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TOPIC 11
Energy

11.1 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.

11.1.1 Why learn this?
Fireworks are noisy, colourful and bright. They contain a fuel that explodes when ignited, creating a loud explo-
sion. Powdered metals are included in the mixture of explosives to produce the brightly coloured sparks we see.

Energy transformations take place when fireworks explode, producing sound and light.

Fireworks display over Sydney during New Year’s Eve celebrations
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 Thinking about energy     
1.   In groups create a mind map around the central theme of energy. Begin by brainstorming different types of 

energy. Then continue your mind map outwards to include examples of devices that use or release each type 
of energy. The mind map has been started for you.  

2.   Conduct an audit of your house. Walk around the house and speak to your parents to list features that keep 
your house:  
•   cool in summer  
•   warm in winter.    

3.   If you were to renovate your house, what features would you add to improve how well it keeps you cool in 
summer and warm in winter?  

4.   You have 100 mL of water in a beaker at 20 °C and a second beaker with 100 mL of water at 80 °C. Predict 
what would happen if you combine the two samples in the same beaker. Test your prediction by carrying out 
this experiment.  

5.   Draw up a table with two columns. In the fi rst column, list objects that give out light. In the second column, 
outline how the light is produced or identify the source of energy.  

6.   Take a look at the light globes used in your home. Do they get hot after they have been switched on for 
a while? Why might compact fl uorescent light globes be increasing in popularity?  

7.   The two photos below show houses designed for a hot climate and a cold climate. Identify which is suited to 
which climate. Compare the two houses by listing features of each that make them suited to their respective 
climates.   

Energy Light Light globe
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    11.2  Energy transfers and transformations 
 11.2.1 What is energy? 
 Have you ever felt like you were ‘full 
of energy’? If so, you probably felt like 
moving around or doing something active. 
Objects can have energy too. We cannot 
always see the energy that they possess, but 
we can often observe the effects of objects 
gaining or losing energy. Winding up a toy 
or pulling back the string of an archery bow 
gives these objects lots of energy.         

 Energy may cause an object or other 
nearby objects to move, such as winding up 
a toy or fi ring an arrow from a stretched bow. 
The energy of an object can also give objects 
the potential to move or to create sound, heat 
or light. 

 Types of energy 
 There are different types of energy that an 
object might possess. One common type of 
energy is  kinetic energy . All objects that 
are moving have kinetic energy. The faster 
an object moves, the more kinetic energy it 
has. Kinetic energy depends on the mass of 
the moving object; a heavy truck travelling 
at 60  kilometres per hour has more kinetic 
energy than a lighter car travelling at the 
same speed. Moving objects can do work by 
travelling distances or by colliding or pushing 
other objects. 

 Another common type of energy is  grav-
itational energy . Objects above the ground 
have gravitational energy because the Earth’s 
gravitational force can cause them to fall to 
Earth. The higher an object, the more gravita-
tional energy it has. 

 Often, objects with gravitational energy do 
not appear to have any energy at all, particu-
larly if they are not moving. However, they still 
have the potential to do work and so the energy 
is ‘stored’. Gravitational energy is an example 
of  potential energy . Pole vaulters at the top 
of their jump have a great deal of gravitational 
potential energy that is transformed to kinetic 

     Winding up a toy or pulling back the string of an archer’s 
bow provides these devices with energy to move and do 
work. 

  Energy is defi ned as the ability to do work.  
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energy as the vaulter falls back to the ground. Other 
examples of potential energy are elastic energy 
(such as when a rubber band is stretched), nuclear 
energy (such as that in a nuclear bomb) and chem-
ical energy (evident in chemical reactions).  

  Many other types of energy are important in 
our daily lives. These include sound energy, heat 
energy, light energy and electrical energy.         

 How much energy? 
 Energy is measured in a unit called the joule (J), 
named after the British physicist James Joule (1818–
1889). The kinetic and gravitational potential energy 
of objects can be calculated using a couple of simple 
formulae. 

 Calculating gravitational potential energy 
 Gravitational potential energy of an object =  mgh  
where:  
 • m  represents the mass of the object (in kilograms)  
 • g  represents the object’s gravitational accelera-

tion when falling (10 metres/second 2  on Earth)  
 •    h  represents the object’s vertical height (in 

metres).   
 For example, to calculate the potential energy of an 
80 kg skier on a chairlift 20 m off the ground: 

        potential energy       =      80      kilograms   ×   10       m/s   2    ×   20     m 
           =      16     000   joules or   16   kilojoules        

 Calculating kinetic energy 
 Kinetic energy of a moving object =    1

2
       mv  2  where:  

 •    m  represents the mass of the moving object (in 
kilograms)  

 •    v  represents the object’s speed (in metres/second).   
 For example, to calculate the kinetic energy of a cyclist and bicycle with a total mass of 100 kg  travelling 
at 5  m / s : 

        kinetic energy       =       1
2

      ×   100     kg   ×     (  5     m/s  )   2             

=      1250     joules or     1.25     kilojoules        

 Transferring and transforming energy 
 Energy can be  transferred , or passed on, to another object or to the surrounding environment. For example, 
if you hug a hot-water bottle, the heat is transferred from the bottle to you. The heat has been transferred 
from one object to another, but has not changed form. 

 Energy can also be  transformed  or converted into other forms of energy. For example, the electric motor in 
a hair dryer transforms electrical energy into kinetic energy: that is, the energy of the moving fan blades. Some-
times, during a transformation of energy, not all of the energy is transformed into useful forms. Some of the 
energy may be transferred to the surrounding environment as unwanted heat, or transformed to light or sound. 
For example, not all of the energy you use to ride a bike up a very steep hill goes into making the pedals move. 
Some of the energy is ‘wasted’ as your body gives off heat, or as heat is produced by friction in the gears. 

   Objects at a height above the ground have stored 
energy called gravitational potential energy. The 
higher an object is, the more gravitational potential 
energy it has. 
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  Types of energy  

  Potential energy  
 (stored energy that, when released, is converted to 
other forms such as sound, heat or light energy) 

   Other types of energy  
 (often converted from potential energy, these are more 
easily observed by our senses)  

   Gravitational  
 (potential energy of an object 
elevated above the ground)  

  

   Kinetic  
 (energy possessed by 
objects that are moving)  

  

   Elastic  
 (energy stored by an elastic 
object that is stretched, such 
as a spring or rubber band)  

  

   Heat  
 (energy that causes 
objects to gain 
temperature)  

  

   Chemical  
 (energy stored in chemicals 
that, when reacted together 
such as in burning reactions, 
release heat, sound or light)    

   Light  
 (energy that may be 
released, for example, 
when an object is hot or by 
a nuclear reaction in a star)        

   Nuclear  
 (energy stored in the nucleus of 
atoms that can release energy 
slowly, such as in a nuclear 
reactor, or quickly, such as 
in a nuclear explosion)  

  

   Sound  
 (energy carried by the air 
in a room and detected 
by the ear)  

      

   Electrical  
 (energy supplied to homes 
by powerlines and available 
to your appliances via power 
outlets in the home)  

  

      

  The chemical energy in household 
batteries is an example of potential 
energy that powers many household 
devices, including remote controls. 

  All objects that are moving have kinetic energy. The 
faster an object moves, the more kinetic energy 
it has. Moving objects can do work by travelling 
distances or by colliding with other objects. 
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A clock radio transforms electrical energy into sound 
energy when the alarm or radio is heard and into light 
energy in the time display.

