TAP 416- 4: Building up a transformer

Producing flux, linking flux 

In a transformer a primary coil produces flux: an electric circuit of varying current driven through a coil (current-turns) drives a changing flux through a magnetic circuit. The magnetic circuit interacts with a second electric circuit. The changing flux through this second electric circuit produces an emf in the circuit.
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You will need: 

· gimballed bar magnet (Magnaprobe)
· signal generator

· 240-turn coil

· 1100-turn coil

· digital multimeter

· microvoltmeter

· iron rod

· aluminium rod

· search coil

· oscilloscope

· power supply, 0–12 V ac
Producing a flux 
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Closing the switch allows the power supply to drive a current round the coil. The current is driven round a number of turns, producing a flux. Use the gimballed bar magnet to probe this flux. You should be able to show the magnetic circuit. Draw attention to the linked rings of the electric circuit (current round the coils) and the magnetic circuit (flux round and round the magnetic circuit). Note also that the electric circuit is well defined by a region of high conductance. As yet the magnetic circuit is not well defined by a region of low permeance, so is much more diffuse.

You might try reversing the power supply, again exploring the flux pattern, as a prelude to this next arrangement
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To show how a slowly changing current from the signal generator produces a slowly changing flux, again explore the flux with a gimballed bar magnet. This has a long response time, so you must keep the frequency low.

Linking the flux produced 

Now introduce a secondary coil: 
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You need to ensure that the secondary coil is placed so that it is linked to the flux produced by the primary coil. It is this changing flux linkage that induces an emf in the secondary coil.

Again keep the frequency low, show the flux patterns using a gimballed bar magnet. You will find it useful to have the two meters next to each other, so that you can see how the current in the primary is related to the emf induced in the secondary.

Some things you might try:

· altering the separation of the coils.

· altering the frequency of the primary current.

· linking the two coils with a material of high conductance (an aluminium bar, for 
example).

· linking the two coils with a material of high permeance (an iron bar, for example).

· reversing either coil.

· rotating either coil by 90.

In all cases trace out the electric and magnetic circuits, showing how the flux produced by one is linked to the other, or not, as the geometry dictates.

Exploring flux patterns 

Rapidly changing fluxes are well beyond the response times of the Magnaprobe, so use a search coil, connected to a multimeter, to probe the flux paths for higher frequencies of the primary. The search coil acts just like the secondary of a transformer, so the emf measured by the multimeter shows the flux linked to the coil. Now you can also show how the emf induced in the secondary depends on the frequency of the current in the primary.

You have shown 

1.
How the current-turns in an electric circuit produce a magnetic flux.

2.
How this magnetic flux encircles a circuit. 

3.
How a second coil linked to this flux has an emf induced in it. 

4.
Some of the ways in which this induced emf can be increased. 

5.
That a transformer consists of three separate circuits: two for electric flow, and one for 
magnetic flow.

Practical advice

This is written up as a presentation in the hope that you will find a small number of students willing and able to lead a discussion around the suggested bits of apparatus. You will need to decide how much to guide the discussion towards the phase relationships between the current in the primary, the flux, and the emf induced in the secondary. Similarly you might decide that the whole sequence is rather long, and that different groups of students could profitably lead each of the three sections. Or you may decide to demonstrate the whole, controlling the discussion rather more tightly. In any case you may find it wise to focus on three steps:

· flux produced in primary by current turns

· this flux linked to the secondary

· changing flux linked to the secondary induces an emf around the secondary. 

Or, even more briefly: 

· produce flux, link flux, induce emf.

Alternative approaches

There are many ways to approach transformers. This one, using very slow triangular waves as a basis, has the advantage that you can see it all happening in slow motion. It may be that you will want to use this experiment to introduce, or to explain the action of, the search coil.

External reference

This activity is taken from Advancing Physics chapter 15, 110P

