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

5 Transmission of power

5.1 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.

5.1.1 Introduction
Electricity is produced at power stations, which are often far away from the towns and cities in which it is
consumed. To reduce power loss, electricity must be transmitted sustainably. In this topic you will learn
about transformers and their role in limiting power loss in the long-distance transmission of electricity.

FIGURE 5.1 High-voltage power lines are used to transmit electricity over long distances.
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5.1.2 What you will learn

KEY KNOWLEDGE
After completing this topic you will be able to:
• analyse transformer action with reference to electromagnetic induction for an ideal transformer:
N1

N2

=
V1

V2

=
I2

I1
• analyse the supply of power by considering transmission losses across transmission lines
• identify the advantage of the use of AC power as a domestic power supply.

Source: VCE Physics Study Design (2017–2021) 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.

Resources

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

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

Practical investigation logbook (doc-#####)

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

5.2 Transformers

KEY CONCEPTS
• analyse transformer action with reference to electromagnetic induction for an ideal transformer:
N1

N2

=
V1

V2

=
I2

I1
.

5.2.1 Electric power
Electric power is generated for a purpose — to provide lighting in streets and homes, and to operate motors
in domestic and industrial appliances. But electric power is often generated very far from where it is
consumed. This problem appears to be simply overcome: make the connecting wires from the generator
to the light or motor longer and longer, even stretching to hundreds of kilometres, and you have your basic
transmission line.

FIGURE 5.2 Why not just extend the wires from your toaster all the
way back to the power plant generator?

Power plant
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This simple solution might work on the laboratory bench where the connecting wires are so short that
their resistance is a very small fraction of the overall resistance in the circuit. However, when the wires
extend over kilometres, their resistance becomes significant. So, too, does the power loss in them. The
power dissipated in the wires is equal to

Ploss = VI = I2R

where Ploss is the power dissipated in the wires
V is the voltage drop across the wires (not to be confused with the supply
voltage)
I is the current through the wires
R is the resistance of the wires.

Hence, the higher the resistance of the wires, the more power is lost in transmission along those wires.
In addition, so much of the supply voltage now drops along the wires that the remaining voltage across the
devices is insufficient for them to operate properly.

SAMPLE PROBLEM 1

A 100 W light globe uses 100 J of energy every second when the voltage across it is 230 V.
a. Calculate the current through the globe.
b. Calculate the resistance of the globe for this current and voltage.
c. i. If the globe was connected to a 230 V power supply by 2.0 m of copper wire, what would be

the total resistance of the circuit? The wire has a resistance of 0.022 Ωm−1.
ii. What would be the voltage drop across the globe?

d. i. If the globe was connected by 100 km of copper wire, what would be the total resistance
of the circuit?

ii. What would be the voltage drop across the globe now?
e. Comment on how the light globe would respond.

Teacher-led video: SP1 (tlvd-XXXX)

THINK WRITE

a. Use the formula P = VI to determine the
current through the globe, where P = 100
W, V = 230 V.

a. P = VI
100 = 230I

I = 100

230
= 0.435 A

The current through the globe is 0.43 A
(to 2 significant figures).

b. Use Ohm’s Law, V = IR, to determine the
resistance of the globe.

b. V = IR
230 = 0.435R
R = 230

0.435
= 529 Ω

The resistance of the globe is 530 Ω
(to 2 significant figures).

TOPIC 5 Transmission of power 3
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c.

i.

The globe and the wire are connected in
series, so add their resistances to determine
the total resistance of the circuit.

c.

i.

Rtotal = Rcopper + Rglobe

=
(
2.0 m × 0.022 Ω m−1

)
+ 529 Ω

≈ 529 Ω
The total resistance of the circuit is 530 Ω (to
2 significant figures). The resistance in the
wire is negligible.

c.

ii.

1 Determine the current through the series
circuit using Ohm’s Law, V = IR.

c.

ii.

V = IR

I = V

R

= 230 V (supplied to the circuit)
529 Ω (total resistance of the circuit)

= 0.435 A
2 Determine the voltage drop across the globe

using Ohm’s Law, V = IR.
V = IR
= 0.435 A × 529 Ω
= 230 V

The voltage drop across the globe is 230 V.

d.

i.

The globe and the wire are connected in
series, so add their resistances to determine
the total resistance of the circuit.

d.

i.

Rtotal = Rcopper + Rglobe

=
(
100 × 103 m × 0.022 Ω m−1

)
+ 529 Ω

≈ 2729 Ω
The total resistance of the circuit is 2700 Ω
(to 2 significant figures). The resistance of the
copper wire is not negligible.

d.

ii.

1 Determine the current through the series
circuit using Ohm’s Law, V = IR.

d.

ii.

V = IR

I = V

R

= 230V (supplied to the circuit)
2729 Ω (total resistance of the circuit)

= 0.0842A
2 Determine the voltage drop across the globe

using Ohm’s Law, V = IR.
V = IR
= 0.0842 A × 529 Ω
= 44.6 V

The voltage across the globe is 45 V
(to 2 significant figures).

e. Most of the 230 V supplied to the circuit is
dissipated in the copper wire, with only a
small amount across the globe.

e. The globe would not light up.

PRACTICE PROBLEM 1
An 800-watt toaster uses 800 joules of energy every second when the voltage across it is 230 V.
a. Calculate the current through the toaster.
b. Calculate the resistance of the toaster for this current and voltage.
c. i. If the toaster was connected to a 230 V power supply by 1.0 m of copper wire, what

would be the total resistance of the circuit? The wire has a resistance of 0.035 Ωm−1.
ii. What would be the voltage across the toaster?
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d. i. If the toaster was connected by 20 km of copper wire, what would be the total resistance
of the circuit?

ii. What would be the voltage across the toaster now?
e. Comment on how the toaster would respond.

