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TOPIC 6
Electromagnetic induction

6.1 Overview
6.1.1 Module 6: Electromagnetism
Electromagnetic Induction
Inquiry question: How are electric and magnetic fields related?
Students:

• describe how magnetic flux can change, with reference to the relationship 𝜙 = BA(ACSPH083,
ACSPH107, ACSPH109)

• analyse qualitatively and quantitatively, with reference to energy transfers and transformations,

examples of Faraday’s Law and Lenz’s Law (𝜀 = −N
Δ𝜙
Δt ), including but not limited to: (ACSPH081,

ACSPH110)
– the generation of an electromotive force (emf) and evidence for Lenz’s Law produced by the relative

movement between a magnet, straight conductors, metal plates and solenoids
– the generation of an emf produced by the relative movement or changes in current in one solenoid in

the vicinity of another solenoid
• analyse quantitatively the operation of ideal transformers through the application of: (ACSPH110)

–
Vp
Vs

=
Np
Ns

– VpIp = VsIs
• evaluate qualitatively the limitations of the ideal transformer model and the strategies used to improve

transformer efficiency, including but not limited to:
– incomplete flux linkage
– resistive heat production and
– eddy currents

• analyse applications of step-up and step-down transformers, including but not limited to:
– the distribution of energy using high-voltage transmission lines

FIGURE 6.1 A large 90MVA 330/33KV power
transformer for a windfarm and powerlines, located
in NSW.
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6.2 Electromagnetic induction
6.2.1 The discoveries of Michael Faraday

FIGURE 6.2 Portrait of Michael FaradayMichael Faraday (1791–1867) was the son of an English
blacksmith. He started his working life at the age of twelve
as an errand boy at a bookseller’s store and later became a
bookbinder’s assistant. At the age of nineteen he attended
a series of lectures at the Royal Institution in London that
were given by Sir Humphrey Davey. This led to Faraday
studying chemistry by himself. In 1813 he applied to Davey
for a job at the Royal Institution and was hired as a research
assistant. He soon showed his abilities as an experimenter
and made important contributions to the understanding of
chemistry, electricity and magnetism. He later became the
superintendent of the Royal Institution.

In September 1821, following the 1820 discovery by
Hans Christian Oersted (1777–1851) that an electric current
produces a magnetic field, Michael Faraday discovered that
a current-carrying conductor in a magnetic field experiences
a force. This became known as the motor effect.

Almost 10 years later, in August 1831, Faraday
discovered electromagnetic induction. Electromagnetic
induction is the generation of an emf and/or electric current
through the use of a magnetic field. Faraday’s discovery was
not accidental. He and other scientists spent many years searching for ways to produce an electric current
using a magnetic field. Faraday’s breakthrough eventually led to the development of the means of generating
electrical energy in the vast quantities that we use in our society today.

PHYSICS FACT
Joseph Henry
American Joseph Henry (1797–1878) seems to have observed an induced current before Faraday, but Faraday
published his results first and investigated the subject in more detail.

FIGURE 6.3 Portrait of
Joseph Henry taken in the
1860s.
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First experiments
In his first successful experiment, Faraday set out to produce and detect a current in a coil of wire by the
presence of a magnetic field set up by another coil. He appears to have coiled about 70 m of copper wire
around a block of wood. A second length of copper wire was then coiled around the block in the spaces
between the first coil. The coils were separated with twine. One coil was connected to a galvanometer and
the other to a battery. (A galvanometer is an instrument for detecting small electric currents. Faraday’s early
efforts to detect an induced current failed because of the lack of sensitivity of his galvanometers.) A simplified
diagram of this experiment is shown in figure 6.4.

When the battery circuit (or primary circuit) was closed, Faraday observed ‘there was a sudden and very
slight effect [deflection] at the galvanometer.’ This means that Faraday had observed a small brief current that
was created in the galvanometer circuit (or secondary circuit). A similar effect was also produced when the
current in the battery circuit was stopped, but the momentary deflection of the galvanometer needle was in
the opposite direction.

FIGURE 6.4 A simplified diagram of Faraday’s first experiment

Block of wood

Galvanometer

Secondary circuit

Primary circuit

Switch

Battery

Faraday was careful to emphasise that the current in the galvanometer circuit was a temporary one and that
no current existed when the current in the battery circuit was at a constant value.

Faraday modified this experiment by winding the secondary coil around a glass tube. He placed a steel
needle in the tube and closed the primary circuit. He then removed the needle and found that it had been
magnetised. This also showed that a current had been produced (induced) in the secondary circuit. It was the
magnetic field of the induced current in the secondary circuit that had magnetised the needle.

The next experiment was to place a steel needle in the secondary coil when a current was flowing in the
primary coil. The primary current was stopped and the needle was again found to be magnetised, but with the
poles reversed to the direction of the first experiment.

Iron ring experiment
In a further experiment, Faraday used a ring made of soft iron (see figure 6.5). He wound a primary coil on
one side and connected it to a battery and switch. He wound a secondary coil on the other side and connected
it to a galvanometer. A simplified diagram of this experiment is shown in figure 6.6.

When the current was set up in the primary coil, the galvanometer needle immediately responded, as
Faraday stated, ‘to a degree far beyond what has been described when the helices [coils] without an iron
core were used, but although the current in the primary was continued, the effect was not permanent, for
the needle soon came to rest in its natural position, as if quite indifferent to the attached electromagnet’.
When the current in the primary coil was stopped, the galvanometer needle moved in the opposite direction.
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He concluded that when the magnetic field of the primary coil was changing, a current was induced in the
secondary coil.

FIGURE 6.5 Photograph of the apparatus (two coils of insulated
copper wire wound around an iron ring) that Faraday used to induce an
electric current on 29 August 1831

FIGURE 6.6 A simplified
diagram of Faraday’s iron
ring experiment. Faraday’s
iron ring apparatus, an iron
ring with a primary and
secondary coil wrapped
around it, is the basis of
modern electrical
transformers.

Galvanometer

Secondary
circuit

Iron ring
Primary
circuit

Switch

Battery

Using a moving magnet
Faraday was also able to show that moving a magnet near a coil could generate an electric current in the coil.
The diagrams in figure 6.7 show the effect when the N pole of a magnet is brought near a coil, held stationary,
and then taken away from the coil.

FIGURE 6.7 (a) When the N pole of a bar magnet is brought near one end of the coil, the galvano-
meter needle momentarily deflects in one direction, indicating that a current has been induced in the
coil circuit. (b) When the magnet is held without moving near the end of the coil, the needle stays
at the central point of the scale (no deflection), indicating no induced current. (c) When the N pole
of the magnet is taken away from the coil, the galvanometer needle momentarily deflects in the
opposite direction to the first situation, indicating that an induced current exists and that it is flowing
in the opposite direction.

N

(a)

N

(b) (c)

Similar results occur when the S pole is moved near the same end of the coil, except that the deflection of
the galvanometer needle is in the opposite direction to when the N pole moves in the same direction.
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FIGURE 6.8 (a) A slow-moving magnet induces a small current.
(b) A fast-moving magnet induces a larger current.

