Chapter 28: Electromagnetic Induction
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Electromagnetic Induction occurs when an emf is induced in a coil due to a changing magnetic flux.

.

The Laws of Electromagnetic Induction.

1. Faraday’s Law states that the size of the induced emf is proportional to the rate of change of flux.

2. Lenz’s Law states that the direction of the induced emf is always such as to oppose the change producing it.*
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Demonstrating Faraday’s Law

1. Move the magnet in and out of the coil slowly and note a slight deflection.

2. Move the magnet quickly and note a greater deflection.

Later on it was found that the direction of the emf could also be predicted.

This is known as Lenz’s Law.

The two laws together are known as the laws of Electromagnetic Induction
Magnetic Flux φ
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B = magnetic flux density

A = the area

The unit of magnetic flux is the Weber (Wb)*
 The size of the induced emf is proportional to the rate of change of flux.
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So




In Symbols: 
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(the minus sign is a reference to Lenz’s Law).
Finally, this formula assumes the coil has only one turn. If there are N turns, then the formula becomes 
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Lenz’s Law
Lenz’s Law states that the direction of the induced emf is always such as to oppose the change producing it.

Explanation
We know that when a magnet and coil move relative to each other, an emf is induced.

Now if the coil is a conductor the induced emf will drive a current around the coil.

This current has a magnetic field associated with it.

The direction of this magnetic field will always be such as to oppose the change which caused it.

Demonstrating Lenz’s Law (i): Magnet, Plastic and Copper Tubes*
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Apparatus

Copper pipe, plastic pipe, stopwatch, strong magnet, 
Procedure
Drop the neodymium magnet down both tubes and compare the time taken for each for each.

Observation

The time taken for the magnet to fall down through the copper tube is much longer than the time taken for the magnet to fall down the plastic tube.

Explanation

The moving magnet induces an electric current in the copper.  This current creates a magnetic field that exerts a force to oppose the motion of the magnet and hence slows it down.

Demonstrating Lenz’s Law (ii): Magnet and Aluminium Ring
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Apparatus

Aluminium ring, magnet, thread, retort stand.
Procedure

1. Move one end of the bar magnet towards and into the ring.  The ring moves away from the magnet.

2. Hold the magnet in the ring and quickly pull it away.  The ring follows the magnet. 

Observation

When the magnet moves, the ring responds by moving in the same direction.

Explanation

The moving magnet induces a current in the ring.  This current creates a magnetic field that exerts a force to oppose the motion of the magnet.  The magnet exerts an equal and opposite force on the ring and so the ring moves as observed.

Electric Generators
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Let’s take a look at that very first diagram again:

Here mechanical energy is being converted to electrical energy.

This is the action which is responsible for almost all our electricity generation (solar energy being the main exception).
If you follow the electric wires in your house back to their source you will find at the other end a generating station which has either a magnet moving in and out of a coil of wire, or more likely, a coil of wire rotating in a  magnetic field.

An Electric Generator is a device that converts mechanical energy to electrical energy.
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Note that in the diagrams on the right the voltage is changing direction in a sine-wave fashion.

The generators in power plants are designed to change direction 50 times a second (frequency = 50 Hertz).

Because the voltage drives the current it follows that the current also changes direction 50 times a second.
Alternating Current (A.C.)*
Alternating current is current which changes direction 50 times a second.

Comparing Alternating and Direct Voltage and Current

If the current (or voltage) is constantly changing, how can we say what its value is?

We can’t take the average value because it’s zero.

We could take the height of the wave – but this keeps changing with time.
We could take the maximum height – but if the maximum height is say 3 Amps, it still won’t have the same heating effect as a direct current of 3 Amps.
We use what’s known as the root mean square value (Vr.m.s.)

This is obtained by dividing the maximum value (Vmax ) by (2.
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We do this because the magnitude of the r.m.s. alternating current will have the same heating effect as a direct current of the same magnitude.
e.g. If the r.m.s. value of an alternating current is 2 Amps, it will the same heating effect as 2 Amps direct current.
Mutual Induction
When the emf field in one coil changes, an emf is induced in the other.


To Demonstrate Mutual Induction

Procedure

· Set up two coils side by side as shown.
· Close the switch – a deflection is seen on the galvanometer.

· Open the switch – a larger deflection is observed.

Observation

Each time the circuit is completed or broken, a deflection is obtained on the galvanometer. The deflection at the break is greater than at the make.

Explanation

At the make and break of the circuit there is a change in the magnetic flux linking the coils and so an emf is induced in the secondary coil.  
The deflection is greater at the break because the current drops more quickly than it increases.
Mutual Induction and the Transformer


The size of the induced emf may be increased by

1. Having the coils nearer each other

2. Winding the coils on the same soft iron core
This is the principle behind how a transformer works

The relationship between Voltage out and Voltage in for a Transformer

The relationship between voltage across the secondary coil (Vs) and voltage across the primary coil (Vp) is determined by the ratio of the number of turns on the secondary coil (Ns) to the number of turns on the primary coil (Np) 

Vs = voltage across the secondary coil, Vp = voltage across the primary coil
Ns = Number of turns in secondary, Np = Number of turns in primary coil
Note

If the voltage is increased, the transformer is called a ‘Step-Up Transformer’

If the voltage is decreased, the transformer is called a ‘Step-Down Transformer’

Uses of transformers
Transformers are used in generating stations to step up the voltage from about 20 kV to anything up to 400 kV . This has then to be dropped down to 230 Volts before it enters the home.
Many household appliances run on lower voltages again, and so a second transformer is required. This is usually inside the appliance (e.g. a radio).
Self-Induction
A changing emf in a coil induces a changing magnetic field in the coil itself. This changing magnetic field in turn induces a second emf (in the coil itself) which is opposite in direction to the driving emf.
This induced emf is known as back-emf (because it is acting ‘backwards’)

To Demonstrate Self-Induction (Back Emf)

Apparatus

6 V a.c. power supply, coil of wire with 1200 turns, soft iron core, 6 V filament lamp.


Procedure


1. Connect the bulb, coil and a.c. supply in series.

2. Switch on the power supply.  The lamp lights.

3. Insert the iron core into the coil.  The lamp becomes dimmer.
Explanation

The a.c. produces a changing magnetic field in the coil.  
This induces an emf and hence a current that opposes the applied current.  
The iron core increases the magnetic flux and hence the induced opposing current is increased.  
The resultant current in the circuit is reduced and the bulb becomes dimmer.

Note
If this circuit is set up using a d.c. power supply, no dimming occurs with the core in the coil as there is no changing magnetic field.

An inductor is a coil used to reduce the flow of alternating current.
An example of an inductor is the dimmer switch used in stage lighting.
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( induced emf (in second coil). This in turn can induce a current if the second circuit is complete.
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Constantly changing emf (in first coil) ( constantly changing current (in first coil) ( constantly changing magnetic field (in first coil) ( constantly changing induced emf (in second coil) ( constantly changing current (in second coil if it’s a complete circuit).
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Changing emf ( changing current ( changing magnetic field ( induced changing emf (in opposite direction to original) ( induced changing current (in opposite direction to original) {all in the same coil}
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