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10.1 Overview
Numerous videos and interactivities are embedded just where you need them, at the point of learning, in your
learnON title at www.jacplus.com.au. They will help you to learn the content and concepts covered in this topic.

10.1.1 Introduction

FIGURE 10.1 Deep brain electrical stimulation for treatment
of Parkinson’s disease

Electricity had fascinated, and terrified,
mankind for thousands of years before we
learned to harness the power of the electron.
To early man, lightning was sent from the
gods. It brought fire, which, though often led
to destruction, could provide a burning branch
to return to the family and be kept burning
giving light, heat and protection. There is some
evidence that early civilisations made simple
batteries and they certainly produced static
electricity, though they likely only saw it as an
entertaining trick. As civilisation progressed,
scientists noticed the link between magnetism
and electricity, paving the way for motors
and generators. The link between biology and
electricity came when a simple experiment
showed that electricity could make frog legs
twitch, proving that signals to muscles are carried by electricity.

Today we use electricity for everything from a simple circuit, to the most complex electronics, from cleaning the
waste gases in a power station, to stimulating brains as a treatment for neurodegenerative disorders. Figure 10.1
shows doctors implanting electrodes in a patient with Parkinson’s disease. These electrodes provide deep brain
stimulation (DBS) as a continuous electric current. This blocks the signals that cause the tremors of Parkinson’s
disease. Electricity has literally changed the world.

Resourceseses
Resources

Video elesson: Building electronic circuit boards (eles-4152)

Sophisticated technology allows us to create circuit boards that run a huge variety
of equipment, which we use in all aspects of our lives.

10.1.2 Think about electricity

1. Why do some devices use batteries and others need to be plugged in?
2. Why do we have different types of batteries?
3. Why do we have different types of plugs (two or three pins)?
4. Why are some batteries rechargeable and others aren’t?
5. When did we first start to use electricity?
6. Does electricity occur in nature or is it just a technology?
7. What would happen if we continue to burn fossil fuels?
8. Do we have an alternative to fossil fuels?
9. Will robots take our jobs?
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10.1.3 Science inquiry

DATA ANALYSIS: Electricity in Mali

In Australia, most people take electricity for granted — we know when we flick a switch, the lights will come on.
We have a reliable electricity source that makes our lives much more comfortable and easier than if we did not
have this luxury.

Not all countries in the world have access to reliable power. In 2016, a study of 39 African countries reported that
while electricity providers could supply power in the majority of these countries, individual households could not
access the electricity. The study estimated that one in three Africans did not have access to a reliable source of
electricity.

FIGURE 10.2 Mali, in the colours of its flag
In this task, we will examine data for the country
of Mali. Mali is the eighth-largest country in
Africa and has a population of 18.54 million
people, which is growing at about 3 per cent
per year. In the middle ages, Mali was the
centre of an empire, but it was colonised by
the French in the nineteenth century. It gained
independence from France in 1960, but for much
of the second half of the twentieth century,
it suffered devastating famines and political
upheaval. The twenty-first century has seen
ongoing and serious conflicts within the country
and the rise of terrorism. Mali is rich in natural
resources, and agriculture, livestock and gold are
its main exports.

TABLE 10.1 Electricity access in Mali

Year People with access to electricity (millions) People without access to electricity (millions)

1990 0.00 8.5

1992 0.01 8.9

1994 0.10 9.3

1996 0.60 9.3

1998 0.75 9.6

2000 1.10 9.8

2002 1.54 10.0

2004 2.00 10.4

2006 2.20 11.0

2008 3.10 11.0

2010 3.80 11.2

2012 4.10 12.0

2014 5.40 11.5

2016 6.30 11.7

Your task is to represent these data points in a suitable graph or chart. When you have finished, answer the
following questions.
1. Describe what your data shows regarding the electricity infrastructure in Mali. Remember to consider

both sets of data.
2. Interpret your data to find the changing percentage of the population with electricity. Use this data to

evaluate whether things are getting better.
3. Mali has a rapidly growing population but is one of the poorest countries in the world. It is listed

as ‘Do not travel’ by most governments due to high crime rates. Use your data to make a case for
humanitarian aid for Mali. Discuss the benefits that increased access to electricity could bring.

TOPIC 10 Electricity at work 625

UNCORRECTED PAGE PROOFS

UNCORRECTED PAGE PROOFS



“c10ElectricityAtWork_PrintPDF” — 2020/7/30 — 13:11 — page 626 — #4

Resourceseses
Resources

eWorkbooks Topic 10 eWorkbook (ewbk-4501)
Student learning matrix (ewbk-4500)
Starter activity (ewbk-4503)

Practical investigation eLogbook Topic 10 Practical investigation eLogbook (elog-0468)
Access and answer an online Pre-test and receive immediate corrective feedback
and fully worked solutions for all questions.

10.2 Static electricity

LEARNING INTENTION

At the end of this subtopic you will understand what charge is, how an object can become charged and how
charges can produce forces.

10.2.1 Charge!

electric charge physical property
of matter that causes it to
experience a force when near
other electrically charged matter.
Electric charge can be positive or
negative.

When we say that we need to charge our phones, we mean that we have to fill a battery with electrical energy.
However, as we will see, electricity doesn’t just sit there in a battery. You cannot hold a handful of electricity.
Electricity in a circuit refers to electrons moving through the wires. We only see electricity doing something
when the electrons collide with atoms in the wire and transfer their energy. This means that electrical energy is
really just a type of movement (kinetic) energy. What causes the motion in the first place is the fact that electrons
have a property called electric charge.

There are two types of charge: positive and negative. If a particle has no charge we say it is neutral.

All matter is made up of atoms. It used to be thought that they were the smallest possible pieces of matter but we
now know that they are made of smaller pieces.

DISCUSSION

Why is it that sometimes your clothes crackle and you may get a small shock when you remove a jumper over
your head?

Typically protons in the nucleus don’t move so all of the electricity concepts that we will study are due to the
movements of electrons.

All electricity is due to the movement or position of electrons.

static electricity a build-up of
charge in one place

current electricity the flow of
electrons through a region

There are two ways of using electrons. In static electricity, the electrons build up
in one space and are not allowed to move (static means ‘not moving’). If we create
a pathway for electrons to flow through, we can create current electricity — this is
how circuits work.
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FIGURE 10.3 A neutral atom contains an equal number of protons (red) and electrons (purple). (Two of the protons
are hidden in this diagram.) This diagram represents a carbon atom (6 protons and 6 electrons). The number of
neutrons is not always the same as the number of protons.

Electrons: Nucleus:

• in the middle of the atom
• contains positive charge protons

• contains neutral neutrons

Atom:
• nucleus (positive)
• electrons (negative)
• neutral charge (normally)

• in orbit around the nucleus
• negatively charged

• in a neutral atom you have
   one electron for every proton

Neutrons

Nucleus

Protons –

–

–

–

–

–

+

++

+

FIGURE 10.4 The cords to earbud headphones carry electricity, not sound. Each cord actually contains two
wires. The jack that plugs into the player is composed of four wires, two per earbud.

10.2.2 Electric fields
Perhaps the most important observation in all of electricity is the interaction between charges of the same and
opposite signs.

Two objects with the same charge will repel, but two objects with different charges will attract.

Just as magnets are surrounded by an invisible magnetic field, all charged objects have an electric field around
them. If we bring two different types of charges together the fields will join, which leads to attraction. If the
charges are of the same sign, the fields cannot join and will push each other apart. This is a little bit like magnets
where two north poles would repel but a north and south pole will attract. Be careful, though, not to mix up
electricity and magnetism.
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It is this idea that causes most of the electrical phenomena that we see.

FIGURE 10.5 a. All charged objects have an electric field around them. b. Two fields with the same charge will
repel each other.

a. b.

10.2.3 Charging by friction
Materials can be divided into:

electrical conductors materials
through which electricity flows
easily

electrical insulators materials
which do not allow electricity to
flow easily

• electrical conductors — these are usually metals where the presence of many
free electrons allows for easy electron flow

• electrical insulators — can leak charge slightly, but generally do not allow
it to flow. Charge can move from one insulator to another when two different
insulators are rubbed together.

negatively charged having more
electrons than protons (more
negative charges than positive
charges)

positively charged having more
protons than electrons (more
positive charges than negative
charges)

Some materials can steal electrons from other materials when you rub them together.
The object that gains the extra electrons now has more negative charges so we say
it is negatively charged. The object that lost the electrons now has more positive
charges than negative so it is positively charged. This movement of electrons and
attraction and repulsion between charged objects is demonstrated by the experiment
in figure 10.6. The attraction between opposite charges also explains how lightning
works (figure 10.7).

FIGURE 10.6 When a rubber rod is rubbed with a cloth, it gains electrons. When a glass rod is rubbed with a
cloth, it loses electrons. We can see the attraction and repulsion between objects when the charged rods are
suspended and brought near each other.

Properties of electric charges

Rubber

Rubber

Rubber

F

F

F
F

Glass
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FIGURE 10.7 How lightning works. Attraction between opposite charges causes the particles to move towards
one another, creating lightning.
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collect near the

top of the
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Negative

charges

Cold air
Hot air

Positive

charges

10.2.4 Charging by induction
Charged objects can attract neutral objects. If a charged object is placed near a neutral one, the electric field can
repel or attract electrons in the neutral object.

• A positive charged object will attract the electrons to one side and stick to them.
• A negatively charged object will repel the electrons leaving the region close to the charged object positively

charged, so again they can stick (figure 10.8).

FIGURE 10.8 A pair of balloons charged by friction will repel each other if placed with positive charge facing
positive charge. If the negative side of a balloon is placed near a wall, electrons in the wall are pushed slightly
away. This leaves the surface of the wall slightly positively charged, so the balloon can now stick to the wall.
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SCIENCE AS A HUMAN ENDEAVOUR: Electrostatic p recipitator

FIGURE 10.9 An electrostatic precipitator is a filtration device
that removes fine particles, like dust and smoke, from a
flowing gas.

Flue gas

+ve

+ve

+ve

-ve

-ve
-ve

Particles

fall into

hoppers
Cleaned

flue gas Negatively charged particles

attracted to positively

charged plates

Electrodes cause

particles to become

negatively charged

CROSS-SECTION

Smoke rising from chimneys in power
stations used to be a serious pollutant and
health hazard. One of the technologies that
was developed to clean up our environment
is the electrostatic precipitator. Smoke
particles in the waste gases pass through
a series of negatively charged wires.
The smoke particles pick up electrons,
becoming negatively charged. They then
stick to positively charged metal plates on
the inside of the chimney.

The smoke no longer escapes into the
atmosphere; instead it builds up into large
chunks of material that can be collected
and used as a building material.

elog-0444

INVESTIGATION 10.1

Producing different charges

Aim

To investigate how different materials can be charged

Materials

• 2 glass rods
• 2 plastic rods
• wool cloth
• silk cloth
• 2 retort stands or swivel stands

Swivel stands

Method

1. Place a glass rod and a plastic rod on separate swivel stands.
2. Put the glass rod next to the plastic rod on the swivel stand and record your observations.
3. Put the glass rod next to the other glass rod on the swivel stand and record your observations.
4. Repeat steps 2 and 3 for the plastic rod.
5. Rub the second glass rod with a silk cloth. Bring it close to the glass rod on the swivel stand and

record your observations.
6. Rub the second glass rod with a silk cloth again. Bring it close to the plastic rod on the swivel stand

and record your observations.
7. Repeat steps 2 and 3 for the plastic rod and a wool cloth.

Results

1. Record your observations in the table.

TABLE Observations of investigation 10.1

Material Glass rod on swivel stand Plastic rod on swivel stand
Glass rod

Plastic rod

Glass rod and silk cloth

Plastic rod and wool cloth
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2. When the glass rod is rubbed with silk, the rod carries a positive charge. Draw a sketch of the charges
on both rods when:
a. glass rod rubbed with silk cloth is brought next to the glass rod on swivel stand
b. glass rod rubbed with silk cloth is brought next to the plastic rod on swivel stand
c. plastic rod rubbed with wool cloth is brought next to the glass rod on swivel stand
d. plastic rod rubbed with wool cloth is brought next to the plastic rod on swivel stand.

Discussion

1. Explain your observations when the rods that had not been rubbed were placed next to the rods on the
swivel stands.

2. When the glass rod was rubbed with silk cloth, what charges moved?
3. When the plastic rod was rubbed with wool cloth, what charges moved?
4. What are the positive charges and what are the negative charges?
5. When two rods of the same material were brought close to each other, explain what happened in terms

of attraction and repulsion.
6. Give an example of electrostatic charge you see in everyday life.

Conclusion

What conclusions can you make about how charges form and move on different objects.

10.2.5 Sparks

discharged excess charge is
removed from an object, either by
removing the charged particles, or
adding an equal amount of charge
of the opposite sign

earthed excess charge is
taken away from the object, by
connecting it to the ground

Normally in static electricity, the electrons in a negatively charged object stay in
one place — they are literally static. As the electrons all have the same negative
charge the law of electrostatics says that they will be repelling each other. If there
are enough electrons, the repulsion is big enough to actually push the electrons
through the air to a nearby object, or often the ground. This is a spark. The object
will be discharged or earthed if we allow the electrons to flow to the ground.

If the object was originally positively charged, the protons do not move; but if
there is enough charge present, electrons from nearby objects or the ground can
jump into the object. When enough electrons flow in to balance out the positive
charge, again we say the object is discharged.

Sometimes when we get out of a car or remove an item of clothing quickly, we may feel a spark. These sparks
happen because there is enough force to move electrons quickly across a gap. The voltage is a measure of the
energy available to push the electrons. The bigger the charge the higher the voltage. Typically a spark will have
thousands of volts pushing the electrons, but this should do you no harm. The current is a measure of the amount
of charge flowing per second and for such sparks, this is a tiny amount. As we will see later, current is what
causes damage and voltage causes electricity to push through materials.

Resourceseses
Resources

Video eLesson Van de Graff generator (eles-2671)

Additional automatically marked question sets
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10.2 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.

Select your pathway

LEVEL 1:
Questions
1, 2, 8

LEVEL 2:
Questions
3, 5, 6

LEVEL 3:
Questions
4, 7, 9

Remember and understand
1. MC How can we make a negatively charged plastic rod?

A. Remove electrons
B. Remove protons
C. Add electrons
D. Add protons

2. MC How can we make a positively charged plastic rod?
A. Remove electrons
B. Remove protons
C. Add electrons
D. Add protons

3. MC A plastic rod is rubbed with a glass rod. The glass rod becomes negatively charged. When the
glass rod is held above the plastic rod, what will happen?
A. The rods will repel
B. The rods will attract
C. The rods will exchange charges and neutralise
D. Nothing

4. MC A plastic rod is rubbed with a glass rod. The glass rod becomes negatively charged. When the
glass rod is held above some small pieces of paper, what will happen?
A. The pieces of paper will repel
B. The pieces of paper will attract
C. The pieces of paper will exchange charges and neutralise
D. Nothing

5. MC One end of a plastic rod is rubbed with a cloth. That end of the rod becomes negatively charged.
What will be the charge at the other end of the rod?
A. Positive
B. Negative
C. Neutral
D. It depends on the type of plastic

Apply and analyse
6. MC One end of a metal rod becomes negatively charged when it touches a charged wire. What will be

the charge at the other end of the rod?
A. Positive
B. Negative
C. Neutral
D. It depends on the type of metal

7. MC One end of a metal rod becomes positively charged when it touches a charged wire. What will be
the charge at the other end of the rod?
A. Positive because some of the extra protons flow to the other end
B. Negative because the extra electrons go there
C. Neutral
D. Positive because electrons move from the other end to the positive end

Evaluate and create
8. Sketch and label a neutral atom with three electrons.
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9. SIS Design an experiment to investigate the relationship between the amount of time a charged
balloon will stick to a wall and the amount of time charging by friction occurs.
You should:
• develop a hypothesis
• identify your dependent, independent and controlled variables
• produce a suitable table
• conduct your experiment (only take five readings)
• plot a suitable graph of your results
• evaluate your findings. Discuss whether your hypothesis was correct.

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

10.3 Electrical circuits
LEARNING INTENTION

At the end of this subtopic you will understand the types of components in a circuit, the meanings of voltage and
current, and know the symbols for many components. You will be able to construct a simple circuit.

10.3.1 What is a circuit?

FIGURE 10.10 This electric circuit is a model of an electric kettle.
The wire coil, or the loading coil, will heat up when electrical
energy is passed through it.

12
10

VOLTS

POWER SUPPLY
8642

A C+           –

+           –
D C

Power pack

Water

Beaker

Alligator clips

Nichrome wire coil

All electric circuits consist of three
essential items:

power supply a device that can
provide an electric current

load device that uses electrical
energy and converts it into other
forms of energy

conducting path connected
series of materials along which an
electric current can flow

• a power supply to provide the
electrical energy

• a load (or loads) in which electrical
energy is converted into other useful
forms of energy

• a conducting path that allows
electric charge to flow around
the circuit.

Power supplies
The job of a power supply is to provide a
supply of electrons and push them through
a wire.

Different types of power supplies include:

cell a single battery

series a formation of electricity-
generating or using devices
whereby the electricity passes
from one device to the next in a
single conducting loop, one after
the other

• batteries (one on its own is called a cell), used in torches and many other
devices, store chemical energy in the substances inside them. The chemical
energy is transformed into electrical energy when a chemical reaction takes
place inside the cell. Many battery-operated devices use more than one
battery connected in series. They are connected end-to-end. It is important
to ensure that the positive end of one battery is connected to the negative end
of the other.

• generators at power stations. The electrical energy that is used when you turn
on a light switch or an appliance connected to a power point comes from a
power station. This is where a generator pushes electrons.

• a solar panel, which can take the energy of sunlight and convert it directly
into a flow of electrons in a circuit.
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DISCUSSION

Do we need wires to transfer electrical energy? If not, why do we use them?