S

Slow

(a)
Small current

S

Fast

(b)
Large current

Another observation from Faraday’s experiments with a coil and a moving magnet is that the magnitude
of the induced current depends on the speed at which the magnet is moving towards or away from the coil. If
the magnet moves slowly, a small current is induced. If the magnet moves quickly, the induced current has a
greater magnitude. This observation is illustrated in figure 6.8. Note that in the case that has been illustrated
the S pole is approaching the coil and the current is in the opposite direction to when the N pole approaches
the coil from the same side.

You can repeat some of Faraday’s experiments by doing practical activities 6.1 and 6.2, included at the end
of this chapter.

6.3 Electromagnetic Induction
6.3.1 Magnetic flux
Electromagnetic induction is the creation of an emf in a conductor when it is in relative motion to a magnetic
field, or it is situated in a changing magnetic field. Such an emf is known as an induced emf. In a closed
conducting circuit, the emf gives rise to a current known as an induced current.

Faraday demonstrated that it was possible to produce (or induce) a current in a coil by using a changing
magnetic field. For there to be a current in the coil, there must have been an emf induced in the coil. We will
now examine how this is achieved.

The magnetic field in a region can be represented diagrammatically using field or flux lines. You can ima-
gine the magnetic field ‘flowing’ out from the N pole of a magnet, spreading out around the magnet and then
‘flowing’ back into the magnet through the S pole. The field lines on a diagram show the direction of magnetic
force experienced by the N pole of a test compass if it were placed at that point. The closeness (or density) of
the lines represents the strength of the magnetic field. The closer together the lines, the stronger the field.
Magnetic flux is the name given to the amount of magnetic field passing through a given area. It is given

the symbol 𝜙B. In the SI system, 𝜙B is measured in weber (Wb). If the particular area, A, is perpendicular to
a uniform magnetic field of strength B (as shown in figure 6.9) then the magnetic flux 𝜙B is the product of
B and A.

𝜙B = BA
FIGURE 6.9 The
magnetic field
passing through
an area at right
angles

Area A

B

The strength of a magnetic field, B, is also known as the magnetic flux density.
It is the amount of magnetic flux passing through a unit area. In the SI system, B is
measured in tesla (T) or weber per square metre (Wb m−2).

The magnetic flux, 𝜙B, passing through an area is reduced if the magnetic field is
not perpendicular to the area, and 𝜙B is zero if the magnetic field is parallel to the
area. The above relationship between magnetic flux, magnetic flux density and area
is often written as:

𝜙B = B⊥A

where B⊥ is the component of the magnetic flux density that is perpendicular to
the area, A.
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6.3 SAMPLE PROBLEM 1

Calculate the magnetic flux in each of the following situations.

FIGURE 6.10

B = 0.05 T

Area = 0.3 m2

B = 0.2 T

8 cm

B = 1.7 T

15 cm

SOLUTION:

(a) 𝜙B = B⊥ × A
= 0.05 T × 0.3 m2

= 0.015 Wb

(b) First calculate area A. (Don’t forget to convert the radius to metres.)

A = πr2

= π × (0.08 m)2

= 0.020 106 m2 (Don‘ t round off the final answer.)

Now calculate the flux:

𝜙B = B⊥ × A
= 0.2 T × 0.020 106 m2

= 0.004 Wb

(c) Note that the plane of the loop is parallel to the magnetic field,

B⊥ = 0.
ΦB = B⊥ × A

= 0 × A
= 0 Wb

6.3 Exercise 1
Estimate the maximum amount of magnetic flux passing through an earring when placed near a typical school
magnet.
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6.4 Generating a potential difference
6.4.1 Faraday’s Law of Induction

FIGURE 6.11 A galvanometer
circuit showing magnetic flux
threading the coil

Magnetic �eld 
lines threading 
the circuit or 
coil

Galvanometer

Coil

N

For a current to flow through the galvanometer in Faraday’s experiments
there must be an electromotive force (emf, symbol E or 𝜀). The magnitude
of the current through the galvanometer depends on the resistance of the
circuit and the magnitude of the emf generated in the circuit.

Faraday noted that there had to be change occurring in the apparatus
for an emf to be created. The quantity that was changing in each case was
the amount of magnetic flux threading (or passing through) the coil in the
galvanometer circuit (see figure 6.11). The rate at which the magnetic flux
changes determines the magnitude of the generated emf.

This gives Faraday’s Law of Induction, which can be stated as follows:

The induced emf in a circuit is equal in magnitude to the rate at which
the magnetic flux through the circuit is changing with time.

Faraday’s law can be written in equation form as:

𝜀 = −
Δ𝜙B

Δt
.

The negative sign in the above equation indicates the direction of the induced emf. This is explained in
section 6.5, Lenz’s Law.

PHYSICS FACT
The symbol for the Greek letter delta is Δ. It is used in mathematics and physics to represent a change in a
quantity.
The change in a quantity is calculated by subtracting the initial value from the final value. For example, the

change in your bank balance over a month is the final balance minus your initial balance.

When calculating quantities using Faraday’s Law of Induction,

∆ΦB = ΦBfinal − ΦBinitial.

Since 𝜙B = B⊥A, a change in 𝜙B can be caused by a change in the magnetic field strength, B,or in the area
of the coil that is perpendicular to the magnetic field, or both.

If a coil has n turns of wire on it, the emf induced by a change in the magnetic flux threading the coil would
be n times greater than that produced if the coil had only one turn of wire; that is,

𝜀 =
−n𝜙B

Δt

6.4 SAMPLE PROBLEM 1

FIGURE 6.12

0.25 m

0.3 m B = 0.66 T

The rectangular loop shown takes 2.0 s to fully enter a perpendicular
magnetic field of 0.66 T strength.
(a) What is the magnitude of the emf induced in the loop?
(b) In which direction does the current flow around the loop?

TOPIC 6 Electromagnetic induction 7

UNCORRECTED P
AGE P

ROOFS



i
i

“c06ElectromagneticInduction” — 2018/4/7 — 10:32 — page 8 — #8 i
i

i
i

i
i

SOLUTION:

(a) First calculate the area of the loop.

A = 0.25 m × 0.3 m
= 0.075 m2

Now find the change in flux.

Δ𝜙B = 𝜙B final − 𝜙B initial
= (BA)final − (BA)initial
= (0.66 T × 0.075 m2) − (0 T × 0.075 m2) (The initial field strength through the coil is zero.)
= (0.05 T m2) − (0 T m2)
= 0.05 Wb into the page

Finally, using Faraday’s Law:

emf, 𝜀 =
−NΔ𝜙B

Δt
= −1 ×

0.05Wb
2.0 s

= −0.025 V

So the magnitude of the induced voltage is 0.025 V.
The minus sign is there to indicate that the induced emf opposes the change in magnetic flux.

(b) Change in flux = final – initial = flux into the page
Direction of induced magnetic field = out of the page (Len’z law, see section 6.5)
Direction of induced current = anticlockwise (right-hand-grip rule)

6.4 Exercise 1
FIGURE 6.13A 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.
(a) What is magnitude of the induced emf?
(b) In what direction does the current move?