In a game of pool, the white cue ball is struck, 
providing it with kinetic energy. The kinetic energy of 
the white ball is then transferred to the coloured ball.

THE LAW OF CONSERVATION OF ENERGY
When objects stop moving, they no longer have 
kinetic energy. But the energy is not lost. Instead, it is 
converted (transformed) into another type of energy 
or passed on (transferred) to another object. The Law 
of Conservation of Energy tells us that the amount of 
energy in a system is always the same. Energy is never 
lost and energy is never created.

Sometimes it is diffi cult to track where the energy 
goes. For example, most of the kinetic energy when 
you clap your hands is transferred to air as sound, 
but you might also notice that your hands get warm. 
This demonstrates that some of the original energy is 
transformed to heat.

1. At the very top of a 
jump, the bouncer 
is momentarily 
stopped — she has 
no kinetic energy. 
But she does have 
gravitational 
potential energy 
due to her height 
above the 
trampoline. As the 
force of gravity 
pulls the bouncer 
down, some of her 
potential energy is 
transformed into 
kinetic energy.

2. As the bouncer 
strikes the 
trampoline, her 
kinetic and 
gravitational 
potential energy 
cause the 
trampoline’s 
surface and 
springs to stretch. 
The energy is 
momentarily 
stored as elastic 
potential energy.

3. At this point, the 
bouncer pushes off 
the trampoline. The 
elastic potential 
energy is 
transformed back 
into kinetic energy 
and some 
gravitational 
potential energy.

4. As the bouncer 
rises, her 
kinetic energy is 
transformed 
into 
gravitational 
potential energy 
again. At the 
top of the jump, 
the bouncer 
has no kinetic 
energy, just 
gravitational 
potential 
energy.

Types of energy changes involved in bouncing on 
a trampoline
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Filament

Nitrogen
or argon
gas

Electrical energy supplied to the light 
globe is transformed into heat and 
light energy in the thin fi lament in the 
centre of the globe. The light energy 
is the desirable energy, but the heat is 
considered ‘wasted’ energy because it 
has no benefi t to us.

INVESTIGATION 11.1

Popping corn
AIM: To investigate the transformation of energy

You will need:
saucepan with lid
vegetable oil
popping corn
Bunsen burner
matches
heatproof mat

• Pour a little cooking oil in the saucepan.
• Pour enough popping corn into the saucepan to cover the 

base and place the lid securely on top.
• Light the Bunsen burner and heat the saucepan in a blue 

fl ame, making sure the fl ame is spread evenly over the base 
of the saucepan.

• Heat the corn until the popping stops.
• Turn off the Bunsen burner, put the saucepan on the 

heatproof mat to cool and take the lid off the saucepan to 
observe any changes.

• Record your observations.

Discussion
1. What type of energy did the popping corn have before 

heating? What type did it have during heating?
2. Even though you could not see the corn when the lid was on, 

how do you know that an energy transformation took place?

INVESTIGATION 11.2

Energy and chemical  reactions
AIM: To investigate the  energy 
changes in exothermic and 
 endothermic reactions
Chemical reactions often involve 
energy changes. Chemical 
reactions that get hot because 
they generate heat are called 
exothermic reactions. Chemical 
reactions that cause the 
reactants to drop in temperature 
absorb heat from the environment 
and are called endothermic 
reactions.

You will need:
dilute (0.1M) hydrochloric acid 
solution
test tubes
test-tube rack
da ta logger and temperature probe 

(or glass thermometer accurate 
to 0.2 °C)

1 cm long strip of magnesium metal
ammonium chloride
spatula

Dilute hydrochloric acid

Test-tube rack

Data logger

Magnesium metal

Temperature
probe
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Reaction 1
• Pour approximately 2 mL of dilute hydrochloric acid solution into a test tube in a test-tube rack.
• Place the temperature probe or thermometer into the solution and record the initial temperature once 

it reaches a steady value.
• Put the strip of magnesium metal into the acid solution and record your observations. Swirl the contents 

of the test tube and record the maximum temperature reached.
Reaction 2
• Pour 2 mL of tap water into a clean test tube.
• Place the temperature probe into the solution and record the initial temperature once it reaches a steady value.
• Quickly remove the temperature probe and add half a spatula of ammonium chloride.
• Replace the temperature probe in the test tube and record your observations. Swirl the contents of the test 

tube and record the minimum temperature reached.
• Record all your observations and measurements in a single suitable table.

Discussion
1. Which reaction was exothermic and which was endothermic? How do you know?
2. Identify the energy transformation that took place in the exothermic reaction.
3. Explain why the temperature drops in an endothermic reaction.

INVESTIGATION 11.3

Investigating energy use with a block and tackle
AIM: To compare the energy required to lift a weight using a block and tackle with that required to lift 
it by hand
A block and tackle is a system of pulleys that allows heavy loads to be lifted with minimal effort. In this 
experiment you will compare the energy use with and without the use of a block and tackle for lifting heavy loads.

You will need:
500 g or 1 kg load
5 N or 10 N spring balance
string
retort stand, bosshead and clamp
scissors
ruler
2 double pulleys

• Attach the load to the spring balance 
and record the force needed to lift 
the mass by hand.

• Calculate the work done (in joules) to 
lift the mass 0.1 m (10 cm) by hand 
using the formula:

work = force × distance (in metres)
• Construct a block and tackle as 

shown at right.
• Attach the spring balance to the end 

of the string and record the force needed to lift the mass using the block and tackle.
• Calculate the work done in joules to lift the mass 0.1 m (10 cm) with the block and tackle using the above formula.
• Draw up a suitable table to record the force, distance and work done with and without the block and tackle. 

Be sure to use appropriate units for each measurement.

Discussion
1. Compare the work done to lift the mass using a block and tackle with that used when lifting the mass by 

hand. If there was a difference suggest why.
2. Compare the force required to lift the mass with the block and tackle with that required when lifting the mass 

by hand. What advantages does a block and tackle have in lifting loads?
3. If 50 J of work is done to lift a student up by 10 cm, use your results to estimate how much work would be 

needed using a block and tackle.

Retort stand

Pulley

Clamp

Spring balance

Load

Block and tackle

Bosshead
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11.3 Heat and temperature
Heat is a form of energy and, like other forms of energy, it can be measured in joules (J). Heat and 
 temperature are not quite the same thing. The temperature of a substance is a measure of how hot or cold 
it is. It is usually measured in degrees Celsius (°C) using a thermometer.

In many cases, substances with more heat energy have a higher temperature, but this may not always be 
the case. For example, on a cold day, a gas heater may provide a small bedroom with 1000 J of energy and 
increase the room’s temperature to 26 °C. The same gas heater may provide a large living room with 1000 J 

11.1 Exercise: Remember and think
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. Note: Question numbers may vary slightly.

Remember
1.  Recall four types of energy.
2.  Identify the type of energy:

(a) a person has when running
(b) a spring has when it is stretched.

3. Use a suitable example to describe what is meant by an:
(a) energy transfer
(b) energy transformation.

4.  Outline the Law of Conservation of Energy.
5.  Identify the different types of energy involved in a trampoline jump.

Think
6. Imagine riding your bike along a flat gravel road. If you brake suddenly, the bike eventually stops. It no 

longer has kinetic energy. However, the energy is not lost. Describe what happens to the kinetic energy.
7. A saucepan of water is heated to boiling on an electric hotplate. For this situation, list three examples of the 

ways that energy is transformed or transferred.

