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AREA OF STUDY 2
HOW ARE FIELDS USED TO MOVE ELECTRICAL ENERGY?

4 Generation of electricity

4.1 Overview
Numerous videos and interactivities are available just where you need them, at the point of learning, in
your digital formats, learnON and eBookPLUS at www.jacplus.com.au

4.1.1 Introduction
Hans Christian Oersted’s discovery that a current-carrying wire induces a magnetic field was the first
indication of the relationship between electricity and magnetism. Following this, scientists started to
investigate the relationship in more detail. In 1831, Michael Faraday completed the link between electricity
and magnetism when he found that electricity could be produced from magnetism. This discovery was
monumental, allowing the generation of the massive amounts of electricity that society now relies on.

In this topic, you will be introduced to the concept of magnetic flux and apply Faraday’s findings to
create devices that generate electricity.

FIGURE 4.1 A generator inside a wind turbine
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4.1.2 What you will learn

KEY KNOWLEDGE
After completing this topic you will be able to:
• calculate magnetic flux when the magnetic field is perpendicular to the area, and describe the qualitative
effect of differing angles between the area and the field, ΦB = B⊥A

• investigate and analyse theoretically and practically the generation of electromotive force (emf) including

AC voltage and calculations using induced emf, 𝜀 = −N∆ΦB

∆t
, with reference to

• rate of change of magnetic flux
• number of loops through which the flux passes
• direction of induced emf in a coil.

• explain the production of DC voltage in DC generators and AC voltage in alternators, including the use of
split ring commutators and slip rings respectively

• compare sinusoidal AC voltages produced as a result of the uniform rotation of a loop in a constant

magnetic field with reference to frequency, period, amplitude, peak-to-peak voltage
(
Vp−p

)
and

peak-to-peak current
(
Ip−p

)
• compare alternating voltage expressed as the root-mean-square (rms) to a constant DC voltage developing
the same power in a resistive component

• convert between rms, peak and peak-to-peak values of voltage and current.

Source: VCE Physics Study Design (2016–2021) extracts © VCAA; reproduced by permission.

PRACTICAL WORK AND INVESTIGATIONS
Practical work is a central component of learning and assessment. Experiments and investigations, supported by
a Practical investigation logbook and Teacher-led videos, are included in this topic to provide opportunities to
undertake investigations and communicate findings.

Digital documents Key science skills — VCAA Physics Units 1–4 (doc-#####)

Key terms glossary (doc-#####)

Practical investigations logbook (doc-#####)

To access key concept summaries and past VCAA exam questions download and print the studyON: Revision and practice
exam question booklet (doc-XXXX).

4.2 Generating voltage and current with a
magnetic field

BACKGROUND KNOWLEDGE
• Explain how voltage and current is generated with a magnetic field
• Investigate and analyse the electromotive force (emf) induced in a moving conductor: 𝜀 = Blv
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4.2.1 Generating voltage
What should happen when a metal rod moves through a magnetic field? Imagine a horizontal rod falling
down through a magnetic field as shown in figure 4.2.

FIGURE 4.2 A metal rod falling down
through a magnetic field
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V

As the rod falls, the electrons and the positively charged
nuclei in the rod are both moving down through the magnetic
field. The magnetic field will exert a magnetic force on the
electrons, and on the nuclei.

In which direction will the magnetic force act on the
electrons and the nuclei?

The hand rules from topic 3 can be used for both
the electrons and the nuclei, keeping in mind that
the hand rules use conventional current, so electrons
moving down are equivalent to positive charges
moving up.

The force on the electrons will be towards the far end of the
rod (into the page), while the force on the nuclei will be to the near end of the rod (out of the page), as is
shown in figure 4.3.

FIGURE 4.3 The magnetic field forces electrons to the far end of
the falling rod.
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The atomic structure of the metal restricts the movement of the positively charged nuclei. The negatively
charged electrons, on the other hand, are free to move. The electrons move towards the far end of the rod,
leaving the near end short of electrons and thus positively charged.

Not all electrons move to the far end. As the far end becomes more negative, there will be an
increasingly repulsive force on any extra electrons at this end of the rod. Similarly, there will be an
increasingly attractive force from the positively charged near end, attempting to keep the remaining
electrons at that end. This process is similar to the charging of a capacitor.

The movement of the metal rod through the magnetic field has resulted in the separation of charge,
causing a potential difference, or voltage drop, between the ends. This is called induced voltage. As long
as the rod keeps moving, the charges will remain separated. As soon as the rod stops falling, the magnetic
force is reduced to zero; electrons are then attracted back to the positive end and soon the electrons return to
being distributed evenly in the rod.

The charge in the moving rod is separated by the magnetic field, but the charge has nowhere to go.
A source of voltage, an emf (electromotive force), has been produced. It is like a DC battery with one end
positive and the other negative.
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What determines the size of this induced emf? The size depends on the number of electrons shifted to
one end. The electrons are shifted by the magnetic force until their own repulsion balances this force. So,
the larger the magnetic force pushing the electrons, the more electrons are shifted to one end of the rod.

The size of this pushing magnetic force depends on the size of the magnetic field and the current. The
magnetic field is constant in this case, so the size of the force depends on how fast the electrons are moving
down with the rod (which is, of course, how fast the rod is falling). So the faster the rod falls, the larger the
induced emf.

An expression for the size of the induced emf can be obtained by combining the expression for the
force on a moving charge with the definition of voltage. When the rod is moving down with speed v, each
electron experiences a force along the rod equal to qvB. This force pushes the electron along the length l of
the rod and so is doing work in separating charge. The amount of work done, in joules, is equal to the force
times the distance:

W = force × distance =qvB × l

However, the definition of emf (or the voltage drop across the rod) is energy supplied per unit of charge,

measured in joules per coulomb, or volts. So the induced emf (𝜀) is given by 𝜀 = W

q
= Blqv

q
, which gives:

𝜺 = Blv
where 𝜀 is the induced emf measured in volts

B is the magnetic field strength in tesla
l is the length of the conductor
v is the speed of the conductor perpendicular to
the magnetic field, in metres per second.

SAMPLE PROBLEM 1

A 5.0 cm metal rod moves at right angles across a magnetic field of strength 0.25 T at a speed of
40 cm s−1. What is the size of the induced emf across the ends of the rod?

Teacher-led video: SP1 (tlvd-XXXX)

THINK WRITE

Recall the formula for the induced emf of a
conductor: 𝜀 = Blv
where l = 0.05 m, v = 0.4 m s-1 and B = 0.25 T.

𝜀 = Blv

= 0.25T × 5.0 × 10−2 m × 0.4m s−1

= 5.0 × 10−3 V
= 5.0mV

PRACTICE PROBLEM 1
At what speed would the rod need to move to induce an emf of 1.0 V?
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4.2.2 Generating a current FIGURE 4.4 The accumulated electrons
at the far end of a rod move to the
positive near end of the rod through the
connecting wire.
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Emfs can be used to produce a current by attaching a wire
to each end of the metal rod and connecting these wires
outside the magnetic field, producing a closed circuit. Now the
electrons have the path of a low-resistance conductor to move
to the positively charged end of the rod.

