pattern of the magnetic field due to currents in straight wires and in solenoids

· Describe applications of the magnetic effect of current, including the action of a relay
· Describe an experiment to show that a force acts on a current-carrying conductor

in a magnetic field, including the effect of reversing:

(i) the current

(ii) the direction of the field
· Describe an experiment to show the corresponding force on beams of charged particles.

· State and use the relative directions of force, field and current

· State that a current-carrying coil in a magnetic field experiences a turning effect and that the effect is increased by increasing the number of turns on the coil

· Relate this turning effect to the action of an electric motor
· Describe the effect of increasing the current
9.05 Magnetic Force on a current
French scientist Andre Marie Ampere, suggested that a magnet must also exert an equal and opposite force on the current carrying conductor. The above mentioned concept can be best understood by way of a demonstration as explained below.
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Procedure: A small aluminium rod AB  is connected to the wires and suspended horizontally as shown in the figure. A strong horse-shoe magnet is placed in such a way that the magnetic field is directed vertically upwards. The rod AB is connected in series to a battery, a key and a rheostat Switch on the current

Observation: The rod AB gets displaced.

Procedure: Repeat the experiment by changing the direction of flow of current. 

Observation: The rod AB gets displaced in the reverse direction.

Inference:  A current carrying conductor experiences a force when placed in a magnetic field. The direction of force is reversed when the direction of current in the conductor is reversed.

The force acting on the current-carrying conductor can be changed by changing the direction of the magnetic field.
Fleming's left Hand Rule


Fleming's left hand rule helps us to predict the movement of a current carrying conductor placed in a magnetic field. 
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According to this rule, extend the thumb, forefinger, and the middle finger of the left hand in such a way that all the three are mutually perpendicular to each another. If the forefinger points in the direction of the magnetic field and the middle finger in the direction of the current, then, the thumb points in the direction of the force exerted on the conductor.

Devices that use current carrying conductors and magnetic fields include electric motors, generators, loudspeakers and microphones.

Turning effect on a coil
If a coil is placed in a magnetic field it will turn. This is because the current flows in opposite directions along the two sides of the coil. One side is pushed up and the other is pushed down. This is basically how a motor works.

The turning effect is stronger if:                                  [image: image24.png]



· The current is increased

· A stronger magnet is used

· There are more turns on the coil

9.06 Electric Motors:

An electric motor is a machine which converts electrical energy into mechanical energy.

Principle: It is based on the principle that when a current-carrying conductor is placed in a magnetic field, it experiences a mechanical force whose direction is given by Fleming's Left-hand rule and whose magnitude is given by

Force, F = B I l  newton      

Where B is the magnetic field in weber/m2. 

                                 I is the current in amperes and  

                                 l is the length of the coil in meter.              

The force, current and the magnetic field are all in different directions.  

    If an Electric current flows through two copper wires that are between the poles of a magnet, an upward force will move one wire up and a downward force will move the other wire down.      
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	Figure 1: Force in DC Motor
	Figure 2 : Magnetic Field in DC Motor
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	Figure 3 :  Torque in DC Motor
	Figure 4 : Current Flow in DC Motor


    The loop can be made to spin by fixing a half circle of copper which is known as commutator, to each end of the loop. Current is passed into and out of the loop by brushes that press onto the strips. The brushes do not go round so the wire do not get twisted.  This arrangement also makes sure that the current always passes down on the right and back on the left so that the rotation continues. This is how a simple Electric motor is made.
9.07 Electromagnetic Induction; 

9.08 More about induced current; 

9.09 Generators; 9.10 – 9.11 Transformers

9.12 Power across the country.
Objectives:

By the end of this chapter you should be able to:

· -describe an experiment which shows that a changing magnetic field can induce an e.m.f. in a circuit

· -state the factors affecting the magnitude of an induced e.m.f.

· -show understanding that the direction of an induced e.m.f. opposes the change causing it

· -describe a rotating-coil generator and the use of slip rings.
· -sketch a graph of voltage output against time for a simple a.c. generator

· -describe the construction of a basic iron cored transformer as used for voltage transformations

· -recall and use the equation (Vp / Vs) = (Np / Ns)

· -describe the principle of operation of a transformer

· -recall and use the equation Vp Ip = Vs Is (for 100% efficiency)

· -describe the use of the transformer in high-voltage transmission of electricity

· -give the advantages of high voltage transmission

· -explain why energy losses in cables are lower when the voltage is high
Electromagnetic Induction
Whenever an electric current flows through a conductor, a magnetic field is immediately brought into existence in the space surrounding the conductor. It can be said that when electrons are in motion, they produce a magnetic field. The converse is also true i.e. when a magnetic field embracing a conductor moves relative to the conductor, it produce a flow of electrons in the conductor. This phenomenon whereby an e.m.f.  and hence current  is induced in any conductor which is cut across or is cut by a magnetic flux is known as electromagnetic induction.
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Faraday’s Laws:

First Law :

            Whenever the magnetic flux linked with a circuit changes, an e.m.f. is always induced in it. 