6.4.2 Rotating coils in uniform magnetic fields
When a coil rotates in a magnetic field, as occurs in generators and motors, the flux threading the coil is a
maximum when the plane of the coil is perpendicular to the direction of the magnetic field. If the plane of
the coil is parallel to the direction of the magnetic field, the flux threading the coil is zero, so rotating the coil
changes the magnetic flux.

Try this Interactivity: Magnetic flux and Lenz’s Law
Searchlight ID: int-0050

Watch this eLesson: Magnetic flux and Lenz’s Law
Searchlight ID: eles-0026

Watch this eLesson: Magnetic flux
Searchlight ID: med-0196
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6.5 Lenz’s law
H. F. Lenz (1804 –1864) was a German scientist who, without knowledge of the work of Faraday and Henry,
duplicated many of their experiments. Lenz discovered a way to predict the direction of an induced current.
This method is given the name Lenz’s Law. It can be stated in the following way:

An induced emf always gives rise to a current that creates a magnetic field that opposes the original change
in flux through the circuit.

This is a consequence of the Principle of Conservation of Energy. The minus sign in Faraday’s Law of
Induction is placed there to remind us of the direction of the induced emf.

6.5.1 Using Lenz’s Law

FIGURE 6.14 The N pole of a magnet approaches a coil.
Note that the induced magnetic field of the coil repels the
approaching N pole.

N

G

When determining the direction of the
induced emf, it is useful to use the field
line method for representing magnetic fields.
Figure 6.14 shows the effect of a magnet
moving closer to a coil connected to a gal-
vanometer. The coil is wound on a cardboard
tube. As the magnet approaches the coil,
the magnetic flux density within the coil
increases. The induced current sets up a mag-
netic field (shown in dotted lines) that opposes
this change. The approaching magnet increases the number of field lines pointing to the left that pass through
the coil. The induced current in the coil produces field lines that point to the right to counter this increase.

The direction of the induced current in the coil can be deduced using the right-hand rule for coils. The
thumb points in the direction of the induced magnetic field within the coil, the curl of the fingers holding the
coil show the direction of the induced current in the coil. Note that magnetic field lines do not cross. Dotted
lines have been used to show the general direction of the induced field lines, not the resultant field.

6.5 SAMPLE PROBLEM 1

INDUCED CURRENT IN A COIL

A metal ring initially lies in a uniform magnetic field, as shown in figure 6.15. The ring is then removed
from the magnetic field. In which direction does the induced current flow in the coil?

FIGURE 6.15

SOLUTION:

Initially the magnetic field lines of the external field are passing into the page through the coil. As the
coil is removed from the field, these field lines reduce in number. The induced current flows in such a

TOPIC 6 Electromagnetic induction 9
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way as to create a magnetic field to replace the missing lines. Therefore, the current in the ring must
flow in a clockwise direction in the ring, as indicated by using the right-hand rule for coils. The current
stops flowing when the entire ring has been removed from the external magnetic field.

 

6.6 Eddy currents
6.6.1 Charged particles moving in magnetic fields

FIGURE 6.16 The right-hand push rule for moving charged
particles

Direction of
current �ow

Direction of
the force on
the particles

Direction of
the force on
the particles

Positive
particles

Direction of
the external
magnetic
�eld (from
N to S)

Right hand

N

S

Moving charged particles, for example elec-
trons or alpha particles, produce magnetic
fields. The direction of the magnetic field is
found using the right-hand grip rule.

When moving charged particles enter an
external magnetic field, the magnetic field
created by the moving charged particles
interacts with the external magnetic field.
(An external magnetic field is one that
already exists or that is caused by another
source.)

When the moving charged particles enter
the magnetic field at right angles to the field,
they experience a force that is at right angles
to the velocity and to the direction of the
external field. The direction of the force
is determined by using the right-hand push
rule (also known as the right-hand palm rule) and is demonstrated in figure 6.16.

To use the right-hand push rule, position your right hand so that:
• the fingers point in the direction of the external field
• the thumb points in the direction of conventional current flow (this means in the direction of the

velocity of positive charges or in the opposite direction to the velocity of negative charges)
• the direction of the force on the particles is directly away from the palm of the hand.

6.6.2 Magnetic fields and eddy currents

FIGURE 6.17 The production of eddy currents
in a sheet of metal

Movement 
of metal

The eddy current loop can be explained 
in terms of the right-hand rule.

Eddy 
current 
loop

Induced currents do not occur in only coils and wires.
They can also occur:

• when there is a magnetic field acting on part
of a metal object and there is relative movement
between the magnetic field and the object

• when a conductor is moving in an external
magnetic field

• when a metal object is subjected to a changing
magnetic field.

Such currents are known as eddy currents. They
resemble the eddies or swirls left in the water after a boat
has gone by. Eddy currents are an application of Lenz’s
Law. The magnetic fields set up by the eddy currents
oppose the changes in the magnetic field acting in the regions of the metal objects.
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Figure 6.17 shows one method of production of an eddy current. A rectangular sheet of metal is being
removed from an external magnetic field that is directed into the page. On the left of the edge of the magnetic
field charged particles in the metal sheet experience a force because they are moving relative to the magnetic
field. By applying the right-hand push rule, it can be seen that positive charges experience a force up the page
in this region. To the right of the edge of the magnetic field charged particles experience no force. Therefore
the charged particles that are free to move at the edge of the field contribute to an upward current that is able to
flow downward in the metal that is outside the field. This forms a current loop that is known as an eddy current.

The side of the eddy current loop that is inside the magnetic field experiences a force due to the magnetic
field. The direction of the force on the eddy current can be determined using the right-hand push rule and it
is always opposite to the direction of motion of the sheet. (This means, referring to figure 6.17, it is harder to
move the metal to the right when the magnetic field is present than when the field is not present.)

6.6.3 Eddy currents in switching devices
Induction switches are electronic devices that detect the presence of metals and switch on another part of a
circuit. Walk-through metal detectors at airports use induction switching devices.

Induction switching devices consist of a high-frequency oscillator, an analysing circuit and a relay. The
oscillator produces an alternating current in a coil. This produces an electromagnetic field with a frequency
of up to 22 MHz. When a metal object comes near the coil, eddy currents are created in the object. The eddy
currents place a load on the coil and the frequency of the oscillator is reduced. The analysing circuit monitors
the frequency of the oscillator and, when it falls below a certain threshold value, switches on an alarm circuit
using the relay. The threshold frequency can be adjusted so that small loads such as a few coins or metal
buttons and zippers will not trigger the alarm, but larger loads such as guns and knives will.

PHYSICS IN FOCUS
Induction heating
Another effect of eddy currents is that they cause an increase in the temperature of the metal. This is due to the
collisions between moving charges and the atoms of the metal, as well as the direct agitation of atoms by a
magnetic field changing direction at a high frequency.
Induction heating is the heating of an electrically conducting material by the production of eddy currents within

the material. This is caused by a changing magnetic field that passes through the material. Induction heating is
undesirable in electrical equipment such as motors, generators and transformers, but it has been put to good
use with induction cookers and induction furnaces.