Calculate
8.  Calculate the gravitational potential energy of a 2 kg cat sitting on a tree branch 15 metres from the ground.
9.  Calculate the kinetic energy of a 60 kg sprinter running 8 m/s.

10. A child sitting at the top of a playground slide has 2000 joules of gravitational potential energy. She flies off 
the end of the slide with 1200 joules of kinetic energy.
(a)  Calculate the amount of energy transformed to types of energy other than kinetic energy.
(b) Suggest what these other energy types might be.

Create
11. Construct a poster to outline the different energy types that are involved in the operation of an appliance such as 

a hair dryer. Add labels to your poster showing where the different types of energy are used or produced.
12. Use the Coaster interactivity in the Resources tab to identify the positions on a roller-coaster ride where the 

car has more kinetic energy and where it has more gravitational energy.

Complete this digital doc: Worksheet 11.1: Types of energy (doc-0000)

Complete this digital doc: Worksheet 11.2: Gravitational potential energy (doc-0000)

Complete this digital doc: Worksheet 11.3: Converting gravitational potential energy to kinetic energy (doc-0000)

Complete this digital doc: Worksheet 11.4: Endothermic and exothermic reactions (doc-0000)

Try out this interactivity: Coaster (int-0226)

Watch this eLesson: Energy in disguise: Did you know that all energy is constantly being transformed and 
transferred from one object to another? There’s more going on in your world than meets the eye. (eles-0063)

 RESOURCES — ONLINE ONLY
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of energy but increase the room’s temperature to 
only 23 °C. Both areas have the same amount of 
heat energy, but the bedroom has a higher tem-
perature because the energy is heating a smaller 
volume of air. 

 11.3.1 Why temperature changes 
 Heat energy fl ows from a hotter object to a colder 
one. When an object receives heat energy, its par-
ticles move faster and its temperature rises. When 
an object loses heat energy to another object, its 
particles move more slowly and its temperature 
drops.       

 Heat continues to fl ow from hotter objects to 
colder objects until their temperatures are equal. 
The movement of heat then stops. Heat never 
fl ows from colder to hotter objects. 

 For example, if a cup of hot chocolate is left 
sitting on a bench, it cools down. The fast-moving 
particles in the hot chocolate lose some of their 
energy to the air near the cup. The hot chocolate 
keeps cooling until it reaches room temperature. 
If chilled juice is left sitting on a bench, it warms 
up. The particles in the juice gain some energy 
from the warmer air around the glass. If left out 
of the fridge, the juice warms up until it reaches 
room temperature.       

 Thermometers 
 When an object absorbs heat, its particles move 
faster. The faster the particles move, the more 
space they take up. As the particles take up more 
and more space, the object expands. 

     A thermometer works because the substance 
inside it takes up more space when it is heated. 
The substance used in most modern thermome-
ters is alcohol, dyed red to make it easier to see. 

 Most glass thermometers measure tempera-
tures to ±1 °C but digital thermometers are more 
accurate and can often measure temperatures to 
±0.1 °C. Digital thermometers are commonly 

During cold weather, snakes lie against warm rocks 
that have absorbed some heat from the sun. The fast-
moving particles in the rocks transfer some of their 
energy to the snake, warming it up.

A digital thermometer used to check a patient’s 
temperature

0 ̊C

10 ̊C

20 ̊C

30 ̊C

40 ̊C

50 ̊C

60 ̊C

70 ̊C

80 ̊C

90 ̊C

100 ̊C

Column
A very fi ne column rises from the bulb, up the 
thermometer. When the bulb is heated, the alcohol 
inside heats up too. As the alcohol expands, it 
has only one place to go — up the column! The 
amount that the alcohol expands depends on its 
temperature. Higher temperatures make the alcohol 
expand further up the column.

Scale
The scale is designed so that the height of the 
alcohol in the column indicates the temperature. 
This thermometer would be useful for measuring 
temperatures between 0 and 100 °C. It is 
measuring a temperature of 23 °C.

Bulb
The dyed alcohol is stored in the bulb of a 
thermometer.

Cooler object Hotter object

Heat

The temperature of an object or substance depends on 
how fast the particles inside it are moving. The faster 
the particles move, the higher the temperature.

UNCORRECTED P
AGE P

ROOFS



424 Jacaranda Core Science Stage 4

c11Energy Page 424 10/07/17  9:26 AM

used by doctors to check whether a patient has a high temperature. You might use a digital thermometer in 
your experiments if you need to measure small temperature changes with great accuracy.       

 11.3.2 How heat is transferred 
 Heat moves from a region of high temperature to a region of low temperature through one or more of the 
following processes: conduction, convection and radiation. Heat transfer by conduction occurs mainly in 
solids, while convection occurs generally in liquids and gases.  Radiation can occur through any space, even 
in a vacuum. 

 11.3.3 Heat transfer by conduction 
 The metals used to make pots and pans are very good   conductors  of heat. This helps to ensure that the heat 
from the fl ame or hotplate is spread evenly. 

 Heat travels by conduction when fast-moving particles collide with other particles nearby, making them 
move faster. Heat can travel by  conduction  through objects, or from one object to another, such as from a 
cooktop to a saucepan. 

 Heat travels by conduction at different speeds, depending on the type of material and its state 
of matter. Heat travels more quickly in solids than in liquids or gases because conduction occurs 
more quickly when the particles in an object are closer together. Gases are the poorest conductors 
because the particles that they are made of are far apart. Solids are usually very good conductors of heat 
because the particles in them are packed closely together, although not all solids conduct heat well. Metals 
are generally good conductors of heat and electricity while non-metals, such as glass, plastic and wood, do 
not conduct as well. Materials that conduct heat and electricity poorly are called  insulators .   

  INVESTIGATION 11.4 

 Modelling a thermometer 
  AIM:  To model a thermometer using the 
expansion and contraction of a liquid 

   You will need:   
  heatproof mat, Bunsen burner and matches  
  gauze mat and tripod  
  rubber stopper containing a glass tube  
  retort stand  
  bosshead and clamp  
  food colouring  
  water-based marker   

•   Set up the equipment as shown in the 
diagram.      

•   Use the retort stand and clamp to keep the 
fl ask and glass tube steady.  

•   Use a water-based marker to mark the level 
of coloured water in the glass tube.  

•   Light the Bunsen burner.  
•   Observe what happens to the level of 

coloured water in the glass tube while it is 
being heated. Record your observations.  

•   Turn the Bunsen burner off before the water spills out of the tube.  
•   Observe what happens as the water cools. Record your observations.   

 Discussion  
1.   Explain how the equipment used in this experiment could be used as a thermometer.  
2.   Use the particle model to explain what happens to the level of water when the fl ask is heated 

and cooled.    

Retort stand

Water with
added food
colour

Gauze mat

Tripod

Bunsen burner

Glass tube

Heatproof
mat

Flask

Clamp

Stopper
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INVESTIGATION 11.5

Comparing rates of conduction
AIM: To compare the rates of conduction through different materials

You will need:

• Set up the equipment using either the tripod and rods (as shown below left) or the conduction apparatus (as 
shown below).

