
i
i

“c07ApplicationsOfTheMotorEffect” — 2018/4/5 — 11:49 — page 1 — #1 i
i

i
i

i
i

TOPIC 7
Applications of the motor effect

7.1 Overview
7.1.1 Module 6: Electromagnetism
Applications of the motor effect
Inquiry question: How has knowledge about the Motor Effect been applied to technological advances?
Students:

• investigate the operation of a simple DC motor to analyse:
– the functions of its components
– production of a torque (𝜏 = nBIAcos𝜃)
– effects of back emf (ACSPH108)

• analyse the operation of simple DC and AC generators and AC induction motors (ACSPH110)
• relate Lenz’s Law to the law of conservation of energy and apply the law of conservation of energy to:

– DC motors and
– magnetic braking

FIGURE 7.1 A cutaway view of the components of an electric motor.

7.2 Simple DC electric motors
7.2.1 Function of the components
An electric motor is a device that transforms electrical potential energy into rotational kinetic energy. Electric
motors produce rotational motion by passing a current through a coil in a magnetic field. Electric motors
that operate using direct current (DC) are discussed in this section. The operation of electric motors that use
alternating current (AC) is discussed in chapter 9.

TOPIC 7 Applications of the motor effect 1

UNCORRECTED P
AGE P

ROOFS



i
i

“c07ApplicationsOfTheMotorEffect” — 2018/4/5 — 11:49 — page 2 — #2 i
i

i
i

i
i

Anatomy of a motor
A simplified diagram of a single-turn DC motor is shown in figure 7.2 (which shows only the parts of the DC
motor that produce rotational motion).

The magnets provide an external magnetic field in which the coil rotates. As the magnets are fixed to the
casing of the motor and are stationary, they are known as the stator. The stator sometimes consists of a pair
of electromagnets.

The coil carries a direct current. In figure 7.2 the coil has only one loop of wire and this is shown with straight
sides. This makes it easier to visualise how forces on the sides come about and to calculate the magnitudes of
forces. The coil is wound onto a frame known as an armature. This is usually made of ferromagnetic material
and it is free to rotate on an axle. The armature and coil together are known as the rotor. The armature axle
protrudes from the casing, enabling the movement of the coil to be used to do work.

FIGURE 7.2 (a) The functional parts of a simplified electric
motor (b) The direction of current flow in the coil and the direction of the
forces acting on the sides.
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The force acting on the sides of the coil that are perpendicular to the magnetic field can be calculated using
the previously discussed formula for calculating the force on a current-carrying conductor in a magnetic field:

F = BIl sin 𝜃.

Real motor rotors have many loops or turns of wire on them. If the coil has n turns of wire on it, then these
sides experience a force that is n times greater. In this case:

F = nBIl sin 𝜃.

This extra force increases the torque acting on the sides of the coil.
The split-ring commutator and the brushes form a mechanical switch that change the direction of the

current through the coil every half turn so that the coil continues rotating in the same direction. The operation
of the commutator is discussed in a later section of this chapter.

The source of emf (electromotive force), for example a battery, drives the current through the coil.

How a DC motor operates
Figure 7.3 shows the simplified DC motor at five positions throughout a single rotation. The coil has been
labelled with the letters K, L, M and N so that it is possible to observe the motion of the coil as it completes
one rotation.

In figure 7.3a, the side LK has a force acting on it that is vertically upwards. Side MN has a force of
equal magnitude acting on it that is vertically downwards. In this position the forces acting on the sides are
perpendicular to the line joining the axle (the pivot line) to the place of application of the force. This means
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FIGURE 7.3 Forces acting on the sides of a current-carrying loop. The
lower part of the diagram shows cross-sections of the coil.
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that the torque acting on the coil
is at its maximum value. Note
that the current is flowing in the
direction of K to L.

In figure 7.3b, the side LK
still has a force acting on it
that is vertically upwards. Sim-
ilarly, side MN still has a force
of equal magnitude acting on it
that is vertically downwards. In
this position the forces acting
on the sides are almost paral-
lel to the line joining the axle
(the pivot line) to the place of
application of the force. This
means that the torque acting on
the coil is almost zero. It is just
after this position that the com-
mutator changes the direction
of the current through the coil.
The momentum of the coil keeps
the coil rotating even though the
torque is very small.

Figure 7.3c shows the situ-
ation when the coil has moved
a little further than in the pre-
vious diagram, and the current
direction through the coil has
been reversed. The force acting
on side LK is now downwards
and the force acting on side MN
is now upwards. This changing
of direction of the forces and the
momentum of the coil enable the coil to keep rotating in the same direction. If the current through the coil
did not change its direction of flow through the coil, the coil would rock back and forth about this posi-
tion. Note that the current is now flowing in the direction of L to K and the torque acting on the coil is still
clockwise.

Figure 7.3d shows the position of the coil when the torque is again at a maximum value. In this case side
MN has the upward force acting on it.

Figure 7.3e shows the position of the coil when the torque is again virtually zero and the current has again
been reversed. Note that the current is again flowing in the direction of K to L and that there is still a clockwise
torque acting on the coil.

The magnitude of the forces acting on sides LK and MN remained constant throughout the rotation just
described. However, the torque acting on the coil changed in magnitude.

Commutators
The commutator is a mechanical switch that automatically changes the direction of the current flowing through
the coil when the torque falls to zero. Figure 7.4 provides a close-up look at a commutator. It consists of a split
metal ring, each part of which is connected to either end of the coil. As the coil rotates, first one ring and then
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the other make contact with a brush. This reverses the direction of the current through the coil. Conducting
contacts called brushes connect the commutator to the DC source of emf. Graphite, which is used in the
brushes, is a form of carbon which conducts electricity and is also used as a lubricant. They are called brushes
because they brush against the commutator as it turns. The brushes are necessary to stop the connecting wires
from becoming tangled.

FIGURE 7.4 A close-up look at a split-ring commutator.

Brush

Commutator
Insulator

To –ve terminal

To +ve terminal

B

F

F

I

I

 

The magnetic field in a DC motor

FIGURE 7.5 Using an electromagnet to
provide the magnetic field. Note that the coil is
not shown in this diagram!
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The magnetic field of a DC motor can be provided either
by permanent magnets (see figure 7.6) or by electromag-
nets. The permanent magnets are fixed to the body of the
motor. Electromagnets can be created using a soft iron
shape that has coils of wire around it. The current that flows
through the armature coil can be used in the electromagnet
coils. One arrangement for achieving this effect is shown
in figure 7.5.