FIGURE 6.18 An induction
cooker

Saucepan

Ceramic
top plate

Induction
coil

Electronic alternating
current generator

Applying the principle of induction to cook tops in electric ranges

A gas stove top cooks food by burning gas to produce hot gases.
The gases then flow across the bottom of a saucepan and transfer
heat into it by conduction. However, a large amount of the thermal
energy in the gases is carried away into the environment of the kitchen.
The heat transferred to the saucepan is used to cook the food.
Some electric cook tops contain induction cookers instead of

heating coils. An induction cooker sets up a rapidly changing magnetic field
that induces eddy currents in the metal of the saucepan placed on the cook
top. The eddy currents cause the metal to heat up directly without the loss
of thermal energy that occurs with gas cooking. The heat produced in the
metal saucepan is used to cook the food. The induction coils of the cooker
are separated from the saucepan by a ceramic top plate. Induction cookers
have an efficiency of about 80% while gas cookers have an efficiency rating
of about 43%. A diagram of an induction cooker is shown in figure 6.18.
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As the current is alternating in the coil, there is a changing magnetic field that cuts through the metallic
saucepan, causing eddy currents in the saucepan.

FIGURE 6.19 An induction furnace

Metal

High melting-point
container

Coil

Induction furnaces

An induction furnace makes use of the heating effect of
eddy currents to melt metals. This type of furnace consists
of a container made from a nonmetal material that has
a high melting point and that is surrounded by a coil. The
metal is placed in the container. The coil is supplied with
an alternating current that can have a range of frequencies
and this produces a changing magnetic field through the
metal. Eddy currents in the metal raise its temperature until
it melts. The eddy currents also produce a stirring effect in
the molten metal, making the production of alloys easier. Induction furnaces take less time to melt the metal than
flame furnaces. They are also cleaner and more efficient. A diagram of an induction furnace is shown in figure 6.19.

6.7 Transformers
6.7.1 The operation of ideal transformers
Transformers are devices that increase or decrease AC voltages. They are used in television sets and computer
monitors. They are used in electronic appliances such as radios to provide lower voltages for amplifier circuits.
They are also found in digital cameras, battery chargers, digital clocks, computers, phones, printers, electronic
keyboards, the electric power distribution system and many other devices.

FIGURE 6.20 (a) A transformer with coils linked by a soft iron core
(b) Circuit symbol

Iron core

(a)

(b)

Many iron layers
separated by an
insulator

Primary coil

Secondary coil

Flux

Circuit symbol

Transformers consist of two coils
of insulated wire called the primary
and secondary coils. These coils can
be wound together onto the same soft
iron core, or linked by a soft iron core.
The structure of the most common
type of transformer and its circuit
symbol are shown in figure 6.20.

Transformers are designed so that
almost all the magnetic flux produced
in the primary coil threads the sec-
ondary coil. When an alternating cur-
rent flows through the primary coil,
a constantly changing magnetic flux
threads (or passes through) the sec-
ondary coil. This constantly changing
flux passing through the secondary coil produces an AC voltage at the terminals of the secondary coil with
the same frequency as the AC voltage supplied to the terminals of the primary coil.

The difference between the primary voltage, Vp, and the secondary voltage, Vs, is in their magnitudes. The
secondary voltage can be greater than or less than the primary voltage, depending on the design of the trans-
former. The magnitude of the secondary voltage depends on the number of turns of wire on the primary coil,
np, and secondary coil, ns.

If the transformer is ideal, it is 100% efficient and the energy input at the primary coil is equal to the energy

output of the secondary coil. The rate of change of flux (
∆Φ

∆t ) through both coils is the same. Faraday’s

Law can be used to show that the secondary voltage is found using the formula:
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Vs = ns
∆Φ

∆t
.

Similarly, the input primary voltage, Vp, is related to the change in flux by the equation:

Vp = np
∆Φ

∆t
.

Dividing these equations produces the transformer equation:
Vp

Vs
=
np

ns
.

If ns is greater than np, the output voltage, Vs, will be greater than the input voltage, Vp. Such a transformer
is known as a step-up transformer. If ns is less than np, the output voltage, Vs, will be less than the input
voltage, Vp. Such a transformer is known as a step-down transformer.

6.7.2 Transformers and the Principle of Conservation of Energy
The Principle of Conservation of Energy states that energy cannot be created nor destroyed but that it can
be transformed from one form to another. This means that if a step-up transformer gives a greater voltage at
the output, there must be some kind of a trade-off. The rate of supply of energy to the primary coil must be
greater than or equal to the rate of supply of energy from the secondary coil. For example, if 100 J of energy
is supplied each second to the primary coil, then the maximum amount of energy that can be obtained each
second from the secondary coil is 100 J.

You cannot get more energy out of a transformer than you put into it. (Some energy is usually transformed
into thermal energy in the transformer due to the occurrence of eddy currents in the iron core. In other
words, eddy currents in the iron core cause the transformer to heat up.) There is a decrease in useable energy
whenever energy is transformed from one form to another. The ‘lost’ energy is said to be dissipated, usually
as thermal energy.

The rate of supply of energy is known as power and is found using the equation:

P = VI.
In ideal transformers there is assumed to be no power loss and the primary power is equal to the secondary

power. In this case:

Pp = Ps.

Substituting the power formula stated earlier, this equation becomes:

VpIp = VsIs.

Combining this equation with the transformer equation we get another very important relationship for
transformers:
Is
Ip

=
np

ns
.

6.7 SAMPLE PROBLEM 1

TRANSFORMER CALCULATIONS

The transformer in an electric piano reduces a 240 V AC voltage to a 12.0 V AC voltage. If the secondary
coil has 30 turns and the piano draws a current of 500 mA, calculate the following quantities:
(a) the number of turns in the primary coil
(b) the current in the primary coil
(c) the power output of the transformer.
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SOLUTION:

(a) QUANTITY VALUE

Vp 240 V

Vs 12.0 V

ns 30

np ?

Vp

Vs
=
np

ns

⇒ np =
nsVp

Vs

=
30 × 240

12.0
= 600

Therefore the primary coil has 600 turns.

(b) QUANTITY VALUE

Ip ?

Is 500 mA

ns 30

ns 600

Is
Ip

=
np

ns

⇒ Ip =
nsIs
np

=
30 × 500

600
= 25 mA

(c) QUANTITY VALUE

Vs 12.0 V

Is 500 mA

Ps ?

Ps = VsIs

= 12.0 × 500
= 6000 mW
= 6.0 W

6.7.3 Limitations of the ideal transformer model
So far you have been looking at an ideal transformer: it is 100% efficient. For such a transformer, the output
power equals the input power.
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But Real transformers are not 100% efficient. The secondary voltage and current will both be less than that
predicted by using the formula VpIp = VsIs. This means that VpIp > VsIs

There are three main reasons for this less-than-ideal behaviour:
• Incomplete flux linkage (or flux leakage): the magnetic field generated by the primary coil does not

entirely pass through the secondary coil. A magnetic field can always be detected near a transformer.
• Resistive heat production: the primary and secondary coils of transformers are made thin copper wires.

When a current passes through the wires they heat up, so energy (and power) are lost in the primary
and secondary coils. Thermal images of transformers. show that they have higher temperatures than
their surroundings.

FIGURE 6.21 This infrared photo shows the heat generated
from a transformer. The red areas are the hottest.