• Light the candle and melt a blob of wax onto each rod at the same distance from the end of each.
• Light the Bunsen burner, turn it to the blue flame and start the stopwatch as you begin to heat the end of 

each rod.
• Draw up a suitable table to record the time it takes each blob of wax to melt and produce drops of wax. Stop 

heating after 5 minutes.
• Draw an appropriate graph to present your findings.

Discussion
1. What evidence is there to suggest that heat travelled along the rods?
2. Through which rod did heat travel the fastest?
3. Which rod is the poorest conductor of heat? What evidence do you have for this conclusion?
4. Why was it important to put the blobs of wax the same distance from the Bunsen burner?

Bunsen burner

Heatproof mat

Conduction
apparatus

Various
 rods

Tripod

Bunsen
burner

Blobs of wax

Heatproof mat

Blob of wax

Two ways to conduct this experiment

11.3.4 Heat transfer by convection
Have you ever noticed that, in summer, the air in a two-
storey house is warmer upstairs than downstairs? You may 
have heard the saying that ‘hot air rises’. On the previous 
page, you learned that heat travels by conduction fastest in 
solids because the particles are more closely packed together. 
The transfer of heat by conduction in liquids and gases is not 
very efficient; instead, heat travels through liquids and gases 
by convection.

Convection heaters work on this mode of heat transfer. The 
heater blows out warm air, which then rises. As the warm 
air rises, it transfers some of its energy to the surroundings 
causing the air to cool and so begin to fall. This flow of warm 
air up and cool air down creates a circular  current called a 
convection current. The same pattern can be seen in liquids.

Gas heater

Convection currents consist of warm air 
rising and cool air falling.

heatproof mat
Bunsen burner
matches
tripod

variety of rods (such as copper, iron, brass, glass) or a conduction apparatus
wax candle
ruler
stopwatch
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 INVESTIGATION 11.6 

 Modelling convection currents 
  AIM:  To observe the transfer of heat in a liquid by the process of convection 

   You will need:   
  250 mL beaker  
  heatproof mat, Bunsen burner and matches  
  tripod and gauze mat  
  potassium permanganate crystal  
  drinking straw  
  forceps   

•   Fill the beaker with water. Place it over the Bunsen burner as shown 
below.      

•   Carefully drop a crystal of potassium permanganate down the straw.  
•   Slowly remove the straw, making sure not to disturb the water.  
•   Light the Bunsen burner and turn it to a blue fl ame, being careful not to 

disturb the beaker.  
•   Draw a diagram to show what happens as the water is heated and the 

crystal begins to dissolve.   

 Discussion  
1.   Explain why the chemical moved the way it did in this experiment as it 

dissolved.  
2.   This investigation modelled heat transfer by convection. Outline the 

benefi ts of modelling concepts in science.  
3.   Are convection currents modelled accurately in this investigation? 

What limitations are there to modelling this concept?   

Crystal of potassium
permanganate

Forceps

Beaker

Tripod

Water

Gauze
mat

Bunsen
burner

Drinking
straw

Heatproof
mat

 A hot-water tank has a heating element in the base that creates a convection current. This current causes the warm 
water to circulate in the water tank ready for delivery to the hot-water tap. 

      Cold water in  
  Cold water enters the hot-water system 
through a pipe that takes it to the 
bottom of the tank. 

  Sinking  
 The particles in the cold water move 
more slowly than the particles in the 
warmer water. The cold water sinks 
because its particles are close together. 
Cold water is more dense than hot 
water. 

  Ready to use  
 A pipe connects the water at the top of 
the water tank with the shower and every 
other hot-water tap. If this water is not 
used, it cools and sinks to the bottom, 
where it is heated again. 

  Rising  
 Hot water rises because its particles 
are further apart than those in cold 
water; it is less dense than cold water. 
As the hot water rises, cold water 
continues to move to the bottom of 
the water tank. 

  Heating  
 The fl ame heats the cold water at the 
bottom of the tank. The particles move 
more quickly and spread out. 

  Gas fl ame  
 A gas hot-water system has a fl ame at 
the bottom of the water tank. The fl ame 
heats the water near the bottom of the 
tank. An electric hot-water system has 
elements inside the water tank, similar 
to those in a kettle. 

heats the water near the bottom of the 
tank. An electric hot-water system has 

  Cold water enters the hot-water system 

  Gas fl ame  

 Convection currents within a hot-water tank 
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   Coastal sea breezes 
 Sea breezes are often created by convection cur-
rents along a coastline. As land along the coast 
warms up during the day, warm air rises. This 
warm air cools as it rises above the sea. Cool 
air then moves in to replace the warm air over 
the land causing a circular convection current. 
At night, the sea temperature is higher than 
the temperature on land so convection currents 
move in the opposite direction.  

 11.3.5 Heat transfer by 
radiation 
 The sun provides energy to the Earth. Without 
heat from the sun, the Earth would be far too 
cold for humans to live on. Heat from the sun 
must travel through space to reach the Earth. 
The heat does not travel by conduction or con-
vection because there are too few particles in 
space to transfer the energy between the sun and 
the Earth. Instead, heat from the sun reaches the 
Earth by  radiation . 

 Heat that travels by radiation is called  radiant 
heat . Radiant heat travels very quickly because 
it does not rely on the movement of particles 
to move energy from one place to another. The 
heat from the sun takes only about eight minutes 
to reach the Earth.        

Day

Warm air
rises.

Cooler sea

Cool air
sinks.

Night

Warmer land

Cool air
sinks.

Cool air
replaces
warm air.

Cool air
replaces
warm air.

Warmer sea

Warm air
rises.

Cooler land

  Sea breezes caused by convection currents 

  Place your hand near the base of 
the globe of a lamp. Turn on the 
lamp. You should feel the heat from 
the globe almost instantly. Heat 
does not travel through air easily 
by conduction. Rather, the heat 
reaches your hand by radiation. 

Conduction

Convection

Radiation Radiation

  A camp cookout — heat is transferred by 
radiation, conduction and convection. 
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 Transmission, absorption and refl ection 
 Radiant heat behaves in a similar way to light. When radiant heat strikes a surface, it can 
be   refl ected  ,   transmitted   or   absorbed  . Most surfaces do all three; some surfaces are 
better refl ectors, others are better absorbers and some transmit more heat. 

 INVESTIGATION 11.7 

 Absorbing radiant heat 
  AIM:  To investigate the effects of different surfac-
es on the absorption of radiant heat 

   You will need:   
  heater or microscope lamp  
  3 identical soft-drink cans  
  black and white paint  
  3 thermometers (or 3 temperature probes and a data 
logger) .  

•   Paint one can white and one black, and leave the 
third with an unpainted, shiny surface.  

•   Pour equal amounts of cold tap water into each can.  
•   Place the thermometers in the cans.  
•   Measure the initial temperature of the water in each 

can. Record your results in a suitable table.  
•   Place the three cans at the same distance from 

the radiator or lamp. Turn on the power to the heat 
source.      

•   In a suitable table, record the temperature of the water in each can every 2 minutes for a total of 14 minutes.   

 Discussion  
1.   Why was the temperature of the water measured before starting to heat the water?  
2.   How did the temperature of the water in each can change during the experiment?  
3.   Which cans were better absorbers and which were better refl ectors of radiant heat? How can you tell?  
4.   Why was it important to use cans that were the same size?   

