The transformer    
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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.



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.


Energy losses in a transformer 

These formulae are only correct if the transformer is 100% efficient but of course they never are. Energy is always lost and so the output voltage will be a little smaller than the calculated value.

Energy can be lost as:

(a)
heat in the coils because of the resistance of the wire;

(b)
incomplete transfer of magnetic field;

(c) heating of the core due to induced currents in it. This is reduced by making the core out of insulated soft iron in laminated strips. If this were not done the cores of large transformers would get so hot that they would melt.

Copy and 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
	


A couple of exciting experiments with a transformer

Using a mains transformer, that is one where the primary is connected to the mains two impressive experiments can be carried out

(a) the jumping ring


The primary coil is connected to the mains, the core is “opened up” so that one arm of it is vertical and the secondary is simply an aluminium ring as shown in the diagram. When the current is switched on the ring flies up into the air, usually leaving the core. Extending the core or cooling the ring makes it rise even higher. (Why do you think this is?).

Induced currents in the aluminium ring act in the opposite direction to those in the coil, and so the magnetic filed of the ring repels the magnetic field of the coil and so the ring shoots into the air.


(b) the melting nail

In the second experiment the secondary coils has only five or six turns and the ends are joined together by the points of two nails touching each other. Once again this is a step down transformer for the voltage but this means that the secondary current will be high. In fact the ratio of the number of coils on the primary to the number of coils on the secondary is so high that the current is huge, so big that the ends of the nails actually melt. If you turn off the supply while they are hot they actual weld together!







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





Transformers will only work with ac.








Secondary voltage (VS) = VP x [nS/nP]





Secondary voltage (Vs)/ Primary voItage (VP) = Secondary turns (nS)/ Primary turns (nP)








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











Examples


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?





V = 240 [120/1200 ] =240 x 1/10 = 24V





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?





np/ns  = 20 000/400 000 = 1:20.
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