Once the electrons reach the positive end, they will be back
in the magnetic field, falling down through the magnetic field
with the metal rod, and will again experience a magnetic force
pushing them to the far end of the rod. The electrons will then
move around the circuit for a second time.

The electrons will continue to flow around the circuit as long
as the wire is falling through the magnetic field. An electric
current has been generated!

4.2.3 The source of a current’s electrical energy
Electric current has electrical energy. Where did this energy come from? Before the rod was released, it had
gravitational potential energy. If it is dropped outside the magnetic field (see figure 4.5b), this gravitational
potential energy is converted into kinetic energy. If it is dropped inside the magnetic field (see figure 4.5a),
the potential energy is converted to kinetic energy and electrical energy. Since energy is conserved (that is,
it cannot be created or destroyed), there must be less kinetic energy in the rod falling in the magnetic field
than the rod falling outside of the magnetic field. That is, the rod in the magnetic field is falling at a slower
speed. Why?

FIGURE 4.5 (a) Inside the magnetic field, the gravitational potential
energy of the falling rod is converted into both kinetic energy and
electrical energy, whereas (b) outside the magnetic field, it is converted
only into kinetic energy.
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The induced current in the falling rod means that, when the electrons are in the rod, they are moving in
two directions — downwards with the rod and along the rod.

The downward movement of the rod through the magnetic field produces the sideways force along the
rod that keeps the current flowing. But if the electrons are moving along the rod, how does the magnetic
field respond to this?

The movement of electrons along the rod means there is a current-carrying conductor in the magnetic
field, causing the field to exert a second force on the rod. The direction of this force is once again given by
the hand rule; the magnetic field is directed to the right, the conventional current directed to the near end of
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the rod (out of the page), and so the force is directed upwards. This magnetic force opposes the accelerating
force due to gravity of the rod.

FIGURE 4.6 The magnetic force
opposes the weight of the rod.
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FIGURE 4.7 A magnet falling
through a metal tube falls with
an acceleration less than 9.8
m s–2 because it experiences a
retarding magnetic force.
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Velocity of
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The size of the upward magnetic force depends on the size of the
current. This current will depend, in turn, on the size of the voltage
drop between the ends of the rod. Voltage will increase as the rod
moves faster.

When the rod first starts falling, the magnetic force opposing the
force due to gravity is small but, as the rod falls faster, the opposing
magnetic force increases until it equals the force due to gravity on the
rod. At this point the rod has reached a maximum steady speed. This
situation is identical to the terminal velocity experienced by objects
falling through the air.

As the metal rod falls through the magnetic field at constant
speed, its kinetic energy remains constant, so the loss in gravitational
potential energy is converted to electrical energy as the generated emf
drives the current through the circuit.

This effect is difficult to demonstrate in practice; a magnetic field
large enough for the rod to achieve terminal velocity is too difficult
to construct. However, it is possible to drop a magnet through a
cylindrical conductor. With a sufficiently strong magnet, a measurable
decrease in speed against the acceleration due to gravity can be
observed.

EXERCISE 4.2
To answer questions online and to receive immediate feedback and sample responses for every question, go
to your learnON title at www.jacplus.com.au.

1. A 10 cm long rod is being moved at a speed of 0.20 m s-1 perpendicularly to a magnetic field of strength
0.70 T. Calculate the induced emf in the rod.

2. A 14.3 cm long rod is being moved perpendicularly to a magnetic field of strength 0.850 T. It generates an
emf of 100 mV. Determine the speed at which the rod is moving.

3. A rod is being moved at a speed of 0.18 m s-1 perpendicularly to a magnetic field of strength 0.60 T. It
generates an emf of 90 mV. Determine the length of the rod.

4. A rod of length 15 cm is held stationary in a vertical position and then dropped downwards through a
magnetic field of strength 100 T. The magnetic field is directed vertically downwards. Determine the induced
emf in the rod 4.0 s after it was dropped.Pdf_Folio:6
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5. An aeroplane with a wingspan of 30 m is flying at right angles to the Earth’s magnetic field at a speed of
2200 km h-1. If the strength of the Earth’s magnetic field is 5.0 × 10-5 T, determine the size of the induced
emf between the tips of the aeroplane’s wings.

6. As the metal rod in the following diagram falls through
the magnetic field, charge is separated and a voltage is
established between the two ends of the rod. This requires
energy. Where did the energy come from?

× × × × ×

×××××

× × × × ×

7. A magnet falling through a metal tube can achieve terminal
velocity. Why?

8. (a) Explain what happens to the voltage between the ends of
the rod in question 6 as
the rod falls faster.

(b) How does this process differ from charging a capacitor?

To answer past VCAA exam questions online and to receive immediate feedback and sample responses for every
question, go to your learnON title at www.jacplus.com.au.

studyON: Past VCAA exam questions

Fully worked solutions and sample responses are available in your digital formats.

4.3 Magnetic flux

KEY CONCEPT
• calculate magnetic flux when the magnetic field is perpendicular to the area, and describe the qualitative
effect of differing angles between the area and the field: ΦB = B⊥A.

Magnetic flux is the amount of magnetic field passing through an area, such as a coil.
The stronger the magnetic field going through an area, the larger the magnetic flux. Similarly, the

larger the area the magnetic field is going through, the larger the magnetic flux. Due to this definition, the
magnetic field strength is sometimes referred to as the magnetic flux density.

Magnetic flux can be calculated as the product of the strength of the magnetic field and the area that is
perpendicular to the field lines.

𝚽B = B⊥A

where ΦB is the magnetic flux
B is the strength of the magnetic field
A is the area perpendicular to the magnetic field.

The symbol ⊥ indicates that the area referred to in the formula is the area perpendicular to
the magnetic field.

Magnetic flux is measured in webers. One weber (Wb) is the amount of magnetic flux from a uniform
magnetic field with a strength of 1.0 tesla passing through an area of 1.0 square metre. The magnetic flux
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can also take on positive and negative values, depending on which side of the area the magnetic field is
coming from.

This description has assumed that the area is at right angles to the magnetic field, as shown in figure 4.8a.
If the magnetic field went through the area at an angle less than 90°, as shown in figure 4.8b, the amount of
magnetic flux passing through the area would be less. In fact, if the magnetic field is parallel to the area, the
amount of magnetic flux will be zero, as shown in figure 4.9. None of the magnetic field lines pass through
the area from one side to the other.

In general, the magnetic flux can be expressed in terms of the magnetic field strength, the area and the
angle, 𝜃, between the magnetic field and a normal to the area:

𝚽B = BAcos 𝜽

FIGURE 4.8 Magnetic flux is the amount of magnetic field passing
through an area. In (a) it is the maximum BA; in (b) the value is less,
as fewer field lines pass through the coil.

(a) (b) 

Area A

B

FIGURE 4.9 Zero magnetic flux, as no
field lines ‘thread’ the loop

B
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SAMPLE PROBLEM 2

Calculate the magnetic flux in each of the following situations.