• Eddy currents in the iron core: the changing magnetic field passing through the iron core causes a force
on the loosely bound electrons, creating eddy currents.

FIGURE 6.22 Workers assemble the laminated core at Wilson
Transformers
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6.7.4 Reducing heat losses due to eddy currents
As we saw in section 6.5, eddy currents within a metal are circular movements of electrons due to a changing
flux passing through the metal. These circular movements are at right angles to the direction of the changing
flux.

By constructing the iron core from many layers of iron that are coated with an insulator, the size of the eddy
currents is reduced and the losses due to heating effects are reduced. Such a core is called a laminated iron
core. The cross-sections of the thin layers are perpendicular to the direction of the magnetic flux, so the size
of the eddy currents is greatly reduced, as illustrated in figure 6.23.

FIGURE 6.23 Eddy currents in (a) an ordinary iron core,
(b) a laminated iron core

Induced eddy current(a) (b)

Increasing current Increasing current

Insulation layer

Iron
layer

I I

Another method for reducing eddy current losses in transformers is to use materials called ferrites, which
are complex oxides of iron and other metals. These materials are good transmitters of magnetic flux, but are
poor conductors of electricity, so the magnitudes of eddy currents are significantly reduced.

6.7.5 Applications of step-up and step-down transformers

PHYSICS IN FOCUS
Household use of transformers
Australian houses are provided with AC electricity that has a value of 240VRMS. Most electronic circuits are
designed to operate at low DC voltages of between 3 V and 12 V. Therefore, household appliances that have
electronic circuits in them will either have a ‘power-cube’ transformer that plugs directly into the power outlet
socket, or have transformers built into them.
Power-cube transformers can be found in rechargeable appliances such as ‘dust buster’ vacuum cleaners,

electric keyboards, answering machines, cordless telephones and laptop computers. You can probably find more
in your own home. These transformers also have a rectifier circuit built into them that converts AC to DC.
The RMS value of an AC voltage is a way of describing a voltage that is continuously changing. The voltage

actually swings between −339V and +339V at a frequency of 50Hz. This voltage has the same heating effect on
a metal conductor as a DC voltage of 240V; hence, we usually describe it as 240V.

6.7 Exercise 1
1 A step-down transformer is designed to convert 230V AC to 12V AC. If there are 190 turns in the primary coil,

how many turns are in the secondary coil?
2 A generator supplies 10 kW of power to a transformer at 1.0 kV. The current in the secondary coil is 0.50A.

What is the turns ratio of the transformer? Is it a step-up or a step-down transformer?
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Explore more with this weblink: Transformer applet

 6.8 Energy Distribution
6.8.1 High-voltage transmission lines
Power stations are usually situated large distances from cities where most of the consumers are located. This
presents problems with power losses in the transmission lines. Transmission lines are essentially long metallic
conductors which have significant resistance. This means that they have a significant voltage drop across them
when they carry a large current. This could result in greatly decreased voltages available to the consumer, as
illustrated in 6.8 sample problem 1.

The resistance of a metallic conductor is proportional to its resistivity, 𝜌, its length, l, and is inversely
proportional to its cross sectional area, A:

R =
𝜌l
A

.

The voltage drop, V, across a conductor equals the current, I, multiplied by the resistance, R. That is:

V = IR.

The rate of energy transfer in a conductor is called power, P, where:

P = VI.

If you know the current through a conductor and its resistance, the previous equation becomes:

P = I2R.

Therefore, the power lost in a transmission line is given by the formula:

Ploss = I2R

where

I = current flowing through the transmission line
R = the resistance of the transmission line.

6.8 SAMPLE PROBLEM 1

TRANSMISSION LINE CALCULATIONS

A power station generates electric power at 120 kW. It sends this power to a town 10 km away through
transmission lines that have a total resistance of 0.40 Ω. If the power is transmitted at 240 V, calculate:
(a) the current in the transmission lines
(b) the voltage drop across the transmission lines
(c) the voltage available in the town
(d) the power loss in the transmission lines.

SOLUTION:

(a) For this calculation, use the station’s power and the voltage across the transmission lines.

P = VI

⇒ I =
P
V

=
120 000

240
= 500 A
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(b) V = IR
= 500 × 0.40
= 200 V

(c) Vtown = Vstation − Vlines

= 240 − 200
= 40V

(d) Ploss = I2R
= (500)2 × 0.40
= 100 000 W
= 100 kW

6.8.2 Using transformers to reduce power loss
Sample problem 1, above, demonstrates the difficulties involved in transmitting electrical energy at low
voltages over large distances. The solution is to use transformers to step up the voltage before transmission.
If the voltage is increased, the current is reduced. Recall that the power lost in transmission lines is given by
the formula:

Ploss = I2R.

If the transmission voltage is doubled, the current is halved and the power loss is reduced by a factor of
four. If the current is reduced by a factor of 10, the power loss is reduced by a factor of 100, and so on.

FIGURE 6.24 Representation of a power distribution system.

power station
(generation at 20 kV)

hydro station

terminal stationtransmission
system

zone substation
(one in every
suburb and in most
country centres, 66 kV
to 11 kV and 22 kV)

switchyard
(step-up transformer)

220 kV
500 kV

330 kV

sub-transmission
lines (66 kV)

ground level transformer
recti�er (AC to DC)
(tram 600 V, train 1500 V)

street mains

pole type
transformer 
station
(11 000 to
400/230 V)

transformer
cubicle

service wires

underground street
mains and services

Using transformers enables electricity to be supplied over large distances without wasting too much elec-
trical energy. This has had a significant effect on society. If transformers were not used in the power
distribution system, either power stations would have to be built in the cities and towns or the users of electri-
city would have to be located near the power stations. The latter would mean that industries and population
centres would have to be located near the energy sources such as hydro-electric dams and coal mines. The
former would mean that fossil fuel stations would dump their pollution on the near-by population centres.
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6.8.3 NSW electrical distribution system
The New South Wales electrical distribution system is shown in figure 6.25. The Bayswater power station in
the Hunter Valley has four 660-megawatt generators that each have an output voltage of 23 kV. (Each set of
coils in the generators has an output of 220 MW.) The three-phase power then enters a transmission substation
where transformers step up the voltage to 330 kV.

FIGURE 6.25 The New South Wales electrical supply network
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FIGURE 6.26 A transformer at a substation.
The transmission lines end at a terminal

station where the voltage is stepped down to 66 kV for
transmission to zone power substations like the one
shown in figure 6.26. There is usually a zone substation
in each regional centre and in each municipality of a city.
Here the voltage is stepped down to values of 11 kV and
22 kV. Power substations can perform three tasks:

1. step down the voltage using transformers
2. split the distribution voltage to go in

different directions
3. enable, using circuit breakers and switches,

the disconnection of the substation from the
transmission grid or sections of the distribution grid
to be switched on and off.

Finally, pole transformers, as shown in figure 6.27, step the voltage down to 415 V for industry and 240 V
for domestic consumption.