5.2.2 Why use a transformer?
The transmission line transmits electrical energy from the generator to the appliance. The electrical
energy is generated at a voltage set by the generator. Using Ohm’s Law, if the voltage supplied from the
generator is constant, then the current drawn from the generator depends on the resistance in the appliances

connected to the generator: I = V

R
. Appliances are connected in parallel so that they can all have the

same voltage. Plugging in additional appliances is the same as adding extra resistances in parallel, with
each appliance drawing its own current from the supply. The extra appliances in parallel reduce the total
resistance in the circuit.

With more appliances connected, the overall resistance of the circuit is reduced, drawing a larger
current from the generator and therefore greater energy is supplied. The amount of energy supplied by the
generator every second, or the electrical power supplied, is equal to the product of the voltage supplied by
the generator and the current drawn from the generator, P = VI.

If the transmission lines are long, the energy wasted due to their resistance becomes a significant fraction
of the energy supplied by the generator. If the same amount of energy produced every second (that is, the
same power) can be sent along the lines but at a lower current, the energy loss will be less. In fact, since the
power loss is given by I 2R (current2 × resistance of the lines), halving the current through the lines reduces
the power loss by a factor of four. This power loss can be reduced with the use of transformers.

5.2.3 How do transformers work?
In 1831 Michael Faraday constructed a device to achieve this when he demonstrated that an electric current
in one circuit had a magnetic effect that could produce an electric current in another circuit.

Faraday’s transformer consisted of two sets of wire coils wrapped around a ring of iron. One coil, the
primary coil, was connected to a battery by a switch, while the other, the secondary coil, was connected to a
galvanometer (a sensitive current detector).

As with other examples of electromagnetic induction, the transformer works only when there is a change
in magnetic flux in the coils and the connecting iron core.

FIGURE 5.3 A changing current, I, in the primary coil produces a changing
magnetic field, B, in the iron core, which is propagated through the iron core to
the secondary coil, where the changing magnetic field induces a changing emf in
the secondary coil.
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If an AC voltage is applied to the primary coil, an alternating magnetic field will be set up in the iron
core. This alternating magnetic field will propagate through the iron core to the secondary coil. Here,
the alternating magnetic field will induce an alternating voltage in this coil of the same frequency as
the primary AC voltage. Transformers do not work with a constant DC current supply. There will be a
brief induced current when the switch is turned off or on, but the constant DC supply does not produce a
changing magnetic flux in the primary coil and, hence, no induced current in the secondary coil.

An AC voltage supplied to the primary coil produces an AC voltage at the secondary coil, even though
there is no electrical connection between the two coils. How do the sizes of the two voltages compare? In
other words, how do the RMS voltages compare?

5.2.4 Comparing voltages
When an AC voltage supply, V1, is connected to the primary coil, the current will be limited by the
resistance in the coil — which will be proportional to the number of turns, N1, in the coil.

The iron core has constantly changing magnetic flux throughout. So, applying Faraday’s Law to the
primary coil gives

V1 = N1 ×
∆ΦB

∆t
.

Applying it to the secondary coil gives

V2 = N2 ×
∆ΦB

∆t
.

Combining these equations gives

∆ΦB

∆t
= V1

N1

= V2

N2

or

V1

V2
= N1

N2

Where V1 is the average voltage in the primary coil
V2 is the average voltage in the secondary coil
N1 is the number of turns in the primary coil
N2 is the number of turns in the secondary coil.

This relationship means that two types of transformers can be built. One type, which produces a
secondary voltage greater than the primary, is called a step-up transformer. In this, the number of
secondary turns is greater than the number of primary turns.

The other type is a step-down transformer, which features more primary turns than secondary turns.
It produces a smaller secondary voltage than the primary voltage. Both types are used in the distribution
of electricity from generator to home, and also inside the home.

AS A MATTER OF FACT
Low-voltage lighting is now quite common in instances where 230 V AC would present a safety risk (for example,
Christmas tree lights or external garden lighting). In these cases, a step-down transformer converts the 230 V AC
down to a safer 12 V AC.
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FIGURE 5.4 Circuit diagram symbol for
a transformer

If there is no energy loss as the energy is transferred from the primary to the secondary side, then
the power in to the primary coil will equal the power out of the secondary coil, and the transformer is
considered an ideal transformer. Since power = voltage × current, this can be written as:
V1 × I1 = V2 × I2, and hence:

N1

N2
= V1

V2
= I1

I2

where V1 is the average voltage in the primary coil
V2 is the average voltage in the secondary coil
I1 is the current in the primary coil
I2 is the current in the secondary coil
N1 is the number of turns in the primary coil
N2 is the number of turns in the secondary coil.

Using this relationship, the main design characteristics of any transformer can be determined.

SAMPLE PROBLEM 2

A step-down transformer is designed to convert 230 V AC to 12 V AC. If there are 190 turns in
the primary coil, how many turns are in the secondary coil?

Teacher-led video: SP2 (tlvd-XXXX)

THINK WRITE

1 List the known information. V1 = 230V;V2 = 12V;N1 = 190 turns

2 Use the relationship
V1

V2

= N1

N2

to

determine the number of turns in the
secondary coil.

V1

V2

= N1

N2
230V

12V
= 190

N2

N2 =
12V × 190

230V
= 9.9

The secondary coil consists of approximately
10 turns.

TOPIC 5 Transmission of power 7
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PRACTICE PROBLEM 2
A generator supplies 10 kW of power to a transformer at 1.0 kV. The current in the secondary coil is
0.50 A. What is the turns ratio of the transformer? Is it a step-up or a step-down transformer?