                                        or

            Whenever a conductor cuts magnetic flux, an e.m.f. is induced in that conductor. 

    Second Law :

            The magnitude of the induced e.m.f. is equal to the rate of change of flux linkages.
9.08 More about induced current
The direction of induced current may be found easily by applying either Fleming's Right-hand Rule or Lenz's Law.

Lenz's Law
            Electromagnetically induced current always flows in such direction that the action of the magnetic field set up by it tends to oppose the very cause which produces it. 
Lenz's law is not an independent principle. It gives the same result as the sign rules we interduced in connection with Faraday's Laws, but is often easier to use. It is directly related to Conservation of Energy.

Illustration: A bar magnet is freely pulling along the axis of a circular loop as show in the figure. State whether its acceleration a is equal to greater than or less than the acceleration due to gravity g ?
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Ans: a < g. Because according to Lenz's law, whatever may be the direction of induced current, it will oppose the cause. There the cause is, the free fall of magnet and so the induced current will oppose it and the acceleration of the will be less than the acceleration due to gravity g.
Fleming's right hand rule
The direction of induced current can easily be predicted using Fleming's right hand rule.

[image: image31.jpg]+ /7, Thumb
motion N
\

! First finger

field |

current ‘





If we stretch the first finger, the central finger and the thumb of our right hand in mutually perpendicular directions such that first finger points along the direction of the field and the thumb is along the direction of motion of the conductor, then the central finger would give us the direction of induced current.

9.09 Generators
Principle : 

    A.C. generators or alternators (as they are usually called) operate on the same fundamental principles of electromagnetic induction 

    Alternating voltage may be generated by rotating a coil in the magnetic field or by rotating a magnetic field within a stationary coil. The value of the voltage generated depends on- 
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the number of turns in the coil. 

                     [image: image33.png]


strength of the field. 

                     [image: image34.png]


the speed at which the coil or magnetic field rotates.    
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CONSTRUCTION A.C Generator consists of the following parts. 

Powerful field magnet with concave poles.

Armature: It is a rectangular coil of large number of turns of wire wound on laminated soft-iron core of high permeability and low hysteresis loss.

Slip rings: The ends of the coil are joined to two separate copper rings fixed on the axle .
Carbon brushes: Two carbon brushes remain pressed against each of the rings which form the terminals of the external circuit.

WORKING:  In order to determine the magnitude and direction of induced e.m.f, let us consider the different positions of the coil which has ‘N’ turns of wire. In one revolution following positions can be considered. 

[image: image36.png]B A N —_
JUSS— -
T ;i
B
0=0 0 =90 0=180 2
0=90 o730
0= 180 G1= 350





When initially coil is vertical, the length arms AC and BD are moving parallel to the lines of force maximum number of lines link the coil, but rate of change of flux is zero, hence emf is zero.

As the coil moves from this position, sides AC and BD begin to cut the lines of force and induced emf is setup till it is maximum when the coil is horizontal. It has rotated 90o, 1st quarter is completed.

Further rotation decreases the value of emf, until at the end of 2nd quarter, when coil is vertical, it has rotated 180o, the emf is again zero.

As the coil rotates further from position 3 to position 4, an emf is again induced, but in reverse direction, because AC and BD are cutting the magnetic lines in opposite direction. The reverse emf reaches to –ve peak value at the end of 3rd quarter. The coil is horizontal and angle of rotation is 270o. On further rotation, the emf again decreases and becomes zero when the coil returns back to its original position after rotating 360o.
9.10 – 9.11 Transformers
A transformer is a static piece of apparatus by means of which electric power in one circuit is transformed into electric power of the same frequency in another circuit. It can raise or lower the  voltage in a circuit but with a corresponding decrease or increase in current. 

      Principle : The basic principle of a transformer is mutual induction between two circuits linked by a common magnetic flux.
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In brief, a transformer is a device that

                  [image: image39.png]


  transfers electric power from one circiut to another.
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  it does so without a change of frequency.
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  it accomplishes this by electromagnetic induction and

  

                  [image: image42.png]


  where the two circuit are in mutual inductive influence of each  

                        other.            

 

In it's simplest form it consist of, two inductive coils which are electrically separated but magnetically linked. If one coil (primary) is connected to source of alternating voltage, an alternating flux is set up in the laminated core, most of which is linked with the other coil in which it produces mutually-induced e.m.f. (according to Faraday's Laws of Electromagnetic Induction. If the second coil (secondary) circuit is closed, a current flows in it and so electric energy is transferred (entirely magnetically) from the first coil to the second coil.  