B = 0.05 T

Area = 0.3 m2

(a) 

B = 0.2 T

(b) 

8 cm

B = 1.7 T

(c) 

15 cm

×××××

× × × ×

×××××

× × × × ×

×××××

×

Teacher-led video: SP2 (tlvd-XXXX)

THINK WRITE

a. The magnetic field is perpendicular to the area, so
use the formula ΦB = B⊥A to determine the flux,
where B = 0.05 T and A = 0.3 m2.

a. ΦB = B⊥ × A
= 0.05T × 0.3m2

= 0.015Wb
b. 1. First calculate area A. (Don’t forget to convert the

radius to metres.)
b. A = 𝜋r2

= 𝜋 × 0.082

= 0.020 106m2

2. The magnetic field is perpendicular to the area, so
use the formula ΦB = B⊥A to determine the flux,
where B = 0.2 T and A = 0.020 106 m2.

ΦB = B⊥ × A
= 0.2T × 0.020 106m2

= 0.004Wb
c. 1. Method 1: The plane of the loop is parallel to the

magnetic field, hence there are no field lines
passing through the area.

c. B⊥ = 0

ΦB = B⊥ × A
= 0 × A
= 0Wb

2. Method 2: The plane of the loop is parallel to the
magnetic field, hence the angle between the field
and the normal to the area is 90°. Use the formula
ΦB = BA cos 𝜃 to determine the flux.𝜃 = 0

ΦB = BA cos 𝜃
= BA × cos(90°)
= BA × 0
= 0Wb

PRACTICE PROBLEM 2
A vertical square coil of wire of side length 6.0 cm is placed into a horizontal magnetic field of
strength 0.15 T. Calculate the amount of flux through the coil.
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EXERCISE 4.3
To answer questions online and to receive immediate feedback and sample responses for every question, go
to your learnON title at www.jacplus.com.au.

1. What is the difference between magnetic flux and magnetic field strength?
2. Calculate the maximum magnetic flux passing through:

(a) a single coil of area 0.050 m2 in a magnetic field of strength 3.0 T
(b) a single coil of area 4.5 cm2 in a magnetic field of strength 0.4 T
(c) a coil of 50 turns, 12 cm2 in area in a magnetic field of strength 0.025 T.

3. A square loop of wire of side length 5.0 cm is placed in a magnetic field of strength 0.03 T, as shown in the
following diagram. The loop is free to rotate about its horizontal axis.

SN

(a) What is the magnetic flux passing through the loop when it is in the position shown in the diagram?
(b) The loop is now rotated 90° about its axis from its original position. What is the magnetic flux passing

through the loop when it is in its new position?
(c) Draw a graph of the magnetic flux passing through the loop as it is rotated anticlockwise through one

revolution from the position shown in the diagram.

To answer past VCAA exam questions online and to receive immediate feedback and sample responses for every
question, go to your learnON title at www.jacplus.com.au.

studyON: Past VCAA exam questions

Fully worked solutions and sample responses are available in your digital formats.

4.4 Generating emf from a changing magnetic flux

KEY CONCEPTS
• investigate and analyse theoretically and practically the generation of electromotive force (emf) including

AC voltage and calculations using induced emf, 𝜀 = −N∆ΦB

∆t
, with reference to

• rate of change of magnetic flux
• number of loops through which the flux passes
• direction of induced emf in a coil.

4.4.1 Faraday’s discovery of electromagnetic induction
Michael Faraday was aware of the magnetic effect of a current and he spent six years searching for the
reverse effect — that is, the electrical effect of magnetism.

His equipment consisted of two coils of insulated wire, wrapped around a wooden ring. One coil was
connected to a battery, the other to a galvanometer, a sensitive current detector. Faraday observed that the
galvanometer needle gave a little kick as the battery switch was opened and a little kick the opposite way
as the switch was closed. The rest of the time, when the switch was either open or closed, the needle was
stationary, reading zero. The current was momentary, not the constant current he was looking for. What
Faraday had observed came to be called electromagnetic induction.
Pdf_Folio:10
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FIGURE 4.10 When the switch in the battery circuit is opened or
closed, there is a momentary current through the galvanometer.

Switch

Battery

Galvanometer

0

+ –

Investigating further, Faraday found that using an iron ring instead of a wooden one increased the size of
the current. He concluded that when the magnetic field of the battery coil was changing, there was a current
induced in the other coil.

He therefore replaced the battery coil with a magnet. Moving the magnet through the other coil changed
the magnetic field and produced a current. The faster the magnet moved, the larger the current. When the
magnet was moved back away from the coil, current flowed in the opposite direction.

FIGURE 4.11 Magnet (a) moving into a coil and (b) away again

I

I

NNS NNS

(a) (b) 

If there was an induced current, there must have been an induced emf. An emf gives energy to a charge to
move it through the wire, and the resistance of the wire limits the size of the current. So it is more correct to
say that the changing magnetic field induced an emf.

Digital document Investigation 4.1 Generating a current (doc-31592)

elesson Teacher-led video Investigation 4.1 Generating a current (tlvd-0229)

4.4.2 Induced emf
The concept of magnetic flux can be used to explain the induced emf. The two principles are described here.
1. An emf is induced in a coil when the amount of magnetic flux passing through the coil changes.
2. The size of the emf depends on how quickly the amount of magnetic flux changes.
These two statements can be written formally as follows:

emfaverage =
∆ΦB

∆t
Pdf_Folio:11
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This statement is known as Faraday’s Law. The word ‘average’ is included because the change in
magnetic flux takes place over a finite interval of time.

Lenz’s Law states:

The direction of the induced current is such that its magnetic field is in the
opposite direction to the change in magnetic flux.

In other words, a coil responds to a change in magnetic flux in such a way as to keep its magnetic
environment constant. If the coil experiences an increase in flux, it will compensate by inducing a magnetic
field in the opposite direction to the flux. If the coil experiences a decrease in flux, it will compensate for
the loss by inducing a magnetic field in the same direction as the flux.

This can be incorporated in the equation as a minus sign:

𝜀 = −∆ΦB

∆t

If the coil consists of several turns of wire, the equation can be generalised further:

𝜺 = −N∆𝚽B

∆t
where 𝜀 is the induced emf

N is the number of turns (or loops) in the coil
∆ΦB is the change in magnetic flux
∆t is the time interval

There is no magnetic flux passing through the loop in figure 4.12a. When the magnet approaches the
coil from the left (figure 4.12b), there is an increase in the amount of magnetic field passing through the
coil from left to right. The loop has experienced a change in the magnetic flux passing through it (figure
4.12c), and the direction of this change is from left to right. The change in magnetic flux induces a current
in the coil, and the current in the coil then induces a magnetic field. The direction of the induced magnetic
field due to the induced current in the loop must be such that it opposes the change in the magnetic flux.
This means its direction will be from right to left (figure 4.12d). To achieve an induced magnetic field from
right to left, the induced current, using the right-hand-grip rule, must be travelling up the front of the loop
(figure 4.12e).

The coil responds in such a way as to keep its magnetic environment constant. In the example shown in
figure 4.12, there an increase in flux from left to right, so the induced magnetic field opposes this increase
by going from right to left. When the magnet is pulled back, the flux that is still going from left to right is
decreasing, so the induced magnetic field adds to the existing flux to compensate for the loss; therefore, this
induced field points from left to right.