Resources

Weblink Transformer applet

5.2.5 Ideal versus real transformers
In an ideal transformer, the transformer is assumed to be 100% efficient and energy losses can be ignored.
In reality, all transformers lose some energy in transferring electric power from the primary side to the
secondary. This energy loss occurs in two areas. The first area is in the wires that make up the primary and
secondary coils. This loss is called either copper loss (because the wires are usually copper), or resistive
or I 2R loss. The loss is usually quite minor. If the transformer is being designed to take large currents, the
wires on that side would be made thicker to take the high current and minimise the resistance.

The other area of energy loss in the transformer is in the iron core. This loss is due to induced currents in
the iron core. These currents are called eddy currents, because they are like the swirls, or eddies, left in the
water after a boat has gone by.

The changing magnetic flux in the iron core produces a changing voltage in each of the turns of the
secondary coils. Iron is an electrical conductor, so it will behave in the same way as the turns of wire.
A circular current will be induced in the iron in a plane at right angles to the direction of the changing
magnetic flux.

FIGURE 5.5 (a) An eddy current induced in an iron core by a
changing magnetic field, and (b) putting the iron core into layers
reduces the currents.

N

I

Increasing current

(a) Induced eddy current Insulation layer

Iron layer

N

I

Increasing current

(b) 

If the iron core was one solid piece of iron, these induced eddy currents would be quite substantial. As
iron has a low resistance, it would lead to large energy loss.

To minimise this loss, the iron core is constructed of layers of iron sandwiched between thin layers of
insulation. These layers, called laminations, significantly reduce the energy loss. In practice, transformers
used to transmit large quantities of energy are about 99% efficient.
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FIGURE 5.6 Transmission lines and towers near Melbourne

Resources

Digital documents Investigation 5.1 Linking coils (doc-31595)

Investigation 5.2 Transformer ins and outs (doc-31596)

Teacher-led video Investigation 5.1 Linking coils (tlvd-0232)

Investigation 5.2 Transformer ins and outs (tlvd-0233)

5.2 EXERCISE
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. An ideal transformer has 100 turns in the primary coil and 2000 turns in the secondary coil. If the primary coil

was connected to 230 V AC, what would be the voltage across the secondary coil?
2. A transformer has 300 turns in the primary coil and six turns in the secondary coil.

(a) If 230 V AC is connected to the primary coil, what will be the voltage across the secondary coil?
(b) If the secondary voltage is 9.0 V AC, what is the voltage across the primary coil?

3. Christmas tree lights need a transformer to convert the 230 V AC to 12 V AC.
(a) If there are 50 coils on the 12 V secondary coil, how many turns are there in the primary coil?
(b) If there are 20 globes connected in parallel to the secondary coil, each of 12 V and 5 W, what is the

current in the secondary coil?
(c) What is the current in the primary coil, assuming the transformer is ideal?

4. Explain why a transformer does not work with a constant DC input voltage.
5. Why is the core of transformers made of an alloy of iron that is easy to magnetise?
6. A transformer is used to change 10 000 V to 230 V. There are 2000 turns in the primary coil.

(a) What type of transformer is this?
(b) How many turns are there in the secondary coil?

7. An ideal transformer has 400 turns in the primary coil and 900 turns in the secondary coil. The primary
voltage is 60 V and the current in the secondary coil is 0.30 A.
(a) What is the voltage across the secondary turns?
(b) What is the power delivered by the secondary coils?
(c) What is the current in the primary coil?

TOPIC 5 Transmission of power 9
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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.

5.3 Power distribution and transmission line losses

KEY CONCEPTS
• analyse the supply of power by considering transmission losses across transmission lines
• identify the advantage of the use of AC power as a domestic power supply.

5.3.1 Transmission of power
The power loss in the transmission lines is equal to Ploss = VI = I2R, where V is the voltage drop across the
lines, I is the current through the lines and R is the resistance of the wires. Be careful not to confuse the
voltage drop in the transmission lines with the voltage supplied from the generator. In order to minimise
power loss in the transmission wires, large amounts of power produced by the generator need to be
transmitted using a very low current. Development of the transformer meant that the AC supply voltage
from the generator could be connected to a step-up transformer to increase the voltage supplied by the
generator and decrease the current, and so reduce energy loss in the transmission lines.

However, at the other end of the transmission line, the high voltage supplied would be unsuitable, and
possibly dangerous, for domestic appliances. So a step-down transformer is used to bring the voltage back
down to a safe level for home use.

FIGURE 5.7 Supplying power from a generator to the home.

generator

Step-up transformer

P1 = P2

V1I1 = V2I2

Step-down transformer

P3 = P2 – Ploss = P4

V3I3 = V4I4

P1 = V1I1 P4 = V4I4

P4 homeP3P2P1

Ploss = (I2)
2 R

In Victoria, electricity is generated at a variety of voltages. In Yallourn, the voltage is 20 000 V (20 kV).
In Newport, the generating voltage is 24 000 V. From the various generators around Victoria, the voltage is
stepped up to 500 kV to transmit the electrical energy over the long distances to Melbourne.

Because of the very high voltage, there is an increased risk of electrical discharge to the ground or the
frame of the cable support, so tall towers are needed to hold the transmission cables high off the ground.
Several porcelain discs are used to insulate the cables from the steel frame of the tower.
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When the cables reach the outskirts of Melbourne, the high voltage is stepped down to 66 kV for
distribution within the suburban area. In each suburb, the voltage is then further stepped down to 11 kV,
either for delivery to yet another step-down transformer or to a neighbourhood power pole. There it is
reduced to 230 V for connection to all the houses in the immediate neighbourhood.