FIGURE 6.27 A pole transformer

PHYSICS IN FOCUS
Protecting power transmission lines from lightning
When lightning strikes, it will usually pass between the bottom of a thundercloud and the highest point on the
Earth below. This means that it will strike tall trees, the tops of buildings such as church spires and the metal
power towers used to support high voltage power transmission lines. Many such power towers have a cable
running between them known as the continuous earth line. This cable normally carries no current, but it may
carry a current if a fault develops in the system. A second function of this cable is that it acts as a continuous
lightning conductor. If this cable or a tower is struck by lightning, the electricity of the lightning will be conducted
to the Earth by the metal towers and the transmission lines will not suffer from a sudden surge of voltage that
could damage substations.
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PHYSICS IN FOCUS
FIGURE 6.28 Suspension insulator used for high
voltage transmission lines

Disk shape of insulators
increases the leakage path

Transmission cable

Static dischargers

Insulating transmission lines
In dry air sparks can jump a distance of 1 cm for
every 10 000V of potential difference. Therefore,
a 330 kV line will spark to a metal tower if it comes
within a distance of 33 cm. In high humidity conditions
the distance is larger. To prevent sparks jumping from
transmission lines to the metal support towers, large
insulators separate them from each other. It is
important that these insulators are strong and have
high insulating properties. Suspension insulators,
illustrated in figure 6.28, are used for all high voltage
power lines operating at voltages above 33 kV, where
the towers or poles are in a straight line. Note that
the individual sections of the insulators are disk
shaped. This is because dust and grime collect on
the insulators and can become a conductor when
wet. Many wooden poles catch fire after the first rain
following a prolonged dry period because a current
flows across wet dirty insulators. The disk shape
of the insulator sections increases the distance that
a current has to pass over the surface of the insulator
and so decreases the risk. There is also less chance
that dirt and grime will collect on the undersides of the
sections, and these are also less likely to get wet.

 

eModelling: Modelling power transmission Use a spreadsheet to model the energy loss
incurred over a distance. doc-0040

Model energy loss over a distance using this spreadsheet: Modelling power transmission
Searchlight ID: doc-0040

 6.9 Review
6.9.1 Summary

• Magnetic flux, 𝜙B, is the amount of magnetic field passing through a given area. It depends on the
strength of the field, B, as well as the area, A.

• The magnetic flux through a coil is the product of the area, A, of the coil and the component of the
magnetic field strength, B, that is perpendicular to the area: 𝜙 = BA.

• Magnetic field strength is also known as magnetic flux density.
• Faraday’s Law of Induction states that a changing magnetic flux through a circuit induces an emf in the

circuit.
• The magnitude of an induced emf depends on the rate of change of magnetic flux through a circuit.
• Lenz’s Law states that an induced emf always gives rise to a current that creates a magnetic field that,

in turn, opposes the original change in flux through the circuit.
• Eddy currents are created when there is relative movement between a magnetic field and a metal object.

The area of the magnetic field, however, does not cover the whole of the metal object. Eddy currents
are also created when a conducting material is in the presence of a changing magnetic field.

• A changing magnetic flux through a coil can induce a voltage across the terminals of the coil.
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• Transformers are devices that can convert an AC input voltage signal to a higher or lower AC output
voltage.

• A transformer consists of a primary and secondary coil, usually linked by a soft iron core.
• The following equations apply to ideal transformers:

1.
Vp
Vs

=
Np
Ns

2. VpIp = VsIs

• Eddy currents increase the temperature of metal objects.
• When a metal object is moving relative to a region affected by a magnetic field, the region of magnetic

field exerts a force on the eddy currents that opposes the relative motion of the object to the field.
• Losses in transmission lines can be calculated using the formula Ploss = I2R.
• Power losses in transmission lines can be reduced by using step-up transformers to increase the

transmission voltage, thereby reducing the transmission current.
 

6.9.2 QUESTIONS

1. Explain how Michael Faraday was able to produce an
electrical current using a magnet.

2. Define the concept of magnetic flux in terms of
magnetic flux density and surface area.

3. Calculate the magnetic flux threading (or passing through)
the areas in the following cases.
(a) An area of 1.5 m2 is perpendicular to a magnetic field

of flux density 2.0 T.
(b) An area of 0.75 m2 is perpendicular to a magnetic

field of strength 0.03 T.
(c) A rectangle with a length of 4.0 cm and width

3.0 cmis perpendicular to a magnetic field of flux
density 5.0 × 10−3 T.

(d) A circle of radius 7.0 cm that is parallel with a
magnetic field of flux density 5.0 × 10−3 T.

4. Evaluate the direction of the induced current through
the galvanometer in each of the galvanometer circuit
coils shown in figure 6.29. The arrows represent the
motion of the coil or the magnet.

5. Describe the effect that the speed of movement of a
magnet has on the magnitude of a current induced in a
coil.

FIGURE 6.

G

G

S(a)

(b)

(c)

N

G

N

6. A magnet moving near a conducting loop induces a current
in the circuit as shown in figure 6.30. The magnet is on the
far side of the loop and is moving in the direction indicated
by the dotted line. Describe two ways in which the magnet
can be moving to induce the current as shown.

FIGURE 6.

G

Conducting
loop

Magnet

I

22 Jacaranda Physics 12

9

30

2

UNCORRECTED P
AGE P

ROOFS



i
i

“c06ElectromagneticInduction” — 2018/4/7 — 10:32 — page 23 — #23 i
i

i
i

i
i

7. Deduce the direction of the induced current through the
galvanometer in figure 6.31 when:
(a) the switch is closed
(b) the switch remains closed and a steady current flows in

the battery circuit
(c) the switch is opened.

FIGURE 6.

G

8. A flexible metal loop is perpendicular to a magnetic field as shown in figure 6.32a. It is distorted to the
shape shown in figure 6.32b. Is the direction of the induced current in the loop clockwise or
anticlockwise? Explain your answer.

FIGURE 6.32

(a) (b)

9. Figure 6.33 shows a loop of wire connected in series to a source of emf and a variable resistor.
Describe the direction of the induced current in the central loop when the resistance of the outer loop
circuit is increasing. Explain your reasoning.

FIGURE 6.33
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10. In what direction, clockwise or anticlockwise, is the induced current in the loop of wire in each
situation shown in figure 6.34?

FIGURE 6.34

I increasing

I decreasing

I increasing

I decreasing

(a)

(b)

(d)

(c)

11. A metal rectangle has a length of 7.0 cm and a width
of 4.0 cm. It is initially at rest in a uniform magnetic field of
strength 0.50 T as shown in figure 6.35.

The rectangle is completely removed from the magnetic
field in 0.28 s.
(a) What is the initial magnetic flux through the rectangle?
(b) In what direction, clockwise or anticlockwise, is the

induced current in the rectangle when it is being removed
from the magnetic field?

FIGURE 6.35

7.0 cm

4.0 cm

B = 0.50 T

12. A square loop of wire has sides of length 6.5 cm. The loop is
sitting in a magnetic field of strength 1.5 × 10−3 T as shown in
figure 6.36. The magnetic field is reduced to 0 T in a period
of 5.0 ms.
(a) What is the flux through the loop initially?
(b) What will be the effect on the induced emf if a 25-loop

coil is used, rather than a single loop?
(c) In what direction will the current flow in the loop?