7.2.2 Changing the speed of a
DC motor
Increasing the maximum torque acting on the sides can
increase the speed of a DC motor. This can be achieved by:

• increasing the force acting on the sides
• increasing the width of the coil
• using more than one coil mounted on the armature.

The force can be increased by
• increasing the current in the coil (this is achieved by increasing the emf across the ends of the coil)
• increasing the number of loops of wire in the coil
• producing a stronger magnetic field with the stator
• using a soft iron core in the centre of the loop. (The core then acts like an electromagnet that changes

the direction of its poles when the current changes direction through the coil). The soft iron core is a
part of the armature.
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FIGURE 7.6 A cutaway look at a
battery-operated DC motor.

Another method used to increase the average torque
acting on the coil and armature is to have two or more coils
that are wound onto the armature. This arrangement also
means that the motor runs more smoothly than a single-
coil motor. Having more than one coil requires a commut-
ator that has two opposite segments for each coil. A stator
with curved magnetic poles keeps the force at right angles
to the line joining the position of application and the axle
for longer. This keeps the torque at its maximum value
for a longer period of time. Figure 7.6 shows many of
these features in a small battery-operated DC motor. Note
that only one of the stator magnets is shown and that it is
curved. The poles of this magnet are on the inside and out-
side surfaces. The armature has three iron lobes that form
the cores of the coils. The coils are made from enamelled
copper wire wound in series on the lobes of the armature.
The enamel insulates the wire and prevents short circuits.

PHYSICS FACT
• Michael Faraday came up with the idea of an electric motor in 1821.
• The first electric motor was created by accident when two generators were connected together by a worker

at the Vienna Exhibition in 1873.
• The French engineer and inventor Zénobe–Théophile Gramme produced the first commercial motors in

1873.
• Direct current (DC) motors were installed in trains in Germany and Ireland in the 1880s.
• Nikola Tesla patented the first significant alternating current (AC) motor in 1888.

 
7.2.3 Calculating the torque of a coil in a DC motor
Consider a single coil of length, l , and width, w, lying in a magnetic field, B. The plane of the coil makes an
angle, 𝜃, with the magnetic field. The coil carries a current, I, and is free to rotate about a central axis. This
situation is shown in figure 7.7.

FIGURE 7.7 The plane of the coil at an angle, 𝜃, to the magnetic field.

K

w

K

N

M

B

I

l

SN

L
θ

Side KL experiences a vertically upward force of IlB. Side MN experiences a vertically downward force
of IlB.

Both forces exert a clockwise torque on the coil. The magnitude of the torque on each side of the coil is
given by:

𝜏 = Fd sin 𝜙
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where 𝜙 is the angle between side KL or NM and the magnetic field. Note that as 𝜙 decreases from 90° to 0°,
𝜃, which is now the angle between the plane of the coil and the magnetic field, increases from 0° to 90°.

Also,

F = IlB, d =
w
2

and 𝜙 = (90 − 𝜃) °.

Therefore the total torque acting on the coil is given by:

𝜏 = 2 × IlB ×
w
2

× sin (90 − 𝜃) °.

Since l × w = A, the area of the coil and sin (90 − 𝜃)° = cos 𝜃, the total torque acting on a coil can be
expressed as:

𝜏 = BIA cos 𝜃.

If the coil has n loops of wire on it, the above formula becomes:

𝜏 = nBIA cos 𝜃.

(Remember that 𝜃 is the angle between the plane of the coil and the magnetic field.)

7.2 SAMPLE PROBLEM 1

CALCULATING TORQUE ON A COIL

A coil contains 15 loops and its plane is sitting at an angle of 30° to the direction of a magnetic field
of 7.6 mT. The coil has dimensions as shown in figure 7.8 and a 15 mA current passes through the coil.
Determine the magnitude of the torque acting on the coil and the direction (clockwise or anticlockwise)
of the coil’s rotation.

FIGURE 7.8
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12
.0 

cm

SN
30°

Use the relationship 𝜏 = nBIA cos 𝜃.

SOLUTION:

Quantity Value

n 15 loops

A 9.6 × 10−3 m2

I 1.5 × 10−2 A

𝜃 30°

𝜏 ?
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𝜏 = 15 × 7.6 × 10−3 × 1.5 × 10−2 × 9.6 × 10−3 × cos 30°

= 1.4 × 10−5 N m

To determine the direction of rotation of the coil, apply the right-hand push rule to the left-hand side of
the coil. This shows that the direction in this case is anticlockwise.

 

PHYSICS IN FOCUS
The galvanometer FIGURE 7.9 The galvanometer.
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A galvanometer is a device used to measure the
magnitude and direction of small direct current (DC) currents.
A schematic diagram of a galvanometer is shown in figure 7.9.

The coil consists of many loops of wire and it is connected in
series with the rest of the circuit so that the current in the circuit
flows through the coil. When the current flows, the coil exper-
iences a force due to the presence of the external magnetic
field (the motor effect). The iron core of the coil increases the
magnitude of this force. The needle is rotated until the mag-
netic force acting on the coil is equalled by a counter-balancing
spring. Note that the magnets around the core are curved. This
results in a radial magnetic field; the plane of the coil will always
be parallel to the magnetic field and the torque will be constant
no matter how far the coil is deflected. This also means that the
scale of the galvanometer is linear, with the amount of deflec-
tion being proportional to the current flowing through the coil.

PHYSICS IN FOCUS
Loudspeakers

FIGURE 7.10 A schematic diagram of a loudspeaker.
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Loudspeakers are devices
that transform electrical energy
into sound energy. A loudspeaker
consists of a circular magnet
that has one pole on the outside
and the other on the inside.
This is shown in figure 7.10.

A coil of wire (known as the
voice coil) sits in the space
between the poles. The voice coil
is connected to the output of an
amplifier. The amplifier provides a
current that changes direction at
the same frequency as the sound
that is to be produced. The
current also changes magnitude
in proportion to the amplitude
of the sound. The voice coil is
caused to vibrate or move in and out of the magnet by the motor effect. The direction of movement of the voice
coil can be determined using the right-hand push rule. This can be shown by examining figure 7.10b. When the
current in the coil is anticlockwise the force on the coil is out of the page. When the current is clockwise, the
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force on the coil is into the page. The voice coil is connected to a paper speaker cone that creates sound waves
in the air as it vibrates. When the magnitude of the current increases, so too does the force on the coil. When the
force on the coil increases, it moves more and the produced sound is louder.

7.3 Torque
7.3.1 Production of torque

FIGURE 7.11 A force is
applied to a spanner to
produce torque on a nut
and the spanner.

Pivot point is the centre
of the bolt.