Loads

transducer a device that
converts energy from one form
into another form

filament coil of wire made from a
metal that glows brightly when it
gets hot

resistance measure of the
electrical energy required for an
electric current to pass through
an object, measured in ohms (Ω)

FIGURE 10.11 The
filament in this light globe
is an example of a load
in an electric circuit. The
word filament comes from
the Latin term filamentum,
meaning ‘spin’.

The load in an electric circuit is an energy converter (transducer). It is here that
most of the electrical energy carried by electric charge is transformed into useful
forms of energy such as light, heat, sound and movement. In specialist light
globes the load is the filament (figure 10.11), a coiled tungsten wire inside the
globe. The filament glows brightly when it gets hot and here the load converts
electrical energy into light (and thermal) energy. In a hairdryer there are two
loads: a heater and a fan motor. Loads ‘push back’ against the power supply. We
call this resistance. The greater the resistance, the less current can flow in the
circuit.

Conducting path
The electrical energy provided by batteries and power outlets is transformed into
other forms of energy only when the conducting path is complete, which allows
electric charge to flow through the circuit.

Conducting paths have the following features.
• In an efficient electric circuit most of the electrical energy provided by the

power supply is transformed in the load.
• Some of the electrical energy is transformed in the conducting path,

heating the path and its surroundings. The more this occurs, the less
efficient the circuit.

• The conducting paths in the electric circuits in appliances are usually
made of metals such as copper so that they have little resistance to the flow
of electric charge. The conducting path in a torch consists of copper wires
covered with an insulating layer of plastic.

• Any kind of break in the path such as a broken wire or burned-out
component will stop the current flowing.

• A deliberate break in a circuit can be made using a switch. This allows you
to have control over whether or not the conducting path is complete.

switch device that opens and
closes the conducting path
through which a current flows

10.3.2 Current in circuits

electric current a measure of
the number of electrons flowing
through a circuit every second

The flow of electric charge is called electric current.
• An electric current is a measure of the amount of electric charge passing a

particular point in an electric circuit every second.
• The unit of current is the ampere (A) or amp for short.

Even though the electric current in wires and most electrical devices is caused by the
flow of negatively charged electrons, electric current is defined as the direction of the
movement of positive charge. The electric current is said to flow through the circuit
from the positive terminal of the power supply to the negative terminal.

10.3.3 Voltage in circuits
voltage the amount of energy
that is pushing electrons around
a circuit, per coulomb of charge
that flows between two points

Voltage is the amount of energy that is pushing electrons around a circuit. The voltage
of an entire circuit is the amount of energy provided by the power supply.
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Electrons use all of this energy as they pass around the circuit, returning to the power supply with zero voltage.
The amount of voltage used in each individual component of the circuit will add up to the total voltage of the
power supply.

potential difference also known
as voltage, is the change in
the amount of energy stored in
electrons as they move through a
component or a circuit

The voltage that is used up in each component is also known as the potential
difference because it is the change in potential (stored) energy of the electrons
as they move through the component.

10.3.4 Circuit diagrams: A common language circuit diagram diagram using
symbols to show the parts of an
electric circuitMaps of electric circuits need to be drawn so that people all over the world can

read them. These maps are called circuit diagrams. Circuit diagrams use straight
lines for connecting leads and symbols for other parts of circuits.

FIGURE 10.12 Some circuit diagram symbols

Connecting wire Two wires crossing over one another Resistor

+ – + – + –
Battery (single cell) Battery (two cells in series)

Light globe

Ammeter
Voltmeter 2 wires joined

Switch closed Switch open

VA

elog-0446

INVESTIGATION 10.2

Making the right connections

Aim

To connect a battery to a light globe so that it lights up

Materials

• 2.5-volt torch light globe
• 1.5-volt battery
• two connecting leads

Method

1. Connect one or two connecting leads, a 2.5-volt light globe and a 1.5-volt battery to make the
globe light up.

2. Try the different arrangements as shown at A, B, C, D to see whether there is more than one way to
make the globe light up.

A B C D

3. Try different arrangements to see whether there are other ways to make the globe light up.

Results

1. In which of the electric circuits shown are the components correctly arranged so that the light globe
will work?

2. Describe, with the aid of a diagram, any other arrangements that cause the globe to light up.
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Discussion

1. Draw a flow chart to show the energy transformations that take place when the globe lights up.
2. Are all the energy transformations that take place useful? Explain your answer.

Conclusion

What conclusions can you make about creating electric circuits?

CASE STUDY: The t orch circuit

Features of the torch circuit:
• The power supply of a torch usually consists of
two or more 1.5-volt batteries connected in series.
When two 1.5-volt batteries are connected in
series, the total voltage is 3.0 volts. Twice as much
electrical energy is available to move the electric
charge around the circuit.

• The load in a torch circuit is the globe.
• When the switch is closed, electric current flows
around the circuit.

• As electric charge passes through the globe, its
electrical energy is released as heat in the filament.
The filament is the coiled wire inside the globe. It
is made of the metal tungsten and glows brightly
when it gets hot.

FIGURE 10.13 a. Components of a torch
b. Circuit diagram for a torch

• The conducting path consists of the spring that
pushes the battery against the base of the globe
(or a metal globe holder) and the metal strip that
includes the switch. When the switch is open, the
metal strip does not make contact with the globe
and the circuit is not complete.

+ – + –

elog-0448

INVESTIGATION 10.3

What’s inside a torch?

Aim

To investigate the electric circuit in a torch

Materials

• torch fitted with two 1.5-volt batteries
• hand lens

Method

1. Check that closing the switch makes the globe light up.
2. Unscrew the end of the torch and remove the batteries. Look closely at the batteries.
3. Look at the globe.
4. Carefully remove the globe and examine it with a hand lens.
5. Look inside the case of the torch and locate the spring and metal strip.
6. Close the switch.
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Results

1. How were the batteries connected together inside the torch?
2. Draw a diagram to show what is inside the globe.

Discussion

1. What is the voltage of each battery?
2. What does the bottom of the globe touch when it is inside the torch?
3. What does the side of the globe touch when it is inside the torch?
4. Which two parts of a working torch does the spring make contact with?
5. What happens to the metal strip while the switch is being closed?
6. What does the metal strip in front of the switch touch when the switch is closed?
7. What other forms of energy is the electrical energy changed into when the circuit is closed?

Conclusion

Write a conclusion for this investigation.

ACTIVITIES

Constructing a model torch

Construct your own model torch circuit
using the following items: a torch globe and
holder, two 1.5-volt batteries and holders,
connecting leads with alligator clips or
banana plugs, and a switch. Use other
available materials to make your model
torch circuit more realistic.

Steady-hand tester

Make a steady-hand tester. You will need:
an old wire coat hanger or similar thickness
wire that can hold its own shape; a loop of
thin wire; wire cutters; a battery; an electric
bell or light globe; connecting wires; and a
shirt box, shoe box or cereal packet for the
base.

The ‘alarm’ can be a bell hidden in the base
or a globe attached to the base. Hide as
much of the connecting wires as you can.

FIGURE 10.14 A steady-hand tester

Base

Light globe or

electric bell

Battery

Bent coathanger

Resourceseses
Resources

eWorkbooks Conductors and insulators (ewbk-4505)
Simple circuits (ewbk-4507)
Additional automatically marked question sets
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10.3 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.

Select your pathway

LEVEL 1:
Questions
1, 3, 6

LEVEL 2:
Questions
2, 5, 7

LEVEL 3:
Questions
4, 8, 9

Remember and understand

1. Match the components to the three essential features of all electric circuits.

Component Essential features

a. Resistor A. Power supply

b. Wires B. Load
c. Battery C. Conducting path

2. MC Which of the following correctly describes electric current and voltage?
A. Electric current is a measure of the amount of energy passing a particular point in an electric circuit

every second; voltage is a measure of the amount of electrons gained or lost by the power supply.
B. Electric current is a measure of the amount of electric charge passing a particular point in an electric

circuit every second; voltage is a measure of the amount of electrical energy in the power supply.
C. Electric current is a measure of the amount of electric charge in the power supply; voltage is a

measure of the amount of electrical energy gained or lost by electric charge as it moves through the
circuit.

D. Electric current is a measure of the amount of electric charge passing a particular point in an electric
circuit every second; voltage is a measure of the amount of electrical energy gained or lost by
electric charge as it moves through the circuit.

3. Some torches use three 1.5-volt batteries. What is the total voltage of such torches?

Apply and analyse

4. Match the device to its purpose.

Device Purpose

a. Switch A. Transducer turning electrical energy into light and heat

b. Globe B. A means of measuring a current at a point in a circuit

c. Ammeter C. A way of turning the current in a circuit on or off

5. Why is voltage also known as potential difference?
6. Why are connecting wires usually made of copper?

Evaluate and create

7. Describe how a torch works. Ensure that the words ‘current’, ‘energy’ and ‘circuit’ appear in your
description.

8. Explain the difference between the transfer of electrical energy in a bolt of lightning and the transfer of
electrical energy in an electric circuit.

9. Construct a circuit diagram of a two-battery torch with a closed switch.

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

LEARNING INTENTION

At the end of this subtopic you will understand why there are many types of battery, how a battery works and
how to make a simple battery.

10.4.1 Batteries

DISCUSSION

Tesla doesn’t just make electric cars, they are now making huge batteries called Powerwalls for the home. Why
are we starting to fit batteries to houses?

The great thing about batteries is that they are light and portable. They are used mostly in devices that need to be
moved about. Imagine the disadvantages if you could only get electricity for a torch, a mobile phone or a watch
by plugging it into a power point.

Batteries are also used in devices such as clock radios as a backup in case of power failure and pacemakers to
keep a heart beating with the correct rhythm.

electrodes conductor through
which an electric current enters or
leaves a cell

chemical reaction a chemical
change in which one or more
new chemical substances are
produced

A battery is made up of two or more cells connected in series. However, in
everyday language the word battery is used for a single cell. The batteries used
in a torch are actually single cell. An electric cell consists of two electrodes and
a substance through which electric charge can flow. When the two electrodes are
joined together by a conducting path, a chemical reaction takes place inside the
cell, releasing electric charge and allowing current to flow.

The very first working battery, made by Alessandro Volta more than 200 years ago, was a tall pile of silver and
zinc discs with pieces of cloth soaked in salty water between the discs. This structure became known as a
voltaic pile.

Resourceseses
Resources

Video eLesson Volta’s pile and the age of steam (eles-1777)

SCIENCE AS A HUMAN ENDEAVOUR: Why do we call it a battery?

The word battery derives from an ancient European language meaning to beat or batter something. It came to
be used in legal circles, in the charge ‘assault and battery’, and military in the sense of a battery of guns. In the
early days of cells, their electrical discharge when connected together was described as being like a battery of
guns, hence a collection of cells is now a battery. The idea of things being arranged in rows then jumped to rows
of caged chickens, which then became known as battery chickens. These chickens are not actually electrical!

10.4.2 Dry cells
The general-purpose cells used in torches, clocks, smoke detectors and toys are filled with a paste of chemicals.
The two electrodes are:

• a central rod of carbon, which is attached to the positive terminal
• a zinc case, which is in contact with the negative terminal of the cell.
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FIGURE 10.15 A general-
purpose dry cell

Positive terminal

Air

Paste of chemicals

Separating layer

Zinc case

Carbon rod

Asphalt seal

Negative terminal

When a conducting path is provided between the two terminals of the cell,
a chemical reaction takes place between the paste and the zinc case. This
releases electric charge, allowing an electric current to flow around the
circuit. A separating layer stops the chemicals from reacting while the cell
is not in use.

These general-purpose cells are called dry cells because the electrolyte
(the substance inside the cell through which electric charge moves) is not
a liquid.

Other types of dry cell work in the same way but use different electrodes
or electrolytes.

Alkaline cells contain an electrolyte that allows a greater electric current
to flow. They are ideal for heavy-duty torches, battery-operated shavers
and digital cameras.

dry cells devices containing
chemicals as solids and pastes
that react to supply an electric
charge

electrolyte acid, base or salt
that conducts electricity when
dissolved in water or melted

Mercury cells produce a voltage that is much steadier than other dry cells.
Their steady output makes them ideal for hearing aids, watches, calculators and measuring instruments.

FIGURE 10.16 Different types of batteries

A car battery

Akaline zinc/manganese

dioxide batteries

Button batteries

Rechargeable batteries

10.4.3 Fruity cells
Citrus fruits such as lemons, oranges and grapefruit can be used to make a battery.
When a conducting path is provided between different metals inserted into the fruit,
a chemical reaction takes place with the acids and a small electric current flows.

Resourceseses
Resources

Video eLesson Fruity cells (eles-2673)
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elog-0450

INVESTIGATION 10.4

A lemon battery

Aim

To use lemons to create a battery

Materials

• 3 lemons
• 3 galvanised nails
• three 5 cm lengths of uninsulated copper wire
• microammeter
• 4 connecting leads

5000 µA
500 µA 50 µA

Microamperes

0

0
0
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40040

5
0
0
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5
0
0

5
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Method

1. Squeeze all three lemons to break up some of the pulp inside.
2. Insert a galvanised nail and a piece of copper wire into one of

the lemons. The nail and wire should be about 3 cm apart.
3. Use connecting leads to connect the negative terminal of the

microammeter to the nail and the positive terminal to the
copper wire.

Results

1. Record the electric current.
2. Add a second lemon in series and record the electric

current again.
3. Add a third lemon in series and record the electric current.

Investigate the effect on the electric current of:
a. pushing the electrodes further into the lemons
b. changing the distance between the nail and the copper wire

in each lemon.

Discussion

1. What is the electrolyte in this lemon battery?
2. How did the adding of a second and third lemon in series affect the electric current?
3. How did changing the depth of the electrodes and the distance between them affect the electric current?

Conclusion

What can you conclude about using lemons to conduct electricity?

10.4.4 Car batteries
Car batteries consist of six cells connected in series. Each cell has two lead electrodes, one of which is coated
with a paste of lead dioxide. The electrodes are surrounded by a sulfuric acid solution. When the battery is in
use, a chemical reaction occurs between the electrodes and the sulfuric acid. One of the products of the reaction
is lead sulfate. Once the engine is running, the chemical reaction is reversed and the battery recharges. The lead
sulfate is converted back to lead and lead dioxide. After a few years, the lead sulfate builds up on the electrodes
and becomes so hard that the reverse reaction cannot take place. The battery cannot be recharged and needs
replacing.

Nickel–cadmium cells, such as those used in mobile phones, can also be recharged. A battery charger can be
used to reverse the chemical reaction that causes electric current to flow.

Resourceseses
Resources

eWorkbook Testing batteries (ewbk-4509)

Additional automatically marked question sets
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10.4 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.

Select your pathway

LEVEL 1:
Questions
1, 3

LEVEL 2:
Questions
2, 5

LEVEL 3:
Questions
4, 6, 7

Remember and understand

1. What is the difference between a cell and a battery?
2. Complete the following sentences. Inside a cell an electric ____________ flows because a chemical

reaction releases ____________. The ____________ of a general-purpose dry cell are made of carbon
and ____________. Alkaline cells differ from general-purpose dry cells because they contain a different
____________.

3. MC Which substance makes up the electrolyte in a car battery?
Hydrochloric acidA. Sulphuric acidB.
Sodium hydroxideC. Oxygen dihydrideD.

Apply and analyse

4. If a car battery can be recharged, why can’t it last forever?
5. Why does a car battery need replacing sooner if it is not used very often?
6. Explain why mercury cells are ideal for watches, hearing aids and measuring instruments.

Evaluate and create

7. SIS Imagine a friend had been given the task of deciding which brand of AA batteries to recommend
for a business to buy if they were on a tight budget. Your friend bought some batteries and used them
until they ran out of power.
The table shows the cost per pack and the time an individual battery lasted (rounded to the nearest
half hour).

TABLE Comparison of battery costs and usable time

Brand Price ($) Number in pack Hours lasted

CostaBattery 13 12 6.0

S-Mart 4 6 4.5

NeverReadier 1 2 3.5

Panavision 1 3 2.0

Hardacell 4 3 6.0

BunnyBatt 4 4 5.5

Idla saver pack 6 24 5.0

a. Your friend carried out the experiment correctly. What must they have done to ensure that their
readings were comparable between each of the battery brands?

b. Plot appropriate data to test the hypothesis, more expensive brands of batteries last longer. (Hint: You
will need to calculate some values before plotting a graph.)

c. Evaluate the hypothesis
d. Is there a brand that you would recommend to buy in the future? Explain why you have chosen this

brand.

Fully worked solutions and sample responses are available in your digital formats.
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10.5 Series and parallel circuits

LEARNING INTENTION

At the end of this subtopic you will understand the difference between series and parallel circuits. You will
understand how voltage and current behave in these circuits and you will be able to build them.

10.5.1 Series and parallel circuits

series circuit a circuit with the
components joined one after the
other in a single continuous loop

FIGURE 10.17 Christmas lights
The parts of the torch circuit shown in subtopic 10.3 — the batteries,
the switch and the globe — were all connected one after the other.
This type of circuit is a series circuit. Series circuits are usually
easy to connect. However, if any one part of the circuit is faulty,
the connecting path is broken and nothing in the circuit will work.
For example, if the Christmas tree lights in figure 10.17 were
connected in series, a single faulty globe would cause all of the
globes to stop glowing.

parallel circuit a circuit that has
more than one path for electricity
to flow through. If one of the
paths has a break in it, the others
will still work.

In a parallel circuit, each component is connected in a separate
conducting path.

This means if one part of the circuit is faulty, the other parts will still
work. It also means that adding extra pathways allows more current
from the power supply, effectively lowering the resistance. This
would drain batteries more quickly, but would mean that all
components can work at full power, rather than sharing voltage or
using a lower current.

If the Christmas tree lights shown in figure 10.17 were connected in
parallel, and one globe was faulty, the other globes will still glow.
Their conducting paths would not be affected.