Heater

Black White Shiny

Re�ected heat

Radiated
heat

Absorbed 
heat

Transmitted 
heat

     Transmitted radiant heat  
 Clear objects, like glass, allow light and radiant heat to pass through them. 
The temperature of these objects does not increase quickly when heat reaches 
them by radiation. 

  Absorbed radiant heat  
 Dark-coloured objects tend to absorb light and radiant heat. Their temperatures 
increase quickly when heat reaches them by radiation. 

  Refl ected radiant heat  
 Shiny or light-coloured surfaces tend to refl ect light and radiant heat away. 
The temperature of these objects does not change quickly when heat reaches 
them by radiation.    
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  Detecting heat using infra-red 
scanners 
 All objects, including the human 
body, radiate some heat. The human 
body usually radiates more heat than 
the environment around it. Infra-red 
scanners detect the radiant heat 
coming from the human body. That’s 
why infra-red scanners are useful for 
fi nding people lost at sea, in bush-
land or even buried under a collapsed 
building. 

 11.3.6 Insulation 
 Slowing down the fl ow of heat is 
the key to keeping drinks cool in the 
summer and warm in the winter. On a 
hot day, heat fl ows from the hot envi-
ronment to a cold drink, until they 
are both at the same temperature. On 
a cold day, heat fl ows from a warm 
drink to the cooler environment, until 
their temperatures are equal. 

 Heat does not travel into or out of 
a thermos fl ask very easily. For this 
reason, a thermos fl ask can be used to keep cold drinks cold and warm drinks warm. A thermos fl ask has a 
number of features that slow heat transfer by conduction, convection and radiation.       

  An infra-red image. Hotter areas of the body appear red on the 
scan while colder areas are blue. 

  A thermos fl ask 

    Stopper  
 The stopper is made 
from an insulator that 
does not allow much 
heat to move through 
it by convection or 
conduction. 

  Silver surface  
 The silver surfaces facing the inside 
of the container refl ect radiant 
heat back into the container. Silver 
surfaces facing the outside of the 
container refl ect radiant heat away 
from the container. 

  Air gap  
 Air does not allow heat 
to travel through it by 
conduction.  Protective case 

 Foam pads keep the glass bottle 
in place and absorb impacts. 

  Vacuum  
 Nearly all the particles are taken 
out from between the two layers 
of glass making up the wall of 
the fl ask. Without particles, heat 
cannot move through the walls by 
conduction or convection. 
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   Insulating your body 
 The temperature of the human body 
is about 37  °C. When the air tem-
perature is much less than this, heat 
moves from your body to the envi-
ronment. In very hot weather, heat 
moves from the environment to your 
body. 

 Unless your body is touching a 
very hot or a very cold object, you 
won’t gain or lose heat by conduc-
tion very easily. Most of the move-
ment of heat near your body happens 
by convection and by radiation. 

 Clothes keep you warm in winter 
by stopping your body heat from 
escaping. 

 Fabrics made from  natural fi bres , 
like wool, are good insulators of heat. 
This is because natural fi bres contain 
only very small pockets of air. This 
prevents convection currents forming 
and carrying heat away. 

 Air can fl ow easily through 
thin material, keeping you cool in 
summer. Loose fi tting clothes allow 
more convection currents to form. 
The convection currents help heat 
to escape from your body.         

 HOW ABOUT THAT! 
 We do most of our cooking using energy from electricity 
and gas or wood fi res. However, these are generated from 
non-renewable resources: that is, resources that we use 
much faster than we can replace them. Scientists have 
been working to harness renewable energy, such as solar 
energy, for everyday tasks. The solar cooker project has 
been particularly important in developing countries that 
rely on wood fi res for cooking. Solar cookers work by 
transforming light energy from the sun into heat energy. 
The inside of the concave-shaped cooker is covered in a 
shiny metal such as aluminium. Light rays from the sun 
are refl ected off the shiny surface and concentrated into 
a central area called the focus. Food placed at the focus 
cooks more quickly because the light (and, hence, heat) is 
more intense at this point.   

      Absorbing radiant heat  
 When sunlight strikes 
any object, including the 
human body, the object 
absorbs some radiant 
heat. 

  Losing radiant heat  
 All objects give off 
some radiant heat. The 
amount depends on the 
temperature around the 
object. On a hot day, an 
object does not transfer 
as much radiant heat 
away as in the cold 
weather. 

  Convection  
Convection currents 
form when the heat from 
your body warms the air 
next to it. The air rises, 
taking some of your 
body heat away with it. 
Convection currents can 
form only in air that is 
free to move.

1

2

3

1 2

3
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 INVESTIGATION 11.8 

 Reducing heat loss 
  AIM:  To investigate the effectiveness of a variety of insulating materials 

   You will need:   
  4 identical soft-drink cans  
  range of insulating materials (such as wool, nylon, cotton, plastic padding and newspaper)  
  plasticine  
  data logger and temperature probes or thermometers   

•   Design an experiment to compare how well various insulating materials 
retain the heat in a can fi lled with hot water.  

•   Outline the procedure used in your experiment. Include a can fi lled with 
water and without insulation as a control in your experiment.  

•   A thermometer can be held in place in each can with plasticine.     
•   Tabulate your results; plot your data and draw a curve of best fi t for 

each material on a single set of axes.   

 Discussion  
1.   Identify the variables that you attempted to control in this experiment.  
2.   Explain whether it was important for each can of water to start off at 

the same temperature.  
3.   Which material was the best insulator? Support your conclusion with your data.  
4.   The insulating material slowed the transfer of heat by two processes. Name these processes and explain 

how the insulation prevented them.  
5.   Why was it important to include a control in this experiment?   

Thermometer

Soft-drink can Plasticine
holding
thermometer
in place

Insulating
material

 11.2 Exercise: Remember and think 
 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 .  Note:  Question numbers may vary slightly. 

 Remember  
1.     Identify   which state of matter (solid, liquid or gas) allows heat to travel fastest by conduction.  
2.     Outline   the effect of heating an object on the speed of the particles inside it.  
3.     Explain   how a thermometer works.  
4.     Explain   the difference between heat and temperature.  
5.     Identify   which method of heat transfer does not require a medium containing particles.  
6.   When radiant heat strikes a surface, there are three different possible outcomes.   Identify   each.  
7.     Outline   two uses of infra-red scanners.   

 Think  
8.   Cars of which colours are most likely to require airconditioning in hot weather?   Explain  .  
9.     Explain   whether heat can travel by conduction through a vacuum (where there are no particles).  

10.     Identify   some of the materials commonly used for saucepan handles.   Explain   why these materials have 
been used for this purpose.  

11.     Explain   why the smoke from a factory does not keep rising forever.  
12.   Use a diagram and refer to  convection currents  to   explain   why coastal Sydney often experiences a sea 

breeze in the afternoon.  
13.     Explain   why it is almost impossible for criminals to hide from infra-red scanners.  
14.     Identify   two features of a thermos fl ask that reduce heat loss by:  

(a)   conduction  
(b)   convection.    

15.     Outline   two ways that heat moves between your body and the environment.  
16.     Explain   what is wrong with the following statement. ‘A thick coat keeps the cold out.’   
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11.4 Using electrical energy
At the flick of a switch, you can turn on a light, use a computer or play a song on your smartphone. In these 
devices, electrical energy is converted to light, sound or other useful form of energy.