F

d

A torque can be thought of as the turning effect of a force acting on an object.
Examples of this turning effect occur when you turn on a tap, turn the steering
wheel of a car, turn the handlebars of a bicycle or loosen a nut using a spanner,
as shown in figure 7.11. It is easier to rotate an object if the force, F, is applied
at a greater distance, d, from the pivot axis. It is also easier to rotate the object
if the force is at right angles to a line joining the pivot axis to its point of
application.

The torque, 𝝉, increases when the force, F, is applied at a greater distance,
d, from the pivot axis. It is greatest when the force is applied at right angles
to a line joining the point of application of the force and the pivot axis.

If the force is perpendicular to the line joining the point of application of
the force and the pivot point, the following formula can be used:

𝜏 = Fd.

The SI unit for torque is the newton metre (N m).

FIGURE 7.12 Calculating
torque when F andd are
not perpendicular.
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F
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If the force is not perpendicular to the line joining the point of application
of the force and the pivot point, the component of the force that is perpen-
dicular to the line (see figure 7.12) can be used. The magnitude of the torque
can then be calculated using the following formula:

𝜏 = Fd sin 𝜃

where 𝜃 is the angle between the force and the line joining the point of
application of the force and the pivot axis.

7.3 SAMPLE PROBLEM 1

CALCULATING TORQUE

FIGURE 7.13

0.75 m

24 N

P

A lever is free to rotate about a point, P. Calculate the magnitude of the
torque acting on the lever if a force of 24 N acts at right angles to the lever
at a distance of 0.75 m from P. The situation is shown in figure 7.13.

SOLUTION:
Quantity Value
F 24 N
d 0.75 m
𝜏 ?

𝜏 = Fd
= 24 × 0.75
= 18 N m
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7.3 SAMPLE PROBLEM 2

CALCULATING TORQUE

FIGURE 7.14

0.75 m

24 N
P 26°

What would be the magnitude of the torque in sample problem 1 if the
force was applied at an angle of 26° to the lever, as shown in figure 7.14?

SOLUTION:
Quantity Value
F 24 N
d 0.75 m
𝜃 26°
𝜏 ?

𝜏 = Fd sin 𝜃
= 24 × 0.75 × sin 26°

= 7.9 Nm
 

 

7.3 Exercise 1
1 A torque wrench is used to tighten nuts onto their bolts to a specific tightness or force. A torque wrench has a

handle (black in the photo below) on one end and a socket that fits over a nut on the other end. In between is
a scale that gives a reading in Newton metres.

FIGURE 7.15

The scale on a torque wrench has a reading of 30 Newton metres. If the hand applying the force is 30 cm from
the end, what is the size of the force by the hand on the wrench?

2 The handle of a torque wrench is hollow so an extension rod can be inserted. If you can exert only 30 N of
force, how far along the extension rod from the handle should you place your hand to achieve a torque of
30 Nm?

Try this Interactivity: Torque
Searchlight ID: int-0049
Watch this eLesson: Torque
eles-0025
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7.4 Lenz’s Law and the production of back emf
in motors
7.4.1 Lenz’s Law
Electric motors use an input voltage to produce a current in a coil to make the coil rotate in an external magnetic
field. It has been shown that an emf is induced in a coil that is rotating in an external magnetic field. The emf
is produced because the amount of the magnetic flux that is threading the coil is constantly changing as the
coil rotates. The emf induced in the motor’s coil, as it rotates in the external magnetic field, is in the opposite
direction to the input voltage or supply emf. If this was not the case, the current would increase and the motor
coil would go faster and faster forever. The induced emf produced by the rotation of a motor coil is known as
the back emf because it is in the opposite direction to the supply emf.

The net voltage across the coil equals the input voltage (or supply emf) minus the back emf. If there is
nothing attached to an electric motor to slow it down, (and if we ignore the minimal friction effects of an
electric motor), the speed of the armature coil increases until the back emf is equal to the external emf. When
this occurs, there is no voltage across the coil and therefore no current flowing through the coil. With no
current through the coil there is no net force acting on it and the armature rotates at a constant rate.

When there is a load on the motor, the coil rotates at a slower rate and the back emf is reduced. There will
be a voltage across the armature coil and a current flows through it, resulting in a force that is used to do
the work. Since the armature coil of a motor has a fixed resistance, the net voltage across it determines the
magnitude of the current that flows.

The smaller the back emf is, the greater the current flowing through the coil. If a motor is overloaded, it
rotates too slowly. The back emf is reduced and the voltage across the coil remains high, resulting in a high
current through the coil that could burn out the motor. Motors are usually protected from the initially high
currents produced when they are switched on by a series resistor. This resistor is switched out of the circuit
at higher speeds because the back emf results in a lower current in the coil.

7.4 SAMPLE PROBLEM 1

CURRENTS IN ELECTRIC MOTORS

The armature winding of an electric motor has a resistance of 10Ω. The motor is connected to a 240 V
supply. When the motor is operating with a normal load, the back emf is equal to 232 V.
(a) What is the current that passes through the motor when it is first started?
(b) What is the current that passes through the motor when it is operating normally?

SOLUTION:

(a) When the motor is first started, there is no back emf. The voltage drop across the motor is 240 V.

Quantity Value
V 240 V
R 10 Ω
I ?

V = IR

I =
V
R

=
240
10

= 24A
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(b) When the motor is operating normally, the voltage drop across the motor equals the input voltage
minus the back emf.

So V = 240 V − 232 V = 8 V.

Quantity Value
V 8 V
R 10 Ω
I ?

V = IR

I =
V
R

=
8
10

= 0.8 A

This example shows that electric motors require large currents when starting compared with when
they are operating normally.

PHYSICS IN FOCUS
Electromagnetic braking
Consider a metal disk that has a part of it influenced by an external magnetic field, as illustrated in figure 7.16a.
As the disk is made of metal, the movement of the metal through the region of magnetic field causes eddy
currents to flow. Using the right-hand push rule, it can be shown that the eddy current within the magnetic field in
figure 7.16 will be upwards. The current follows a downward return path through the metal outside the region of
magnetic influence. This is shown in figure 7.16b.

FIGURE 7.16 (a) A rotating metal disk acted
upon by a magnetic field (b) The current that
flows in the disk.

B inwards

Rotation

(a) (b)

The magnetic field exerts a force on the induced eddy current. This can be shown to oppose the motion of the
disk in the example on the previous page by applying the right-hand push rule. In this way eddy currents can be
utilised in smooth braking devices in trams and trains. An electromagnet is switched on so that an external
magnetic field affects part of a metal wheel or the steel rail below the vehicle. Eddy currents are established in
the part of the metal that is influenced by the magnetic field. These currents inside the magnetic field experience
a force that acts in the opposite direction to the relative motion of the train or tram, as explained below. In the
case of the wheel, the wheel is slowed down. In the case of the rail, the force acts in a forward direction on the
rail and there is an equal and opposite force that acts on the train or tram. Note: The right-hand push rule is used
twice. The first time we use it, we show that an eddy current is produced. The thumb points in the direction of
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movement of the metal disk through the field because we imagine that the metal contains many positive charges
moving through the field. We push in the direction of the force on these charges. This push gives us the direction
of the eddy current.

