A2 Physics Unit 8
Transformers

Mr D Powell

Chapter Map

Common misconceptions: Don’t confuse Fleming’s left-hand rule (Topic 7.1) with the right-hand
rule (Topic 8.1). Remembering the phrase ‘motors drive on the left’ may help to distinguish the
motor rule from the dynamo rule. You may find some of the formulae in this chapter rather
daunting. Practice at using them in calculations should help.
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8.1 Generating electricity

Specification link-up 3.4.5: Electromagnetic induction
What must happen to a conductor (or to the magnetic field in
which it is placed) for electricity to be generated?
What factors would cause the induced emf to be greater?
Does an induced emf always cause a current to flow?
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Page 121
Mental Note.
Figure 5a -> Use LH rule
Figure 5b -> Use RH rule

Common misconceptions: Don’t confuse
Fleming’s left-hand rule (Topic 7.1) with the
right-hand rule (Topic 8.1). Remembering the
phrase ‘motors drive on the left’ may help to
distinguish the motor rule from the dynamo
rule. You may find some of the formulae in this
chapter rather daunting. Practice at using
them in calculations should help.
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8.2 The laws of electromagnetic induction

Specification link-up 3.4.5: Electromagnetic induction; Magnetic
flux and flux linkage
What are magnetic flux and magnetic flux linkage?
How is the induced emf in a coil related to the magnetic flux
linkage through it?
What is Lenz’s law and which conservation law explains it?
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Lenz’s Law...
Solenoids create a magnetic field.

North pole - aNticlockwise
South pole – Clockwise

Magnet inserted into a solenoid creates a current flow in the opposite
direction to motion. (conservation of energy!)
Thus a N pole inserted into a coil creates a...
“North pole - aNticlockwise” current flow. (see Fig 2a page 123

Mr Powell 2008

Index

Faradays Law...
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Definitions....
Term

What does it mean?

Units & alternate
units?

Magnetic Flux
Density

Magnetic Flux
Magnetic Flux
Linkage
Lenz’s Law
Faradays Law
Induced emf
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A
Using formulae for induced e.m.f
Rearrange to second line....
(mine complex version!)

  BAN  sin t 
 sin t 
N

 BA  
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8.3 The alternating current generator

Specification link-up 3.4.5: Electromagnetic induction
Which two features of the output voltage waveform change if
the coil is turned faster?
Why is the output alternating?

Why is it preferable for practical generators to have fixed coils
and a rotating (electro)magnet?
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http://www.animations.physics.unsw.edu.au/jw/electricmotors.html
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1.

Conducting Rod of length l moves through magnetic flux
density (field strength per unit area) B at constant speed
v....

2.

Distance travelled by rod is v∆t

3.

Area of flux it cuts is lv∆t.

4.

Magnetic flux = = BA = B x lv∆t

5.
6.

Faraday law states e.m.f = ∆ / ∆t = Blv∆t/ ∆t = Blv
e.m.f = 1x10-5T x 60m x 150ms-1
= 0.09Tm2s-1
= 0.09 Vsm-2m2s-1
= 0.09V
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8.4 Transformers

Specification link-up 3.4.5: Electromagnetic induction
What is the purpose of transformers?
What energy changes take place in a transformer?

How is the efficiency of transformers improved by better design?
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The linear variable differential transformer (LVDT)
An iron-core transformer with movable core. A differential
transformer produces an electrical output voltage proportional to
the displacement of the core. It is used to measure motion and to
sense displacements. It is also used in measuring devices for force,
pressure, and acceleration which are based on the conversion of the
measured variable to a displacement.
Various available configurations, some translational and others
rotational, all employ the basic circuit shown in the illustration: a
primary winding, two secondary windings, and a movable core. The
primary winding is energized with alternating voltage. The two
secondary windings are connected in series opposition, so that the
transformer output is the difference of the two secondary voltages.
When the core is centred, the two secondary voltages are equal and
the transformer output is zero. This is the balance or null position.
When the core is displaced from the null point, the two secondary
voltages are no longer alike and the transformer produces an output
voltage. With proper design, the output voltage varies linearly with
core position over a small range. Motion of the core in the opposite
direction produces a similar effect with 180° phase reversal of the
alternating output voltage.
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Sensors...
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More examples...
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21 The magnetic flux, Ф, through a coil varies
with time, t, as shown by the first graph. Which
one of the following graphs, A to D, best
represents how the magnitude, ∈, of the
induced emf varies in this same period of time?

C
=BA
=N∆ / ∆t
Hence when change in is
greatest (large grad) the
should be large. When is
constant the is zero.
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http://en.wikipedia.org/wiki/Transformer
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Transformer losses are divided into losses in the windings, termed copper loss, and those
in the magnetic circuit, termed iron loss. Losses in the transformer arise from:
Winding resistance
Current flowing through the windings causes resistive heating of the conductors. At
higher frequencies, skin effect and proximity effect create additional winding
resistance and losses.
Hysteresis losses
Each time the magnetic field is reversed, a small amount of energy is lost due to hysteresis
within the core. For a given core material, the loss is proportional to the frequency,
and is a function of the peak flux density to which it is subjected.[41]
Eddy currents
Ferromagnetic materials are also good conductors, and a core made from such a material
also constitutes a single short-circuited turn throughout its entire length. Eddy
currents therefore circulate within the core in a plane normal to the flux, and are
responsible for resistive heating of the core material. The eddy current loss is a
complex function of the square of supply frequency and inverse square of the
material thickness.[41] Eddy current losses can be reduced by making the core of a
stack of plates electrically insulated from each other, rather than a solid block; all
transformers operating at low frequencies use laminated or similar cores.
Mechanical losses
In addition to magnetostriction, the alternating magnetic field causes fluctuating forces
between the primary and secondary windings. These incite vibrations within nearby
metalwork, adding to the buzzing noise, and consuming a small amount of power.