FIGURE 10.18 a. Series circuit b. Parallel circuit

+ –

6 Va.

+ –

6 Vb.

TOPIC 10 Electricity at work 643

UNCORRECTED PAGE PROOFS

UNCORRECTED PAGE PROOFS



“c10ElectricityAtWork_PrintPDF” — 2020/7/30 — 13:11 — page 644 — #22

10.5.2 Voltage, current and power in series and parallel circuits
The brightness of light globes in electric circuits depends on how quickly energy flows through the globe. There
are two factors that affect how quickly the energy flows:

• the amount of energy transformed by each electron as it passes through the globe. The voltage across the
globe is a measure of this.

• the number of electrons passing through the globe each second. The electric current passing through the
globe is a measure of this.

We can change the brightness of two bulbs by arranging them in series or parallel. We must first think about
what happens to voltage and current in series and parallel circuits.

FIGURE 10.19 A parallel
circuit has more than one
conducting path.

Path 1

Path 2

Series:
• Current is the same at all points in the circuit.
• Adding more globes means resistance increases so less current can flow in

the circuit.
• The voltage of the supply must equal the sum of the voltages across the

loads. When more components are added the voltage across each
component must decrease.

Parallel:
• Adding more loops to the circuit lowers the resistance of the circuit.
• More current leaves the power supply.
• Current splits up at each branch and recombines when the wires reconnect.
• Voltage is the same across each loop of the circuit as the power supply.

FIGURE 10.20 These lights are connected in
parallel. Why?

This means that:
• identical globes in a series circuit have the same

brightness but will be dimmer because they have
to share the voltage equally and all globes have
the same electric current passing through them

• identical globes in a parallel circuit have the same
brightness because each branch of the circuit will
have the same voltage across it. They equally
share the electric current passing through the
power supply.

The lights in your home are connected in parallel. Each
light has the same voltage across it. Each electron gets
the same amount of energy from the power supply.
But different globes, bulbs and fluorescent tubes allow
different amounts of electric current through. Because
the brightness depends on both voltage and electric
current, the brightness of the lights can differ.

Resourceseses
Resources

Video eLessons The hydraulic model of current (eles-0029)
Parallel circuits (eles-2672)

Interactivity Voltage rises and fall in a simple circuit (int-5776)
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DISCUSSION

If you had a bucket full of water but had a hole in the bottom, the weight of the water would provide the energy
to push the water out; this is acting like the voltage. The water flowing per second is the current. What would
happen to the voltage and current for this hole if a second hole (of the same size) was punched in the bottom of
the bucket? How would the voltage and current compare between the holes now that there are two holes?

elog-0452

INVESTIGATION 10.5

Series and parallel circuits

Aim

To compare series and parallel circuits

Materials

• three 2.5-volt or 3.0-volt torch globes
• 6 connecting leads

Method Globes connected in series

Part A: Series circuits
1. Connect one globe and the battery together with wire leads so that

the globe lights up.
2. Add a second globe in series with the first globe as shown in

the diagram.
3. Remove one globe from its holder.
4. Replace the globe that was removed, and then remove the other one.

Globes connected in parallel

Part B: Parallel circuits
5. Connect the two globes, battery and wire leads as shown in

the diagram.
6. Remove one globe from its holder.
7. Replace the globe that was removed, and then remove the

other one.

Results

Part A: Series circuits
1. Draw a circuit diagram to represent the circuit that you have

connected.
2. How does the brightness of the two globes compare with the

brightness of a single globe connected to the same battery?
3. What effect does the removal of one globe have on the other

globe when the battery is connected?
4. Does it matter which globe is removed?

Part B: Parallel circuits
5. Draw a circuit diagram to represent the circuit that you have connected.
6. How does the brightness of the two globes compare with the brightness of a single globe connected

to the same battery?
7. What effect does the removal of one globe have on the other globe?
8. Does it matter which globe is removed?
9. Outline whether the removal of one globe has any effect on the other globe?

10. What would be the effect on the other globes if a third globe was added in parallel? Design a circuit to
test your prediction.

Discussion

Part A: Series circuits
1. What would be the effect on the other globes if a third globe was added in series? Test your

prediction.
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2. Can electric current flow in this series circuit when either globe is removed?
3. Would it be sensible to have all of the ceiling lights in your home connected in series? Give a reason

for your answer.

Part B: Parallel circuits
4. Can electric current flow in this parallel circuit when either globe is removed?
5. Would it be sensible to have all the ceiling lights in your home connected in parallel? Give a reason for

your answer.

Conclusion

What can you conclude about the flow of current in series and parallel circuits?

elog-0454

INVESTIGATION 10.6

Switched-on circuits

Aim

To compare the effect of a single switch with two switches connected in parallel

Materials

• 2.5-volt globe and holder
• 1.5-volt battery and holder
• 5 connecting leads with alligator clips or banana plugs
• 2 tapping switches

Method

1. Connect circuit 1 as shown.
2. Connect circuit 2 as shown.
3. Close the switch.
4. If nothing happens, open the switch, check that your circuit

is connected properly and try again. If nothing happens this
time, replace the globe.

5. Add a second switch as shown in circuit 3.

Results

Circuit 1

1. How can you stop the globe in circuit 1 from glowing?

Circuit 2

2. Describe what happens to the globe in circuit 2 when the
switch is closed.

Circuit 3

3. Describe what happens to the light globe in circuit 3 when:
a. neither of the switches is closed
b. either one of the switches is closed
c. both of the switches are closed.

4. Explain what happens to the light globe in circuit 3 when:
a. neither of the switches is closed
b. either one of the switches is closed
c. both of the switches are closed.

Conclusion

What can you conclude about the effect of adding switches in parallel
to an electrical circuit?

Circuit 1

Circuit 2

Circuit 3
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Resourceseses
Resources

eWorkbook Series and parallel circuits (ewbk-4511)
Additional automatically marked question sets

10.5 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.

Select your pathway

LEVEL 1:
Questions
1, 2, 5

LEVEL 2:
Questions
3, 4, 8

LEVEL 3:
Questions
6, 7, 9

Remember and understand
1. Complete the following sentences, by choosing the correct word from the pair of words in italics.

a. When light globes are connected in series/parallel, the same electric current flows through each
globe. The globes share the voltage of the power supply.

b. When light globes are connected in series/parallel, the electric current splits to be shared by the
globes. Each globe uses the same voltage.

2. Draw a circuit diagram of each of the circuits shown.

3. Explain, in words and without the use of a diagram, the difference between a circuit with two light
globes in series and a circuit with two light globes in parallel.

4. Draw circuit diagrams for the following circuits. Make sure you include a switch so that you can turn the
lights on and off.
a. a cell connected to two light globes connected in series
b. a cell connected to two light globes connected but not in series.

Apply and analyse
5. In a small shop, the six light globes are in series. One switch is

used to switch all the lights on or off at once. Draw a circuit
diagram of this circuit.

6. Examine the circuit diagram shown and answer the following
questions.
a. If the filament of globe A breaks, which globes, if any, remain

working?
b. If the filament of globe B breaks, which globes, if any, remain

working?
c. If the filament of globe C breaks, which globes, if any, remain

working?

A

B C

+

–
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7. In a house, six light globes are in parallel. However, the lights are in separate rooms. This means that a
separate switch is needed for each globe. Draw a circuit diagram of this circuit.

Evaluate and create
8. Examine the circuit shown.

a. If the two globes are identical, how much of the current
that flows through the battery flows through each globe?

b. In what way is this circuit similar to the one in part B of
Investigation 10.5?

c. In what way is this circuit different from the one in part B
of Investigation 10.5?

9. SIS Design a circuit with two switches and an electric bell,
so that the bell rings only when both switches are closed.
Draw a picture and circuit diagram of your circuit. Invent your
own symbol for the bell. If a bell is not available, use a light
globe instead.

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

10.6 Measuring electricity

LEARNING INTENTION

At the end of this subtopic you will understand where to place ammeters and voltmeters in a circuit. You will also
be able to identify any potential source for an error in a reading.

10.6.1 Ammeters
Like the currents of water in rivers and the sea, electric current can be measured.

Water currents in a river or the sea can be measured by determining the amount of water that passes a particular
point every second. Likewise, the size of the electric current in an electric circuit can be measured by finding the
amount of electric charge passing a particular point in an electric circuit every second.

FIGURE 10.21 a. An ammeter is used to measure electric current. b. Circuit diagram showing how an ammeter is
used to measure the electric current through a light globe
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ammeter device used to measure
the amount of current in a circuit.
Ammeters are placed in series
with other components in a
circuit.

An ammeter is used to measure the size of electric current flowing in an electric
circuit. An ammeter measures electric current in amperes (A) or in one-thousandths
of an ampere, which are called milliamperes (mA).

Most ammeters have two positive terminals. This allows the ammeter to provide
readings over a large range of currents. There is always one scale per positive
terminal. Make sure you are using the scale that corresponds to the positive terminal you have plugged in.

SCIENCE INQUIRY SKILLS: Using a n a mmeter

Most ammeters used in school laboratories have one (black) negative terminal and two or more (red) positive
terminals. The following points are important when using ammeters. Refer to them whenever using ammeters in
an investigation.

• The positive terminal of the ammeter should always be connected in series so that it is closer to the
positive terminal of the power supply than the negative terminal of the power supply.

• Use the positive terminal with the highest value first. If the measured current in your circuit is smaller
than the value shown on one of the other terminals, you may change the connection to the positive
terminal with the smaller value.

CAUTION

Ammeters are easily damaged. If the current reading is off the scale switch the circuit off immediately.

parallax error error caused by
reading a scale at an angle rather
than placing it directly in front of
the eye

• The scale has at least two sets of numbers on it. Use the set that matches the connected positive
terminal.

• An ammeter is represented by the symbol:

A

• Always read an ammeter from directly in front. The error obtained by not
reading from directly in front is called a parallax error.

10.6.2 Voltmeters voltmeter device used to
measure the voltage across a
component in a circuit. Voltmeters
are placed in parallel with the
components.

A voltmeter is used to measure the voltage gain across the terminals of a power
supply or voltage drop across parts of an electric circuit. Voltage is measured in
volts (V).

FIGURE 10.22 a. A voltmeter is used to measure the voltage gain or drop across two parts of an electric circuit.
This voltmeter is being used to measure the voltage across the light globe. b. Circuit diagram showing how a
voltmeter is used to measure the voltage drop across a light globe
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SCIENCE INQUIRY SKILLS: Using a v oltmeter

Like ammeters, most voltmeters used in school laboratories have one (black) negative terminal and two or more
(red) positive terminals. Remember the following points when using voltmeters.

• A voltmeter should be connected in parallel with the part of the circuit across which the voltage is
being measured. The positive terminal should always be connected so that it is closer to the positive
terminal of the power supply than the negative terminal of the power supply.

• Use the positive terminal with the highest value first. If the measured voltage in the circuit is smaller
than the value shown on one of the other terminals, you may change the connection to the positive
terminal with the smaller value.

• The scale has at least two sets of numbers on it. Use the set that matches the connected positive
terminal.

• A voltmeter is represented by the symbol:

V

• Always read a voltmeter from directly in front to avoid parallax error.

10.6.3 Errors of measurement

SCIENCE INQUIRY SKILLS: Types o f e rror a nd h ow t o a void them

No matter how much care you take with your measurements, there will always be errors because of limitations
of your equipment. In addition, when you are reading scales such as those on a ruler, a mercury or alcohol
thermometer, or an ammeter or a voltmeter, you always have to make an estimate. The size of the error will
depend on the size of the smallest subdivision shown on the scale. Generally, you should be able to read a scale
to the nearest marking, making the error half of the smallest subdivision.

FIGURE 10.23 There is always a
degree of error when reading a
scale like this.
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For example, on the 3-volt scale of the voltmeter shown in figure 10.23
the smallest division is 0.1 volt. With care, the scale can be read
with an uncertainty of about 0.01 volt. The needle is closer to the 2.3
marking than the 2.2 marking, so the voltage can be recorded as 2.3.

Random errors

random errors an error that
occurs due to estimation when
reading scales, or when the
quantity being measured changes
randomly

Errors that occur due to estimation when reading scales are called
random errors. Random errors also occur when the quantity
being measured changes randomly. For example, when the temperature
of the water in a saucepan is being measured, it may increase or
decrease slightly due to the convection currents in the water.

Systematic errors

systematic errors errors that are
consistently high or low due to
the incorrect use or limitations of
equipment

Errors that are consistently high or low due to the incorrect use or limitations of
equipment are called systematic errors. Parallax errors caused by consistently reading
the scale of an ammeter or voltmeter from one side instead of directly in front are
systematic errors. An incorrect zero reading when there is no current or voltage, or
uneven scales, is also a systematic error.

Reducing errors

Random errors can be reduced by repeating measurements numerous times and
calculating an average. But this is not always possible or practical. Such errors can
never be totally eliminated. Some systematic errors can be eliminated by knowing how
to use the equipment correctly. If a measuring instrument does not read zero when it
should, the error can be eliminated by adding or subtracting the ‘zero error’. But there
will always be systematic errors, because no scale or measuring instrument is perfect.
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elog-0456

INVESTIGATION 10.7

Probing a simple circuit

Aim

To investigate the current and voltage within an open and closed circuit

Materials

• power supply (set to 6 volts)
• 6-volt light globe and holder
• 6 connecting leads with alligator clips or
banana plugs

• very long connecting lead (at least 2 m long)
• switch
• ammeter
• voltmeter

Method

Part A: Switch closed

1. Set up the circuit shown in the diagram. You should be able to
set it up using only three connecting leads.

2. Use the ammeter to measure the electric current at each of the
points A, B, C and D. Record your measurements in the table.

CAUTION

Check that the ammeter is connected properly before closing the
switch. Ask your teacher if you are not sure.

+ –

6 V
A

B C

D

3. Remove the ammeter from the circuit.
4. With the switch closed, use the voltmeter to measure the voltage across:

a. the power supply (across points A and D)
b. the light globe (across points B and C)
c. the switch (across points C and D)
d. one of the connecting leads (across points A and B).

Part B: Switch open

5. With the switch open, use the ammeter to measure the electric current at each of the points A, B, C and D.
Before you connect the ammeter, make a prediction of the electric current at each of the four points.

6. With the switch open, use the voltmeter to measure the voltage across:
a. the power supply (across points A and D)
b. the light globe (across points B and C)
c. the switch (across points C and D)
d. one of the connecting leads (across points A and B).
Before you connect the voltmeter, make a prediction of the voltage across each of the four items.

Results

TABLE Currents and voltages around a simple circuit

Using the ammeter Using the voltmeter

Location in circuit Electric current (mA) Item Voltage (V)

Switch closed A Power supply

B Light globe

C Switch

D Connecting lead

Switch open A Power supply

B Light globe

C Switch

D Connecting lead
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Discussion

Part A: Switch closed

1. Is there any difference between the amount of current travelling through the points A, B, C and D?
2. How does the voltage across the terminals of the power supply compare with the voltage across the

light globe when the switch is closed?
3. Where is most of the electrical energy generated by the power supply lost?

Part B: Switch open

4. Were your predictions correct?
5. Why has the voltage across the switch changed so much?
6. Explain how a voltage drop can occur even though the circuit is not closed. (Hint: Think about what

voltage measures.)

Conclusion

What can you conclude about ammeter and voltmeter readings in circuits with open and closed switches?

Resourceseses
Resources

eWorkbook Ammeters and voltmeters (ewbk-4513)
Additional automatically marked question sets

10.6 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.

Select your pathway

LEVEL 1:
Questions
1, 2, 5, 7, 8

LEVEL 2:
Questions
3, 6, 10, 11, 13, 16

LEVEL 3:
Questions
4, 9, 12, 14, 15

Remember and understand
1. MC Which device measures the charge flowing past a point in a circuit per second?

A. A motor
B. A thermistor
C. An ammeter
D. A voltmeter

2. MC Which device measures potential difference?
A. A motor
B. A thermistor
C. An ammeter
D. A voltmeter

3. Describe how an ammeter must be connected in an electric circuit and state which terminal of the
ammeter must be connected closest to the positive terminal of a battery.

4. Describe how a voltmeter must be connected to the part of a circuit across which the voltage is to be
measured.

5. MC What is 0.350 A when expressed in mA?
A. 3.5 mA
B. 35 mA
C. 350 mA
D. 3500 mA

6. Explain why voltmeters and ammeters have two or three scales.
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Apply and analyse
7. MC What is the correct measurement on the ammeter shown?

305 mAA. 30.5 mAB. 3.05 mAC. 3.05 AD.

8. SIS Describe one way in which random errors can be reduced.
9. SIS Describe two causes of systematic errors when using a voltmeter or ammeter.

10. SIS Describe two causes of random errors that occur when reading scales to measure any physical
quantity.

11. SIS Identify two errors in the circuit shown in the figure.

+ –

+ –
V

+

–

A

6 V

12. When using an ammeter, you are advised to use the positive terminal with the highest value scale first.
If you can choose between a 50 mA and a 500 mA scale, which one should you connect first? Explain
your answer.

13. SIS Is a parallax error a random or systematic error? Explain your answer.
14. SIS Can random errors be eliminated by using digital measuring instruments? Explain your answer.
15. SIS Explain why it is never possible to completely eliminate errors when measuring physical

quantities.

Evaluate and create
16. SIS

a. Why can’t you accurately read the electric current measure on the ammeter shown?
b. Estimate the reading.

0

0

100

10

200

20

300

4
0
0

4
0

5
0
0

5
0

30DC mA

—

500m
A

50m
A

Fully worked solutions and sample responses are available in your digital formats.
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10.7 Resisting the electrons!

LEARNING INTENTION

At the end of this subtopic you will understand the meaning of electrical resistance and how to calculate it. You
will be able to identify if a resistor is ohmic and be able to describe the use of components that act as sensors
due to their resistance being dependent on changing environmental conditions.

10.7.1 Resistance
Imagine you are at a party with a group of friends. You all need to leave but to do so you have to push your way
through a crowd of people. They are all dancing and keep getting in your way. Sometimes they bump into you. It
slows you down and saps your energy. If you stop, you will be pushed by the people behind you and be made to
move again. Near the exit is a corridor full of people dancing. You squeeze through but with reduced space you
are pushed around more than ever! Believe it or not, this is very similar to how electrons travel through circuits.