FIGURE 4.12 The loop (a) before and (b) after; (c) change in flux, (d)
direction of induced field and (e) direction of current

(a) (b) (c) (d) (e) 

NN N

Before After Change

in flux

Induced

magnetic

field

Induced current

(check using

right-hand-grip rule)
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To determine the direction of the induced current in a coil according to Lenz’s Law, the
problem needs to be broken down into several steps:
1. Determine the change in flux: is it increasing or decreasing?
2. Determine the direction of the induced magnetic field such that it compensates for the

increase or decrease in flux.
3. Determine the direction that the induced current must flow in order to produce the

induced magnetic field in step 2.

SAMPLE PROBLEM 3

0.25 m

0.3 m
B = 0.66 T

×

× × × × ×

×××××

× × × ×The rectangular loop shown in the following diagram
takes 2.0 s to fully enter a perpendicular magnetic field
of strength 0.66 T. The loop has a resistance of 0.5Ω.
a. What is the magnitude of the emf induced in the loop?
b. In which direction does the current flow around

the loop?
c. What is the average induced current in the loop?

Teacher-led video: SP3 (tlvd-XXXX)

THINK WRITE

a. 1. First calculate the area of the
loop.

a. A = L ×W
= 0.25m × 0.3m

= 0.075m2

2. Now find the change in flux ΦB = ΦB final − ΦB initial

= (BA)final − (BA)initial
=
(
0.66T × 0.075m2

)
−
(
0T × 0.075m2

)
(The initial field strength through the coil is zero.)

=
(
0.05Tm2

)
−
(
0Tm2

)
= 0.05Wb into the page

3. Use Faraday’s Law to
determine the induced emf.

𝜀 = −NΔΦB

Δt
= −1 × 0.05Wb

2.0 s
= −0.025V

So the magnitude of the induced voltage is 0.025V.
(The minus sign indicates that the induced emf opposes
the change in magnetic flux.)

b. 1. Determine the direction of the
flux, and whether the flux is
increasing or decreasing

b. The flux increases from 0 Wb to 0.05 Wb into the page as
the loop moves into the field.

2. Use Lenz’s Law to determine
the direction of the induced
magnetic field.

Lenz’s Law states that the induced magnetic field opposes
the change in flux. Because the flux is increasing, the
direction of the induced magnetic field will be in the
opposite direction to the flux. Hence the direction of the
induced field will be out of the page.

Pdf_Folio:13
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3. Use the right-hand-grip rule to
determine the direction of the
induced current.

In order for the induced magnetic field to be directed out
of the page, the induced current must flow in an
anticlockwise direction around the loop.

c. Use Ohm’s Law, V = IR to
calculate the average current in
the loop, where V = 0.025 V
and R = 0.5Ω.

c. V = IR
0.025V = I × 0.5Ω

I = 0.025V
0.5Ω

= 0.05A

PRACTICE PROBLEM 3
A spring is bent into a circle and stretched out to a radius
of 5.0 cm. It is then placed in a magnetic field of strength
0.55 T. The spring is released and contracts down to a
circle of radius 3.0 cm. This happens in 0.15 seconds. The
spring has a resistance of 0.4Ω.
a. What is magnitude of the induced emf?
b. In what direction does the current move?
c. What is the average induced current in the spring?

Digital documents Investigation 4.2 Inducing a current (doc-31593)

Investigation 4.3 Direction of induced currents (doc-31594)

Teacher-led videos Investigation 4.2 Inducing a current (tlvd-0230)

Investigation 4.3 Direction of induced currents (tlvd-0231)

eLesson Magnetic flux and Lenz’s Law (eles-0026)

Interactivity Magnetic flux and Lenz’s Law (int-0050)

EXERCISE 4.4
To answer questions online and to receive immediate feedback and sample responses for every question, go
to your learnON title at www.jacplus.com.au.

1. Why did Faraday use coils with many turns of copper wire?
2. The loop of wire shown in the following diagram is quickly withdrawn from the magnetic field. Which way

does the current flow in the loop?
3. Two coils are placed one on top of the other with their centres in line.

(a) If a battery is switched on in the bottom coil, producing a clockwise current seen from above, what
happens in the top coil?

(b) Would the effect be different if the battery was connected to the top coil?
(c) Would the effect be different if the battery was switched off?
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4. Two coils are placed side by side on a page with their
centres in line.

× × × × ×

×××××

× × × × ×

×××××

× × × × ×

×××××

(a) If a battery is switched on in the left coil, producing a
clockwise current (seen from the left), what happens
in the right coil?

(b) Would the effect be different if the current was
anticlockwise?

5. The following diagram shows a confined uniform magnetic
field coming out of the page with a wire coil in the
plane of the page. Is there an induced current in the coil
as it is moved:
(a) to the right
(b) upwards
(c) into the page
(d) out of the page?

Give a reason for each answer. If there is a current,
indicate the direction.

6. Calculate the average induced emf in each of the following situations.
(a) A circular loop of wire with a 5.0 cm radius is removed from a magnetic field

of strength 0.40 T in a time of 0.2 s.
(b) The magnetic flux through a coil changes from 60 Wb to 35 Wb in 1.5 s.
(c) The magnetic flux through a coil changes from 60 Wb to −35 Wb in 2.5 s.

7. Calculate the average induced current in each of the following situations.
(a) A circular loop of wire, 10 cm long with a resistance 0.4Ω, is removed from a

magnetic field of strength 0.60 T in a time of 0.3 s.
(b) The magnetic field strength perpendicular to a square loop, of side length

0.26 m and resistance 2.5Ω, is increased from 0.2 T to 1.2 T in 0.5 s.
(c) A stretched circular spring coil with an 8 cm radius and resistance 0.2Ω is threaded by a perpendicular

magnetic field of strength 2.0 T. The coil shrinks back to a radius of 4 cm in 0.8 s.
8. (a) Use the relationship for the size of induced emf to show that the unit for the

magnetic field, the tesla, can be written as volt × second × metre−2.
(b) Now use Ohm’s Law and the definition of electric current to show that the tesla can also be written as

ohm × coulomb × metre−2.
(c) Now use the definition of magnetic flux to show that the unit for magnetic flux, the weber, can be

written as ohm × coulomb.
9. An orbiting satellite has a small module tethered to it by a 5.0 km conducting cable. As the satellite and its

module orbit Earth, they cut across Earth’s magnetic field at right angles.
(a) If the pair are travelling at a speed of 6000ms−1, how far do they travel in 1.0 s?
(b) What area does the conducting cable cross during the 1.0 s period?
(c) If the strength of Earth’s magnetic field at this distance is 0.1mT, what is the size of the induced emf?

10. A bar magnet, with its north end down, is dropped through a horizontal wire loop.
(a) What is the direction of the induced current when the magnet is:

i. just above the loop
ii. halfway through the loop
iii. just below the loop?

(b) Draw the graph of the induced current against time.
(c) Where did the electrical energy of the induced current come from?
(d) If the magnet falls from a very long distance above the loop to a very long distance below the loop,

what is the overall change in magnetic flux through the loop? What does this imply about the area
under the current–time graph?