The second time we use the right-hand push rule, we show that there is a force opposing the motion of the
metal. Our thumb is put in the direction of the current in the field (the eddy current), then we push in the direction
of the force on the moving charges (which are part of the metal disk). We then see that the force is always in the
opposite direction to the movement of the metal.

7.5 Generators
7.5.1 Operation of a generator
A generator is a device that transforms mechanical kinetic energy into electrical energy. In its simplest form,
a generator consists of a coil of wire that is forced to rotate about an axis in a magnetic field.

As the coil rotates, the magnitude of the magnetic flux threading (or passing through) the area of the coil
changes. This changing magnetic flux produces a changing emf across the ends of the wire that makes up the
coil. This is in accordance with Faraday’s Law of Induction (see chapter 6), which can be stated as:
The induced emf in a coil is equal in magnitude to the rate at which the magnetic flux through the coil is

changing with time.

FIGURE 7.17 (a) Permanent magnets provide the magnetic field.
(b) An electromagnet provides the magnetic field.
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The magnetic field of a gen-
erator can be provided either
by using permanent magnets,
as shown in figure 7.17a or
by using an electromagnet, as
shown in figure 7.17b.

The stationary functioning
parts of a generator are called
the stator, and the rotating
parts are called the rotor. In
figure 7.17a and 7.17b, the
stators consist of the sections
that produce the magnetic fields
(permanent magnets or electro-
magnets). The rotors are the
coils.

If the coil of a generator is forced to rotate at a constant rate, the flux threading the coil and the emf produced
across the ends of the wire of the coil vary with time as shown in figure 7.18 on the next page.

In figure 7.18 the magnetic field is directed to the right. The corners of the coil have been labeled L, K, M
and N so that you can see how the coil is rotating.

Beneath the diagrams of the coil is an end view of the sides LK and MN showing the direction of the
induced current that would flow through the sides at that instant if the generator coil was connected to a load.
The arrows on this part of the diagram show the direction of movement of the sides of the coil.

The next section down in the diagram is a graph showing the variation of magnetic flux through the coil as
a function of time.

The last section of the diagram is a graph showing the variation of emf that would be induced in the coil (if
there was a gap in the coil between the points L and M) as a function of time. The emf is given by the negative
of the gradient of a graph of magnetic flux threading the coil versus time.
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FIGURE 7.18 The variation of flux and emf of a generator coil as it completes a single revolution.
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In figure 7.18a (i) the flux threading the coil is at a maximum value. The emf is zero, as the gradient of the
flux versus time graph is zero, which means that there is no change in flux through the coil at this instant.

In figure 7.18a (ii) the flux threading the coil is zero. The emf is at a maximum positive value, as the
flux versus time graph has a maximum negative gradient. At this instant the change in flux is happening at a
maximum rate.

In figure 7.18a (iii) the coil is again perpendicular to the magnetic field, but now the coil is reversed to
its original orientation. The flux threading the coil is at a maximum negative value. The emf is zero, as the
gradient of the flux versus time graph is again zero, meaning that at this instant there is again no change in
flux.

In figure 7.18a (iv) the flux threading the coil is again zero. The emf now has its maximum positive value,
as the gradient of the flux versus time graph has its maximum negative value. At this instant the change in
flux is again happening at a maximum rate.

In figure 7.18a (v) the flux threading the coil is again at a maximum value. The emf is zero, as the gradient
of the flux versus time graph is zero and there is no change in flux at this instant. And so the cycle continues.
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FIGURE 7.19 Doubling
the frequency of rotation
doubles the maximum
induced emf.

Coil turned twice as fastE

Time

The frequency and amplitude of the voltage produced by a generator
depend on the rate at which the rotor turns. If the rotor is turning at twice
the original rate, then the period of the voltage signal halves, the frequency
doubles and the amplitude doubles. This is shown in figure 7.19.

The effectiveness of generators is increased by winding the coil onto an
iron core armature. The iron core makes the coil behave like an electromag-
net. This intensifies the changes in flux threading the coil as it is forced to
rotate and increases the magnitude of the emf that is induced. This effect
also occurs when the number of turns of wire on the armature is increased.
The coil then behaves like a number of individual coils connected in series.
If there are n turns of wire on the armature, the maximum emf will be n
times that of a single coil rotating at the same rate.

7.5.2 AC generators
Figure 7.18, shows how a coil forced to rotate smoothly in a magnetic field has a varying emf induced across
the ends of the coil. The value of the emf varies sinusoidally with time. (This means that the graph of emf
versus time has the same shape as a graph of sin x versus x.) If such an emf signal were placed across a
resistor, the current flowing through the resistor would periodically alternate its direction. In other words, the
emf across the ends of a coil rotating at a constant rate in a magnetic field produces an alternating current
(AC). Alternating current electrical systems are used across the world for electrical power distribution.

This type of AC generator connects the coil to the external circuit or distribution system by the use of slip
rings. Slip rings rotate with the coil. A slip ring system is shown in figure 7.20.

In figure 7.20, side LK of the coil is connected to slip ring B while side MN is connected to slip ring A.
Brushes make contact with the slip rings and transfer the emf (or current) to the terminals of the generator.
In this case, the terminals are the external points of the generator where it connects to the load.

FIGURE 7.20 The functional parts of an AC generator.
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7.5.3 Which way will the current flow?
When asked to determine the direction of the current in the generator or some other part of a circuit connected
to the generator, there are two methods that can be used.
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FIGURE 7.21 Using the right-hand push rule to determine the
direction of current flow in a generator coil.

B

Direction of movement of coil arm
and movement of test positive charge  
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positive charge and direction 
of induced current

Right hand

N S

The first method is to consider
the magnetic force on a positive
test charge in one side of the coil.
The direction of the velocity of the
charge in the magnetic field depends
on the direction of the rotation of the
coil. The direction of the magnetic
force is determined using the right-
hand push rule (see figure 7.21 on
the right). The direction of the force
acting on the test charge is also the
direction of the current on that side
of the generator. It is then a matter
of following that direction around
the coil to the terminals. Note that
the terminal from which the cur-
rent emerges at a particular instant
is acting as the positive terminal.