11.4.1 Moving electricity
Pulling off a jumper made of synthetic material often creates static electricity. Static electricity results 
when positive or negative charge builds up in a non-conducting material, which does not allow electrons to 
move through it.

The electricity that flows out of a power outlet or battery is not static but can travel through a conducting 
path called an electric circuit. Just as electrons are transferred when static electricity is created, electrons 
are also the charges that travel through electric circuits. Interestingly, electrons were not discovered until 
the 1900s, well after electricity had been discovered. Therefore, it was originally thought that positive 
charges travelled through electric circuits.

The electrical energy supplied by a battery or power outlet provides the charges (electrons) in an electric 
circuit with the ability to do work: that is, to move around the circuit and power a light globe or an appli-
ance. Hence, electrical energy is an example of potential energy.

When you switch on a light, turn on a computer or press ‘Call’ on a mobile phone, you are creating a 
continuous path for electrons to travel; the circuit is said to be closed. Electrons continue moving through 
a circuit until the power supply is removed or the switch is turned off, which opens the circuit, creating an 
incomplete path.

Complete this digital doc: Worksheet 11.5: Conduction and convection (doc-0000)

RESOURCES — ONLINE ONLY

Interpret
17. The table below shows results collected during an experiment similar to the one on page 12..

List the items in the table from the best conductor of heat to the poorest conductor of heat.

Investigate
18. Investigate what a convection oven is and how it works.
19. Investigate the contribution of James Joule to science.
20. The change in temperature of water inside shiny, black and white containers was investigated in 

on page 15. Design and carry out an experiment to investigate the heat-absorbing properties of different 
colours. Which colours absorb more heat? How can you tell?

Material Time taken for piece of wax to melt (s)

Rock   8.0

Copper   6.5

Brick 11.0

Silver   5.0

Aluminium   7.7

UNCORRECTED P
AGE P

ROOFS

diacriTech
Highlight



TOPIC 11 Energy 433

c11Energy Page 433 10/07/17  9:26 AM

 11.4.2 The elements of an electrical circuit 
 For an electric circuit to do its job of converting electrical energy to other useful forms of energy, three 
things are necessary:  
 •   a  power supply , to provide electrical charges in the circuit with electrical potential energy. In most 

household appliances the power supply is provided by batteries or by connecting to a power outlet.  
 •   a  load , which is an electrical device such as a light globe, in which electrical energy is transformed into 

other forms of energy  
 •   a  conducting path  so that electric charge can fl ow around the circuit. Connecting leads (wires) provide 

this path.       

  Listening to music on a smartphone converts 
electrical energy to sound energy. 

Power source
(providing electrical

potential energy)

Switch
Conducting

lead

Load
(electrical device

transforming electrical energy)

  The essential elements of an electric circuit 

 INVESTIGATION 11.9 

 Making the right connections 
  AIM:  To investigate how to create an electric circuit 
 Try this investigation at the start of this unit. 

   You will need:   
  two 1.5 V batteries  
  two 3 V globes  
  3 wire leads  
  Blu-tack  

  Activity 1   
•   Using the equipment provided, how would you connect a battery to a single light globe so that it glows? 

Try it out until you’ve got it working.  
•   Record your successful set-up as a labelled diagram.   

 Discussion  
1.   What did you try that didn’t work?  
2.   Where does the electrical energy come from?  
3.   In which direction do you think the electric charges fl ow? Label this on your diagram.   

  Activity 2   
•   How would you connect two batteries to a single light globe? Try it out until you’ve got it working.  
•   Record your successful set-up as a labelled diagram.   
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Discussion
4. What effect does providing a second battery have on the light? Explain why.

Activity 3
• How would you connect two light globes to a single battery so that you get a:

(a) bright glow
(b) dim glow?

• Record your successful set-up as a labelled diagram.

Discussion
5. Explain your results.

INVESTIGATION 11.10

Switched on circuits
AIM: To investigate the effect of the position of the switch in an electric circuit

You will need:
3-volt globe and holder
1.5-volt battery
5 connecting leads with alligator clips or banana plugs
2 tapping switches

Part A
• Connect circuit 1 as shown.

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

Explain why.

Part B
• Connect circuit 2 as shown.
• Close the switch.
• Open the switch and remove the globe from its 

holder. Close the switch.

Discussion
2. Describe what happens to the globe in circuit 2 

when the switch is closed.
3. Does the globe light up when it is removed? 

Why not?

Part C
• Put the globe back in its holder and add a second 

switch as shown in circuit 3.

Discussion
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.

5. How could a circuit like this be useful in the wiring at 
your home?

Circuit 1

Circuit 2

Circuit 3

Circuit 1

Circuit 2

Circuit 3

Circuit 1

Circuit 2

Circuit 3
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 Current and voltage — what’s the difference? 
 As we now know, electrons are the carriers of electric charge around a 
circuit. The rate of fl ow of electric charge through an electric circuit is 
called the  electric current . The greater the current, the more electric 
charge passes a given point in the circuit per second. The unit of electric 
current is the  ampere , which is commonly abbreviated to amps (A). 

 The  voltage  of the battery or power supply is a measure of how 
much electrical potential energy is available to push the charges 
through the circuit. If the circuit is not closed, current cannot fl ow 
and the electrical energy cannot be used to move the charges around. 
The unit of voltage is the  volt  (V). 

 11.4.3 Conductors and insulators 
 The cords that plug into power points from electrical appliances are 
coated in plastic. Electricity can pass through the metal wires inside the 
cord because metal is an electrical conductor. It cannot pass through 
the plastic because it acts as an electrical insulator. Without the plastic, 
electricity could pass through to any person touching the cord. 

 Metals and non-metals 
 Most metal objects are conductors of electricity because some elec-
trons in the atoms of metals are free to move. When metal wires 
are connected to a power supply, free electrons in the wires move 
through the wires to create an electric current. 

 Insulators do not allow electrons to fl ow through them. Many objects 
made from non-metals are insulators. The electrons inside insulators are 
strongly bound to the nuclei of the atoms and cannot move easily.  

 Transporting electricity 
 To get to our homes, electricity travels through metal cables. The 
cables are usually high above the ground out of reach. 

 It is important for the electricity to travel along the cables, but 
not through the poles that support the cables. For this reason, power 
poles are often made of wood or concrete. Both of these materials 
are insulators.        

 HOW ABOUT THAT! 
 The volt and the ampere, the units of voltage and electric current 
respectively, were named after two men who made important discoveries 
about electricity more than 50 years before Thomas Edison invented the 
electric light globe. 

 Alessandro Volta (1745–1827), an Italian physicist, invented the fi rst electric 
battery in 1800. Volta discovered that a moist cloth placed between two different 
metals could produce a small electric current. The fi rst electric battery is known 
as the voltaic pile and consists of alternating disks of copper and zinc. Each 
pair of copper and zinc discs was separated by a piece of cloth soaked in salty 
water. Volta’s early battery was about 30 cm high. 

 André Ampére (1775–1836) was a French mathematician with an interest in 
physics and chemistry. According to some historians, he had mastered all known 
mathematics by the age of 12. He is best known for his discovery that two 
nearby parallel wires carrying electric current could attract or repel each other.  

–

+

  Volta’s pile — the fi rst battery 

These towers are made of 
conducting materials, but the 
cables are insulated from them 
with glass or porcelain discs. These 
larger towers are used to transport 
electricity at very high voltages, 
usually between places that are far 
apart.