(e) If the magnet accelerates under gravity, how will the induced current in the coil compare in size and
duration when the magnet is above and then below the loop?

11. How much charge, in coulombs, flows in a loop of wire of area 1.6 × 10−3 m2 and resistance 0.2Ω when it
is totally withdrawn from a magnetic field of strength 3.0 T over 1 second?

12. A magnet passes through two loops, one wire and the other plastic. Compare the induced emfs and the
induced currents of the two loops.
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13. Lenz’s Law is an illustration of the conservation of energy. Explain why the reverse of Lenz’s Law (the
direction of the induced current reinforces the change in magnetic flux) contravenes the law about the
conservation of energy. Use the example of a north end of a magnet approaching a loop of conducting wire
(as shown in the following diagram).

NS

14. Calculate the average emf in the axle of a car travelling at 120 kph if the vertical component of the Earth’s
magnetic field is 40𝜇T and the length of the axle is 1.5m.

To answer past VCAA exam questions online and to receive immediate feedback and sample responses for every
question, go to your learnON title at www.jacplus.com.au.

studyON: Past VCAA exam questions

Fully worked solutions and sample responses are available in your digital formats.

4.5 Generators and alternators

KEY CONCEPTS
• explain the production of DC voltage in DC generators and AC voltage in alternators, including the use of
split ring commutators and slip rings respectively

• compare sinusoidal AC voltages produced as a result of the uniform rotation of a loop in a constant

magnetic field with reference to frequency, period, amplitude, peak-to-peak voltage
(
Vp−p

)
and

peak-to-peak current
(
Ip−p

)
• compare alternating voltage expressed as the root-mean-square (rms) to a constant DC voltage developing
the same power in a resistive component

• convert between rms, peak and peak-to-peak values of voltage and current.

4.5.1 Induced emf in a rotating loop
A magnet moving in and out of a coil to generate a current is not a very efficient means of converting the
mechanical energy of the moving magnet into the electrical energy of a current in the coil. It does not have
much technological potential; an alternative is needed.

Another way of changing the amount of magnetic flux passing through a loop is to rotate a loop in a
magnetic field, as shown in figure 4.13.

When the loop is ‘face on’ to the magnetic field, the maximum amount of magnetic flux is passing
through the loop ΦB = BA. As the loop turns, the amount of flux decreases. When it has turned 90° and is
parallel to the field, there is no flux passing through it at all: ΦB = 0. As the loop continues to turn between
90° and 180°, the magnetic field passes through the loop from the other side: a negative amount of flux,
from the point of view of the loop.
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The magnitude of the magnetic flux passing through the loop increases to a maximum again, but in the
opposite direction ΦB = −BA. Then it decreases back to zero when the loop has rotated 270°, and finally
passes through the original face of the loop.

FIGURE 4.13 A loop ‘face on’ to a magnetic field has maximum
magnetic flux.
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FIGURE 4.14 Flux–time
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The amount of magnetic flux passing through the loop varies in the
form of a sine wave, as shown in figure 4.14. The induced emf across the
ends of the loop is equal to the change of magnetic flux with time. Since

𝜀 ∝ −∆ΦB

∆t
, the induced emf is shown on the graph as the negative

gradient function of the magnetic flux–time graph, and hence is also a
sine wave.

The emf graph is the same shape as the flux graph but shifted
sideways, so that when the flux is a maximum, the emf is zero. When
the flux is at a maximum (or minimum) the flux–time graph is flat, so the
gradient is zero and hence the emf is zero.

Similarly, when the flux is zero, the flux–time graph is steepest, so the
gradient is a maximum (or minimum) and hence the emf is a maximum (or minimum).

4.5.2 AC alternators
Which way does the current travel when a rotating loop is placed in a magnetic field? Consider again figure
4.13. From which connection, P or Q, does the current leave the loop to go around the external circuit? This
is not easy to determine. It can be worked out using Lenz’s Law or using the magnetic force of electrons in
the loop. Both methods are explained as follows.

Using Lenz’s Law
As the loop rotates, the magnetic flux changes from passing through one side to passing through the other.

In figure 4.15a, the magnetic flux is entering the loop from left to right above the edge AB. As the coil
rotates clockwise to a horizontal position, the flux decreases to zero, inducing a current through the coil.
The induced current induces a magnetic field from left to right to restore the decreasing flux.

In figure 4.15b, the loop continues to rotate in a clockwise direction from the horizontal position to the
vertical position. The magnetic flux increases from zero, entering the loop from the other side below the
edge AB. The induced magnetic field will now be from right to left to counteract the increase in flux.

To produce this field, the conventional current needs to run in the direction A→B→C→D.
At this point in the rotation, the current will enter the external circuit from the slip ring at Q and return to

the loop by the slip ring at P. So, for the time being, the current flows through the external circuit from Q to
P, with Q being the positive terminal and P the negative.

In the diagrams in figure 4.15, the wire from A is attached to the front metal ring, the one connected to
P, and the wire from D is attached to the back ring, the one connected to Q. These connections are fixed.
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FIGURE 4.15 Direction of current flow as loop passes through the
horizontal position
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When the loop rotates about its axis, the two slip rings also rotate about the same axis. The black blocks are
made of graphite. They are being held in place against the spinning slip rings by the springs. Graphite is
used because it not only conducts electricity but is also a lubricant. The spinning slip rings easily slide past
the fixed block. The blocks are also called ‘brushes’ because early designs used thin metal strips that rested
against the slip rings.

Consider the loop as it continues to rotate clockwise from the position shown in figure 4.15b through
the vertical position. The flux is increasing from left to right through the loop as it moves to the vertical
position. The induced current flows through A→B→C→D in order to induce a magnetic field from right
to left through the loop to counteract the increasing flux. When the loop rotates past the vertical position
and begins to move again towards the horizontal position, the flux from left to right decreases, inducing a
magnetic field from left to right through the loop, below the edge AB. For this to be possible, the induced
current must now move in the direction D→C→B→A. The current in the external circuit will now flow
from P to Q, that is, in the opposite direction! The direction of the induced current will reverse every time
the loop passes through the vertical position (when the plane of the loop is perpendicular to the field), or
every half-turn.

The sinusoidal emf drives current through the external circuit first one way, then the opposite way, and is
thus called alternating current (AC).

This design of a rotating coil in a magnetic field is called a generator. If the ends of the coil are
connected to slip rings, then the voltage across the external connections is alternating in direction,
producing an alternating current. The device is now called an alternator.

Using magnetic force on the charges in the wire
As the loop rotates through the horizontal plane, the left side of the loop, AB (see figure 4.16), is moving
up, and the right side, CD, is moving down. The force of the magnetic field on the positive charges in AB
will be towards B, while the force on the electrons in AB will be towards A.

Similarly, the positive charges in CD will be pushed to D, while the electrons will be pushed towards C.
This means that conventional current will flow in the direction A→B→C→D, while the electrons will

travel around the loop in the order D→C→B→A. The conventional current will enter the external circuit
from the slip ring at Q and return to the loop by the slip ring at P.
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FIGURE 4.16 Using your left-hand rule to determine current
direction in a rotating loop
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Once the loop passes through the vertical plane, AB will move downwards and CD will move upwards.
The force of the magnetic field on the positive charges in AB will be towards A, while the force on the
electrons in AB will be towards B, and the conventional current will now flow in the opposite direction,
that is D→C→B→A, entering the external circuit at P and returning to the loop at Q. This is the same result
obtained as with the previous method.