The negatively charged electrons moving in an electric circuit have to make their way past the atoms in the
connecting leads and devices that make up the circuit. The atoms are constantly vibrating and collisions between
electron and atom are common. Electrical resistance is a measure of how difficult it is for electrons to flow
through part of a circuit. The resistance to the flow of electric charge limits the electric current, just as the
resistance of a narrow and crowded corridor limits the number of people that can pass through in a given time
interval. Electrical resistance also determines how much energy is lost by electric charge as it moves through a
circuit.

10.7.2 Calculating resistance conductors materials that have
a very low resistance, allowing
current to flow through them with
ease

insulators materials that have a
very high resistance, allowing very
little current to flow through them

• Conductors have very little resistance. They allow large electric currents
to flow with little loss of energy.

• Insulators have a very large electrical resistance. They allow very little
electric current to flow.

The letter R is used to represent resistance and its unit is the ohm (Ω).

The value of the resistance, R, of part of an electric circuit is defined by:

R= V

I

where V is the voltage drop in volts and I is the electric current in amperes.

A torch globe carrying an electric current of 200 mA with a voltage drop of 3 volts therefore has a resistance of:

R = V

I

= 3

0.2
= 15Ω

10.7.3 Ohm’s Law
In 1827, a German physicist, Georg Simon Ohm, discovered if the voltage across a metallic conductor was
doubled, the current doubled. If the voltage was tripled, the current tripled.
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Ohm’s Law states that the
current in a conductor is
proportional to the voltage drop
across the conductor

Ohm’s Law states that the electric current in metallic conductors is proportional to the voltage drop across the
conductor.

ohmic describes conductors that
obey Ohm’s Law

FIGURE 10.24 Graph of voltage drop
(V) versus electric current (I) for an
ohmic conductor
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Materials that obey Ohm’s Law are said to be ohmic. Metals and
carbon are ohmic materials as long as the temperature remains fairly
constant. The filament in a light globe is not ohmic.

One way of working out whether a material is ohmic is to draw a
graph of voltage drop versus electric current. Recall that resistance is
defined as:

R = V

I

∴ V = RI

If the material is ohmic, R is constant. A graph of V versus I yields a
straight line (figure 10.24).

Non-ohmic materials will have curved voltage-current graphs. So if
you see a curve in the graph you can immediately know that the
material is non-ohmic.

10.7.4 Controlling resistance

variable resistor device for which
the resistance can be altered

FIGURE 10.25 There are several
symbols that can be used to
represent variable resistors.

When you turn down the volume of a radio or television, you are
changing the voltage across and current flowing through parts of
the electric circuits inside. The volume dial or sliding knob is
part of a variable resistor.

resistors circuit component that
has resistance

Resistors are used in electric circuits to control the voltage and current. They can
have a fixed resistance or can be variable like those in volume controls.

Three different types of carbon resistors are illustrated in figure 10.26. The two
can-shaped resistors are a type of variable resistor used in volume dials.

FIGURE 10.26 A range of carbon
resistors

FIGURE 10.27 This variable resistor consists
of coils of wire touched by a slider. The slider
is connected to the coil and controls the
number of coils through which the current
flows and, therefore, the resistance.
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Taking a dimmer view of things
A variable resistor can be used in a circuit like the one in Investigation 10.9 to control the voltage across the
light globe and the electric current flowing through the light globe. As the resistance of the variable resistor
increases, the total resistance in the entire circuit increases. This increase in resistance causes a decrease in the
amount of current flowing through the circuit.

In addition, the amount of available electrical energy transformed in the globe also decreases. As the resistance
of the variable resistor increases, more electrical energy is lost in heating the resistor and the surrounding air.
Consequently, the globe glows less brightly because not only does less electric charge pass through it every
second, but each electric charge has less energy to heat the globe’s filament.

Resourceseses
Resources

Video eLesson Four different resistors (eles-2674)

elog-0458

INVESTIGATION 10.8

Changing resistance

Aim

To investigate the relationship between voltage and resistance of a light globe

Materials

• power supply (variable)
• 9-volt light globe and holder
• 6 connecting leads with alligator clips or banana plugs
• switch
• ammeter
• voltmeter

Method

Part A
1. Set up the circuit shown in the diagram and leave the switch open.
2. Construct a table as shown in the Results section to record your

measurements of the electric current flowing through the light globe, the
voltage drop across the globe and the calculated resistance.

3. Set the power supply to 2 volts.
4. Close the switch and quickly read the meters, recording the electric current

and voltage drop in your table. Ensure that the electric current is recorded in
amperes (not milliamperes).

5. With the switch closed, set the power supply to 4 volts.

+ –

+ –

+ –

V

A

6. Quickly measure and record the electric current and voltage displayed on the meters.
7. Set the power supply to 6 volts (again not opening the switch) and quickly measure and record the

electric current and voltage displayed on the meters.

Part B
8. Repeat the experiment; however, this time start with the power supply set to 6 volts. Then decrease it

to 4 volts and then 2 volts.
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Results

TABLE Part A: Results

Power supply
setting (volts)

Electric current
(amperes) Voltage drop (volts) Resistance (ohms)

2

4

6

TABLE Part B: Results

Power supply
setting (volts)

Electric current
(amperes) Voltage drop (volts) Resistance (ohms)

6

4

2

1. Calculate the resistance of the globe for each of the three power supply settings and record them in
your table.

2. Plot a graph of voltage drop (V ) versus electric current (I) for the light globe.
3. Plot a second graph of the voltage drop versus electric current on the same set of axes as the first

graph, in a different colour.

Discussion

1. Does the resistance increase or decrease during the first part of the experiment, when the power
supply setting is being increased?

2. How is the change in resistance different during the second part of the experiment, when the power
supply setting is being decreased?

3. What changing property of the filament do you think caused the resistance of the light globe to
change?

4. Explain any difference between the shape of the first graph and that of the second graph.

Conclusion

What can you conclude about the relationship between voltage and resistance?

elog-0460

INVESTIGATION 10.9

Making the change

Aim

To investigate the effect of a variable resistor on a light globe connected with it in series

Materials

• power supply (set to 6 volts)
• 6-volt light globe and holder
• variable resistor
• 6 connecting leads with alligator clips or banana plugs
• ammeter and voltmeter

+ –

+

+

–

–

V

A

6 V

Method

1. Set up the circuit shown in the diagram. The variable resistor is connected
in series with the light globe. Move the sliding part of the variable resistor
so that the voltage drop across the light globe is at a maximum.

2. Record the voltage and current shown on the meters.
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3. Move the sliding part of the variable resistor to four different positions, gradually reducing the voltage
across the light globe.

4. Record the voltage and current in your table for each position.
5. Adjust the variable resistance so that the globe is at its brightest.
6. Move the voltmeter so that it measures the voltage across the variable resistor.
7. Take note of the voltage.
8. Adjust the resistance to make the globe dimmer and dimmer.
9. Take note of how the voltage across the variable resistor changes.

Results

Construct a table in which you can record five sets of measurements of voltage across the light globe and electric
current flowing through the light globe.

Discussion

1. What would you expect the resistance of the variable resistor to be when the voltage drop across the
light globe is at a maximum?

2. What happens to the electric current flowing through the light globe as the resistance of the variable
resistor increases?

3. What happens to (a) the voltage across the light globe and (b) the brightness of the globe as the
resistance of the variable resistor increases?

4. When the globe is at its brightest, what is the voltage across the variable resistor?
5. How does the voltage across the variable resistor change when the globe is made dimmer?
6. What would you expect the sum of the voltage across the light globe and the voltage across the

variable resistor to be?

Conclusion

What can you conclude about varying resistance in a series circuit?

10.7.5 Sensor circuits

Light sensors

FIGURE 10.28 Circuit
symbols for thermistors
and LDRs. These
are used to change
the resistance and
behaviour of a circuit
when environmental
conditions change.

Thermistor

LDR

In sensors, such as those used in lights that automatically turn on when it gets
dark, light dependent resistors (LDRs) are used to switch lights off and on. The
resistance of LDRs changes with the amount of light falling on them, changing the
voltage required to turn lights off or on. Most LDRs are made of substances that
have less resistance when the light intensity increases.

Heat sensors
Thermistors, such as those used in the heat sensors in air conditioners,
refrigerators, car engine cooling systems and fire alarms have a resistance that
changes as the temperature increases or decreases.

Infra-red sensors
Infra-red sensors are used in a number of devices and recent-model cars to
measure distances to nearby objects. An infra-red beam is directed away from the
device and the sensor detects the signal reflected from the object. A computer in
the device calculates the distance and sends a warning signal or even takes action to avoid the object.

Resourceseses
Resources

eWorkbook Ohm’s Law (ewbk-4515)
Additional automatically marked question sets
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10.7 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.

Select your pathway

LEVEL 1:
Questions
1, 2, 5

LEVEL 2:
Questions
3, 4, 7, 10

LEVEL 3:
Questions
6, 8, 9, 11, 12

Remember and understand

1. MC Which of the following statements about insulators is true?
A. Insulators have no electrons so current cannot flow.
B. Electrons in insulators repel the electrons in the current, so it cannot flow.
C. Insulators have an infinitely large resistance so current cannot flow.
D. Insulators have a very large electrical resistance so only tiny currents can flow unless the voltage

is high.
2. What does Ohm’s Law say about the relationship between electric current in and voltage across

metallic conductors?
3. What happens to the electric current flowing through a light globe when the resistance of a variable

resistor in series with the globe increases?

Apply and analyse

4. Compile a list of all devices that you would expect to contain light or heat sensors. For each item,
briefly state why you believe it contains light or heat sensors and how the device responds to changes
in light intensity or temperature.

5. What is the voltage drop across a 100 Ω resistor when the electric current flowing through it is
measured at 250 mA?

6. The electric current flowing through a light globe is measured to be 200 mA when the voltage across
the globe is 1.5 volts. When the voltage is increased to 3.0 volts, the current is measured to be 360 mA.
a. What is the resistance of the light globe when the electric current is 200 mA?
b. Is the light globe ohmic?
c. If the light globe were ohmic, what would happen to the electric current flowing through that light

globe if the voltage across it were doubled?
7. What happens to the electric current flowing through a light globe connected in series with an LDR if

the light level in the room goes down? Explain your answer.
8. What happens to the electric current flowing through a light globe connected in series with a thermistor

if the temperature in the room goes up? Explain your answer.
9. Some resistors are quite small, others may have the same resistance value but be much larger and

covered in ceramic. Why do you think the larger resistors are designed that way?

Evaluate and create

10. SIS Consider the following data. Sketch the graph and explain whether it represents an ohmic
conductor or not. Explain your answer.

TABLE Voltage and current for a conductor

Voltage (V) Current (A)

0 0

1 1

2 2

3 3

4 4
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11. SIS Consider the following data. Sketch the graph and explain whether it represents an ohmic
conductor or not. Explain your answer.

TABLE Voltage and current for a conductor

Voltage (V) Current (A)

1 0

2 1

3 2

4 3

5 4

12. Answer these questions about the ohmic conductor.
a. Use the graph in figure 10.24 to predict the voltage drop across the conductor when the electric

current is 1.0 ampere.
b. What electric current (in mA) flows through the conductor when the voltage drop across it is 6 volts?
c. Calculate the resistance of the conductor.
d. Explain how you know that the conductor is ohmic.

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

10.8 Electronics — Smaller and smaller
LEARNING INTENTION

At the end of this subtopic you will know the most common components used in electronics. You will understand
how electronics developed and how far they may go.

10.8.1 Electronic components

DISCUSSION

Electronics have become smaller every year. What advantages does this bring?

SCIENCE AS A HUMAN ENDEAVOUR: Tiny components

components in circuits are the
individual electrical devices that
are connected in the circuit by
conducting wires

Electronics involves the use of electric circuits to control devices that make life easier,
safer and a lot more enjoyable. Computers, mobile phones, televisions and remote
controls are all examples of electronic devices. The parts used in the electric circuits
used in electronic devices are called components. Larger electric appliances such
as washing machines, air conditioners, clothes dryers and dishwashers — in fact any
appliance that is programmable — contain electronic components.

The purpose of an electronic circuit is to make decisions based upon input. Obviously the circuit is not
consciously making those decisions, they happen due to the design of the circuit. By having inputs such as
LDRs, thermistors or just simple buttons, voltages will be controlled that turn circuits on or off. In essence the
history of electronics has been the development of even smaller and faster switches.
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Scaling down

FIGURE 10.29
A vacuum tube

The very first electronic components, invented about 100 years ago, were very large
glass tubes from which most of the air was removed. They were called vacuum
tubes and for many years were used in devices such as movie projectors, radios,
televisions, amplifiers and radar. The problem was that vacuum tubes were bulky,
heavy and easily broken.

Most electronic components are now too small to see. Integrated circuits that
contain thousands of tiny electronic components are etched onto thin pieces of
silicon called chips.

The first silicon chip was developed in 1958. By 1965, most chips could hold about
30 electronic components. In 1975, a similar-sized chip could hold about
30 000 components, which allowed the development of desktop computers. Now,
silicon chips no larger than the fingernail on your little finger may contain millions of
electronic components. These components can be smaller than a millionth of a metre
across and can be seen only with powerful microscopes.

FIGURE 10.30 The silicon chips on the memory cards in computers contain
millions of different electronic components.

integrated circuits electric
circuits made up of miniature
components that can be etched
onto silicon chips

chips tiny pieces of silicon onto
which tiny electric circuits can be
etched

The first computers

The first fully electronic general purpose computer, built in 1946, weighed 27 tonnes
and occupied three floors of an office building because of the weight and size of its
components. The same functions can now be performed faster by your
mobile phone.
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10.8.2 Electronic building blocks
Apart from resistors, some of the most common electronic components are capacitors, diodes and transistors.

Capacitors — Storing charge for a while

FIGURE 10.31 A capacitor and its symbol

+

capacitor symbol

Capacitors store electric charge for a short time before allowing
it to flow to other parts of a circuit. The amount of charge
that can be stored for each volt across a capacitor is called
its capacitance. Capacitance is measured in units of farad (F)
or microfarad (µF). A microfarad is one-millionth of a farad.
Capacitors have some advantages over cells.

• They can release their charge in a highly controllable way,
often much more quickly than a cell could.

• They can be made to be very lightweight.
• They are used to allow for a sudden burst of current, such as

in electronic camera flashes.

FIGURE 10.32 Diodes and their symbols

silicon diode

light-emitting 

diode (LED)

symbol

symbol

Drones are often powered by lightweight capacitors
because heavy batteries would reduce their flight time
and manoeuvrability. Capacitors can be dangerous if you
accidentally discharge one through you, because the current can
be high enough to burn or even kill.

Diodes — One-way streets
Diodes allow electric current to travel through them in only
one direction. This might sound like a disadvantage, but it is
actually quite useful to have a component that acts as a valve for
electricity. They look like small resistors but have a single band
at one end. This end of the diode is the negative end and should
be connected closer to the negative terminal of the power supply
than the positive terminal.

FIGURE 10.33 LED filament bulbs
resemble traditional light bulbs but use
much less electricity.

light-emitting diodes a device
that emits visible light when
a current, which flows in one
direction only, passes through it

Light-emitting diodes (LEDs) also allow current to flow in only
one direction but transform electrical energy into light energy.
LEDs are often used as indicator lights in electrical appliances.
An arrangement of seven LEDs can be used in devices such as
watches, clocks and digital meters to display any number
between 0 and 9. The display circuit is designed so that the
LEDs light up in different combinations. LEDs are now used
extensively in household and commercial building lighting
because they use less energy than older lighting devices. For
this reason, LEDs have replaced traditional tungsten filament
(incandescent) light bulbs, but it is now possible to buy LED
filament globes that resemble traditional globes in look and
light distribution, and produce light through a series connected
string of diodes.
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EXTENSION: Liquid c rystal d isplays FIGURE 10.34 OLED television

Liquid crystals are often used instead of LEDs for the same purpose.
Small voltages cause the molecules in liquid crystals to rearrange
themselves, changing the colour of the crystals. In an LED TV, LEDs are
used to light an LCD display. As the LEDs are always on and the LCDs
are not completely opaque, some light always gets through meaning that
black regions of the picture don’t look completely black. Organic LED
(OLED) screens are a newer technology. The pixels of an OLED screen
are self-illuminating meaning they produce both colour and light from a
single diode. This removes the need for a separate backlight and so they
can turn off completely giving true black shades. They also have a wider
viewing angle than regular LED screens.

Transistors — Switches on three legs
FIGURE 10.35 Transistors and their symbols

symboltransistor

Transistors are the smallest electronic switches that we have.
Their invention in 1947 revolutionised our technology. They
work by changing the size or direction of electric current as
a result of very small changes in the voltage across them.
This makes them ideal for use in devices that amplify sound.
However, they have many other uses and most electronic
devices contain chips that hold many microscopic transistors.

10.8.3 Chips with everything

microprocessor electronic
central processing units of
computers on a microchip

A silicon chip that is able to store information, process it and control other
electric circuits is called a microprocessor. Since their development in 1971,
microprocessors have been used in calculators and computers. As they became
less expensive they began to be used in household appliances such as microwave
ovens, televisions and washing machines. The microprocessors made them ‘programmable’ and able to perform
tasks with little human effort. They are now used in robots, cars, phones and many other devices that store and
process information.

SCIENCE AS A HUMAN ENDEAVOUR: Cyborgs FIGURE 10.36 How long will it be
before we can download files directly to
our brains?The word cyborg is short for cybernetic organism, a term first

used in 1960, predicting the extension of human abilities by
implantation of electronic components. Over the last few years
there have been a number of devices that have started to
connect humans directly with technology. We have already seen
cochlear implants allowing people with hearing loss the ability
to hear again. Retinal implants are still in their infancy and, while
offering very poor ‘picture quality’, have proven that electronic
reproduction of vision is possible. People have even had chips
connected to their nerves so that they can control devices
by thought. How long is it before the technology becomes so
powerful that people decide to become electronically enhanced?