The other method is to apply
Lenz’s Law to the coil. First
determine the way in which the flux
threading the coil is changing at the
instant in question. The current induced in the coil will produce a magnetic field that opposes the change in
flux through the coil. Once you have established the direction of the flux produced by the induced current,
apply the right-hand grip rule for coils to determine the direction of the current around the coil.

Both methods are illustrated in sample problem 1.

7.5 SAMPLE PROBLEM 1

DETERMINING THE POLARITY OF A GENERATOR’S TERMINALS

FIGURE 7.22

N

K

L

M

Terminal A

Terminal B

Direction of rotation

Axle

N S

Figure 7.22 shows an AC
generator at a particular
instant. At this instant,
which of the terminals, A
or B, is positive?

SOLUTION:

Test charge method
Consider a positive test
charge in the side labelled
LK. At the instant shown,
this positive charge is mov-
ing upwards in a magnetic
field directed to the right.
Applying the right-hand
rule, the positive charge is
forced in the direction from
L towards K. This situation
is shown in figure 7.23.
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FIGURE 7.23 Positive
charges are pushed in the
direction from L towards K.

Force on positive
charge

Movement of positive
charge in coil

K

L

B
+

Side LK is connected to the slip ring leading to terminal A. Side MN
is connected to the slip ring leading to terminal B. If a current were to
flow, it would emerge from terminal B. Therefore, terminal B is positive
at the instant shown.

Using Lenz’s Law
At the instant shown in figure 7.22, the flux is increasing to the right
through the coil as it is forced to rotate in the indicated direction. The
induced current in the coil will therefore produce a magnetic field that
passes through the coil to the left to oppose the external change in mag-
netic flux through the coil. The right-hand grip rule for coils (thumb in
the direction of the induced magnetic field through the coil, fingers grip
the coil pointing in the direction of the current in the coil) shows that
the induced current is clockwise around the coil as we view it. The cur-
rent then emerges from the generator through terminal B. Therefore,
terminal Bis positive at the instant shown.

 

7.5.4 DC generators

FIGURE 7.24 A simple DC generator.
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Coil
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A direct current (DC) is a cur-
rent where the flow of charge is
in one direction only. Direct cur-
rents provided by a battery or
dry cell usually have a steady
value. Direct currents may also
vary with time, but keep flowing
in the same direction. DC gener-
ators provide such currents.

A simple DC generator con-
sists of a coil that rotates in a
magnetic field. (This also occurs
in an AC generator.) The dif-
ference between an AC and a
DC generator is in the way that
the current is provided to the
external circuit. An AC gener-
ator uses slip rings. A DC generator uses a split ring commutator to connect the rotating coil to the terminals.
(Remember that a commutator is a switching device for reversing the direction of an electric current.) The
functional parts of a simple DC generator are shown in figure 7.24. The magnets have been omitted for clarity.

FIGURE 7.25 The output
from a simple DC generator.

1 revolution Time

E

This diagram of a simple DC generator should remind you of a DC motor
(see section 7.2), as it has the same parts. In the generator the coil is forced
to rotate in the magnetic field. This induces an emf in the coil. The emf
is transferred to the external circuit via the brushes that make contact with
the commutator. When the emf of the coil changes direction, the brushes
swap over the side of the coil they are connected to, thus causing the emf
supplied to the external circuit to be in one direction only. The result of this
process is shown in figure 7.25.

The output from a DC generator can be made smoother by including more coils set at regular angles on the
armature. Each coil is connected to two segments of a multi-part commutator and the brushes make contact
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only with the segments connected to the coil producing the greatest emf at a particular time. A two-coil DC
generator is shown in figure 7.26a and its output is shown in figure 7.26b. Note that in this case the commutator
has four segments.

FIGURE 7.26 (a) A two-coil DC generator (b) The output from a two-coil DC generator.
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 7.6 Electric power generating stations
7.6.1 Domestic and industrial generators

FIGURE 7.27 A turbine
drives a generator.

Electric generator

Electric energy output

Source of energy:
water, steam 
or wind

Turbine

Electric power generating stations provide electrical power to domestic
and industrial consumers. In a power station, mechanical or heat energy
is transformed into electrical energy by means of a turbine connected to a
generator. A turbine is a machine whose shaft is rotated by jets of steam or
water directed onto blades attached to a wheel. Figure 7.27 shows a simple
turbine and generator combination.

The generators used in power stations have a different structure to
those studied so far. A typical generator has an output of 22 kV. This
requires the use of massive coils which would place huge forces on bear-
ings if they were required to rotate. To eliminate this problem, a power
station generator has stationary coils mounted on an iron core (making
up the stator). The coils are linked in pairs on opposite sides of the
rotor. The rotor is a DC supplied electromagnet that spins with a fre-
quency of 50 Hz. A simplified diagram of a power station generator is
shown in figure 7.28. In this diagram only one set of linked coils is
shown.

Power station generators have three sets of coils mounted at angles of 120° to each other on the stator. This
means that each generator produces three sets of voltage signals that are out of phase with each other by 120°.
This is known as three-phase power generation. Each generator is connected to four lines, one line for each
phase and a return ground line. Figure 7.29a shows the arrangement of the coils on the stator and figure 7.29b
shows the voltage outputs of each set of coils.

 There are two main types of power station used in Australia: fossil fuel steam stations and hydroelectric
stations.
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FIGURE 7.28 A single-coil generator.
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FIGURE 7.29 Three-phase power generation.
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7.7 AC induction motors
7.7.1 Main featues of an AC motor
As we have previously seen, alternating current (AC) is widely used in today’s world. It is easier to produce
in power generating stations and easier to distribute over large distances with small energy losses due to the
use of transformers. AC electricity is also produced at a very precise frequency. In Australia this frequency is
50 Hz.

AC motors are used when very precise speeds are required, for example in electric clocks. AC motors oper-
ate using an alternating current (AC) electrical supply. Electrical energy is usually transformed into rotational
kinetic energy.

As with the DC motors, AC generators and DC generators that have been studied earlier, AC motors have
two main parts. These are called the stator and the rotor.

The stator is the stationary part of the motor and it is usually connected to the frame of the machine. The
stator of an AC motor provides the external magnetic field in which the rotor rotates. The magnetic field
produces a torque on the rotor.
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Most AC motors have a cylindrical rotor that rotates about the axis of the motor’s shaft. This type of motor
usually rotates at high speed, with the rotor completing about one revolution for each cycle of the AC electricity
supply. This means that Australian AC motors rotate at about 50 revolutions per second or 3000 revolutions
per minute. If slower speeds are required, they are achieved using a speed-reducing gearbox. This type of
motor is found in electric clocks, electric drills, fans, pumps, compressors, conveyors, and other machines in
factories. The rotor is mounted on bearings that are attached to the frame of the motor. In most AC motors the
rotor is mounted horizontally and the axle is connected to a gearbox and fan. The fan cools the motor.