Positively charged nuclei of atoms

Free electrons

  Electrons in conductors are free to 
move. 
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11.4.4 Circuit diagrams: a common language
Circuit diagrams are used to com-
municate the type of electric com-
ponents included in a circuit and 
how those components are arranged 
in the circuit. In circuit diagrams, 
internationally accepted symbols 
are used to represent each circuit 
component. Straight lines are used 
to represent the wire leads con-
necting the components.

11.4.5 Electricity 
at work
A light in the dark
Many battery-operated devices such as torches use more than one battery connected end to end as shown in 
the diagram on next page. It is important to ensure that the positive end of one battery is connected to the 
negative end of the other. When two 1.5-volt batteries are connected end to end, the total voltage  supplied 
to the circuit is 3.0 volts. This means that twice the electrical energy is available to move the electric 
charges around the circuit.

The load in a torch circuit is the globe. When the switch is closed, electric current flows around the cir-
cuit. As electric charge passes through the globe, its electrical energy is transformed to heat in the filament. 

Connecting wire

Two wires crossing
over one another

Resistor

Electric cell

Battery

Light globe

Ammeter

Voltmeter

Two wires joined

Switch closed

Switch open

V

A

Some common circuit symbols

INVESTIGATION 11.11

Conductors and insulators
AIM: To test whether materials are conductors or insulators

You will need:
light globe and light-globe holder
battery or other power supply (no more than 6 V)
3 connecting wires (at least 2 with alligator clips)
objects to test (for example, copper sheet, paper, plastic, coin, fabric, iron 
nail, glass, ice-cream stick, paperclip and aluminium foil)

• Set up the equipment as shown above.
• Draw up a table like the one below.

• Place each item in turn between the alligator clips.
• Complete the table for each item as you test it.

Discussion
1. List the items that conducted electricity.
2. What is the purpose of the light globe?
3. Look at the items that are conductors of electricity. What do they have in common?
4. (a) Is air a conductor of electricity?
 (b) How can you test to see if it is?
5. Are the alligator clips conductors or insulators? Explain your answer.

Light globe

Alligator clips

Battery

Material to
be tested

Object
Light globe on or 

off?
Conductor or 

insulator?
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The filament inside the globe is 
made of tungsten metal, which glows 
brightly when it gets hot, producing 
lots of light.

The conducting path in a torch con-
sists of the spring that pushes the bat-
tery up against the base of the globe 
and the metal strip, which includes 
the switch. When the switch is open, 
the metal strip does not make contact 
with the globe and the circuit is not 
complete.

Series circuits
In a torch circuit, the batteries, globe and switch are connected one after the other. Conductors, including 
the metal strip, link the components. The circuit is a single, complete loop. This type of circuit is called a 
series circuit.

Circuit diagram for a torch

A torch is a simple electric circuit.

Filament
This small coil of wire in a 
globe is called a filament. 
When a current passes 
through a globe, the filament 
gets hot and produces light.
The electrical energy from the 
batteries is converted into 
light and heat energy in the 
filament.

Switch
When the switch is open, the 
metal strip does not make 
contact with the base of the 
globe. A current cannot flow. 
When the switch is closed, the 
metal strip is forced against the 
base of the globe to complete 
the circuit. The electric current 
then flows.

Metal strip
The metal strip completes 
the circuit between the 
batteries and the globe.

Spring
The spring keeps the batteries 
in contact with the base of the 
globe.

Voltage
These batteries supply 1.5 volts (V) 
each. Together, the two batteries 
provide 3 V to the torch. The voltage 
is a measure of how much energy 
the battery supplies the electrons to 
move them around the circuit. Notice 
how they are connected end to end, 
with the positive terminal of one 
battery against the negative terminal 
of the next.

Batteries
Batteries provide electrical potential 
energy for the torch to work. The 
energy stored in each battery 
forces electrons to move from the 
negative terminal through the circuit 
and towards its positive terminal 
at the other end. This can happen 
only if the battery is part of a 
closed circuit.

Globe base
The globe base is connected 
to the metal strip and the 
batteries.

Plastic covering
The plastic cover is an insulator and 
so doesn’t allow a current to flow 
through it.
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   When batteries are connected in series, electrons 
fl owing through the circuit must fl ow through each 
battery. The electrons are provided with electrical 
energy from each battery. 

 Note that the positive terminal of one battery is 
joined to the negative terminal of the other.  

  Both of these circuits are series circuits. The 
components in these circuits are connected one 
after another. 

 11.4.6 The ammeter 
 An  ammeter  is a device that measures electric current, which is the rate of charge fl ow through a circuit. 
The more electrons that fl ow through the circuit per second, the higher the current and the higher the 
ammeter reading. 

 An ammeter is always connected in series. This way, the electrons that fl ow through the circuit will also 
fl ow through the ammeter. 

 The circuit symbol for an ammeter is shown here.      A

 The good thing about series circuits is that they 
are simple to put together; however, if any part of 
a series circuit does not work, such as one of the 
globes in the fi rst circuit above right, none of the cir-
cuit will work. A series circuit does not work if even 
one part of it breaks down.   

    CAUTION:    An ammeter is easily damaged. If the current reading goes off the scale, switch off the circuit 
immediately.  

     This ammeter measures 
milliamperes. 

0

0

100

10

200

20

300

400

40

500

50

30DC mA

—

500 mA

50 mA

   The negative (black) 
terminal of the ammeter 
is connected so that it 
is closer to the negative 
terminal of the battery or 
power source than to the 
positive terminal. 

   The positive (red) terminal of the 
ammeter is connected closer to the 
positive terminal of the battery or 
power source. Select the positive 
terminal with the highest maximum 
current value fi rst. If the current is 
too small to register on this scale, 
switch to the more sensitive (smaller 
maximum current) terminal. 

   There are usually 
two or more 
scales on an 
ammeter. Your 
selection of 
positive terminals 
tells you which 
scale to read. 
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 11.4.7 Parallel circuits 
 Imagine what would happen if the electrical appliances in your home were all connected in series? Every 
time a light blows out, no other electrical appliance would work. 

 To avoid this problem, most circuits contain components connected parallel. This means that each com-
ponent is connected in a separate parallel path. A  parallel circuit  works even when one part of it breaks 
down.     

  Christmas lights — if these lights are 
connected in parallel, when one light 
blows, the others still work. 

Electrons

Second path

A

Electrons

First path

  A parallel circuit has more than one path for the 
electricity to follow. If one of the paths has a break in 
it, the other paths will still work. Only components in 
the broken part of the circuit will stop working. 

At point A, the electrons can move along either the fi rst 
path or the second path. If the paths are identical, half 
of the electrons will take the fi rst path and the other half 
will take the second path. Although the electric current is 
divided between the two paths, electrons in each path will 
have the total voltage (electrical energy) provided by the 
battery.

  A power supply, commonly called a ‘power pack’, converts the 
240 volts supplied by a power outlet to a maximum of 12 volts, a 
safer voltage to use in class investigations. Power packs are more 
environmentally friendly in class experiments than batteries, which are 
consumables and so contribute to landfi ll. Most experiments require 
you to use DC or direct current, which is supplied by the red and black 
terminals of the power pack. The power overload light indicates that 
the current through a circuit is too high, usually because the load in 
the circuit is inadequate. In this situation, a circuit breaker built into 
the power pack is triggered, thus opening the circuit and preventing 
damage. 