FIGURE 5.8 Victoria’s power system — a representation
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The high-voltage transmission line feeds several outer suburban terminal stations, each of which passes
the current to several zone substations. These substations each connect to hundreds of pole transformers,
which then connect to hundreds of homes. As the distribution system spreads further and further down to
the domestic consumer, the current in the transmission line at each stage gets less and less.

TABLE 5.1 Typical voltages in different sections of the transmission system

Section of transmission system Voltages

Major power tower or switchyard to terminal substation 220 kV, 330 kV or 500 kV

Terminal substation to zone substation 66 kV

Zone substation to pole-type transformer or underground
transformer

22 kV

Pole-type transformer to house 230 V single phase, or 400 V for a three-phase supply

This means that the cables in each section need to be designed to handle the current in that section in a
cost-effective way, maximising energy transfer while minimising the cost of doing so. To minimise energy
loss, the resistance of the cable needs to be made as small as possible.

PHYSICS IN FOCUS
Transmission lines
In transmission lines, the current actually flows through the outer surface of the line to a depth of about 1 mm.
This is called the skin effect. It happens because the voltage is applied to the surface of the transmission line and
the effect of the voltage decreases exponentially with distance from the surface.

TOPIC 5 Transmission of power 11
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Transmission lines are bare, multi-layered, concentrically stranded aluminium cables with a core of steel or
reinforced aluminium for tensile strength. The advantages of having wires in a bundle over a single conductor
of the same area include lower resistance to AC currents, lower radio interference and audible noise, and better
cooling.
The smaller the sag in a transmission line, the greater will be the tension in the line. As the transmission lines

cool, they contract, producing greater tension. High winds also increase tension.
The cost of building a transmission line is very nearly proportional to the input voltage and to the length of the

line. The cost to transmit each unit of power is proportional to the length and inversely proportional to the square
root of the power. That is, if the power to be transmitted is quadrupled, it can be transmitted twice as far for the
same unit cost. It is therefore uneconomical to transmit power over a long distance unless a large quantity of
power is involved.
The cost of constructing a line underground rather than above ground ranges from eight times as much

(at 69 kV) to 20 times as much (at 500 kV). Underground cables are usually stranded copper, insulated with layers
of oil-soaked paper tape. Superconductive cables may make this a more economical proposition.
Basslink uses subsea cables to transmit high-voltage DC between Victoria and Tasmania.

TABLE 5.2 Ways to reduce resistance

Method Effect

Make the wires fatter. This increases the cost of the material in the wire and the cost of the pole to hold up
the heavier wire.

Use a better conductor. Metals differ in their electrical conductivity and in their economic value as a metal.
Very good conductors such as gold and silver are too expensive to use as wires.

Imagine that 400 MW of power was available to be transmitted along a transmission line of 4.0 Ω. How
would the power losses due to the resistance of the transmission line vary with the voltage across the
transmission line? The following table shows some typical values.

TABLE 5.3 Transmission of 400 MW at different voltages

Transmission voltage 1000 kV 500 kV 220 kV 66 kV

Current
(
I = Ptot

V

)
400 A 800 A 1800 A 6100 A

Power loss
(
Ploss = I2R

)
640 kW 2.6 MW 13 MW 150 MW

Power loss (%) 0.2% 0.6% 3.3% 37%

AS A MATTER OF FACT
Electric power was first transmitted in 1882 by Thomas Edison in New York and by St George Lane-Fox in
London, both using a DC system for street lighting. The transmission was at low voltage with considerable
transmission power line losses, and so limited to short distances.
Later that decade, George Westinghouse purchased patents for AC generators. His company also improved

the design of transformers, and developed an AC-based transmission system. In 1886, these new developments
allowed power to be transmitted over a distance of a kilometre, stepping up the voltage to 3000 V and then
stepping it down to 500 V.
In the 1800s, there was much debate on the relative efficiency of the AC and DC transmission systems as well

as on their environmental effects. However, the superiority of the AC system was soon realised. By 1898, there
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was a 30 000 V 120 km line and, by 1934, the voltage was up to 287 000 V over 430 km. During World War II,
German scientists developed 380 000 V and overcame the effect of electrical discharge by using double cables.
During the 1960s, transmission voltages reached 765 000 V. Future voltages are expected to be at 1 000 000 V.

SAMPLE PROBLEM 3

a. A 20 kW, 400 V diesel generator supplies power for the 400 V lights on a film set at an outside
location. The 500 m transmission cables have a resistance of 5.0 Ω.
i. What is the current in the cables?
ii. What is the voltage drop across the transmission cables?
iii. What is the power loss in the cables as a percentage of the power supplied by the generator?
iv. What is the voltage supplied to the lighting?

b. Repeat the calculations in part (a), but this time increase the generator voltage by a factor of 20
and, prior to connection to the lights, reduce the voltage by a factor of 20.

Teacher-led video: SP3 (tlvd-XXXX)

THINK WRITE

a.

i.

1 Draw a diagram showing all
known information.

a.

i.

Generator Lighting

Transmission

lines

500 m

R = 5.0 Ω

V = 400 V

P = 20 kW

2 The current in the cables is equal
to the current coming from the
generator.
For the generator:
P = 20 000 W; V = 400 V
Use P = VI to determine the
current through the cables.

P = VI

I = P

V

= 20 000W

400V
= 50A

The current through the cables is 50 A.
(Note: Using V = IR with V = 400 V and R = 5.0 Ω is
incorrect because 400 V is the voltage supplied by the
generator, it is not the voltage drop across the cables.)

a.

ii.

In the cables, I = 50 A and
R = 5.0 Ω.
Use V = IR to determine the
voltage drop across the cables.

a.

ii.

V = IR
= 50A × 5.0Ω
= 250V

The voltage drop across the cables is 250 V.

a.

iii.