Both the rotor and the stator have a core of ferromagnetic material, usually steel. The core strengthens
the magnetic field. The parts of the core that experience alternating magnetic flux are made up of thin steel
laminations separated by insulation to reduce the flow of eddy currents that would greatly reduce the efficiency
of the motor.

7.7.2 The universal motor FIGURE 7.30 A universal motor.

Field coil

Commutator
on armature

DC or AC supply

Variable resistor
to control speed
of motor

Brush

Field coil

There are two main classifications of
AC motors. Single-phase motors operate
on one of the three phases produced at
power generation plants. Single-phase AC
motors can operate on domestic electri-
city. Polyphase motors operate on two or
three of the phases produced at power gen-
eration plants. One type of single-phase
AC electric motor is the universal motor.

Universal motors are designed to oper-
ate on DC and AC electricity. They are
constructed on similar lines to the DC
motor studied in section 7.2. The rotor
has several coils wound onto the rotor
armature. The ends of these coils connect
to opposite segments of a commutator.
The external magnetic field is supplied by
the stator electromagnets that are connec-
ted in series with the coils of the arma-
ture via brushes. The interaction between
the current in a coil of the armature and
the external magnetic field produces the
torque that makes the rotor rotate. Even
though the direction of the current is chan-
ging 100 times per second when the motor
is connected to the mains, the universal
motor will continue to rotate in the same
direction because the magnetic field flux
of the stator is also changing direction 100
times every second.

FIGURE 7.31 A dismantled universal motor.

Bearings

Brush housing

Brushes

Shaft

Armature coils
Commutator

Field
electromagnet core

A variable resistor controls the speed
of a universal motor by varying the cur-
rent through the coils of the armature and
the field coils of the stator. The universal
motor is commonly used for small machines such as portable drills and food mixers. Figure 7.30 shows a
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schematic diagram of a universal motor, and figure 7.31 shows a diagram of a universal motor that has been
taken apart.

7.7.3 AC induction motors
Induction motors are so named because a changing magnetic field that is set up in the stator induces a current
in the rotor. This is similar to what happens in a transformer, with the stator corresponding to the primary coil
of the transformer and the rotor corresponding to the secondary. One difference is that in an induction motor
the two parts are separated by a thin air gap. Another difference is that in induction motors the rotor (secondary
coil) is free to move.

FIGURE 7.32 A mouse exercise wheel is similar to a
squirrel cage.

The simplest form of AC induction motor is
known as the squirrel-cage motor. It is called a
squirrel-cage motor because the rotor resembles
the cage or wheel that people use to exercise their
squirrels or pet mice. It is an induction motor
because no current passes through the rotor dir-
ectly from the mains supply. The current in the
rotor is induced in the conductors that make up
the cage of the rotor by a changing magnetic
field, as explained later in this chapter.

Squirrel-cage induction motors are by far the
most common types of AC motor used domest-
ically and in industry. Squirrel-cage induction
motors are found in some power drills, beater
mixes, vacuum cleaners, electric saws, hair dry-
ers, food processors and fan heaters, to name but
a few.

The structure of AC induction motors
The easiest type of induction motor to understand
is the three-phase induction motor. This oper-
ates by using each phase of AC electricity that
is generated in power stations and supplied to
factories. FIGURE 7.33 The rotating magnetic field set up by the

stator. Note that in this stator there are three pairs of
field coils and that each pair is connected.

Stator

Rotating
magnetic �eld
produced by
stator

Field coil pair

Household electric motors are single-phase
motors. This is because houses are usually sup-
plied with only one phase of the three phases that
are produced in power stations. It is not to under-
stand how the rotating magnetic field is achieved
in single-phase AC induction motors; therefore,
this chapter will concentrate on the three-phase
motor, as its workings are easier to visualise.

The stator of three-phase induction motors
In both single- and three-phase AC induction
motors, the stator sets up a rotating magnetic field
that has a constant magnitude. The stator of a
three-phase induction motor usually consists of
three sets of coils that have iron cores. The stator is
connected to the frame of the motor and surrounds
a cylindrical space in which it sets up a rotating
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magnetic field. In three-phase induction motors, this is achieved by connecting each of the three pairs of field
coils to a different phase of the mains electrical supply. The coils that make a pair are located on opposite
sides of the stator and they are linked electrically. The magnetic field inside the stator rotates at the same
frequency as the mains supply; that is, at 50 Hz. A cutaway diagram of a stator is shown in figure 7.33.

The magnetic field rotates at exactly the same rate as the electromagnet in the power station generator that
provides the AC electricity. Each pair of coils in the stator of the generator supplies a corresponding pair of
coils in the stator of the motor. Therefore, the magnetic field in the motor rotates at exactly the same rate as
the electromagnet in the generator. This is represented in figure 7.34.

FIGURE 7.34 Supplying three-phase electrical power to the motor.
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Motor

Earth

Distribution
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Generator

Electromagnet Magnetic �eld rotating at the same rate
as the electromagnet of the generator

The squirrel-cage rotor

FIGURE 7.35 A squirrel-cage
rotor.

Copper or aluminium rotor bars

End rings

The rotor of the AC induction motor consists of a number of conducting
bars made of either aluminium or copper. These are attached to two rings,
known as end rings, at either end of the bars. This forms an object that is
sometimes called a squirrel-cage rotor (see figure 7.35). The end rings
‘short-circuit’ the bars and allow a current to flow from one side to the
other of the cage.

The bars and end rings are encased in a laminated iron armature as
shown in figure 7.36. The iron intensifies the magnetic field passing
through the conductors of the rotor cage and the laminations decrease the
heating losses due to eddy currents. The armature is mounted on a shaft
that passes out through the end of the motor. Bearings reduce friction and
allow the armature to rotate freely.

Figure 7.37, on the next page shows a cutaway model of a fully assembled induction motor. Note the field
coils of the stator and the squirrel-cage rotor with a laminated iron core. Also note that the shaft in this case
is connected to a gearbox so that a lower speed than 3000 revolutions per minute can be achieved, and that
the cooling fan is mounted on the shaft.
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FIGURE 7.36 The rotor of an AC motor.
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The operation of AC induction motors
As the magnetic field rotates in the cylindrical space within the stator, it passes over the bars of the cage.
This has the same effect as the bars moving in the opposite direction through a stationary magnetic field. The
relative movement of the bars through the magnetic field creates a current in the bars. Bars carrying a current
in a magnetic field experience a force. The discussion on the opposite page shows that the force in this case
is always in the same direction as the movement of the magnetic field. The cage is then forced to ‘chase’ the
magnetic field around inside the stator.