FIGURE 6.36

6.5 cm

6.5 cm
B 

24 Jacaranda Physics 12

UNCORRECTED P
AGE P

ROOFS



i
i

“c06ElectromagneticInduction” — 2018/4/7 — 10:32 — page 25 — #25 i
i

i
i

i
i

13. Use diagrams to show three ways to change the flux passing through a conductor loop.
14. (a) Explain the production of a back emf in an electric motor.

(b) Describe how the back emf of an electric motor is produced.
(c) Explain why the back emf in an electric motor opposes the supply emf.
(d) How does the back emf determine the maximum rotating speed of an electric motor?
(e) How can overloading an electric motor cause it to burn out?

15. The armature winding of an electric motor has a resistance of 5.0 Ω. The motor is connected to a
240 V supply. When the motor is operating with a normal load, the back emf is equal to 237 V.
(a) Calculate the current that passes through the motor when it is first started.
(b) Calculate the current that passes through the motor when it is operating normally.

16. The armature winding of an electric drill has a resistance of 10 Ω. The drill is connected to a
240 V supply. When the drill is operating normally, the current drawn is 2.0 A.
(a) Calculate the current that passes through the drill when it is first started.
(b) Calculate the back emf of the drill when it is operating normally.

17. (a) What is an eddy current?
(b) Discuss how eddy currents are produced.
(c) Describe how eddy currents raise the temperature of metals.

18. A rectangular sheet of aluminium is pulled from a magnetic
field as shown in figure 6.37.
(a) Copy the diagram and indicate the position and direction

of an eddy current loop.
(b) Which way does the force due to the external magnetic

field and the eddy current act on the aluminium sheet?
19. Discuss how eddy currents are utilised in the following

situations:
(a) induction electric cook tops
(b) electromagnetic braking of trains or trams
(c) induction furnaces.

20. Draw a labelled cross-section diagram of a simple trans-
former. Referring to your diagram, explain how it operates
in terms of the principles of electromagnetic induction.

21. Explain why a steady DC current input will not operate a
transformer.

FIGURE 6.37

Direction of motion

B

22. A transformer changes 240 V to 15 000 V. There are 4000 turns on the secondary coil.
(a) Identify what type of transformer this is.
(b) Calculate how many turns there are on the primary coil.

23. A doorbell is connected to a transformer that has 720 turns in the primary coil and 48 turns in the
secondary coil. If the input voltage is 240 V AC, calculate the voltage that is delivered to the doorbell.

24. A school power pack that operates from a 240 V mains supply consists of a transformer with 480 turns
on the primary coil. It has two outputs, 2 V AC and 6 V AC.
(a) Calculate the number of turns on the 2 V and 6 V secondary coils.
(b) The power rating of the transformer is 15 W. Calculate the maximum current that can be drawn

from the 6 V secondary coil.
25. An ideal transformer has 100 turns on the primary coil and 2000 turns on the secondary coil. The

primary voltage is 20 V. The current in the secondary coil is 0.50 A. Calculate:
(a) the secondary voltage
(b) the output power
(c) the input power
(d) the current flowing through the primary coil.
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26. A transformer has 110 turns on the primary coil and 330 turns on the secondary coil.
(a) Identify this type of transformer.
(b) By what factor does it change the voltage?

27. An ideal transformer is designed to provide a 9.0 V output from a 240 V input. The primary coil is
fitted with a 1.0 A fuse.
(a) Calculate the ratio

number of turns on the primary coil

number of turns on the secondary coil
.

(b) Calculate the maximum current that can be delivered from the output terminals.
28. A neon sign requires 12 kV to operate. Calculate the ratio

number of turns on the primary coil
number of turns on the secondary coil

of the sign’s transformer if it is connected to a 240 V supply.
29. A 20.0 W transformer gives an output voltage of 25 V. The input current is 15 A.

(a) Calculate the input voltage.
(b) Is this a step-up or step-down transformer?
(c) Calculate the output current.

30. Describe the advantages gained by transmitting AC electrical power at high voltages over large
distances.

31. A power station generates electric power at 120 kW. It sends this power to a town 10 kilometres away
through transmission lines that have a total resistance of 0.40Ω. If the power is transmitted at
5.00 × 105 V, calculate:
(a) the current in the transmission lines
(b) the voltage drop across the transmission lines
(c) the voltage available at the town
(d) the power loss in the transmission lines.

32. A generator coil at the Bayswater power station produces 220 MW of power in a single phase at 23 kV.
This voltage is stepped up to 330 kV by a transformer in the transmission substation. Calculate:
(a) the ratio

number of turns on the primary coil
number of turns on the secondary coil

for the transformer
(b) the output power of the transformer
(c) the current in the transmission line.

33. A generator has an output of 20 kW at 4.0 kV. It supplies a factory via two long cables with a total
resistance of 16 Ω.
(a) Calculate the current in the cables.
(b) Calculate the power loss in the cables.
(c) Calculate the voltage between the ends of the cables at the factory.
(d) Describe how the power supplied to the workshop could be increased.
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PRACTICAL INVESTIGATIONS
6.1 INDUCING CURRENT IN A COILED CONDUCTOR

Aim
(a) To study ways of inducing a current in a coiled conductor
(b) To study factors affecting the size of the induced current.

Apparatus
galvanometer
two coils having different numbers of turns of wire
two bar magnets, of different strengths, if possible an iron core that fits into one of the coils. This could be made
by taping large iron nails together.
connecting wires

Theory
You will be reproducing some of Faraday’s experiments. Modern galvanometers are much more sensitive than
those available to Faraday.

Method
1. Connect the coil with the fewest number of turns to the galvanometer. Push the N pole of a bar magnet into

the coil. Describe what happens.
2. Hold the magnet stationary near the coil. Describe what happens.
3. Withdraw the N pole from the coil. Describe what happens.
4. Repeat steps 1 and 3 at different speeds. Describe what happens.
5. Hold the magnet stationary and move the coil in different directions. Rotate the coil so that first one end and

then the other approaches the magnet. Describe what happens.
6. Place the iron core in the coil and touch it with the N pole. Remove the magnet. Describe what

happens.
7. Design an experiment to examine the factors that affect the size of the induced current.

Analysis
1. Relate your results to Faraday’s law of electromagnetic induction.
2. Describe how you would make a generator to create a relatively large current.

6.2 LINKING COILS

Aim
To see if the magnetic field of a current-carrying coil can induce a current in another coil.

Apparatus
galvanometer
two coils having different numbers of turns of wire, preferably one of which fits into the other
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an iron core that fits into the smaller of the coils. This could be made by taping large iron nails together.
a 10 Ω resistor
a power supply
connecting wires

Theory
A current flowing in a coil will create a magnetic field that threads the second coil. When there is a changing
magnetic field threading the second coil, an emf will be induced in the coil.

Method
1. Set up the apparatus as shown in figure 6.38. Set the power supply to 2.0V.

FIGURE 6.38

G

10 Ω

2. Close the switch and observe the effects on the galvanometer.
3. Open the switch and observe the effects on the galvanometer.
4. Put an iron core in the smaller coil and repeat steps 2 and 3.

Analysis
Relate your results to Faraday’s law of electromagnetic induction.

Questions
1. When was a current induced in the secondary (galvanometer) coil?
2. What happened when a steady current was flowing in the primary (power supply) coil?
3. What effect did the iron core have on the induced current?