Resourceseses
Resources

interactivity Electronic building blocks (int-5781)

Additional automatically marked question sets
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10.8 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.

Select your pathway

LEVEL 1:
Question
1

LEVEL 2:
Questions
2, 4

LEVEL 3:
Question
3

Remember and understand
1. MC What is on the pieces of silicon that make silicon chips so useful?

A. Just one electronic component per chip
B. Circuits containing electronic components
C. Millions of vacuum tubes
D. One capacitor per chip

Apply and analyse
2. How is a microprocessor different from other silicon chips?
3. Describe three advantages that today’s electronic components have over the vacuum tubes that were

first used in devices such as televisions and movie projectors.

Evaluate and create
4. Complete the table below.

Component Circuit symbol Function

Capacitor

Diode

LED

Transistor

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

10.9 Electricity and magnetism

LEARNING INTENTION

At the end of this subtopic you will understand what a magnetic field is and how it is produced by permanent
magnets and electromagnets.

DISCUSSION

Magnets may be entertaining, but are they really useful? What do we use magnets for?

10.9.1 Faraday and magnetism
When you are at home, most of the electricity you use is obtained by simply plugging a lead into a power point
and flicking a switch or two. The electric current that flows from power points in most homes is generated by
power plants that are many kilometres away. The generation of electricity by power plants, whether they are
coal-fired, gas-fuelled or hydroelectric, depends on the close relationship between electricity and magnetism.
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SCIENCE AS A HUMAN ENDEAVOUR: Michael Faraday

electric generator device that
transforms kinetic energy of
rotation into electrical energy

dynamo electric generator

FIGURE 10.37 Michael Faraday
discovered how to harness electricity
by inventing the motor and generator.

The first person to link electricity and magnetism in a practical way
was Michael Faraday. Faraday was born on 22 September 1791
to a poor family in London, England. He received little schooling
and was essentially self-educated. Several years after Danish
scientist Hans Øersted discovered that electric currents
produced magnetic fields, Faraday suggested that perhaps a
magnetic field might produce an electric current. In 1831, Faraday
succeeded in generating an electric current by moving a coil of
wire through a magnetic field. He had made the very first electric
generator, also known as a dynamo. He went on to discover
how electricity can interact with magnetism to produce motion.
This led to him developing the world’s first electric motor.

Faraday gave his discoveries to the world and took no profit
from them. He simply wanted to make the world a better place.

Magnets attract iron and alloys containing iron. They also attract alloys
containing nickel and cobalt, which, like iron, have magnetic properties.

Features of magnets:

north pole end of the magnet
that when free to rotate, points to
the north pole of the Earth

south pole end of a magnet
opposite the north pole

permanent magnets magnets
that retain their magnetic effect
for many years

temporary magnets magnets
that stay magnetic while in
contact with a permanent
magnet, or one that is magnetic
for a very short time

• All magnets, no matter their shape, have a north pole and a south pole.
• Like poles of magnets repel while unlike poles attract.
• Permanent magnets retain their magnetism at all times.
• Temporary magnets (like the nail suspended from the permanent

magnet in figure 10.38) lose their magnetism when removed from
other magnets.

magnetic field area where a
magnetic force is experienced
by another magnet. The direction
of the magnetic force is shown
by drawing field lines; the size of
the force is shown by how close
together the lines are.

A magnetic field is the region in which a magnetic force exists. A ‘map’
of a magnetic field around a bar magnet is shown in figure 10.39.
It shows the direction of the magnetic force on the north pole of another
magnet placed in the field. The direction of the magnetic force is
defined as flowing away from the north pole and towards the south
pole. A compass needle is a small magnet that lines itself up with the
magnetic field. It always points in the direction of the magnetic force as
the north of the compass experiences a force in the direction of the arrows.
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FIGURE 10.38 The nail is a temporary magnet while
it is in contact with the permanent magnet.

permanent

magnet

temporary

magnet

FIGURE 10.39 The magnetic field around a bar
magnet. The closeness of the lines indicates the
relative strength of the magnetic force, which is
strongest at the poles.

compass

10.9.2 Electromagnetism

FIGURE 10.40 Without a current the
compasses point north, but when the current
flows we see evidence of a circular magnetic
field.

So why are some materials magnetic and other materials
not? The answer lies in the electrons. Remember that
charges are surrounded by electric fields. When the charges
move, the electric fields move. We saw in Topic 9
that changing the electromagnetic field leads to light
production. We can detect the magnetic field around a
current carrying wire in the same way we detect it around
a magnet. Compasses placed around the wire reveal a
circular pattern to the magnetic field.

In general, we can say that moving charge makes a
magnetic field.

Inside atoms there are moving electrons and so all atoms
make magnetic fields to some degree. However, in most
materials, the fields cancel each other out. Only in a few
materials do we have some leftover magnetic fields. This
same effect is what gives the Earth its magnetic field
(see Topic 9). Convection of magma inside the Earth
results in large ‘circuits’ of electron flow. This produces
the magnetic field that surrounds and protects our planet.
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FIGURE 10.41 a. When charged particles hit the Earth’s magnetic field, they experience a force and are
deflected safely away rather than coming in and damaging our atmosphere. b. The few particles that get in
cause the atmosphere to glow causing the Northern and Southern Lights.

Solar flare

a.

Solar Earth’s magnetic 

win

d

b.

10.9.3 Electromagnets

electromagnet magnet formed
by wrapping a coil of wire around
an iron core. When electricity
passes through the coil, the iron
core becomes an electromagnet.

solenoid coil of wire able to pass
a current

An electromagnet is a temporary magnet consisting of a coil of wire and an iron core. The coil of wire is called
a solenoid.

Features of a electromagnets
• A magnetic field is produced in and around the solenoid when electric current flows in the coil, just as we

get a magnetic field around a single current carrying wire.
• Without the iron core, a magnetic field would still be created.
• With an iron core, the strength of the magnetic field is increased while the

current is flowing.
• One end of a solenoid is a north pole and the other end is a south pole,

just like a bar magnet.
• A big advantage of electromagnets over other magnets is that the magnetic

field can be turned on or off at the flick of a switch or the push of a button.

FIGURE 10.42 The magnetic field of a solenoid. An iron core inside the solenoid increases the strength of the
magnetic field.

iron core

S N

direction of

electric current

solenoid
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elog-0462

INVESTIGATION 10.10

Mapping the magnetic field

Aim

To map the magnetic field around magnets

Materials

• horseshoe magnet in a plastic bag
• overhead transparency
• 2 bar magnets in plastic bags
• iron filings
• sheet of A4 paper
• small compass

Method

Part A
1. Place a bar magnet in the centre of a sheet of white

paper. Cover the paper and magnet with an overhead
transparency.

2. Carefully sprinkle iron filings over the transparency,
gently tapping it to spread the filings out. Take care
not to let iron filings get under the transparency.

3. Place a compass at several positions around the
magnet. The direction in which the compass needle
points shows the direction of the magnetic field lines.

Part B
4. Use the iron filings to investigate the magnetic fields

around a horseshoe magnet and the pairs of magnets
shown in the figure.

5. Place a compass at several positions around the
magnet/s to determine the direction of the magnetic
field lines.

N S

S N S N

(a)

(b)

S N N S
(c)

N S S N
(d)

Results

Part A
1. Draw a diagram of the pattern made by the iron filings. Label the north pole and south pole of your

magnet on the diagram. The pattern in your diagram is a map of the magnetic field around the bar
magnet.

2. After placing the compass at several positions around the magnet, add arrows to your diagram to
show the direction of the magnetic field.

3. Do the magnetic field lines run from north pole to south pole or from south pole to north pole?

Part B
4. Draw diagrams of the magnetic fields around the magnet/s in the figure. Indicate the direction of the

magnetic field using arrows.

Discussion

1. Where does the magnetic field appear to be strongest? How do you know this?
2. What happens to the strength of the magnetic field as you get further from the magnet?

Conclusion

Write a conclusion for this investigation.
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elog-0464

INVESTIGATION 10.11

A look at the field

Aim

To investigate the magnetic field in and around an electromagnet

Materials

• insulated copper wire
• power supply
• switch
• compass
• large iron nail

Method

Part A
1. Set up the circuit shown in the figure shown. Wind 20 turns

of wire around the nail. There will be a lot of wire left over but
don’t cut it.

2. Set the power supply to two volts.
3. Use the compass to find north and line the nail up so that the

sharp end points to the east.
4. Place the compass at the sharp end of the nail as shown in

the diagram and close the switch just long enough to observe
any change in direction of the compass needle.

5. Place the compass at the blunt end of the nail, close the
switch briefly and observe the change in direction of the
compass needle.

insulated

copper wire

nail

power supply

switch

(open)

6. Place the compass beside the nail, close the switch briefly and observe the change in direction of the
compass needle.

Part B
7. Reverse the connections to the terminals of the power supply so that the electric current travels in the

opposite direction.
8. Repeat your tests with the compass to find which end of the electromagnet is the north pole and

which end is the south pole.

Results

1. State whether the sharp end of the nail is the north or south pole of the electromagnet. (Remember that
the end of the compass that originally pointed north now points in the direction of the magnetic field.)

2. Draw a diagram of the magnetic field in and around your homemade electromagnet. Label the north and
south poles.

3. What happens to the electromagnet when the direction of the electric current is reversed?

Conclusion

What can you conclude about the direction of the magnetic field around an electromagnet?

Resourceseses
Resources

eWorkbook Exploring magnets and magnetic fields (ewbk-4517)

Additional automatically marked question sets
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10.9 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.

Select your pathway

LEVEL 1:
Questions
1, 3, 4

LEVEL 2:
Questions
2, 6, 8

LEVEL 3:
Questions
5, 7, 9

Remember and understand
1. How is a temporary magnet different from a permanent magnet?
2. What is a magnetic field?
3. Why does a compass needle point north?
4. List some common devices that make use of electromagnets.
5. Explain the difference between an electromagnet and a solenoid.

Apply and analyse
6. What advantage do electromagnets have over other types of magnets?
7. The Magnetic North Pole of the Earth can be considered as one pole of a bar magnet. Is it a south pole

or a north pole? Explain your answer.

Evaluate and create
8. Why do you think that an old-fashioned ship’s compass was usually built with a brass casing instead of

a stronger metal like steel?
9. SIS Sketch a magnetic field around a bar magnet. Be careful in drawing the shape to represent how

the strength of the field changes and use arrows to show the direction of the field.

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

10.10 The motor effect
LEARNING INTENTION

At the end of this subtopic you will understand how a current passing through a magnetic field leads to a force
on the current carrying wire. This ‘motor effect’ is used to make electric motors. You will also understand the
function of the parts of a simple motor.

10.10.1 Movement from electricity
FIGURE 10.43 Demonstrating
the motor effectThe motor effect is the force a wire experiences when it carries a current

through a magnetic field. It can be easily observed by placing a wire
between the poles of a horseshoe magnet and turning on the current. You
will see the wire move. If the current direction or orientation of the magnet
is changed, the direction of the force will change. Many devices work on
the principle of the motor effect.

The motor effect is the name given to the force that
a wire experiences when it carries a current through
a magnetic field. An electric motor is any device that
converts electrical energy into kinetic energy.
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10.10.2 Motors

electric motor device that
converts electrical energy into
kinetic energy of a rotating shaft

FIGURE 10.44 An electric
motor converts electrical
energy into kinetic energy.
This conversion can only take
place because of the magnetic
effects of electric current.

What do a hair dryer, a food processor, a clothes dryer and an electric drill
all have in common? The obvious answer is that they all use electrical
energy. Another thing that these appliances have in common is an
electric motor.

Step by step … how a motor works
• An electric motor contains coils of wire surrounded by two or

more magnets.
• The coil produces a magnetic field when electric current flows

through it.
• There is a motor effect when this field interacts with the field of the

magnets that surrounds the coil.
• One side of the coil is pushed down and the other side is pushed up.
• The coil rotates.

DISCUSSION

Motors make things rotate. How did we perform this function before
motors? Give some examples.

Parts of a DC electric motor
The electric current supplied by a cell or battery is called direct current (DC).
It flows in one direction only. The electric current provided to your home by power
stations is called alternating current (AC), which reverses direction multiple
times per second. Small motors usually work using DC.

armature the turning part of an
electric motor on which coils of
wire are wound

rotor coils coils of a motor that
turn when a current flows through
them

field magnets magnets
producing a magnetic field that
acts on the rotor coils

brushes part of an electric
motor that allows current to
travel through the rotor coils by
being connected to the power
supply and lightly touching the
commutator

shaft central rotating rod of the
motor that transmits the kinetic
energy

commutator device attached
to the rotor shaft that receives
the current. In most motors it is a
metal ring split into sections.

• The armature is the turning part of the motor on which coils of wire are
wound. The coils are called rotor coils because they cause the armature to
rotate.

• When electric current flows through the rotor coils, a magnetic field is
produced. The magnetic field produced by these coils interacts with the
magnetic field produced by the field magnets.

• The field magnets are permanent magnets that do not move. In larger
commercial motors they are replaced with a separate coil (called a field coil),
which provides a stationary electromagnet.

• The brushes are connected to the power supply and lightly touch the
commutator as the armature turns. This allows current to travel through the
rotor coils.

• The shaft is part of the motor that is attached to the device the motor is
turning, like a fan or gear wheel. As the armature turns, the shaft turns.

• As each rotor coil turns through 180 degrees to face the opposite field
magnet, the force on it would change direction, turning it back the other way. The commutator consists
of a split metal ring. As the armature turns, the commutator turns with it while the brushes remain still.
When the armature has turned through 180 degrees, the opposite side of the commutator makes contact
with the brush connected to the positive terminal of the power supply. The direction of the current in each
rotor coil reverses. This allows the armature to keep rotating in the same direction, rather than spinning first
one way, then the other. Alternating current motors don’t need a commutator as the current reverses itself as
the motor rotates.
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FIGURE 10.45 A commercial DC motor

Field magnets: permanent magnets that do not move

Armature: the turning part of the rotor

Rotor coils: electric current flowing

through the rotor coils produces a

magnetic field, causing the armature to turn
Brushes: lightly touch the commutator

as the armature turns to allow the current

to travel through the rotor coils

Shaft: as the armature

turns, the shaft turns

Commutator: allows the armature to keep

rotating in the same direction

Field coils

Current out

Current in

10.10.3 Producing sound through a loudspeaker
Microphones, telephones, radios and television sets produce changing electric currents. These changing currents
are so small that they need to be amplified before being sent to a loudspeaker.

As a coil of wire carrying electric current produces a magnetic field, it is not surprising that the same coil of wire
moves when it is in the region of another magnet. Just as two magnets attract or repel each other, the coil can
be attracted to or repelled by a magnet. Loudspeakers rely on this interaction to convert the changing electric
currents into the kinetic energy of vibrating air that allows you to hear sound.

FIGURE 10.46 The process of producing or reproducing sound through a loudspeaker

Sound source

Amplifier

Loudspeaker

Inside a speaker

voice coil coil of wire in a
loudspeaker that vibrates at the
frequency of the electrical signal.
This frequency matches the
frequency of the sound produced
by the cone.

diaphragm cone of a
loudspeaker that vibrates to
produce a sound wave

Inside a speaker, the electric current flows through the copper wire coil that is tightly
wound around the base of the cone. The coil, known as the voice coil, and the base
of the cone sit inside a cylindrical permanent magnet. Like any solenoid with electric
current flowing through it, the coil produces its own magnetic field. However, in a
speaker the electric current is rapidly changing direction. The coil moves backwards
and forwards as it is alternately repelled and attracted to the base of the cylindrical
magnet. The cone of the speaker, also known as the diaphragm, vibrates as the coil
moves, causing the air nearby to vibrate and so producing sound.
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Resourceseses
Resources

Video elesson Vibration of a speaker diaphragm (eles-2675)

Additional automatically marked question sets

10.10 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.

Select your pathway

LEVEL 1:
Questions
1, 2

LEVEL 2:
Questions
3, 4

LEVEL 3:
Questions
5, 6, 7

Remember and understand

1. Into what form of energy do motors convert electrical energy? How does this differ from the energy
transformations in microphones and speakers?

2. Explain the difference between AC and DC.
3. Construct a table to group all the parts of an electric motor into ‘moving’ and ‘non-moving’ parts.

Apply and analysis

4. What is the role of a permanent magnet in a loud speaker?
5. Explain why the voice coil in a speaker is attached to the cone.
6. Why doesn’t an AC motor need a commutator?

Evaluate and create

7. Imagine you were advertising in the employment pages of a newspaper for the parts of a DC electric
motor. Write a job description for each part.

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

10.11 Generators
LEARNING INTENTION

At the end of this subtopic you will understand that when a coil moves relative to a magnetic field, a voltage is
generated across the coil. You will be able to explain how we use this process to provide electrical power to
the nation.

DISCUSSION

Drop a powerful, but small, magnet down a meter long copper tube. Discuss what happens and why. What does
this have to do with modern car brakes?
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10.11.1 AC or DC?

alternating current current that
changes direction along a wire a
number of times per second

The alternating current (AC) flowing from an AC generator changes direction after
every half turn. It changes direction about 100 times every second. Alternating current
is the type of electricity produced by power stations and delivered to our homes. In
household lights and appliances, electrical energy is transformed into other forms of
energy as electrons move backwards and forwards.

Direct current (DC) is produced by batteries or in a DC generator. In DC the electric current flows in one
direction only.

Alternating current, rather than direct current, is supplied by power stations because it is easier and cheaper
to generate. It is also easier and cheaper to distribute widely over large distances. In Australia, electricity is
supplied to homes at a voltage of 240 volts.

SCIENCE AS A HUMAN ENDEAVOUR: The w ar o f t he c urrents

FIGURE 10.47 Edison and Tesla and the War of
the Currents

In the late 1880s, Thomas Edison and Nikola Tesla
were engaged in what is now known as the War of the
Currents. Edison, the rich all-American businessman
developed DC and took an early lead in producing it for
New Yorkers. However, there was a problem in that DC is
not easily converted to higher or lower voltages. Tesla, a
maverick inventor along with his business partner George
Westinghouse, developed AC generators, which easily
converted voltages using a transformer.