4.5.3 DC generators
Now, take a look at what happens if the slip rings are replaced with split rings like those used in a DC
motor. When the current in the loop reverses every half-cycle as the loop rotates through the vertical
position, the ends of the coil swap to the other side of the split ring so that the direction of the current
flowing through the external circuit remains the same. Essentially, the direction of the output to the external
circuit is changed by the commutator, and so the alternating current in the loop is converted into pulsating
direct current (DC) in the external circuit. The device is now called a DC generator.

FIGURE 4.17 AC voltage coming from loop, and DC coming from
commutator
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4.5.4 Comparison of motors and generators
Recall from topic 3 that a motor consists of a coil connected to a power supply in the presence of a
magnetic field. The magnetic field induces a force on the electrons moving through the coil, causing the
coil to turn. A motor converts electrical energy into mechanical energy.

A generator consists of a coil in the presence of a magnetic field. By manually rotating the coil, the
magnetic flux through the coil changes, inducing a current through the coil. If connected to an external
circuit, the current through the coil can provide electricity to the circuit. A generator converts mechanical
energy into electrical energy.

Motors convert electrical energy into mechanical energy.
Generators convert mechanical energy into electrical energy.

Back emf
Considering what you have learned in this topic, the current in the loop of a motor induces its own magnetic
field. By Lenz’s Law, this magnetic field acts in the direction opposite to the change in flux, meaning that
the current induces an emf, in the opposite direction, known as a back emf. This results in the net emf in
the motor being less than the supplied emf when the motor is rotating.

Weblink Generator applet

4.5.5 Peak, RMS and peak-to-peak voltages

FIGURE 4.18 Sinusoidal signal
from voltage output of an AC
generator

Voltage

Time

Vpeak

–Vpeak

T–
2

T

The voltage output of an AC generator varies with time, producing a
sinusoidal signal. This signal, shown in figure 4.18, can be described in
terms of the physical quantities listed after the figure.
• The period, T, is the time taken for one complete cycle.
• The frequency, f, is the number of full cycles completed in one

second. The frequency is related to the period by the equation:

T = 1

f

The frequency of the power supplied to households is 50 Hz (1 hertz is one cycle per second). The
period is therefore 1

50 per second = 0.02 s.
• The amplitude is the maximum variation of the voltage output from zero. It is called the peak

voltage, Vpeak. Similarly, the amplitude of the current is called the peak current, Ipeak.
• The RMS (root mean square) voltage, VRMS , is the value of the constant DC voltage that would

produce the same power as the AC voltage across the same resistance. The RMS voltage is related to
the peak voltage by the equation:

VRMS =
Vpeak

√2

The peak voltage of a 230 VRMS household power supply is 325 V. A 230 VRMS output from a
generator delivers the same amount of power as a 230 V DC power supply across the same resistance.
Similarly, IRMS is the value of a DC current that generates the same power as an AC current through
the same resistance:Pdf_Folio:20
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IRMS =
Ipeak

√2

• The peak-to-peak voltage, Vp−p , is the difference recorded between the maximum and minimum
voltages. In the case of a symmetrical AC voltage:

Vp−p = 2Vpeak

Ip−p = 2Ipeak

SAMPLE PROBLEM 4

A digital multimeter gives a measurement of 6.3V for the RMS value of an AC voltage. A CRO is
used to measure the peak-to-peak voltage. What value do you expect?

Teacher-led video: SP4 (tlvd-XXXX)

THINK WRITE

1. Calculate the peak voltage when VRMS = 6.3 V. VRMS =
Vpeak

√2

6.3 =
Vpeak

√2

Vpeak = 6.3√2
2. Calculate the peak-to-peak voltage. Vp−p = 2Vpeak

= 2 × 6.3 × √2V
= 18V

PRACTICE PROBLEM 4
A toaster is rated at 230V RMS and 1800W. What are the values of the RMS and peak currents?

4.5.6 Producing a greater emf
The AC voltage produced by a generator has a substantial technological application because it is easy to
make things spin. Hydroelectricity is produced when water falls under gravity through pipes and hits the
vanes of a propeller connected to a generator. In coal and gas-fired turbines, the burning fuel heats up water
to a high temperature and pressure to direct against the vanes of the turbine.

The emf that is produced by a generator has a frequency that is the same as the frequency of the rotation
of a coil in a magnetic field.

Using the Faraday equation for average emf:

𝜀 = −N∆ΦB

∆t
= −N∆(B⊥A)

∆t
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FIGURE 4.19 Vanes of a turbine at a coal plant

FIGURE 4.20 Doubling the frequency
doubles the induced emf.

Coil turned twice as fast

Time

emf

and ignoring the − sign (which relates to direction), the ways
to produce a larger emf can be deduced, as follows:
• increase the number of turns
• increase the strength of the magnetic field
• increase the area of each coil
• decrease the time for one turn (that is, increase the frequency

of rotation).
(Note that turning the coil twice as fast doubles both the

induced emf and the frequency — that is, it halves the period.)
Other technological strategies can also increase the emf:

• The pole ends of the magnet can be curved so that the coils
are close to the magnets for more time during the rotation.

• An iron core can be placed inside the coils to strengthen the magnetic field.
• The coils can be wound onto the iron core in grooves cut into the outer surface so that the iron core is

as close as possible to the magnetic poles to increase the magnetic field.

FIGURE 4.21 Improvements to the design of a DC motor and an alternator.
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EXERCISE 4.5
To answer questions online and to receive immediate feedback and sample responses for every question, go
to your learnON title at www.jacplus.com.au.

1. A coil with an area of 0.04 m2 of 100 turns spins at a rate of 50 Hz in a magnetic field of strength 2.5 T.
(a) What is the average emf induced as the coil turns from parallel to the field to perpendicular to the field?
(b) What is the average emf as the coil does one complete turn?

2. How can a motor operate as a DC generator?
3. A DC motor has a coil rotating in a magnetic field. This rotation produces a ‘back emf’ that opposes the

current from the battery.
(a) How does the back emf vary with the speed of the motor?
(b) How then would the current vary with the speed of the motor?
(c) If the DC motor is used to lift masses, the speed of the motor is less for heavier masses. Why is there a

risk that a heavy mass would burn out the motor?
4. In the past, electronic valves were powered by 6.3 V RMS AC. What was the maximum voltage received by a

valve?
5. A CRO shows the following trace. The settings are:

Y: 10 mV per division
X: 5 ms per division.

What are the:
(a) period
(b) frequency
(c) peak voltage
(d) peak-to-peak voltage
(e) RMS voltage

of this AC signal?
6. Some appliances are designed to run off either AC or batteries. The size of the batteries is equivalent to the

peak of the AC voltage. If the appliance can run off 9 V DC, what RMS voltage would it also run off?