6.3 THE DIRECTION OF INDUCED CURRENTS

Aim
To learn how to predict the direction of an induced current.

Apparatus
galvanometer
coil
bar magnet
connecting wires
battery

Theory
Lenz’s Law states that the direction of an induced current in a coil is such that the magnetic field that it
establishes opposes the change of the original flux threading the coil.

Method
1. Carefully examine the coil to see which way the wire is coiled around the cylinder.
2. Use a battery to establish which way the galvanometer deflects when currents flow through it in different

directions.
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3. Connect the coil to the galvanometer.
4. Push the N pole of the magnet towards the coil. Note the deflection of the galvanometer. Answer the

following questions.
• In which direction did the current flow in the coil?
• Was the end of the coil nearest the magnet a N or S pole?
• Does the magnetic field of the coil assist or oppose the motion of the magnet?
• Does the magnetic field of the coil assist or oppose the change in flux threading the coil?

5. Pull the N pole away from the coil. Answer the questions of step 4.
6. Push the S pole of the magnet towards the coil. Answer the questions of step 4.
7. Pull the N pole away from the coil. Answer the questions of step 4.

Analysis
Do your results verify Lenz’s Law? Explain.

6.4 MAKING A SIMPLE TRANSFORMER

Aim
(a) To set up a simple transformer
(b) To observe that a steady DC current does not produce an output current from a transformer.

Apparatus
galvanometer
two coils having different numbers of turns, one coil fitting inside the other.
1.5 V cell
switch
variable resistor
connecting wires

Theory
A transformer consists of a primary and secondary coil. In this experiment the primary coil fits inside the
secondary coil. The changing flux produced in the primary coil induces a current in the secondary coil.

Method
1. Place the smaller (primary) coil in the larger (secondary) coil. Connect the secondary coil to the galvanometer.

Connect the primary coil in series with the switch, variable resistor and cell as shown in figure 6.39.

FIGURE 6.39

G
1.5 V

Primary coil (top view)

Secondary coil (top view)

2. Set the variable resistor to its lowest value.
3. Observe the effects on the galvanometer as you close the switch, keep it closed for five seconds and then

open the switch.
4. Describe what happens.
5. Close the switch and change the value of the variable resistor slowly and rapidly. Open the switch.
6. Record your observations.

TOPIC 6 Electromagnetic induction 29

UNCORRECTED P
AGE P

ROOFS



i
i

“c06ElectromagneticInduction” — 2018/4/7 — 10:32 — page 30 — #30 i
i

i
i

i
i

Analysis
1. Relate your observations to Faraday’s Law of Electromagnetic Induction.
2. Describe the conditions necessary for the operation of a transformer.

6.5 TRANSFORMER INS AND OUTS

Aim
To use an AC input voltage to produce an AC output voltage and to compare their values.

Apparatus
two coils having a different number of turns of wire, preferably with the number of turns on each being known,
one coil fitting inside the other
two 2 V light globes in holders.
AC power source
switch
dual trace cathode ray oscilloscope
connecting wires
long iron nails that fit inside the smaller coil to produce a soft iron core

Theory
An AC input voltage will induce an AC output voltage.
If the secondary coil has more turns than the primary, the device is a step-up transformer and the secondary

voltage will be greater than the primary voltage.
The inclusion of an iron core increases the effectiveness of the transformer.

Method
1. Place the smaller (primary) coil in the other (secondary) coil.
2. Connect the secondary coil to a light globe.
3. Connect the primary coil in series with the switch, a light globe and the AC source.
4. Adjust the AC source to its lowest value (less than 2 V).
5. Connect one set of input leads of the CRO across the terminals of the primary coil, and the other across the

terminals of the secondary coil. The set-up is illustrated in figure 6.40.

FIGURE 6.40

Primary coil (top view)

CRO

2 V AC

Secondary coil (top view)

6. Close the switch and observe the traces on the CRO.
7. Compare the primary and secondary peak voltages and frequencies.
8. Insert iron nails in the primary coil and repeat steps 6 and 7.
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FIGURE 6.41

Analysis
• Explain your observations in terms of the theory you have studied.
• What effect did the insertion of the iron nails have on the effectiveness of the transformer?

6.6 TRANSMISSION LINE POWER LOSSES

Aim
(a) To investigate the effects of resistance in transmission lines
(b) To investigate the use of transformers in power distribution systems.

Apparatus
Transmission line experiment (Available from Haines Educational P/L, www.haines.com.au)

Theory
Power losses in transmission lines can be reduced by using transformers to step up the voltage for transmission
and step it down again for use. This kit models transmission lines by using resistance wire.

Method
1. Set up the equipment as described in the instruction brochure.
2. Transmit power from an AC supply to the load globe using the transmission lines alone. Note the brightness

of the globe and the current in the transmission lines.
3. Measure the voltage output of the supply and the voltage at the globe.
4. Repeat steps 1 and 2, this time using the transformers.

Analysis
Comment on your results.

6.7 Making a simple transformer using a kit

Aim
(a) To set up a simple transformer
(b) To observe that a steady DC current does not produce an output current from a transformer.

Apparatus
• ‘Hodson’ Induction Kit Cat: EM1973-001 and instruction booklet
– 300 turn coil
– 150 turn coil
– Rubber bands
– Connecting cables

• School laboratory AC Power Supply
• AC voltmeter
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Theory
A transformer consists of a primary and secondary coil. In this experiment you will construct a transformer in two
configurations.

Method
Follow the instructions on page 15 of the kit instruction manual.
Measure and record the input voltage and output voltage.

Analysis
Describe how a transformer operates.
Does your transformer produce results consistent with the rule for ideal transformers?
Vp
Vs

=
Np

Ns

The Transformer:
Take the ‘U’ core in the plastic holder and ‘I’ core in the plastic holder. Place the 300 turn primary coil over one
leg of the ‘U’ core and place a secondary coil that you have wound yourself over the other leg of the ‘U’ core.
Invert the ‘I’ core and carefully place it over the ‘U’ core as shown below.

TAKE CARE NOT TO CATCH AND BEND THE THIN LAMINATIONS OF THE ‘U’ CORE AS YOU PLACE THE
‘I’ CORE ON TO IT.
The 4x rubber bands can be stretched between the legs, top to bottom, to hold the two halves of the

transformer firmly together.
Apply say 12 volts AC to the 300 turn primary coil and, using an AC voltmeter, measure the output voltage from

the 150 turn secondary coil that you wound yourself. It should be close to 6 V.AC.
Two coils can be fitted to either side of the transformer core and they can face from the ends of the iron core or

across the iron core. It does not matter which are the primary and which are the secondary coils because the iron
circuit passes through them on either side of the transformer, but the 300 turn coil supplied is normally used as
the primary coil and is connected to 12 Volt AC power source with the cables supplied with the banana plugs
fitted.
For transformer study, normally the iron core is fitted and the iron is closed tightly so there is no air space

between the iron laminations and therefore minimum magnetic leakage. The rubber bands supplied pull the iron
tightly together. If the iron core is not fully closed tightly, the voltages measured on the secondary coils will not
accurately follow transformer theory.
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