Edison, fearing that he would lose money, tried to
discredit his opponents and AC. He spread ‘fake news’
saying that AC was far more dangerous than DC. Ever the
showman, Edison publicly electrocuted stray animals just
to prove his point. On one occasion he even electrocuted
an elephant.

The Chicago World’s Fair, in 1893, was an event meant to highlight the newest of technologies. General Electric
offered to power the fair using Edison’s DC for $554 000, but lost to Westinghouse, who charged only $399 000 to
use Tesla’s AC. Alternating current has been the standard to this day. Tesla’s legacy is still influential to this day.
You may know of the company Tesla, which Elon Musk named in honour of Nikola Tesla.

10.11.2 How a generator works

In a motor, electrical energy is converted into kinetic energy. A generator works like a motor in reverse. Kinetic
energy is converted into electrical energy.

induction a process where the
electrical or magnetic properties
of an object produces similar
properties in a nearby object
without physical contact; for
example, the production of a
current by repeatedly moving a
magnet in and out of a coil

• A wire or coil cuts through a magnetic field. This can be the wire moving or
the magnet moving, it doesn’t matter.

• The electrons in the wire feel a push along the wire from the magnetic field.
We say that a voltage has been induced. The process is called induction
(figure 10.48).

• If the wire or coil is in a circuit a current will flow.
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Increasing the current
The size of the electric current produced by a generator can be made larger by increasing:

• the number of turns of wire in the coil
• the strength of the magnet
• the speed of the relative movement between the coil and the magnetic field.

FIGURE 10.48 A magnet is pushed into a coil of wire. A voltage is induced in the coil causing a current to flow.
When the magnet is removed, current flows in the other direction. Repeat the process and alternating current is
produced.

Phone talk

FIGURE 10.49 Phones use induction to convert sound
energy into electrical energy, then convert the electrical
energy back to sound energy via a speaker.

speaker

permanent
magnet

plastic disc

microphone

diaphragm

voice coil

soft
iron
core

Your telephone handset or mobile phone has two
parts: a speaker and a microphone. When you
have a conversation on a telephone, a microphone
in the mouthpiece converts sound into electrical
energy so that a signal can be sent to the other
telephone. A speaker in the earpiece converts
the electrical energy received from the other
telephone into sound energy.

The mouthpiece of a telephone handset contains
a small metal plate (the diaphragm), which
vibrates when you speak. A crystal beneath the
diaphragm gets pushed out of shape when the
diaphragm vibrates. The electric current flowing
from the microphone changes with the shape of
the crystal.

The earpiece of a telephone handset contains a
speaker. It consists of a permanent magnet, a
voice coil wound around a soft iron core and a
plastic disc (the diaphragm). The plastic disc is
pulled backwards and forwards by the iron core
in the voice coil as the electric current in the
coil changes.
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SCIENCE AS A HUMAN ENDEAVOUR: Dynamo!

FIGURE 10.50 A bicycle dynamo — the moving wheel
spins a magnet inside a coil of wire to produce an
electric current.

Wire connecting
head lamp to
dynamo

Shaft

Coil of wire

Magnet

Michael Faraday generated an electric current
by moving a coil of wire through a magnetic
field (see section 10.9.1). Devices that use this
principle are known as dynamos. You may have
ridden a bike with a dynamo attached to make
a headlamp glow — or even with a blender
attached to make a smoothie! A bicycle dynamo
generates electricity to keep a headlamp glowing
without the need for a battery. As the wheel turns,
a magnet spins inside a stationary coil of wire.
The relative movement between the magnetic
field and the coil results in an electric current in
the coil that powers the headlamp.

Like the bicycle dynamo, a car generator
generates an alternating current. Although it
looks very much like an electric motor, instead
of converting electrical energy to kinetic energy,
it converts kinetic energy into electrical energy.
Each slip ring is connected to one end of each
coil of wire.

Resourceseses
Resources

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

10.11.3 Mains power generation
The method used to generate the electricity used in your home, school or workplace is not very different from
that used by a single hand-operated generator or bicycle dynamo. Of course, the scale is very much larger.

Power generation from fossil fuels
In coal-fired power stations electrical energy is transformed from the chemical energy stored in coal. The same
is true for oil and gas power stations. Oil, coal and gas are collectively known as fossil fuels as they are the
remains of long-dead plants and micro-organisms. In all fossil-fuelled power stations the energy production
process is as follows.

• Chemical energy in the fuel is released as heat and light energy by combustion (burning).
• Heat energy is transferred to water, which produces steam.
• Steam is under pressure and the temperature is up to 400 °C. It hits a turbine (fan-like blades) at

high velocity.
• Heat energy of the steam is converted to kinetic energy of the turbine.
• The turbine is connected to the coils in a generator. The coils rotate rapidly inside huge electromagnets.
• The motion of the coils in the magnetic field produces a large voltage.
• When the generator is connected to a load a large electric current flows.

In 2019, about 76 per cent of Australia’s electrical energy was generated by coal-fired power stations. Most of
the remaining 24 per cent was provided by renewable energy, which is increasing year on year.
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FIGURE 10.51 The energy production process in a coal-fired power station
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Power generation from other sources

FIGURE 10.52 The generation of household
electricity in power plants and by wind turbines
depends on the close relationship between
electricity and magnetism.

There are many ways to turn a turbine that do not require
the burning of fossil fuels.

• In nuclear power stations the energy required to boil
water to produce the steam that turns the turbine
blades is released in nuclear reactions.

• In hydroelectric power stations the energy used to turn
the turbines is transformed from gravitational potential
energy. Water falling from a great height turns the
turbines directly with no need for high-pressure steam.

• Wind power directly transforms kinetic energy in the
wind into rotation of the turbine.

• Wave power uses waves to compress columns of air in
tubes, which turns small turbines.

• Geothermal power uses steam produced by
pumping water into a hole drilled into the ground in
geologically active areas. The heat of the rocks deep
underground boils the water with no need for fuel.

elog-0466

INVESTIGATION 10.12

Electrical energy from kinetic energy

Aim

To investigate the generation of electric current by the movement of a magnet inside a coil of wire

Materials

• 2 bar magnets (one large, one small)
• length of insulated copper wire
• cardboard tube
• masking tape
• galvanometer
• large iron nail
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mA+

–

magnet

coil

masking
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galvanometer

Method

1. Make a solenoid by winding the insulated copper wire evenly around
the cardboard tube. Tape the wire down so that it cannot unwind itself.
Connect the free ends of the wire to the galvanometer.

2. Place the smaller magnet inside the solenoid so that the end you are
holding is just inside the cardboard tube.

3. A galvanometer is used to detect and measure small electric currents.
Record the reading on the galvanometer while the magnet is inside
the solenoid.

4. Watch the needle on the galvanometer while you rapidly pull the
magnet out of the solenoid. Record your observations.

5. Watch the galvanometer needle while you rapidly push the magnet
back into the solenoid. Record your observations.

6. Predict which way the needle of the galvanometer will move if the
magnet is reversed and pulled out of the solenoid and then
pushed into the solenoid. Test your predictions.

7. Move the magnet quickly and slowly out of the solenoid and observe
any changes to the current.

8. Replace the magnet with a larger magnet and record any differences to the current.

Results

1. What was the reading on the galvanometer when the magnet was inside the solenoid?
2. What was the reading on the galvanometer when the magnet was outside the solenoid?
3. What did you observe when the magnet was rapidly pushed into and pulled out of the solenoid?
4. When the magnet was reversed, were your predictions about the galvanometer reading correct?
5. How is the current affected if the magnet is moved into or out of the solenoid faster?
6. How is the current affected if a larger magnet is used?
7. Does pulling the solenoid away from the magnet have the same effect as pulling the magnet away

from the solenoid?

Discussion

1. Does a stationary magnetic field inside a solenoid produce an electric current in the solenoid?
2. Does a moving magnetic field inside a solenoid produce an electric current in the solenoid?

Conclusion

What can you conclude about moving magnetic fields and electric currents?

10.11.4 Electricity in the home

DISCUSSION

Imagine that you are at work in a large building. Suddenly the alarm goes off. There is a fire! Smoke is billowing
through the corridors. You crawl on your hands and knees to stay out of the smoke, but you cannot see where
you are going because your eyes are stinging. You use one hand to feel the wall, reasoning that you will be able
to escape by touch. Why are you at risk of electrocution? What could you do to improve your chance of survival?

It’s in the box
The electric cable that carries alternating current to your home holds two wires. For electricity to flow from a
power point in your house, two switches need to be closed:

main switch control switch that
turns all the household circuits on
or off

• The main switch in your home’s meter box needs to be closed for electric
current to flow through these wires.

• The power point switch needs to be closed.
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Two or three pins?

earth socket connection that
provides a route for current
to flow to the ground when an
electrical appliance malfunctions

FIGURE 10.53 Devices
with uninsulated metal
casings have three pins;
two-pin devices are double
insulated.

Power points have three sockets. When you plug in an electrical device and
switch on the power, alternating current flows between the top two sockets
through the appliance. The third socket, called the earth socket, is connected to
a metal pipe in the ground.

If an electrical appliance has an uninsulated metal casing, its plug has three pins.
The bottom pin is connected by a wire to the metal casing. This pin fits into the
earth socket. If there is a fault in the appliance, and the metal casing becomes
‘live’, electric current flows to the ground, rather than through the body of
a person touching the metal. Appliances with two-pin plugs are ‘double
insulated’ to make them safe. Any metal on the outside of these appliances
is insulated with plastic. This prevents electric current from flowing from the
metal to the wiring inside.

Transformers

transformer device that can
increase or decrease voltages for
alternating current

Another device invented by Faraday was the transformer. This device uses
the changing magnetic field of one coil to induce a voltage in a second coil.
By changing the ratio of the turns you can change the voltage of the electricity.

• At power stations we increase the voltage to transmit the electricity more
efficiently over long distances.

• Near your home there will be a transformer that drops the voltage to a level
that will not create large dangerous sparks when you plug in electrical
devices.

• You may have electronic devices that need a lower voltage to work safely.
For example, devices such as computer printers and electronic games
require voltages of 9 volts or 12 volts. A transformer, usually attached
to the lead, is plugged into the power point. The transformer reduces the
voltage from 240 volts to the 9 volts or 12 volts required.

FIGURE 10.54 The primary coil on the left is connected to an AC supply that needs converting to a different
voltage. The changing magnetic field of the primary coil keeps growing and shrinking and therefore cutting
through the secondary coil. This induces a voltage in the secondary coil. By changing the number of turns on
the coils you can control the size of the voltage on the secondary coil.
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FIGURE 10.55 Some electrical devices
require less than the 240 volts supplied by
power points. A transformer is used to ‘step
down’ the voltage.

rectifier device that changes
alternating current to direct
current

Some devices use DC current; you may have noticed a
black box on your mobile phone or laptop charger — this
contains the transformer that ‘steps down’ the voltage, and
another circuit, called a rectifier, uses diodes to change the
alternating current into direct current.

Dangers of electricity
The 240-volt AC household power supply can kill. If you
tamper with working appliances or electrical wiring, it is
possible that electric current will flow through your body.
Electrocution — death from electric shock — can be caused
by electric currents as low as 0.05 amperes flowing through
your body.

The current can cause severe burns or potentially affect
the way your heart beats.

One of the biggest causes of electrocution in the home is the
use of damaged cords and plugs. If appliance cords and plugs
are frayed or damaged, exposing the smaller plastic covered
wires inside, the appliance should be replaced or taken to a
qualified repairer.

The bathroom can be a very dangerous place in which to use electrical appliances. Tap
water contains charged particles (ions) due to substances dissolved in it. It is therefore
a good conductor of electric current. Appliances like hair dryers, radiators and electric shavers should never be
used when there is water in the basin or bath, or when there is water on the floor. If a working appliance was to
fall into some water, you could be electrocuted if you came in contact with the appliance, either by accidentally
touching it or by trying to pick it up.

SCIENCE AS A HUMAN ENDEAVOUR: The defibrillator

fibrillation rapid twitching of the
heart muscle, which disrupts its
rhythm; can cause heart attacks

defibrillator a device that delivers
a large electric shock to the heart
in an attempt to reset its rhythm
back to a regular pulse

FIGURE 10.56 Many workplaces now keep
a defibrillator on site as part of their first aid
equipment.

If a current flows across your heart then your heartbeat
may be altered. The heart beats regularly due to
electrical impulses provided by nerve bundles on the heart.
A large current can lead them to pulse irregularly leaving
your heart in a fluctuating and ineffective state, which
can quickly lead to death. This is similar to some
forms of heart attack and is called fibrillation. A
defibrillator is a machine that delivers a controlled electric
shock across the heart, which can reset the electrical
pulses and return the heart to normal function.
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Electrical safety

fuse safety wire that melts when
too much current flows through it.
Fuse wires are designed to melt
at different currents.

circuit breaker safety device
that breaks a circuit if the current
suddenly exceeds a specified size

FIGURE 10.57 The switch on the left is a safety switch. The
other switches are circuit breakers.

The appliances and lights in your home are
all connected in parallel. There are normally
two separate parallel circuits in a house, one
for the lights and one for the power points. If
too many appliances or lights are turned on at
once, the total current is too large and a fuse
or circuit breaker can open the main circuit
and stop the flow of current. A set of fuses or
circuit breakers can be found in your meter
box at home. A fuse is a short piece of wire
that melts if the current gets too high.
A circuit breaker is a special switch that opens
automatically if the electric current gets too high.

residual current devices a form
of safety switch that can quickly
detect a possible fault and break
the flow of electricity in a circuit in
order to prevent electrocution

While fuses and circuit breakers open circuits before they overheat, they do
not work quickly enough to stop people from getting an electric shock if a
short circuit causes a dangerously high current. Safety switches (also known as
residual current devices) can turn off the power much more quickly — in less
than one-thirteenth of a heartbeat — thus reducing the risk of death due to electric
shock in the home.       

Resourceseses
Resources

Interactivity Circuit breakers (int-5777)

Additional automatically marked question sets

10.11 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.

Select your pathway

LEVEL 1:
Questions
1, 2, 3, 7, 11

LEVEL 2:
Questions
4, 5, 8, 10, 12, 14

LEVEL 3:
Questions
6, 9, 13, 15, 16, 17

Remember and understand

1. How did Michael Faraday generate an electric current?
2. What is the role of the turbines in a power station?
3. What should be done when appliance cords or plugs become frayed or damaged?
4. Why does extra care need to be taken when using electrical appliances in the bathroom?
5. What drives the turbines in:

a. a coal-fired power station
b. a nuclear power station
c. a hydroelectric power station?
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6. From which forms of energy (not just the initial form) is electrical energy converted in:
a. a coal-fired power station
b. a hydroelectric power station?

7. Why do power points have three sockets even though many appliances have plugs with only
two pins?

8. Explain why devices like electronic games and computer printers have heavy transformers attached to
their leads or plugs.

9. Describe what transformers do at the power station and near your home. What feature of the design
allows this to happen?

10. What changes can be made to a dynamo to increase the size of the electric current generated?
11. How is the electric current produced by an AC generator different from the electric current produced

by a DC generator?

Apply and analyse

12. How is the generation of electricity in a power station similar to the generation of electricity by a hand-
operated generator or bicycle dynamo?

13. Examine the diagram below of the AC car generator.

Shaft

Slip rings

Brushes

Rotor coils

Field coils

Armature

a. How is the AC generator similar to an electric motor?
b. Describe the differences between an AC generator and a DC motor.
c. The electric generator is sometimes described as the reverse of an electric motor. Explain why.

14. Not all of the chemical energy stored in coal is transformed into useful electrical energy in the home.
List the ways in which energy is wasted from the time it is burned up until the time that it is used to
light a room at night.

15. The speakers used in some fast food ‘drive thru’s’ also act as microphones. They contain a permanent
magnet, a voice coil and a diaphragm just as normal speakers do. Explain how it might be possible to
use the speaker to change sound energy into electrical energy.

16. a. What important roles do both fuses and circuit breakers play?
b. Explain how circuit breakers are different from fuses.

Evaluate and create

17. SIS Touching a circuit and having a current flow through you can be painful or even deadly. If you
are lucky, you are able to let go of a wire before you suffer too much damage. Unfortunately, beyond
a certain current you cannot let go. This current is known as the ’let go’ current. The size of the let go
current has been found to vary with the frequency of the current as shown in the table.
a. Plot the data in a graph and connect the points to show a curve representing the let go current

across a range of frequencies.
b. What is the main frequency in Australia?
c. Look at your graph and comment on your findings in light of your answer to part b.
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TABLE Size of let go current according to frequency

Frequency (Hz) Let go current (mA)

5 25

10 17

25 14

50 13

75 14

100 15

125 16

150 18

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

10.12 The future of electricity

LEARNING INTENTION

At the end of this subtopic you will understand how developments in electricity generation and electronic
capabilities will affect your life.

10.12.1 Changing times: Power

SCIENCE AS A HUMAN ENDEAVOUR: The f uture o f e lectricity

FIGURE 10.58 A tokamak fusion reactor. Powerful magnetic
fields hold a superheated gas called a plasma. The magnetic
field causes heating in the plasma that can produce collisions
between atoms that fuse together to release energy.

As discussed in Topic 9, our world is
heating. We are at a point where, as a
society, we need to re-think how we produce
our electricity. There are non-polluting
options for turning a generator as discussed
in section 10.11.3. Solar panels convert
sunlight directly into electricity without any
need to boil water in the process. These can
be a particularly attractive option in countries
with a lot of sunlight.

Nuclear fusion — Power of the future?