1 In the cables, I = 50 A and
R = 5.0 Ω.
Use Ploss = I2R to determine the
power lost in the cables.

a.

iii.

Ploss = I2R
= 50A × 50A × 5.0Ω
= 12 500W

(Note: This answer could have been obtained by using
P = VI, with V = 250 V from solution ii; however, there
is a risk that 400 V may be used by mistake, so it is
better to use I 2R.)
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2 Determine the power loss as a
percentage of the power supplied
by the generator.

% Ploss =
12 500W

20 000W
× 100

1
= 62.5%

a.

iv.

The voltage supplied by the
generator is shared between the
transmission cables and the
lights:
Vgenerator = Vcables + Vlights

where Vgenerator = 400 V and
Vcables = 250 V.

a.

iv.

Vgenerator = Vcables + Vlights

Vlights = Vgenerator − Vcables

= 400V − 250V
= 150V

At this distance, the voltage drop across the cables is too
much to leave sufficient voltage to operate the lights at
their designated voltage. Given the noise of the
generators, they cannot be moved closer. Therefore,
step-up and step-down transformers with turns ratios of
20 are used to reduce the power loss in the cables and
increase the voltage at the lights.

b.

i.

1 Draw a diagram showing all
known information.

b.

i.
Generator Lighting

Turns ratio

1:20

Turns ratio

20:1

Rtot = 5.0 Ω

V = 400 V
P = 20 kW

2 Determine the voltage in the
secondary coil of the step-up
transformer.

V1

V2

= N1

N2
400V

V2

= 1

20
V2 = 20 × 400V

= 8000V
3 The current in the cables is equal

to the current coming from the
secondary coil of the step-up
transformer.
Use P = VI to determine the
current in the secondary coil of
the transformer, and hence the
cables, assuming an ideal
transformer.

P1 = P2 = 20 000W;V2 = 8000V
P1 = P2 = V2I2

I2 =
P1

V2

= 20 000W

8000V
2.5 A

b.

ii.

In the cables, I = 2.5 A and
R = 5.0 Ω.
Use V = IR to determine the
voltage drop across the cables.

b.

ii.

V = IR
= 2.5A × 5.0Ω
= 12.5V

The voltage drop across the cables is 12.5 V.

b.

iii.

1 In the cables, I = 2.5 A and
R = 5.0 Ω.
Use Ploss = I2R to determine the
power lost in the cables.

b.

iii.

Ploss = I2R
= 2.5A × 2.5A × 5.0Ω
= 31.25W
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2 Determine the power loss as a
percentage of the power supplied
by the generator.

% Ploss =
31.25W
20 000W

× 100

1
= 0.16%

This is

(
1

20

)2

or
1

400
of the original power loss! This

is an impressive reduction.

b.

iv.

1 The voltage supplied to the
primary coil of the step-down
transformer is the voltage from
the secondary coil of the step-up
transformer minus the voltage
drop across the cables.

b.

iv.

Voltage supplied to the step-down transformer is
therefore: 8000 V – 12.5 V = 7988 V.

2 Determine the voltage in the
secondary coil of the step-down
transformer.

V1

V2

= N1

N2
7988 V

V2

= 20

1

V2 =
7988V

20
≈ 400V

PRACTICE PROBLEM 3
a. A remote community uses a 50 kW, 250 V generator to supply power to its hospital. The

power is delivered by a 100-metre cable with total resistance of 0.20 Ω.
i. What is the current in the cables?
ii. What is the voltage drop across the transmission cables?
iii. What is the power loss in the cables as a percentage of the power supplied by the

generator?
iv. What is the voltage supplied to the hospital?

b. Transformers with a turns ratio of 10:1 are installed. Repeat (a) with this new ratio.

5.3.2 Using Ohm’s Law wisely
The relationship V = IR (Ohm’s Law) is very useful. It can be applied in many situations in the same
problem. This usefulness can lead to error if Ohm’s Law is not applied wisely. The errors occur when
students assume that, having calculated a value for V, the same value can be used every time V = IR is
used.

Rather, V = IR should be remembered as:

Voltage across a section = current through the section × resistance of the section

So, in transmission line problems, the voltage across the output of the generator is different from the
voltage across the transmission lines, which is different, in turn, from the voltage across the load at the end
of the lines.

A well-labelled diagram can help avoid this confusion. Imagine the generator as a battery and the two
lines and the load as three separate resistors sharing the voltage from the battery.

TOPIC 5 Transmission of power 15
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FIGURE 5.9 Circuit diagram and battery
circuit

Generator Lighting

Transmission

lines

Battery

+

−

In any electric circuit, the total resistance determines how much current is drawn from the power supply.
If there are transformers in the circuit, this statement is still true, but there are different currents and
voltages on each side of the transformer.

As more appliances are turned on, there is a larger secondary current, which causes a larger primary
current to be drawn from the power supply. This means the secondary current drives the primary current.
When all the appliances are turned off, there is no secondary current and, so, no primary current.

However, the primary voltage determines the secondary voltage through the ratio of turns in the
transformer.

With more appliances turned on, the current in the transmission lines between the transformers increases.
The increased voltage drop across these lines means there will be slightly less voltage across the primary
turns of the step-down transformer. This will result in a slight drop in the voltage for each of the appliances.