FIGURE 7.37 A cutaway view of an induction motor.

Stator laminations

Cooling fan

Squirrel-cage rotor

Housing Stator �eld coil

Gear box

Figure 7.38a shows an end view of the magnetic field as it moves across a conductor bar of the squirrel
cage. The magnetic field moving to the right across the conductor bar has the same effect as the conductor bar
moving to the left across the magnetic field. You can use the right-hand push rule to determine the direction
of the induced current in the conductor. The thumb points to the left (the direction of movement for positive
charges relative to the magnetic field), the fingers point up the page (the direction of the magnetic field) and
the palm of the hand shows the direction of the force on positive charges and consequently the direction of
the induced current. This will show that the current in the bar is flowing into the page.
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FIGURE 7.38 (a) The induced current in a conductor bar (b) The direction of the magnetic field of the induced
current flowing in the bar (c) The force acting on the bar carrying the induced current
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There is now a current flowing in the conductor bar as shown in figure 7.38b. The direction of the force acting
on the induced current is determined using the right-hand push rule. Therefore, the force on the conductor
is to the right, which is in the same direction as the movement of the magnetic field. This is shown in figure
7.38c.

Slip
If the bars of the squirrel cage were to rotate at exactly the same rate as the magnetic field, there would be
no relative movement between the bars and the magnetic field and there would be no induced current and
no force. If the cage is to experience a force there must be relative movement, such as the cage constantly
‘slipping’ behind the magnetic field. When operating under a load, the retarding force slows the cage down
so that it is moving slower than the field. The difference in rotational speed between the cage and the field is
known as the slip speed. This means that the rotor is always travelling at a slower speed than the magnetic
field of the stator when the motor is doing work.

When any induction motor does work, the rotor slows down. You can hear this happen when a beater mix
is put into a thick mixture or when a power drill is pushed into a thick piece of wood. When this occurs,
the amount of slip is increasing. This means that the relative movement between the magnetic field and the
conductor bars is greater and that the induced current and magnetic force due to the current are increased.

Power of AC induction motors
Power is the rate of doing work. Work is done when energy is transformed from one type to another. Induction
motors are considered to produce low power because the amount of mechanical work they achieve is low
compared with the electrical energy consumed. The electrical power consumed by a motor is calculated using
the formula P = VI, where V is the voltage at the terminals of the motor, and I is the current flowing through
the coils of the stator. The ‘lost power’ of induction motors is consumed in magnetising the working parts of
the motor and in creating induction currents in the rotor.

7.8 Review
7.8.1 Summary

• A DC electric motor is one application of the motor effect.
• A DC electric motor has a current-carrying coil that rotates about an axis in an external magnetic field.
• Galvanometers and loudspeakers are other applications of the motor effect.
• Torque is the turning effect (moment) of a force. The magnitude of the torque is determined using the

formula 𝜏 = Fd sin 𝜃, where 𝜃 is the angle between the force and the line joining the point of
application of the force and the pivot axis.
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• The torque acting on the coil of an electric motor is given by the formula 𝜏 = nBIA cos 𝜃, where 𝜃 is
the angle between the plane of the coil and the magnetic field.

• A generator is a device that transforms mechanical energy into electrical energy.
• One type of generator has a rotating coil in an externally produced magnetic field.
• An AC generator uses slip rings to connect its terminals to the coil.
• A DC generator uses a split ring commutator to connect its terminals to the coil.
• AC electric motors are used in many machines in households and in industry.
• The basic operating principles of AC electric motors are the same as for DC motors. A

current-carrying conductor in a magnetic field experiences a force, the direction of which is given by
the right-hand push rule.

• The stator of an AC induction motor consists of field coils that set up a rotating magnetic field that has
a constant magnitude. This field rotates 50 times every second.

• A squirrel-cage rotor has conductor bars that are short-circuited by two end rings. The bars are
embedded in a laminated iron core. (The laminations reduce energy losses due to eddy currents.)

• A current is induced in the bars of the rotor as the magnetic field moves across them.
• The bars experience a force because they are carrying a current in a magnetic field. The direction of

the force is the same as the direction of movement of the magnetic field. The rotor is therefore forced
to chase the magnetic field.

• For the current to be induced in the rotor bars, the rotor must slip behind the magnetic field.

7.8.2 Questions
1. The diagram in figure 7.39 represents a side view of a single loop in a DC electric motor. Identify the

direction of the forces acting on sides A and B of the loop.

FIGURE 7.39
A B

S N

2. Figure 7.40 shows the functional parts of a type of DC electric motor.

FIGURE 7.40

A

B

D

C

N

S

(a) Name the parts labelled A to D in the diagram.
(b) Describe the functions of the parts labelled A to D.

3. A coil is made up of 50 loops of wire and its plane is at an angle of 45° to the direction of a magnetic
field of strength 0.025 T. The coil has the dimensions shown in figure 7.41 and a current of 1.5A
flows through it in the direction shown on the diagram.

24 Jacaranda Physics 12

UNCORRECTED P
AGE P

ROOFS



i
i

“c07ApplicationsOfTheMotorEffect” — 2018/4/5 — 11:49 — page 25 — #25 i
i

i
i

i
i

(a) Identify the direction of the force acting on side AB.
(b) Calculate the magnitude of the force acting on side AB.
(c) Calculate the area of the coil.
(d) Calculate the magnitude of the torque acting on the coil when it is in the position shown in the

diagram.

FIGURE 7.41
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B
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15 cm
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4. A student makes a model motor. She makes a rectangular coil with 25 turns of wire with a length of
0.050 m and width 0.030 m. The coil is free to rotate about an axis that is represented by a dotted line
in figure 7.42.

FIGURE 7.42
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0.05 m

N
S

At the instant shown the plane of the coil is parallel to the direction of the magnetic field. The
magnetic field strength is 0.45 T. When the current to the coil is activated it has a magnitude of
1.75 A in the direction ADCB.

(a) Calculate the magnitude and direction of the force acting on side CD when the current is flowing
and the coil is in the position shown in the diagram.

(b) When the current begins to flow, the net force acting on the coil is zero yet the coil begins to
rotate. Why does this occur?

(c) Describe what happens to the magnitude and direction of the force acting on side CD as the coil
swings through an angle of 60°.

(d) Describe three things the student could do to get the coil to rotate at a faster rate.
5. Identify the types of energy transformation that occur in electrical generators.
6. Figure 7.43 shows a generator.