To answer past VCAA exam questions online and to receive immediate feedback and sample responses for every
question, go to your learnON title at www.jacplus.com.au.

studyON: past VCAA exam questions

Fully worked solutions and sample responses are available in your digital formats.

4.6 Review
4.6.1 Summary
• A metal rod moving across a magnetic field experiences an induced voltage across its ends.
• The induced voltage across the ends of a moving conductor in a magnetic field will produce an electric

current if the ends are connected by a wire outside the magnetic field.
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• Magnetic flux is a measure of the amount of magnetic field passing through an area. It is measured in
webers (Wb). Its magnitude is the product of the component of the area, A, and the magnetic field
strength, B, that is perpendicular to the area.

• An emf is induced in a loop if the magnetic flux passing through the loop changes. The emf induced in

a single loop is given by emf = −∆ΦB

∆t
, where ΦB is the magnetic flux. The negative sign in the

equation acknowledges Lenz’s Law, which states that the induced current (and hence emf) is such that
it creates a magnetic field that opposes the change in flux.

• The emf generated in N loops threaded by a magnetic flux, ΦB, is given by emf = −N∆ΦB

∆t
.

• In an alternator, a coil rotates in a magnetic field to induce a sinusoidal voltage and therefore an
alternating current. Slip rings are used at the end of the coil to allow the alternating current to flow in
an external circuit.

• In a DC generator, the slip rings are replaced with a commutator to allow a direct current to flow in an
external circuit.

• The voltage output of an AC generator can be described in terms of its amplitude, frequency and
period. The amplitude of the voltage output is known as the peak voltage, Vpeak. The peak-to-peak
voltage, Vp−p, is the difference between the maximum and minimum voltages of the output.

• The RMS (root mean square) voltage, VRMS, is the value of the constant DC voltage that would
produce the same power as AC voltage across the same resistance. Similarly, IRMS is the value of the
constant direct current that would produce the same power as alternating current through the same
resistance.

• The emf produced by a generator can be increased by increasing the number of turns in the coil,
increasing the strength of the magnetic field, increasing the area of each coil or increasing the
frequency of rotation of the coil.

To access key concept summaries and past VCAA exam questions download and print the studyON: Revision and practice
exam question booklet (doc-XXXX).

4.6.2 Key terms

An alternating current is an electric current that reverses direction at short, regular intervals.
An alternator is a device in which a coil rotates in a magnetic field to induce a sinusoidal voltage and therefore
an alternating current.
The amplitude of a periodic disturbance is the maximum variation from zero.
A back emf is an electromagnetic force that opposes the main current flow in a circuit. When the coil of a motor
rotates, a back emf is induced in the coil due to its motion in the external magnetic field.
A direct current is an electric current that flows in one direction only.
Electromagnetic induction is the generation of an electric current in a coil as a result of a changing magnetic
field or as a result of the movement of the coil within a constant magnetic field.
An emf is a source of voltage that can cause an electric current to flow.
The frequency, f, of a periodic wave is the number of times that the wave repeats itself every second.
A galvanometer is an instrument used to detect small electric currents.
A generator is a device in which a rotating coil in a magnetic field is used to produce a voltage.
An induced voltage is a voltage that is caused by the separation of charge due to the presence of a magnetic
field.
Magnetic flux is a measure of the amount of magnetic field passing through an area. It is measured in webers
(Wb).
Magnetic flux density, B, is the strength of a magnetic field, which is measured in tesla (T) or weber per square
metre (Wb m−2).Pdf_Folio:24
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The peak current, Ipeak, is the amplitude of an alternating current.
The peak voltage, Vpeak, is the amplitude of an alternating voltage.
The peak-to-peak voltage, Vp−p, is the difference between the maximum and minimum voltages of a DC voltage.
The period, T, of a periodic wave is the time it takes a source to produce a complete wave. This is the same as
the time taken for a complete wave to pass a given point.
The RMS (root mean square) voltage, VRMS, is the value of the constant DC voltage that would produce the same
power as AC voltage across the same resistance.

Digital document Key terms glossary (doc-#####)

4.6.3 Practical investigation

Investigation 4.1
Generating a current
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.
Digital document: doc-31592
Teacher-led video: tlvd-0229

Investigation 4.2
Inducing a current in a coiled conductor
Aim: To investigate how a current can be induced in a coiled conductor, and to determine factors that
affect the size of the induced current
Digital document: doc-31593
Teacher-led video: tlvd-0230

Investigation 4.3
Direction of induced currents
Aim: To predict the direction of an induced current in a conducting coil and verify Lenz’s Law
Digital document: doc-31594
Teacher-led video: tlvd-0231

4.6 Exercises
4.6 Exercise 1: Multiple choice questions

1. The variation of magnetic flux through a coil is shown in the following diagram:
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Which one of the following graphs best represents the corresponding induced EMF in the coil?
A.

t1

t0
t2 t3 t5t4

Time

EMF

B.

t1

t0 

t2 t3 t5t4

Time

EMF

C.

t1

t0
t2 t3 t5t4

Time

EMF

D.

t1

t0
t2 t3 t5t4

Time

EMF

2. A coil consisting of 12 turns of a wire is held perpendicularly to a magnetic field as shown in the
following diagram:

× × × ×

× × × ×

× × × ×

× × × ×

Which of the following actions would produce a current flowing clockwise in the coil?
(Note: there may be more than one correct answer.)
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A. Stretching the coil as shown in the following diagram, increasing its area:

× × × ×

× × × ×

× × × ×

× × × ×

× × × ×

× × × ×

× × × ×

× × × ×

Before After

B. Increasing the magnetic field strength
C. Reversing the direction of the magnetic field
D. Pulling the coil outside the magnetic field to the right of page

3. An AC generator is set up as seen in the following diagram. The coil is rotated continuously in a
clockwise direction. Which one of the following best describes the effect that replacing the slip rings
with a split ring commutator will have on the current through the external circuit?

A. The commutator will have no effect; an alternating current will flow through the coil and the
external circuit, where the direction of the current changes with every half turn of the coil.

B. No current flows as the circuit is not connected to a power source.
C. The commutator will convert the AC current induced in the coil into a direct current through the

external circuit.
D. The commutator will cause the induced current in the coil to flow in one direction only.

4. A bar magnet is pulled away from a copper ring as shown in the following diagram:

N

S

N

S

If a person was to view the ring from above, the current would flow in which one of the
following ways?

A. Clockwise
B. Anticlockwise
C. Clockwise followed by anticlockwise
D. Anticlockwise followed by clockwise
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5. A thin, solid conductor with sides A, B, C, D is moving with a constant velocity through a magnetic
field as depicted by the following diagram. Which side of the conductor will have the greatest
concentration of electrons?

× × × ×

× × ×

× × ×

×

×

× × × ×

×

×

×

×

v

B

D

CA

A. Side A
B. Side B
C. Side C
D. Side D

6. A magnet is placed between 2 coils as illustrated in the following diagram:

N S

Coil 2Coil 1

X Y

If the magnet is moved towards Coil 1, in which direction will the induced currents flow through
resistors X and Y respectively?