FIGURE 5.10 An electric circuit with step-up and step-down
transformers

Generator

Appliances

Step-up
transformer

Step-down
transformer

REMEMBER THIS
Electric power is normally discussed in terms of watts or megawatts — for example, when comparing electrical
generators or deciding between vacuum cleaners. However, the generator supplies energy, the cleaner consumes
energy, and it is ultimately people who pay for energy. The power rating, or wattage, of an electrical appliance
indicates the rate at which it uses electricity. The longer the appliance is powered on, the more energy is used
and the more the process costs. By definition:

1watt = 1 joule per second

So,
1 joule = 1watt × 1 second = 1watt second

As 1 watt second is equivalent to 1 joule, then

1000watt seconds = 1000 J
1 kilowatt second = 1 kJ.
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If a 1 kW heater was turned on for 1 s, it would use 1 kilowatt second or 1 kilojoule of electrical energy. If it was
turned on for 60 seconds, it would use 60 kilowatt seconds or 60 kilojoules.
The common unit for energy supply and consumption in electricity is the kilowatt hour, which is the amount

of energy consumed, for example, by a one-kilowatt heater for one hour. This unit is abbreviated to kWh
(e.g. 60 kWh).
The conversion from kilowatt hour to joules is as follows:

1 kWh = 60 × 60 kilowatt seconds
= 3600 kilowatt seconds
= 3600 000watt seconds
= 3.6 × 106 joules
= 3.6megajoules

5.3.3 The advantage of using AC power as a domestic power supply
AC power allows for the use of transformers to increase supply voltages. Transmitting the same power at a
higher voltage means less current through the transmission lines and hence less power lost in transmission.
Remember that transformers don’t work with DC voltage, as there is no change in magnetic flux. In order to
decrease the power lost in transmission using DC power, the resistance of the transmission would need to be
significantly reduced. This can be achieved by increasing the cross-sectional area of the transmission wires,
making them heavier and more expensive.

Resources

Digital documents Investigation 5.3 Modelling power transmission (doc-31597)

Investigation 5.4 Modelling power transmission using a spreadsheet (doc-31598)

Teacher-led videos Investigation 5.3 Modelling power transmission (tlvd-0234)

Investigation 5.4 Modelling power transmission using a spreadsheet (tlvd-0235)

5.3 EXERCISE
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. An isolated film set uses a 50 kW generator to produce electricity for lighting and other purposes at

250 V RMS. The generator is connected to lights approximately 100 m away by transmission cables with a
combined resistance of 0.3 Ω.
(a) When the generator is operating at full capacity, what current does it supply?
(b) What is the power loss in the transmission cables?
(c) What is the total drop in voltage across the two cables connected by the generator?
(d) What is the voltage supplied to the lights?
(e) Two transformers with a turns ratio of 20 are used to first step up the voltage from the generator to the

cables, and then to step it down from the cables to the lights. Using this new information, answer (b) to
(d) again.

2. The appliances in a house would, if all turned on and connected to a power supply of 230 V, draw a current
of 40 A.
(a) What is the effective resistance of the appliances in the house when they are all turned on?

However, the house is some distance from the power lines and the connecting cables have a resistance
of 0.20 Ω.

(b) What is the total resistance of the circuit connected to the power lines?
(c) If the voltage at the power lines is 230 V AC, what is the voltage at the house?
(d) A 20 kW workshop that operates off the 230 V supply is installed in the garage in parallel to the house.

Answer parts (b) and (c) again for the new situation.

TOPIC 5 Transmission of power 17
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The owners now decide to install a step-up transformer and a step-down transformer, each with a turns
ratio of 10:1, at either end of the transmission lines.

(e) If the system draws 120 A from the grid at 230 V, will the voltage at the house and the garage be within
1% of 230 V for the appliances to work properly?

(f) At night, the workshop is turned off. Will the voltage at the house increase, decrease or remain
unchanged? Give reasons.

3. A generator at a power station produces 220 MW at 23 kV. The voltage is then stepped up to 330 kV. The
power passes along transmission lines with a total resistance of 0.40 Ω.
(a) What is the current in the transmission lines?
(b) What is the power loss in the transmission lines?
(c) What is the voltage drop across them?
(d) What voltage and power is available to the step-down transformer located at the end of the lines?

4. The maximum electrical power that the generator at a power station can deliver is 500 MW at a voltage of
40 kV. This power is to supply the electricity needs of a distant city. Transmission lines connecting the
station to the city have a total resistance of 0.8 Ω. At the city, the transmission lines are connected to a
series of step-down transformers that reduce the voltage to 230 V. The city wants a two-step evaluation of
the transmission system.
(a) What percentage of the power delivered by the power station is lost in the transmission lines?

The power loss can be reduced by stepping up the voltage at the generator with a transformer. At the
substations on the city’s outskirts, the voltage is stepped down. The voltage could be stepped up to
400 kV using a transformer with a turns ratio of 10:1. The same transmission lines could be used, but
they would need to be raised higher off the ground and be better insulated at each pole.

(b) What would be the effect on the power loss in the transmission lines?

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.

5.4 Review
5.4.1 Summary
• A transformer is a device in which two multiple-turn coils are wound around an iron core. One coil,

the primary coil, acts as an input; the other, the secondary coil, acts as an output.
• In a transformer, the iron core transfers the changing magnetic flux produced by an AC current in the

primary coil to the secondary coil. The changing magnetic flux in the secondary coil induces an
alternating voltage, producing an alternating current.

• The purpose of the transformer is to produce an output AC voltage that is different from the input AC
voltage.

• A step-up transformer produces an output (secondary) voltage that is greater than the input (primary)
voltage. A step-down transformer produces an output (secondary) voltage that is less than the input
(primary) voltage.

• The relationship between the primary voltage and secondary voltage of a transformer is given by the
equation:

V1

V2

= N1

N2
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• An ideal transformer does not lose energy. The power output of the secondary coil is equal to the
power input of the primary coil. Thus,

V1I1 = V2I2

• Real transformers lose energy in transferring electric power from the primary coil to the secondary
coil. Some is lost in the wires that make up the coils. Some energy is lost due to induced currents
(eddy currents) in the iron core.

