ELECTRIC MOTORS & ELECTROMAGNETIC
INDUCTION
Overlapping Magnetic Fields
When a charged particle moves through a
magnetic field it experiences a force, as long
as its motion isn’t parallel to the field. We can
demonstrate this eﬀect by passing electrons
(that is, an electric current) along a wire that is
placed in a magnetic field. When the switch is
closed and electrons flow, the wire will try to
move upwards.

If the wire is placed between the poles of the magnet, the two fields overlap.

The Moving-Coil Loudspeake

Below the wire, the fields are in the same direction so
reinforce each other. A strong magnetic field is produced.
Above the wire, the fields are in opposite directions. A
weaker field is produced. Because the fields are of
diﬀerent strengths the wire ‘feels’ a force, pushing it from
the stronger part of the field to the weaker part – in this
case, upwards. The overlapping of the two magnetic fields
has produced motion. This is called the motor eﬀect.

- A stronger force will be produced if the magnetic
field is stronger or if the current is increased.

- If the direction of the current or the magnet’s

field is changed, a diﬀerent overlapping pattern
is created and the wire moves in the opposite
direction.

The Moving-Coil Loudspeaker
The moving-coil loudspeaker uses the motor eﬀect to
transfer electrical energy to sound energy.
• Electric currents from a source (such as a radio) pass
through the coils of a speaker.
• These currents, which represents sounds, are always
changing in size and direction, like vibrating sound waves.
• The fields of the coil and the permanent magnet are
therefore creating magnetic field patterns which are also
always changing in strength and direction.
• These fields in turn apply rapidly changing forces to the
wires of the coil, which cause the speaker cone to vibrate.
• These vibrations create the sound waves we hear.
The Electric Motor

- When there is current in the loop of wire, one side of it

will experience a force pushing it upwards. The other
side will feel a force pushing it downwards so the loop
will begin to rotate (turn).
- As the loop reaches the vertical position, its momentum
takes it past the vertical. If the rotation is to continue
the forces on the wires must now be reversed so that
the wire at the top is now pushed down and the bottom
one is pushed up.
- This can be done easily by using a split ring to connect
the loop of wire to the electrical supply. Now each time
the loop of wire passes the vertical position, the
connections change, the direction of the current
changes, and the forces on the diﬀerent sides of the
loop change direction. The loop will rotate continuously.
To increase the rate at which the motor turns we can:
• increase the number of turns/loops of wire, making a coil
• increase the strength of the magnetic field
• increase the current in the loop of wire
Electromagnetic Induction
Motors use electricity to produce movement. Generators and alternators are
machines that use motion to produce electricity.
If we move a wire across a magnetic field
at right angles, a voltage is induced or
generated in the wire. If the wire is part of
a complete circuit, there is a current. This
event is called electromagnetic induction.

The size of the induced voltage (and current) can be increased by:
• moving the wire more quickly
• using a stronger magnet so that there are more field lines ‘cut’
• wrapping the wire into a coil so that more pieces of wire move through the
magnetic field

We can also generate a voltage and
current by pushing a magnet into a coil.

To summarise:
➢ a voltage is induced when a conductor cuts through magnetic field lines
➢ a voltage is induced when magnetic field lines cut through a conductor
➢ the faster the lines are cut, the larger the induced voltage.
Generators

(a small generator/
dynamo used to
generate electricity
for a bicycle light)

As the cyclist pedals, the wheel rotates and
makes a small magnet within the dynamo
turn around. As this magnet turns, its
magnetic field turns too. The field lines cut
through the coil inducing a current in it. This
current can be used to work the cyclist’s
lights.

In large generators used in power stations to generate the mains electricity we use
in our homes, the magnets are stationary and the coils rotate. The size of the
induced voltage is greater than in the bicycle dynamo because these generators
use much stronger magnets, have many more turns of wire on the coil and spin the
coil much faster.
The Transformer
When there is an alternating current in a coil, the magnetic field around it is
continuously changing. As the size of the current in the coil increases, the field
grows. As the size of the current decreases, the field collapses. If a second coil is
placed near the first, this growing and collapsing magnetic field will pass through
it. As it cuts though the wires of the second coil, a voltage is induced across that
coil. The size and direction of the induced voltage changes as the voltage applied
to the first coil (primary coil) changes. An alternating voltage applied across the
primary coil therefore produces an alternating voltage across the secondary coil.
This combination of two magnetically linked coils is called a transformer.

Using Transformers to Change Voltages
A transformer changes the size of an alternating voltage by having diﬀerent
number of turns on the input and output sides. Step-up transformer: used to
increase voltages. Step-down transformer: used to decrease voltages.
input voltage, Vp
output voltage, Vs

=

number of turns on primary coil, np
number of turns on secondary coil, ns

Energy in Transformers
It’s very important to try to make transformers as eﬃcient as possible. To keep any
energy losses to a minimum we use thick copper wire for the coils and use a soft
iron core covered in a thin layer of plastic to connect the two coils. If a transformer
is 100% eﬃcient then the electrical energy entering the primary coil each second
equals the electrical energy leaving the secondary coil each second.
input power, VpIp

= output power, VsIs

Transformers & National Grids
- National Grids are networks of wires and cables that carry electrical energy from
power stations to consumers such as factories and homes. Unfortunately,
currents in long wires can lose lots of energy in the form of heat. The larger the
current, the greater the amount of energy lost. If the current in the wires is kept
to a minimum, the heat losses can be reduced. Transformers are used in
National Grids so that the electricity is transmitted (sent out) as low currents and
at high voltages.
- Immediately after generation, electric currents from the alternators are passed
through step-up transformers which greatly decrease the size of the currents
and increase the size of the voltages (to approx 400kV). High voltages like these
can be extremely dangerous so the cables are supported high above the ground
on pylons. As the cables enter town and cities they are buried underground.
Close to where the electrical energy is needed, the supply is passed through a
step-down transformer that decreases the voltage (to approx 230 V), while at the
same time increasing the current.