A. X: from page right to page left, Y: from page right to page left
B. X: from page left to page right, Y: from page left to page right
C. X: from page left to page right, Y: from page right to page left
D. X: from page right to page left, Y: from page left to page right

7. An alternator speeds up gradually with time, starting at rest. Which one of the following graphs best
represents the output voltage of this alternator?

A.

Time

Output volts

0

B. Output volts

Time
0
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C. Output volts

Time
0

D. Output volts

Time
0

8. A simple AC generator had its output voltage measured with a cathode ray oscilloscope. The coil was
rotated at a constant velocity and the voltage–time graph produced can be seen in the following graph:

1

–1

0

1

2 3 4 5 6
x

y

T
im

e

Voltage

If the velocity of the turning coil was reduced to half of this input, which one of the following
graphs would represent the output voltage?

A.

1

–1

–2

0

1

2

2 3 4 5 6
x

y

B.

1

–1

0

1

2 3 4 5 6
x

y

C.

1

–1

0

1

2 4 5 6
x

y

3
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D.

1

–1

0

1

2 3 4 5 6
x

y

9. A 40 W light globe is connected to a 240 V AC circuit. What is the peak power use of the light globe?
A. 40 W
B. 19.2 kW
C. 80 W
D. 56.6 W

4.6 Exercise 2: Short answer questions
1. A magnet passes through a copper tube at constant velocity along the path shown. A current is

induced in the tube by the motion of the magnet.

N

Copper tube

Path of magnet

S

a. Describe the force acting between the tube and the magnet at point A and justify your answer.
b. Describe the force acting between the tube and the magnet at point B and justify your answer.

2. The following figure shows a single loop of wire placed completely within a region of uniform
magnetic field

(
B = 3.2 × 10−2 T

)
directed into the page. The loop of wire has an area of 8 cm2 and is

mounted so that it can be turned about the vertical axis as shown.

× × ×

× × ×

× × ×

× × ×

The loop rotates at a constant rate of 10 turns each second.
What is the value of the emf induced in the loop at the instant when the plane of the loop is first

perpendicular to the direction of the magnetic field if the coil begins parallel to the field?
3. Veronica and Ron are investigating electromagnetic induction using a square coil. They place the coil

between the poles of a magnet. The sides of the coil are 0.020 m long. The uniform magnetic field
between the poles is 5.0 × 10-2 T, and elsewhere in air it is assumed to be zero. Calculate the magnetic
flux through the coil when it is entirely within the magnetic field.

4. A coil consisting of 10 turns of wire is held at right angles to a uniform magnetic field, and the coil
is completely within the magnetic field.
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The area enclosed by the coil is A. The magnetic field is decreased from B to
B
3

in time t. Write an

expression for the induced emf in the 10-turn coil in terms of the quantities given.
5. A boat sails at 3.0 m s-1 due east, where the Earth’s magnetic field is 5.0 × 10-5 T due north and

horizontal. The boat carries a vertical aerial 5.0 m long.

3.0 m s–1

5.0 m

× × × ×

× × × ×

× × × ×

× × × ×

× ×

× ×

× ×

× ×

What will be the magnitude of the emf induced in the aerial?
6. An AC supply of 100 Hz is connected to a circuit, resulting in an RMS current of 2.0 A being

observed. Sketch the graph of this current over time, showing at least one complete period.

4.6 Exercise 3: Exam practice questions
1. Jake and Jenny have constructed a simple alternator. It consists of a single rectangular coil of wire,

0.60 m × 0.40 m, which is connected to slip rings, as shown in the following diagram. The coil is in a
uniform magnetic field of 0.15 T and can be turned in the direction as shown in the diagram. Jake and
Jenny test this alternator by rotating the loop 90 degrees for a period of 0.3 s.

a. What is the magnitude of flux through the coil when orientated as shown in the diagram?
b. What is the average voltage measured through the slip rings?
c. Jenny now rotates the coil at a constant rate of 5 revolutions per second, and the students observe

that the voltage between the slip rings varies with time as shown in the following diagram:
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EMP

t

Jake decides to test the effect of rotation speed and turns the coil at a rate of 10 revolutions per
second. On the graph shown, sketch the effect this would now have on the variation of voltage with
time.

2. The following diagram shows a square loop of metal in a horizontal plane, situated in a uniform
magnetic field B that is directed vertically downwards. The side length of the square is 0.25 m. The
magnitude of B is 9.0 × 10-5 T.

B

a. How much flux is threading the loop?
b. If the loop was rotated 90 ° about the horizontal axis, what would be the magnitude of flux

now threading the loop?
c. If this 90 ° rotation took place in a time of 0.5 seconds, what would be the average EMF

generated during this period of time?
3. A single, circular coil of wire is placed perpendicularly to a magnetic field as shown in the following

diagram. The magnetic field strength is 0.7 T and the flux threading the coil is 4 × 10−3 Wb.

S N

A
B

a. Calculate the area of the loop.
b. The loop is now rotated anticlockwise as shown in the diagram. If it is rotated at a rate of 10

revolutions per second, calculate the average emf generated in the loop.
c. On one set of axes, sketch the graphs of flux and emf generated over one complete rotation of the

coil.
d. State three ways to increase the size of the emf generated in the loop.

4. A wire spring is made into a circular loop of area 0.3 m2 and is placed in a uniform magnetic field, B,
of 0.82 T, normal to the plane of the loop, as in part (a) of the following diagram.Pdf_Folio:32
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B

(a) (b)

B

a. What is the magnetic flux through the loop shown in diagram (a)?
b. The area enclosed by the loop shrinks from 0.3 m2 in diagram (a) to 0.1 m2 in diagram (b) in

a time of 0.1 seconds. What is the average emf induced?
At time t0, the loop has an area of 0.1 m2, as in diagram (b). At time t1, the loop is made to

expand back to its original size, which it reaches at time t2, in such a way that its area grows at a
steady rate, as shown in the following graph:

Area

Time
t
1

t
2

c. Sketch a graph that represents the emf in the loop as a function of time.
5. A student investigates electromagnetic induction using a single loop of wire and an electromagnet. As

shown in the following diagram, the loop is placed between the pole pieces of the electromagnet,
perpendicular to the magnetic field, and connected to an oscilloscope so that any induced voltage can
be measured:

Coil for electromagnet

Oscilloscope

Single loop

of wire
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The current in the electromagnet coil is reduced so that the magnetic field, B, decreases to zero at a
constant rate over a time, t, as shown in part (a) of the following diagram. The induced voltage
measured on the oscilloscope is shown in diagram (b).

field B

Time
0

(a) (b)

t

Induced voltage

Time0

V
0

t

a. Explain why the induced voltage varies with time as shown.
b. The magnetic field is found to have an initial value of 1.7 T and it takes 5 × 10−3 s to reduce to 0 T.

If the magnitude of voltage generated is equal to 1.2 V, find the area of the loop of wire.

4.6 Past VCAA examinations
Access Course Content and select ‘Past VCAA examinations’ to sit the examinations online or offline.

Fully worked solutions and sample responses are available in your digital formats.

Test maker
Create unique tests and exams from our extensive range of questions, including past VCAA exam questions.
Access the assignments section in learnON to begin creating and assigning assessments to students.
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