• When AC electric power is transmitted over long distances, some energy is lost due to the resistance of
the transmission lines. The rate at which energy is lost can be calculated using the formula P = I 2R.

• The power losses in long-distance transmission lines can be reduced by using step-up transformers to
increase the transmission voltage, thereby reducing the transmission current. Step-down transformers
are then used to reduce the voltage supplied to homes and industrial customers.

Resources

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

5.4.2 Key terms

An eddy current is an electric current induced in the iron core of a transformer. Eddy currents result in
undesirable energy losses from the transformer.
An ideal transformer is a transformer that is 100% efficient. Its input power is equal to its output power.
The power rating, or wattage, of an electrical appliance indicates the rate at which it uses electrical energy.
A step-down transformer produces an output (secondary) voltage that is less than the input (primary) voltage.
A step-up transformer produces an output (secondary) voltage that is greater than the input (primary) voltage.
A transformer is a device in which two multi-turn coils are wound around an iron core. One coil acts as an input
while the other acts as an output. The purpose of the transformer is to produce an output AC voltage that is
different from the input AC voltage.

Resources

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

5.4.3 Practical work and investigations

Investigation 5.1
Linking coils
Aim: To investigate how the magnetic field of a current-carrying coil can induce a current in
another coil
Digital document: doc-31595
Teacher-led video: tlvd-0232

Investigation 5.2
Transformer ins and outs
Aim: To use an AC input voltage across a primary coil to produce an AC output voltage in a
secondary coil, and to compare their values.
Digital document: doc-31596
Teacher-led video: tlvd-0233
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Investigation 5.3
Modelling power transmission
Aim:
a. To investigate power loss through transmission lines
b. To investigate how the use of transformers in power distribution systems can minimise

power loss
Digital document: doc-31597
Teacher-led video: tlvd-0234

Investigation 5.4
Modelling power transmission using a spreadsheet
Aim:
a. To investigate power loss through transmission lines
b. To investigate how the use of transformers in power distribution systems can minimise

power loss
Digital document: doc-31598
Teacher-led video: tlvd-0235

5.4 Exercises
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.

5.4 Exercise 1: Multiple choice questions
1. A transformer has 50 turns in the primary coil and 500 turns in the secondary coil. An AC input voltage

of 10.0 V is applied. What is the output voltage, and what type of transformer is this?
A. 1.00 V, step-down
B. 600 V, step-up
C. 100 V, step-up
D. 100 V, step-down

2. A transformer with 40 turns in the primary coil is used to convert an input of 5 V into an output of 20 V.
Which description best fits this transformer?
A. step-up, 10 turn in secondary coil
B. step-down, 160 turns in secondary coil
C. step-up, 160 turns in secondary coil
D. step-down, 10 turn in secondary coil

3. The primary coil of a transformer is connected to a battery, a resistor and a switch. The secondary coil
is connected to a galvanometer (a sensitive ammeter), as shown in the following diagram.

G
1.5 V

Primary coil (top view)

Secondary coil (top view)

20 Jacaranda Physics 2 VCE Units 3 & 4 Second Edition

UNCORRECTED PAGE PROOFS



“c05TransmissionOfPower_print” — 2019/7/20 — 7:29 — page 21 — #21

Which of the following graphs, A, B, C or D, best shows the current flow in the galvanometer when
the switch is closed?
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4. The following diagram shows an ideal transformer:

G

When the switch is closed, the needle on the galvanometer deflects.
How could the size of the deflection be increased?

A. Place a resistor in series with the galvanometer.
B. Decrease the number of turns in the secondary coil.
C. Decrease the number of turns in the primary coil.
D. Decrease the input voltage.

5. A handheld electronic device operates from the 240 V AC household supply and will not operate
properly if a voltage less than 240 V is supplied to it. Sarah wants to use the device in her home. This is
a problem since the electricity supply comes to Sarah’s home from the town generator, which is 1 km
away. The cables that run from the town generator to her home have a total resistance of 0.026 ohms.
Because of the resistance of the cables, some power is lost in transmission and the voltage at Sarah’s
home is less than 240 V. A transformer is required at the generator to increase the voltage transmitted
through the cables, and hence reduce the power loss in the cables.

Which one or more of the following statements are correct explanations for why high voltages should
be used?
A. High transmission voltages require high current through the transmission cables.
B. For transmission of a given power, a larger transmission voltage requires a smaller current.
C. High transmission voltages make electricity reach the home faster.
D. To minimise power loss in the wires, the current must be small.

6. A power supply of 15.6 VRMS AC is connected to an oscilloscope. Which one of the following
represents the signal observed on the oscilloscope?
A. 15.6 V peak
B. 15.6 V peak to peak
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C. 22.1 V peak to peak
D. 44.1 V peak to peak

7. A circuit is connected to a 50 Hz AC supply causing an RMS current of 0.6 A to flow. Which graph
below best represents the variation of current with time through the circuit?
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8. A step-down transformer has an input voltage of 100 V with 400 turns in the primary coil. If the output
voltage is 25.0 V, how many turns are in the secondary coil?
A. 25
B. 50
C. 100
D. 200

9. Consider the following circuit:

V2

V1

R2

R1

The switch is initially closed. The voltage drop, V1 and V2 , across the resistors, R1 and R2 , are
measured continuously for 8 s.