Nations across the world are racing to
produce electricity in the same way as the
Sun — nuclear fusion. Unlike in a nuclear
fission reactor in which heavy elements
break apart releasing energy, in fusion power
lighter elements are fused to make heavier
ones. Unlike fission, this process produces
little radioactive waste and cannot under any circumstance undergo a nuclear meltdown, a catastrophic process
that has led to a number of radioactive disasters. Electricity from fusion may well be the power of the future, but
we are quite a long way from producing it in large quantities.
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10.12.2 Changing times: How small can we go?
Electronics have been getting smaller and smaller over the years. This has enabled us to pack more powerful
computational abilities into smaller packages. Transistors have been getting smaller year on year to the point that
the record at the time of writing is the size of 1 nano-metre (a billionth of a metre).

This record was set in the laboratory and is not ready for using in industry, but the smallest design currently in
use is only 5 nano-metres in size.

Unfortunately we are approaching a limit to this ability to go smaller and smaller. If electronic components
continue to get smaller then they will no longer be able to contain their electrons! When wires are packed so
small, electrons start to behave strangely and can actually jump between wires making them useless as we no
longer know whether a circuit should be on or not. If we intend to keep on making smaller and more powerful
computers we will need a way of transmitting information that doesn’t rely on electrons. Engineers are already
hard at work on optical processors that use light instead.

10.12.3 Changing times: How smart can we go?
In 1975 the CEO of Intel, Gordon Moore, noticed a doubling every two years in the number of transistors on
an integrated circuit. He predicted that this rate of growth would continue for at least another decade. Forty-five
years later and Moore’s law continues to hold true, though it may come to an end soon if we cannot continue to
shrink our transistors.

FIGURE 10.59 Will AI replace us or allow us to do more
interesting jobs in greater safety? Only time will tell.

While some scientists believe that we may
one day be able to achieve intelligence in
robots by producing a sufficiently powerful
processor, all attempts to produce a brain
simulation have so far failed. We simply do
not know enough about how the brain works to
simulate it in any meaningful way. For now our
devices are becoming ‘smart’ by using artificial
intelligence (AI). This is not true intelligence
as we know it. Artificial intelligence software
has seen a huge development in recent times
that allows the smart device to simply connect
to large databases of information and looks for
patterns. This will have some serious effects
on our society as many jobs become more
efficiently performed by machines that always
make optimal decisions at speeds faster than a
human can. Imagine a surgeon that can
compare the operation they’re currently performing to recordings of every other similar operation
instantaneously and adjust their technique accordingly. A robotic surgeon that never gets tired, never twitches
and can perform multiple operations per day could ultimately replace the human alternative. How many other
jobs may soon be replaced by the rise of AI?

DISCUSSION

Would you trust a robotic doctor to carry out an operation on you? Would you trust a robotic driver? Should we
have fully autonomous robotic drones, ships and even soldiers?
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10.12.4 Changing times: The car of the future
What sort of car do you expect to be driving 30 years from now? Will it be just a newer, sleeker, lighter version
of the cars you see on the road today? How much will petrol cost: $2 per litre or $20 per litre? Most medium-
sized cars have petrol tanks that hold between 50 and 80 litres. How much will it cost to fill the tank? Will you
have trouble breathing the polluted air in traffic-clogged cities?

It is unlikely that you will be driving a car with an engine powered by petrol. There are several reasons for this.
• Petrol is made from oil and the world’s oil supply

is rapidly decreasing. At the same time, the
amount of oil being used is increasing. It has
been predicted that the world’s oil reserves will
run out in less than 50 years.

• Petrol is becoming more expensive. This is
partly due to attempts by politicians to conserve
the world’s oil reserves. As the cost of petrol
increases, alternative fuels become more
attractive. LPG Liquefied petroleum gas (LPG)
is already increasing in popularity as a fuel
for cars.

• Petrol-driven car engines cause air pollution.
Gases released from car exhausts include carbon
monoxide (a poisonous gas), carbon dioxide (a
greenhouse gas that contributes hugely to climate
change) and nitrogen oxides (which lead to smog
and acid rain).

FIGURE 10.60 The Tesla Roadster is a high-
performance electric car now available in Australia.
It can accelerate from 0 to 100 km/h in 2.1 seconds,
has a top speed of 400 km/h and can travel 1000 km
before the batteries need recharging.

The hybrid car

FIGURE 10.61 A hybrid car combines a bank of
rechargeable batteries with a small petrol-driven engine.

Fuel tank

Engine

Radiator

Electric motor

Batteries store energy.

The hybrid car combines a bank of rechargeable
batteries with a small petrol engine. It provides
most of the benefits of a totally electric car. In
figure 10.61 the petrol engine of the car generates
energy to recharge the batteries while the car
is being driven. In some hybrid cars, the petrol
engine is connected directly to the motor that turns
the wheels. This means that less energy is required
from the batteries. The exhaust fumes of hybrid
cars still contribute to air pollution, but to a much
lesser extent than current petrol-driven cars.

Hybrid cars, such as Toyota’s Prius and Camry,
are gaining popularity in Australia as the increased
price of petrol puts pressure on car owners to use less of it. Hybrid-car manufacturers are struggling to keep up
with demand.

In Australia, the CSIRO is working with car manufacturers to produce lighter and more compact lead–acid
batteries that will require less frequent recharging.
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CASE STUDY: Battery-powered cars are not new!

FIGURE 10.62 An early electric
car

Battery-powered electric cars are not new. In fact, before 1900 there were
more electric cars than petrol-driven cars. However, petrol-driven cars
were more powerful and could travel for longer distances without having
to stop. Using petrol was also cheaper than replacing and recharging
batteries. By 1930, electric cars had been replaced almost entirely by
petrol-driven cars.

Electric cars
One of the most attractive alternatives to the petrol-driven car is a car powered by rechargeable batteries.
Electrical energy from the batteries is used to drive a motor that turns the wheels. The batteries can be recharged
while the driver is at home or at work.

Electric cars have four main benefits.
1. Their use will reduce the demand for oil. The world’s oil reserves will last longer.
2. They do not release exhaust gases. This would reduce air pollution in large cities.
3. They are very quiet.
4. They are less expensive to run and are easier to maintain as the engine is less complex.

An additional benefit is that electric cars can be designed so that their batteries can be fully or partially charged
by solar energy.

There are also some drawbacks to electric cars.
1. Standard electric cars can travel only about 400 kilometres (100–200 km for smaller vehicles) before the

batteries need recharging. A tank of petrol would allow most cars to travel 500–800 km before refuelling.
2. Recharging times are longer than refuelling times for petrol cars.
3. The batteries, which are very expensive, typically need replacing after 10 years.
4. Electric cars are more expensive to buy than petrol-driven cars.
5. If everyone owned electric cars, power stations would need to supply more energy for recharging batteries

from power points. Although air pollution in cities would be reduced, the air pollution around the power
stations would be increased.

Solving the problems
Some of the disadvantages of electric cars will be overcome as the need to replace petrol-driven cars becomes
more urgent.

• Automotive engineers are using scientific knowledge, together with computer techniques and models, to
design lighter cars. They are also designing car bodies and tyres to reduce the friction caused by the air and
road surfaces. These changes will reduce the amount of energy needed to keep cars running. Batteries will
last longer.

• Electric cars use batteries that take a long time to charge and are quite heavy. Lighter, smaller and more
powerful batteries that charge more quickly are currently being developed.

• As more electric cars are made, the cost of each car will decrease. Also, as petrol becomes more expensive,
the higher cost of electric cars will be less of a problem.

New car designs, better batteries and decreasing costs make electric cars a very likely alternative to petrol-
driven cars.
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Resourceseses
Resources

Video eLesson The Australian-International Model Solar Challenge (eles-0068)

Additional automatically marked question sets

10.12 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.

Select your pathway

LEVEL 1:
Questions
1, 2, 3

LEVEL 2:
Questions
4, 6, 7

LEVEL 3:
Questions
5, 8, 9

Remember and understand

1. List three benefits of electric cars.
2. State five disadvantages of electric cars at the current time.
3. What is a hybrid car?
4. Why are electric cars likely to become popular after being ignored for over 60 years?
5. Which disadvantages of electric cars do hybrid cars partially or entirely overcome?

Apply and analyse

6. Advertisements for hybrid cars highlight their advantages and sometimes make claims without
evidence.
a. List some disadvantages of hybrid cars.
b. What type of evidence would you expect from automotive engineers before purchasing a hybrid

vehicle?
7. Do you think the government should force car manufacturers to stop making petrol-driven cars and

replace them with electric or hybrid cars? State reasons for your opinion.
8. Explain the advances that are being made that allow modern computers and robotic technology to

carry out the functions that they do.

Evaluate and create

9. SIS The table shows the number of transistors (in millions) on a graphics chip from a leading
manufacturer over a period from 1995 to 2001.
a. Plot a graph showing the data.
b. Evaluate the data. Does the data agree with Moore’s law?
c. Explain what the limit will be to Moore’s law.

TABLE Number of transistors available on graphics chips per year

Year Transistors on chip (millions)

1995 2

1996 3.5

1997 7

1998 15

1999 17

2000 25

2001 30

Fully worked solutions and sample responses are available in your digital formats.
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10.13 Thinking tools — Flow charts
10.13.1 Tell me

What is a flow chart?
A flow chart is a diagram that shows how a complex process can be broken down into a linear sequence of
events. They are useful for breaking down processes into a series of steps, when each step depends on the
step before.

A concept map is also useful for showing complex ideas, but it classifies a larger topic into smaller and smaller
ideas. It explains the relationships between parts or elements with statements on the links between them.

FIGURE 10.63 A flow chart showing a sequence of events

First event Next event Next event Last eventNext event

FIGURE 10.64 A concept map showing a large topic broken down into main ideas, and the relationships within
each idea
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10.13.2 Show me
To create a flow chart:

1. Choose a topic or process that has a number of different parts or events. Write any ideas you may have
onto small pieces of paper and arrange them from the first event through to the last. For example, you might
choose to consider how electricity is produced from fossil fuels.

FIGURE 10.65 Flow chart of coal energy production

Coal is mined Coal is crushed
Coal is burnt in a

furnace

Burning coal

heats water to

create steam

Steam turns

turbines

Steam is condensed

back into water

and is recycled

Turbines drive

generators to

produce electicity

Electricity is

transported to

consumers
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10.13.3 Let me do it

10.13 ACTIVITIES
1. Create two separate flow charts that show, step by step, how to connect each of the circuits below so

that the light globes glow.

a.
A

V

b.
A

V

2. The incomplete concept map below represents some of the key ideas related to electric circuits. This
concept map is just one way of representing ideas about matter and how they are linked. Copy and
complete the concept map by writing suitable links between the ideas.

Electric

circuits

Electric

current

Conducting

path
Energy

Voltage

Load

Ammeter

Voltmeter

3. Write each of the ideas included in the concept map above and each of the terms in the box below
on a small piece of paper such as a ‘sticky note’. Create a concept map of your own by arranging the
ideas. Write links in light pencil at first in case you want to make changes to your arrangement.

Electric circuit ideas
resistance circuit diagram filament

in parallel switch Ohm’s Law

in series electrons load

power supply potential difference power supply

4. Use sticky notes and A3 paper to create a concept map for the topic of household electricity. Use the
ideas in the box below and add as many other ideas as you can.

Household electricity ideas

alternating current main switch appliances

electric power transformer voltage

in parallel rectifier safety

direct current electrical energy circuit breaker
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10.14 Project — Go-Go Gadget online shop
Scenario
We use the term technology to describe the application of science to develop devices, machines and techniques
to make some aspects of our lives easier. Televisions, satellites and the internet are all pretty obvious examples
of technology, but small devices such as the automatic cat-flap and the humble vegetable peeler are also forms of
technology. Small or specialised pieces of technology such as these are often referred to as gadgets. Every year,
patents for thousands of such gadgets are issued to inventors. Some of them, like the NavMan, are immediate
successes, while others — for example, a combination shoe-polisher and toothpick — don’t make it into mass
production. So what happens if you need a device to do a particular job but no-one has ever made one?

This is just what you and your partners were thinking when you
decided to open the Go-Go Gadget online shop. Once established,
clients would browse designs for gadgets that you have already
developed or ask you to design something new for them that will
do the job they need done. Maybe the client wants a hamster
wheel that can drive a coffee-grinder or a signalling device that
will tell a cat-owner whether their cat has come inside through the
cat-flap or is still outside. They just tell you what they need and
you design it for them! You then ship them the design, the parts
they need to assemble it and an instruction brochure.

To get the business started, you decide to take out a business loan with the bank. The bank manager is intrigued
with the idea but wants some assurance that you know what you are doing before they hand over the money.

Your task
As part of your presentation to the bank, you and your business partners are to develop a design for one of the
following clients.

• Taylor wants a snooping-parent device that will warn her when one of her parents is coming up the
hallway that leads to her bedroom. This device will give her a silent signal so she has time to turn off her
computer and open her homework books before they open the door and catch her playing computer games
or surfing the net instead of working.

• Heisenberg has an office on the top floor of his house. His cat, Schrödinger, can enter the house through
a cat-flap in the door downstairs. When Heisenberg is locking up the house to go out or to bed, it would
save a lot of time if he could know whether the cat is already inside the house. He needs a device that is
connected to the cat-flap that sends a signal to Heisenberg upstairs indicating whether the cat has come in
or gone out the cat-flap.

• Felicity often works until late at night and doesn’t get time to exercise her dog by taking her out for a
walk. She can use her computer at work to turn on switches in her apartment, and wants a device that will
allow her to exercise her dog by remote control without the dog leaving the apartment.

You will then create the following to submit to the bank in support of your loan application.

1. A brief overview (approximately 300 words) of why there is a market for the services of your online shop.
To support your argument, you should include references to gadgets that have been successfully developed.

2. A brochure for the gadget you have designed that includes:
• a diagram of your design
• a list of parts that are included in the package sent with the brochure
• instructions on assembly or installation of the gadget
• a troubleshooting guide to solve problems.

Resourceseses
Resources

ProjectsPLUS Go-Go gadget online shop (pro-0110)
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10.15 Review

Access your topic review eWorkbooks

Topic review Level 1
ewbk-4519

Topic review Level 2
ewbk-4521

Topic review Level 3
ewbk-4523

10.15.1 Summary
Static electricity

• Objects can have positive or negative charge or be neutral.
• Two objects with the same charge will repel, but two objects with different charge will attract.
• Charges are surrounded by electric fields, represented by lines of force. Around a point charge these are

radial and the spacing represents the strength of the field. Arrows on the lines show the direction a positive
charge would feel a force in the field.

• Insulators can be charged by friction if rubbed with another insulator.
• Charged objects can attract neutral objects by inducing a charge in them.

Electrical circuits
• Electrical circuits consist of a power supply, a load and a conducting path.
• A load is an energy converter where the electrical energy carried by the electric charge is converted into

useful forms of energy (for example, light, heat, sound, movement).
• Loads push back against the power supply as resistance. The greater the resistance, the less current can

flow.
• The conducting path must be complete to allow electricity to flow through the circuit.
• Electric current is the rate of flow of electric charge.
• Voltage (potential difference) is the amount of electrical energy gained at the power supply or lost at the

load by the electric charge as it moves through the circuit.
• Circuit diagrams are used to show all parts of a circuit and can be understood worldwide.

Battery technology
• Batteries are light and portable sources of electricity.
• Batteries are cells and if composed of two or more cells, they are connected in series.
• Electric cells consists of two electrodes and a substance through which the electric charge can flow. When

the electrodes are joined by a conducting path a chemical reaction occurs, releasing electric charge and
allowing the current to flow.

• Dry cells contain two electrodes: a central rod of carbon (connected to positive terminal) and zinc case
(connected to negative terminal).

• Citrus fruits can be used to make a battery as a chemical reaction takes place with the acids and a small
electric current will flow.

• Car batteries consist of six cells connected in series.

Series and parallel circuits
• In a series circuit all components are connected one after the other. If a part of the circuit is faulty, the

connecting path is broken and no current will flow through the devices in the circuit.
• In a parallel circuit, each component is connected in a separate conducting path. If one part of the circuit is

faulty, the other parts will still work. It allows more current from the power supply, effectively lowering the
resistance. All components work at full power, which uses the power more quickly.

• Voltage is a measure of the amount of energy each electron in the circuit has.
• The electric current is a measure of the number of electrons passing through the circuit each second.
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• Series circuit: The current is the same at all points in the circuit. Adding more globes increases the
resistance so less current flow in the circuit, and the voltage of the supply must equal the voltage of the
load — so with more components, the voltage is lowered.

• Parallel circuit: Adding more loops lowers the resistance of the circuit, so more current leaves the power
supply, and the current splits at each branch and recombines when the wires reconnect. Voltage is the same
across each loop.

Measuring electricity
• Ammeters measure electric current in amps (A).
• Voltmeters measure the voltage gain across the terminals of a power supply or voltage drop across parts of

an electric circuit, measured in volts (V).
• Random errors are due to estimation when reading scales. They can be reduced by taking repeated readings

and calculating an average.
• Systematic errors are due to incorrect use or limitations of equipment. They can be reduced by using

equipment correctly and ensuring they are correctly calibrated.

Resisting the electrons!
• Electrical resistance is a measure of how difficult it is for electrons to flow through part of a circuit.
• The resistance to the flow of electric charge limits the electric current.
• Conductors have little resistance.
• Insulators have a large electrical resistance.

• Resistance (R) can be calculated by R= V

I
, where V is the voltage drop in volts and I is the electric current

in amperes.
• Ohm’s Law states that the electric current in metallic conductors is proportional to the voltage drop across

the conductor.
• Resistance can be controlled by using variable resistors (for example, changing the volume of a radio or

dimmer switch on a light).

Electronics — Smaller and smaller
• Integrated circuits that contain thousands of tiny electronic components are etched onto thin pieces of

silicon called chips.
• Electronics have gotten smaller over time as smaller and smaller circuits have been produced.
• Capacitors allow electric charge to be stored for a short time before allowing it to flow in a controlled way

to other parts of the circuit.
• Diodes allow electric current to travel through them in only one direction and act as a valve for

electricity. LEDs are used in the majority of our light bulbs.
• Transistors change the size or direction of electric current as a result of very small changes in the voltage

across them, and are commonly used in speakers.
• A microprocessor is a silicon chip that is able to store information, process it and control other electric

circuits.