(a) Name the parts of the generator labelled A, B, C, D and E.
(b) Describe the function of each of these parts.
(c) What type of generator (AC or DC) is this?
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FIGURE 7.43
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7. A hand-turned generator is connected to a light globe in series with a switch. Is it easier to turn the
coil when the switch is open or when it is closed? Explain your reasoning.

8. Describe the effect of the following changes on the size of the current produced by a generator:
(a) the number of loops of the coil is increased
(b) the rate of rotation of the coil is decreased
(c) the strength of the magnetic field is increased
(d) an iron core is used in the coil rather than having an air coil.

9. A student builds a model electric generator, similar to that shown in figure 7.44. The coil consists of
50 turns of wire. The student rotates the coil in the direction indicated on the diagram. The coil is
rotated a quarter turn (90°).

(a) In which direction does the current flow through the external load?
(b) Sketch a flux versus time graph and an emf versus time graph as the coil completes one rotation at

a steady rate starting from the instant shown in the diagram.

FIGURE 7.44

Load

Slip rings

Loop

Axis of rotation

Q

P

SN

10. A rectangular coil of wire is placed in a uniform magnetic field, B, that is directed out of the page.
This is shown in figure 7.45a. At the instant shown the coil is parallel to the page.

The coil rotates about the axis XY at a steady rate. The time variation of the voltage drop induced
between points P and Q for one complete rotation is shown in figure 7.45b.
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(a) At which time(s) could the coil be in the position shown in figure 7.45a? Justify your answer.
(b) Which of the graphs in figure 7.45c shows the variation of voltage versus time if the coil is rotated

at twice the original speed?

FIGURE 7.45
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11. In a power station, an electromagnet is rotated close to a set of coils. The electromagnet is supplied
with a direct current. An idealised diagram of this arrangement is shown in figure 7.46.

(a) In this arrangement, which part(s) make up the rotor and which make up the stator?
(b) Explain why it is necessary to rotate the electromagnet to produce an emf.
(c) Explain why energy must be provided to the electromagnet to keep it rotating at a constant speed.

12. Describe the main difference between AC and DC generators.
13. Describe the main features of an AC induction motor.
14. Figure 7.47 shows a cutaway diagram of an AC induction motor.

(a) Name the parts labelled A to E.
(b) Explain the functions of the parts labelled A to E.

15. Briefly describe how the rotating magnetic field is produced in a three-phase AC electric motor.
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FIGURE 7.46
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FIGURE 7.47
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16. Describe the construction of a squirrel-cage rotor.
17. Explain how a current is produced in the rotor bars of an AC induction motor.
18. Describe the purpose of the end rings of a squirrel cage.
19.(a) What is slip?

(b) Explain why slip is necessary for the operation of a squirrel-cage induction motor.
20. Account for the ‘lost power’ of induction motors.
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Complete this digital doc: Investigation: A model DC motor
Searchlight ID: doc-26596

Complete this digital doc: Investigation: Demonstrating the principle of an AC induction motor
Searchlight ID: doc-26597

 PRACTICAL INVESTIGATIONS
A MODEL DC MOTOR

Aim
To build a model DC motor.

Apparatus
6 V, DC power supply
two bar magnets
thin insulated copper wire
two cylindrical corks, one thin and one thick
aluminium foil
glue
adhesive tape
five bamboo skewers
thick rectangular piece of polystyrene

Method
1. Push one of the skewers through the centres of the corks as shown in figure 7.48.
2. Glue two pieces of foil onto the small cork with two thin gaps between them to make a split ring

commutator.
3. Wrap the thin copper wire around the thick cork 50 times, as shown. Hold in place with adhesive tape.
4. Strip the ends of the wire and connect to each of the foil strips of the commutator.
5. Make sure that the centres of the commutator strips line up with the centre of the coil windings.
6. Push the other skewers into the foil to support the coil and commutator, as shown.
7. Use the foil to make a set of brushes and use drawing pins to position them so that they touch opposite

sides of the commutator, as shown.
8. Position the two magnets on opposite sides of the coil so that a N pole faces a S pole.
9. Connect the DC supply to the brushes and observe the motion of the armature.

10. Vary the spacing of the magnets.
11. Find two ways to reverse the direction of rotation of the armature.

FIGURE 7.48 The set-up for a model motor

N S

Polystyrene base Foil brush

6V DC supply

Commutator (with 
foil strips)

50 turns of insulated
copper wire (armature)

Large cork
Small cork

Bamboo
skewers

Bamboo skewers

 

Analysis
1. Describe the effect of varying the spacing of the magnets on the speed of rotation of the armature. Account

for this effect.
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2. Describe two methods for reversing the direction of rotation of the armature.
3. Identify the role of the following:

• magnets
• coil.

DEMONSTRATING THE PRINCIPLE OF AN AC INDUCTION MOTOR

Aim
(a) To investigate the direction of a current in a conductor that is moving relative to a magnetic field
(b) To investigate the factors affecting the magnitude of a current in a conductor that is moving relative to a

magnetic field.

Apparatus
a copper or aluminium rod. If none are available, a length of copper wire will do.
two bar magnets or a horseshoe magnet
a galvanometer
connecting wires

Theory
A current is induced in a conductor when there is relative movement between it and a magnetic field.

The magnitude depends on the orientation of the conductor to the field, the speed of the relative motion
between the conductor and the magnetic field and the strength of the magnetic field.

Method
Set up the apparatus as shown in figure 7.49. Place two bar magnets on two books with an N pole on the left and
an S pole on the right.

Note the separation of the poles, as this affects the strength of the magnetic field.
1. Connect the galvanometer to the conductor.
2. Move the conductor downward slowly between the poles of the magnet. Note the magnitude and direction of

the current through the conductor.
3. Move the conductor downward quickly between the poles of the magnet. Note the magnitude and direction

of the current through the conductor.
4. Move the conductor up slowly between the poles of the magnet. Note the magnitude and direction of the

current through the conductor.
5. Move the conductor upward quickly between the poles of the magnet. Note the magnitude and direction of

the current through the conductor.

FIGURE 7.49

Galvanometer

Conductor

S SN N
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6. Place the conductor at an angle to the magnetic field and move it upward quickly between the poles of the
magnet. Compare the magnitude of the current through the conductor with the result attained in step 5.

7. Double the separation of the magnetic poles. What effect will this have on the strength of the magnetic field?
8. Repeat step 5.
9. Return the magnetic poles to their original separation. Support the conductor and move the poles upward

past the conductor. Do you get the same direction of current as when the conductor moved downward
between the poles?

Analysis
Relate your observations to the theory presented in this chapter.
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