After 4 seconds, the switch is opened.
Which pair of the following graphs shows how the values of V1 and V2 vary with time over the

8-second interval?
A. V1

Time (s)

4

0

8

V2

Time (s)

4

0

8

B. V1

Time (s)

4

0

V2

Time (s)0

8
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C. V1

Time (s)
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D. V1
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10. Which one of the following states the role of a transformer at an electrical power station?
A. To reduce power loss in the transmission lines by stepping up the voltage
B. To reduce power loss in the transmission lines by stepping up the current
C. To increase power loss in the transmission lines by stepping up the voltage
D. To increase power loss in the transmission lines by stepping up the current

11. Which one or more of the following statements best describes how to minimise power losses in
transmission lines?

A. Transmit power at low voltage and high line current. The formula P = V2

R
means that low voltage

gives low power loss.

B. Transmit power at high voltage and low line current. The formula P = I2

R
means that low current

gives low power loss.

C. Increase the line resistance so it is as large as possible. The formula P = V2

R
means that large

resistance gives low power loss.

D. Decrease the line resistance so it is as low as possible. The formula P = I2

R
means that low

resistance gives low power loss.

5.4 Exercise 2: Short answer questions
1. A 24-watt globe is operated from a 6.0 volt RMS alternating current supply.

a. Determine the resistance of the globe when it is in operation.
b. Determine the peak value of the supply voltage.

2. A device uses a 40 W globe that operates at 18 VRMS. The device is plugged into the 240 VRMS

household supply, and an ideal transformer is used to convert the 240 VRMS to 18 VRMS for the globe.
The secondary coil of the transformer has 30 turns.
a. Determine the number of turns in the primary coil of the transformer.
b. Determine the current flowing in the primary coil when the device is operating.

3. A transformer has a primary coil with 30 turns and a secondary coil with 1150 turns. If the primary
voltage to the transformer is 110 V, what is the secondary voltage?

4. An electrical appliance requires a 1200 V supply for its operation. A transformer allows the appliance to
operate from a 240 V supply. Determine the ratio of the number of turns in the secondary coil to the
number of turns in the primary coil for the transformer.

5. The peak-to-peak voltage of an AC alternator is observed to be 9.0 V. Determine the RMS voltage.
6. In the model of an AC transmission system shown in the following diagram, the ‘transmission lines’

consist of two wires, each with a constant resistance of 2.0Ω.
The connecting wires from the power supply to the transmission lines and from the transmission lines

to the globe have negligible resistance. The output of the power supply is set to 12.4 VRMS AC. A 5:1
step-down transformer (assumed to be ideal) is used at the other end. The output of the transformer is
connected to a globe. The globe is operating at 2.0 V and 6.0 W.
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power supply transformer

globe
2.0 Ω

2.0 Ω

transmission lines

12.4 V
RMS

 AC

a. The primary coil of the 5:1 step-down transformer has 2000 turns. How many turns does the
secondary coil have?

b. With the experiment set up as shown in the diagram, what is the power loss in the transmission lines?
c. Determine the power delivered at each of the following points:

i. At the input to the primary coil of the transformer
ii. At the output of the 12 VRMS power supply.

d. What would be observed at the globe if the 18 VRMS AC power supply is replaced by an 18 V battery?
7. Consider the following electrical circuit:

mains

240 V
RMS

primary

coil

secondary

coil

load

Primary coil: Vp RMS = 240 VRMS

Secondary coil: Vs RMS = 13 VRMS

Is RMS = 2.7 ARMS

Assuming the transformer is ideal, calculate the RMS current in the primary coil.
8. Jenny and Jane are discussing Faraday’s and Lenz’s laws. Jenny explains that the two laws are essentially

the same, but Jane disagrees. Compare and contrast Faraday’s Law and Lenz’s Law.
9. A transformer is connected to a substation through wires with a total resistance of 4.0 ohms, as shown in

the following diagram. This transformer supplies a town with electricity at 240 VRMS, at a rate of
400 kW. The transformer (assumed ideal) has an input voltage of 8.0 × 103 VRMS.

substation

transformer

to town240 V
RMS

8.0 × 103 V
RMS

2.0 Ω

2.0 Ω

a. If the secondary winding of the transformer has 60 turns, how many turns are there on the primary
winding?

b. Determine the RMS current in the wires from the substation to the transformer.
c. What is the power loss in the wires between the substation and the local area transformer?
d. At what voltage is electricity supplied from the substation?
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5.4 Exercise 3: Exam practice questions
The following information relates to questions 1 through 7:
A DC generator is used to power lights on a light tower at the showgrounds, as shown in the following
diagram.

The generator, which produces a constant 600 V DC is positioned 800 m from the light tower, and a two-
wire transmission line connects the generator to the lights. Each of the wires in the transmission line has a
resistance of 3.00Ω. The resistance of the other connecting wires is considered negligible.

The generator has an output current of 20.0 A when the lights are operating.

3.00 Ω

3.00 Ω

transmission lines

800 m
X

 Y

lights

lights tower

DC generator

1. Calculate the power output of the generator.
2. Determine the power loss in the transmission lines.
3. What is the voltage drop across the terminals of the light tower, XY?

The lights are found to be too dim. The following suggestions are made to fix this problem:
• replace the DC generator with an AC alternator producing 600 VRMS

• insert a 1:10 step-up transformer between the alternator and the power lines, and a 10:1 step-down
transformer between the power lines and the light tower, as shown in the following diagram:

3.00 Ω

3.00 Ω

transmission

lines

800 m
X

B

A Y
AC alternator step‐down

transformer
light

tower

lights

step‐up

transformer

primary secondary primary secondary

The output of the alternator is 20.0 ARMS when the lights are operating, and the transformers can be
considered to be ideal.

4. Calculate the RMS voltage drop at the input to the transmission lines, AB.
5. The primary coil of the step-down transformer has 2400 turns. How many turns are in the secondary

coil?
6. Calculate the power loss in the transmission lines now.
7. Determine the voltage at the output of the step-down transformer, XY.

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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