                                   A transformer can decrease the voltage (called a step down transformer) or increase the voltage (called a step up transformer, shown below).

Alternating current is passed through the primary coil (the input) which creates a changing magnetic field in the iron core. The changing magnetic field then induces alternating current of the same frequency in the secondary coil (the output).
The transformer equation relates the number of turns of wire to the difference in voltage between the primary and secondary coils.

Vp/Vs = Np/Ns

Where, Vp is the voltage in the primary coil.
             Vs is the voltage in the secondary coil.
             Np is the number of turns of wire on the primary coil.
             Ns is the number of turns of wire on the secondary coil.

A step up transformer has more turns of wire on the secondary coil, which makes a larger induced voltage in the secondary coil. It is called a step up transformer because the voltage output is larger than the voltage input. If the secondary coil has twice as many turns of wire then the output voltage will be twice the input voltage.
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A step down transformer has less turns of wire on the secondary coil, which makes a smaller induced voltage in the secondary coil.
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It is called a step down transformer because the voltage output is smaller than the voltage input.
If the secondary coil has half as many turns of wire then the output voltage will be half the input voltage (see transformer equation).

Decreasing the voltage does not decrease the power. As the voltage goes down, the current goes up.
There are two points to remember.

1. Transformers only work with alternating current. Using direct current will create a magnetic field in the core but it will not be a changing magnetic field and so no voltage will be induced in the secondary coil.

2. Using a step up transformer to increase the voltage does not give you something for nothing. As the voltage goes up, the current goes down by the same proportion.

The power equation shows that the overall power remains the same,

P = V x I     Power = Voltage x Current.

In reality, the power output is always less than the power input because the changing magnetic field in the core creates currents (called eddy currents) which heat the core. This heat is then lost to the environment, it is wasted energy.
9.12 Power across the country.
Electricity is generated on a large scale at power stations and then transmitted through cables to factories and homes. Transformers are used to produce a very high voltage for the transmission of electricity, to minimize energy loss. A generator at a power station might produce electricity with a voltage of 25,000V and a current of 8,000A.
Such a large current would cause the cables of the National Grid to get hot because of the heating effect of current. Energy would then be lost as heat to the atmosphere and by the time that the electricity had traveled from the power station through the cables to the towns and factories, much of the original energy would be lost. To reduce the energy loss, a step up transformer at the power station
is used to raise the voltage to 400,000V. This is 16 times the input voltage of 25,000V. The power equation tells us that if the voltage has gone up by 16 times, then the current must be reduced by 16 times. The original current of 8,000A is reduced to 8000 ÷ 16 = 500A.
This current is still high but the thickness of the cables means that the heating effect is minimal. At factories, a step down transformer reduces the voltage to 33,000V. For houses, a step down transformer reduces the voltage to 240V. 

The electricity produced by power stations is alternating current because,
1. It is easy to generate alternating current.
2. Transformers will not work with direct current.
Worksheet( Class Work)
1. Fig. 1.1 is a diagram of a transformer.
[image: image45.emf]
(a) (i) On Fig. 1.1, clearly label the core of the transformer. 

(ii) Name a suitable material from which the core could be made.

............................................................................................................................ 

(iii) State the purpose of the core.

............................................................................................................................ 

(b) Calculate the reading on the voltmeter.

voltmeter reading = ............................................. V

2. The fig 2.1 shows apparatus used to investigate electromagnetic effects around straight wires.
[image: image46.emf]Fig 2.1

Fig. 2.2 is a view looking down on the apparatus shown in Fig. 2.1.
[image: image47.emf]Fig 2.2

(a) A battery is connected to T1 and T2 so that there is a current vertically down the thick

wire.

On Fig. 2.2, draw three magnetic field lines and indicate, with arrows, the direction of all

three. 

(b) Using a variable resistor, the p.d. between terminals T1 and T2 is gradually reduced.

State the effect, if any, that this will have on

(i) the strength of the magnetic field, ...............................................

(ii) the direction of the magnetic field. ...................................................................... 

(c) The battery is now connected to terminals T3 and T4, as well as to terminals T1 and T2,

so that there is a current down both wires. This causes the flexible wire to move.

(i) Explain why the flexible wire moves.

.................................................................................................................................

.................................................................................................................................

.................................................................................................................................

............................................................................................................................

(ii) State the direction of the movement of the flexible wire.

............................................................................................................................ 

(iii) The battery is replaced by one that delivers a smaller current.

State the effect that this will have on the force acting on the flexible wire.

.................................................................................................................................

............................................................................................................................
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