Electricity and magnetism
• Faraday made the first electric generator (a dynamo) by using a magnetic field to produce an electric

current.
• Magnets have a north pole and a south pole.
• Permanent magnets retain their magnetism at all times.
• Temporary magnets lose their magnetism when removed from other magnets.
• A magnetic field is the region in which a magnetic force exists.
• A moving charge creates a magnetic field.
• An electromagnet is a temporary magnet consisting of a coil of wire and an iron core. The coil of wire is

called a solenoid.
• A magnetic field is produced in and around the solenoid when an electric current flows in the coil.
• Electromagnets can be turned on and off, allowing the field to be controlled.
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The motor effect
• The motor effect is the force that a wire experiences when it carries a current through a magnetic field.
• An electric motor is a device that converts electrical energy into kinetic energy.
• Step by step … how a motor works:

• An electric motor contains coils of wire surrounded by two or more magnets.
• The coil produces a magnetic field when electric current flows through it.
• There is a motor effect when this field interacts with the field of the magnets that surrounds the coil.
• One side of the coil is pushed down and the other side is pushed up.
• The coil rotates.

• The armature is the turning part of the motor on which coils of wire are wound.
• W hen electric c urrent flows through the rotor coils, a magnetic field is produced.
• The field magnets are permanent magnets that do not move.
• The brushes allow current to travel through the rotor coils as they are connected to power and lightly touch

the commutator as the armature turns.
• The shaft is part of the motor that is attached to the device the motor is turning, like a fan or gear wheel.
• The commutator allows the armature to keep rotating in the one direction.

Generators
• Alternating current (AC) flowing from an AC generator changes direction after every half turn.
• Direct current flows in one direction only and is produced by batteries or DC generators.
• AC is supplied by power stations as it is cheaper and easier to generate than DC.
• In a motor, electrical energy is converted into kinetic energy. A generator works like a motor in reverse.

Kinetic energy is converted into electrical energy.
• Fossil-fuel stations generate power by burning fossil fuels (heat energy) to heat water to produce

steam. The steam is under pressure, and drives a turbine (heat energy converted to kinetic energy). The
turbine rotates coils inside huge electromagnets in a generators. The motion of the coils in the magnetic
field produces a large voltage and, when connected to a load, a large electric current flows.

• Nuclear power stations and geothermal power stations also use energy to produce steam and drive turbines.
• Hydroelectric power stations use the gravitational potential energy of falling water to turn turbines (steam

is not needed).
• Wave power compresses columns of air in tubes to drive small turbines.
• In your home, switches in two circuits must be closed to allow the electricity to flow: the main switch and

the power point switch.
• Power points have three sockets; power plugs have two or three pins. Devices with uninsulated metal

casings have three pins; two-pin devices are double insulated.
• Transformers use the changing magnetic field of one coil to induce a voltage in a second coil. By changing

the ratio of the turns you can change the voltage of the electricity.
• Rectifiers are used in DC devices and use diodes to change the alternating current into direct current.
• Circuit breakers (or fuses) stop the flow of current if the flow is too large.
• Safety switches (residual current devices) are much faster than circuit breakers and fuses and switch off the

power if a short circuit causes a dangerously high current.

The future of electricity
• In the future, power produced by nuclear fusion (joining atoms, not splitting them as in nuclear fission)

would produce power without any pollution or risk of nuclear catastrophe.
• Electric components are as small as 5 nm in size. They will not get much smaller as they will not be able to

contain the electrons of the electric current if they reduce in size much further.
• Cars that burn fossil fuels are being replaced by hybrid cars, which use rechargeable batteries and a small

petrol engine, or by electric cars, which only use batteries — they do not produce pollution.
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10.15.2 Key terms

alternating current current that changes direction along a wire a number of times per second
ammeter device used to measure the amount of current in a circuit. Ammeters are placed in series with other
components in a circuit.
armature the turning part of an electric motor on which coils of wire are wound
brushes part of an electric motor that allows current to travel through the rotor coils by being connected to the
power supply and lightly touching the commutator
cell a single battery
chemical reaction a chemical change in which one or more new chemical substances are produced
chips tiny pieces of silicon onto which tiny electric circuits can be etched
circuit breaker safety device that breaks a circuit if the current suddenly exceeds a specified size
circuit diagram diagram using symbols to show the parts of an electric circuit
commutator device attached to the rotor shaft that receives the current. In most motors it is a metal ring split
into sections.
components in circuits are the individual electrical devices that are connected in the circuit by conducting wires
conducting path connected series of materials along which an electric current can flow
conductors materials that have a very low resistance, allowing current to flow through them with ease
current electricity the flow of electrons through a region
defibrillator a device that delivers a large electric shock to the heart in an attempt to reset its rhythm back to a
regular pulse
diaphragm cone of a loudspeaker that vibrates to produce a sound wave
discharged excess charge is removed from an object, either by removing the charged particles, or adding an
equal amount of charge of the opposite sign
dry cells devices containing chemicals as solids and pastes that react to supply an electric charge
dynamo electric generator
earthed excess charge is taken away from the object, by connecting it to the ground
earth socket connection that provides a route for current to flow to the ground when an electrical appliance
malfunctions
electrical conductors materials through which electricity flows easily
electrical insulators materials which do not allow electricity to flow easily
electric charge physical property of matter that causes it to experience a force when near other electrically
charged matter. Electric charge can be positive or negative.
electric current a measure of the number of electrons flowing through a circuit every second
electric generator device that transforms kinetic energy of rotation into electrical energy
electric motor device that converts electrical energy into kinetic energy of a rotating shaft
electrodes conductor through which an electric current enters or leaves a cell
electrolyte acid, base or salt that conducts electricity when dissolved in water or melted
electromagnet magnet formed by wrapping a coil of wire around an iron core. When electricity passes through
the coil, the iron core becomes an electromagnet.
fibrillation rapid twitching of the heart muscle, which disrupts its rhythm; can cause heart attacks
field magnets magnets producing a magnetic field that acts on the rotor coils
filament coil of wire made from a metal that glows brightly when it gets hot
fuse safety wire that melts when too much current flows through it. Fuse wires are designed to melt at different
currents.
induction a process where the electrical or magnetic properties of an object produces similar properties in a
nearby object without physical contact; for example, the production of a current by repeatedly moving a magnet
in and out of a coil
insulators materials that have a very high resistance, allowing very little current to flow through them
integrated circuits electric circuits made up of miniature components that can be etched onto silicon chips
light-emitting diodes a device that emits visible light when a current, which flows in one direction only, passes
through it
load device that uses electrical energy and converts it into other forms of energy
magnetic field area where a magnetic force is experienced by another magnet. The direction of the magnetic
force is shown by drawing field lines; the size of the force is shown by how close together the lines are.
main switch control switch that turns all the household circuits on or off
microprocessor electronic central processing units of computers on a microchip
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negatively charged having more electrons than protons (more negative charges than positive charges)
north pole end of the magnet that when free to rotate, points to the north pole of the Earth
ohmic describes conductors that obey Ohm’s Law
Ohm’s Law states that the current in a conductor is proportional to the voltage drop across the conductor
parallax error error caused by reading a scale at an angle rather than placing it directly in front of the eye
parallel circuit a circuit that has more than one path for electricity to flow through. If one of the paths has a break
in it, the others will still work.
permanent magnets magnets that retain their magnetic effect for many years
positively charged having more protons than electrons (more positive charges than negative charges)
potential difference also known as voltage, is the change in the amount of energy stored in electrons as they
move through a component or a circuit
power supply a device that can provide an electric current
random errors an error that occurs due to estimation when reading scales, or when the quantity being measured
changes randomly
rectifier device that changes alternating current to direct current
residual current devices a form of safety switch that can quickly detect a possible fault and break the flow of
electricity in a circuit in order to prevent electrocution
resistance measure of the electrical energy required for an electric current to pass through an object, measured
in ohms (Ω)
resistors circuit component that has resistance
rotor coils coils of a motor that turn when a current flows through them
series a formation of electricity-generating or using devices whereby the electricity passes from one device to
the next in a single conducting loop, one after the other
series circuit a circuit with the components joined one after the other in a single continuous loop
shaft central rotating rod of the motor that transmits the kinetic energy
solenoid coil of wire able to pass a current
south pole end of a magnet opposite the north pole
static electricity a build-up of charge in one place
switch device that opens and closes the conducting path through which a current flows
systematic errors errors that are consistently high or low due to the incorrect use or limitations of equipment
temporary magnets magnets that stay magnetic while in contact with a permanent magnet, or one that is
magnetic for a very short time
transducer a device that converts energy from one form into another form
transformer device that can increase or decrease voltages for alternating current
variable resistor device for which the resistance can be altered
voice coil coil of wire in a loudspeaker that vibrates at the frequency of the electrical signal. This frequency
matches the frequency of the sound produced by the cone.
voltage the amount of energy that is pushing electrons around a circuit, per coulomb of charge that flows
between two points
voltmeter device used to measure the voltage across a component in a circuit. Voltmeters are placed in parallel
with the components.

Resourceseses
Resources

eWorkbooks Literacy builder (ewbk-4526)
Crossword (ewbk-4528)
Word search (ewbk-4530)
Study checklist (ewbk-4525)

Practical investigation eLogbook Topic 10 Practical investiation eLogbook (elog-4503)

Digital document Key terms glossary (doc-34887)
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10.15 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.

Select your pathway

LEVEL 1:
Questions
1, 2, 5, 7, 9, 10

LEVEL 2:
Questions
3, 4, 8, 11, 14, 18

LEVEL 3:
Questions
6, 12, 13, 15, 16, 17, 19

Remember and understand

1. Match each term with its correct description.

Term Description

Static electricity A material that allows current or heat to flow through it

Electron Positively charged particle in the nucleus of an atom

Proton The build-up of charge on an object

Current A material that does not allow current or heat to flow through it easily

Voltage Particle in an atom with a negative charge

Conductor A path that has no breaks in it

Closed circuit The energy supplied to move electrons around a closed circuit

Insulator The flow of electrons around a closed circuit

2. Identify each of the following circuits as a parallel circuit or series circuit.
a. b.

c. d.

3. MC In which one or more of the following arrangements will the globe light up?
A. B. C. D.

4. MC Which physical quantity is a measure of a change in energy?
A. Voltage B. Current C. Resistance D. Power

696 Jacaranda Science Quest 9 Victorian Curriculum Second Edition

UNCORRECTED PAGE PROOFS

UNCORRECTED PAGE PROOFS



“c10ElectricityAtWork_PrintPDF” — 2020/7/30 — 13:11 — page 697 — #75

5. Complete the table by writing down the missing quantity, unit or abbreviation.

TABLE Electrical quantities

Quantity Unit Abbreviation

Voltage volt

Electric current A

ohm

6. List three changes that can be made to an electric generator to increase the size of the electric current
it produces.

Apply and analyse

7. Use symbols to draw a circuit containing a light globe in series with an ammeter, a battery and a switch.
8. Draw a circuit diagram that shows how a voltmeter and ammeter are used to measure the voltage across

and current flowing through a single light globe connected to a 6-volt power supply. Label the positive and
negative terminals of the power supply and each meter with + and − symbols.

9. What is the electric current being shown on the ammeter if the positive lead is placed in the:
a. 500 mA terminal
b. 5 A terminal?

600mA 50mA500mA5A

0

10
0

10

200

20

300
30 400

40

5
0
05
0

0
0

1
2

4

5

3

10. How does increasing the resistance of a variable resistor in series with a power supply and a lamp
affect the:
a. electric current in the lamp
b. voltage across the variable resistor
c. voltage across the lamp?

11. Compile a list of all devices that you would expect to contain microprocessors. For each item, briefly
state why you believe it contains microprocessors.

12. Consider the diagram of the DC electric motor.
a. Complete the labelling of the diagram.

current in
current out
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b. Complete the table to indicate the role of each of the parts of the motor listed.

TABLE Motor parts and purpose

Part Purpose

field magnets

armature

rotor coil

shaft

brushes
commutator

Questions 13 and 14 refer to the circuit diagram shown. The light globes, labelled A to E, are identical to
each other.

A

D E

B C

13. a. Which of the light globes are connected:
i. in series with globe A
ii. in parallel with globe A?

b. If the voltage across globe C was measured to be 4 volts, what is the voltage across:
i. globe A
ii. the terminals of the power supply
iii. globe E?

c. If the electric current flowing through globe B was measured to be 200 mA and the electric current
flowing through globe D was measured to be 300 mA, what is the electric current flowing through:
i. globe A
ii. globe E
iii. the power supply?

14. a. If the filament in globe B was to break, which of the light globes would remain glowing?
b. If the switch in the circuit was opened, which light globes would stop glowing?
c. How could you make all of the light globes stop glowing without opening the switch or turning off

the power supply?
d. The voltage across globe C is measured to be 4 volts and the current flowing through it is 200 mA.

i. What is the electric current flowing through globe C, in amperes?
ii. What is the resistance (in ohms) of globe C while this current is flowing?

15. Many electrical devices contain electromagnets.
a. Is an electromagnet a permanent or temporary magnet? Explain your answer.
b. Which part of an electromagnet is the solenoid?
c. What is the role of the iron core in an electromagnet?

16. Imagine that you were given a 3-metre length of wire, an A4 sheet of thin card and a bar magnet.
a. Explain how you could produce an electric current.
b. What piece of equipment would you need to demonstrate that an electric current was produced?

Evaluate and create

17. SIS In what way does a conductor that obeys Ohm’s Law behave differently from one that doesn’t?
Sketch a graph to support your answer.
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18. Consider the figure.
a. Draw arrows at each of the points A, B, C, D and

E to show the direction that the compass needle
would point if the compass was placed at each
of the points when an electric current flows in the
solenoid as shown.

b. At which of the points A, B, C, D or E is the
magnetic field the strongest?

N

S

direction of
electric current

N

S

W E

N

S

W E

B

C

D

E

The compass points
towards the North Pole
of the Earth when away
from the solenoid.

A

19. SIS Create a flowchart to show how a moving coil speaker transforms electrical energy into the
sound energy that you hear.

solenoid
voice coil

permanent

magnet

cone

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

Resourceseses
Resources

eWorkbook Reflection (ewbk-3038)

Test maker
Create customised assessments from our extensive range of questions, including teacher-quarantined questions.
Access the assignments section in learnON to begin creating and assigning assessments to students.
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RESOURCE SUMMARY Resources

Below is a full list of rich resources available online for this topic. These resources are designed to bring ideas to life,
to promote deep and lasting learning and to support the different learning needs of each individual.

10.1 Overview

eWorkbooks
• Topic 10 eWorkbook (ewbk-4501)
• Student learning matrix (ewbk-4500)
• Starter activity (ewbk-4503)

Practical investigation eLogbook
• Topic 10 Practical investigation eLogbook (elog-0468)

Video eLesson
• Building electronic circuit boards (eles-4152)

10.2 Static electricity

Practical investigation eLogbook
• Investigation 10.1: Producing different charges (elog-0444)

Video eLesson
• Van de Graff generator (eles-2671)

10.3 Electrical circuits

eWorkbooks
• Conductors and insulators (ewbk-4505)
• Simple circuits (ewbk-4507)

Practical investigation eLogbooks
• Investigation 10.2: Making the right connections
(elog-0446)

• Investigation 10.3: What’s inside a torch? (elog-0448)

10.4 Battery technology

eWorkbook
• Testing batteries (ewbk-4509)

Practical investigation eLogbook
• Investigation 10.4: A lemon battery (elog-0450)

Video eLessons
• Volta’s pile and the age of steam (eles-1777)
• Fruity cells (eles-2673)

10.5 Series and parallel circuits

eWorkbook
• Series and parallel circuits (ewbk-4511)

Practical investigation eLogbooks
• Investigation 10.5: Series and parallel circuits (elog-0452)
• Investigation 10.6: Switched-on circuits (elog-0454)

Video eLessons
• The hydraulic model of current (eles-0029)
• Parallel circuits (eles-2672)

Interactivity
• Voltage rises and fall in a simple circuit (int-5776)

10.6 Measuring electricity

eWorkbook
• Ammeters and voltmeters (ewbk-4513)

Practical investigation eLogbook
• Investigation 10.7: Probing a simple circuit (elog-0456)

10.7 Resisting the electrons!

eWorkbook
• Ohm’s Law (ewkb-4515)

Practical investigation eLogbooks
• Investigation 10.8: Changing resistance (elog-0458)
• Investigation 10.9: Making the change (elog-0460)

Video eLesson
• Four different resistors (eles-2674)

10.8 Electronics — Smaller and smaller

Interactivity
• Electronic building blocks (int-5781)
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10.9 Electricity and magnetism

eWorkBook
• Exploring magnets and magnetic fields (ewbk-4517)

Practical investigation eLogbooks
• Investigation 10.10: Mapping the magnetic field
(elog-0462)

• Investigation 10.11: A look at the field (elog-0464)

10.10 The motor effect

Video eLesson
• Vibration of a speaker diaphragm (eles-2675)

10.11 Generators

Practical investigation eLogbook
• Investigation 10.12: Electrical energy from kinetic energy
(elog-0466)

Interactivities
• Magnetic flux and Lenz’s law (int-0050)
• Circuit breakers (int-5777)

10.12 The future of electricity

Video eLesson
• The Australian-International Model Solar Challenge
(eles-0068)

10.14 Project — Go-Go Gadget online
shop

ProjectsPLUS
• Go-Go Gadget online shop (pro-0110)

10.15 Review

eWorkbooks
• Topic review Level 1 (ewbk-4519)
• Topic review Level 2 (ewbk-4521)
• Topic review Level 3 (ewbk-4523)
• Literacy builder (ewbk-4526)
• Crossword (ewbk-4528)
• Word search (ewbk-4530)
• Study checklist (ewbk-4525)
• Reflection (ewbk-3038)

Practical investigation eLogbook
• Topic 10 Practical investigation eLogbook (elog-0468)

Digital document
• Key terms glossary (doc-34887)

To access these online resources, log on to www.jacplus.com.au.
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