  A   circuit diagram   of a parallel 
circuit 
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11.4.8 The voltmeter
The energy provided to electrons as 

they move around a circuit is supplied 
by a battery or other power source. As 
the electrons move around the circuit, 
some of their electrical energy is trans-
formed into other forms of energy by 
the components in the circuit, which 
act as a load. The electrical energy that 
is transformed by components along 
the circuit is measured in volts using a 
voltmeter.

Like an ammeter, a voltmeter is 
placed in a circuit with its positive ter-
minal closer to the positive terminal 
of the power supply than the nega-
tive terminal. But, unlike an ammeter, 
a voltmeter is connected parallel to a 
component in a circuit.

The symbol for a voltmeter is shown 
below.

V

The voltmeter in this circuit tells us how much of the electron’s 
energy is converted into light and heat energy. As it is the only 
component in the circuit, this light globe uses almost all of the 
energy provided to the electrons.

This battery provides 1.5 V of energy to the electrons as they 
leave the battery.

INVESTIGATION 11.12

Series and parallel
AIM: To compare the brightness of globes in series and parallel circuits

You will need:
two 3-volt globes and holders
1.5-volt battery and holder
6 wire leads

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

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

diagram at right.
• Remove one globe from its holder.
• Replace the globe that was removed, and then remove the other one.

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

answer.
7. What would be the effect on the other globes if a third globe were added in series? If a third globe is 

available, test your prediction.

Globes connected in series

0

0
1

15

10

5

3

2Volts

—

15 V

3 V

+– 1.5 V

Voltmeters can measure how much energy 
is transformed as electrons pass through a 
component.
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11.4.9 What affects brightness?
The brightness of each globe depends on both the voltage supplied and the electric current. In series cir-
cuits, the electrons share the total energy (voltage) supplied among all of the globes in the circuit. The more 
globes there are, the more the energy needs to be shared and the less brightly they glow.

The branches of a parallel circuit do not 
share the energy supplied to the circuit. 
So, identical globes placed in parallel glow 
with equal brightness. No matter how many 
branches are added to a parallel circuit, the 
brightness of each identical globe is the 
same.

What about in your home? All lights are 
connected parallel but, because they are not 
all identical, some may glow more brightly 
than others. This is because the electrons 
flowing through each light are supplied with 
the same voltage, but the electric current 
flowing through the lights in each parallel 
branch may differ.

The numbers printed on light globes tell us how quickly the globes use energy. A 23-watt light globe 
uses energy more quickly than an 11-watt light globe and so it shines more brightly. The electrons that pass 
through these globes convert the same amount of energy (240 V in Australia), but a greater current passes 
through the 23-watt globe than the 11-watt globe in any given time. So, current, as well as voltage, affects 
brightness.

11.4.10 Batteries: portable converters of chemical energy
The electrical energy needed to operate most electrical devices in the home and at school is obtained by 
plugging into a power outlet. In NSW, much of this electrical energy is generated by coal-fired power 
stations where the chemical energy in this fossil fuel is converted to electrical energy, which is then trans-
mitted along power lines throughout the State.

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

diagram at right.
• Remove one globe from its holder.
• Replace the globe that was removed, and then remove the other one.

Discussion
8. How does the brightness of the two globes compare with the 

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

10. Does it matter which globe is removed?
11. Can electric current flow in this parallel circuit when either globe is 

removed?
12. Outline whether the removal of one globe has any effect on the other 

globe.
13. What would be the effect on the other globes if a third globe were 

added in parallel? If a third globe and enough connecting leads are 
available, design a circuit to test your prediction.

Globes connected in parallel

These lights are connected in parallel. Why?
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 Batteries are portable providers of electrical 
energy. While there are many different types 
of batteries, they all convert chemical energy 
directly to electrical energy. When a device 
is connected to a battery, a chemical reaction 
occurs within the battery that produces elec-
trical energy. This is known as an  electrochem-
ical reaction . Italian physicist Alessandro Volta 
fi rst discovered this process in 1799. 

 A battery is made up of one or more cells 
connected in series. However, in everyday lan-
guage, the term ‘battery’ is used for a single cell 
as well. An electric cell consists of a positively 
and a negatively charged metal strip, called 
 electrodes , and a substance through which elec-
tric charge can fl ow. A  chemical reaction  takes 
place inside the cell, creating an electric current.  

 Dry cells 
 The general-purpose cells used in torches, 
calculators and toys are fi lled with a paste of 
chemicals. The two electrodes are:  
 •   a central rod of carbon, which is connected to 

the positive  terminal of the cell  
 •   a zinc case, which is in contact with the neg-

ative terminal of the cell.   
 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 electrons, allowing an electric current to 
fl ow 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  elec-
trolyte , the substance inside the cell through which electric charge 
moves, is not a liquid.  

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

 Alkaline cells contain an electrolyte that allows a greater electric 
current to fl ow. They are ideal for heavy-duty torches, battery-oper-
ated shavers, mp3 players and digital cameras. 

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

 9- and 12-volt batteries 
 Many of the cells that you use provide 1.5 V of energy to the electrons in a circuit. When you purchase a 
9 V battery, it is actually six 1.5 V cells connected in series and packaged together.  

 Car engines use 12 V batteries. Like other batteries, the chemical reaction in these batteries creates free 
electrons. One difference between car batteries and other batteries is that a car battery recharges when the 
car engine is running. The running engine reverses the chemical reaction in a battery. After a few years, the 
battery needs to be replaced because some of the products of the chemical reactions inside the battery build 
up, stopping it from recharging properly. 

Positive terminal

Air

Paste of chemicals

Separating layer

Zinc case

Carbon rod

Asphalt seal

Negative terminal

  A general-purpose dry cell 

    A variety of dry cell batteries 
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 Powering your laptop and mobile phone 
 Lithium-ion batteries are a technological advancement on the dry cell. 
They provide around 3.6 volts, more than twice that of a standard AA 
alkaline battery and yet they are compact and rechargeable. Hence, they 
are commonly used in laptops and mobile phones. 

 In a lithium-ion battery, one electrode consists of a lithium compound 
and the other is most commonly graphite (a form of carbon). These bat-
teries are named for the lithium ions, which are charged lithium atoms, 
that travel through the electrolyte material. 

 Lithium-ion batteries can be recharged by running the chemical reaction 
between the electrodes in the reverse direction. Typically this is done by 
a charger that is plugged into a power outlet. The ability to be recharged 
many times over without much loss of chemical energy is another major 
advantage of the lithium-ion battery. Lithium-ion batteries can handle hun-
dreds of charge/discharge cycles.      

  A typical lithium-ion battery and its charger 

 INVESTIGATION 11.13 

 Modelling an electric kettle 
  AIM:  To model the 
 transformation of  electrical 
 energy into heat energy 
in a kettle 

   You will need:   
  250 mL beaker  
  100 mL measuring cylinder  
  50  cm length of fi ne 

nichrome wire  
  pen or pencil  
  power pack  
  2 wire leads and alligator clips  
  th ermometer (preferably 

digital) or a data logger and 
temperature probe  

  stopwatch   

12

10

VOLTS

POWER SUPPLY

864
2

44
2

A C
+           –

+           –
D C

Power pack

Water

Beaker

Alligator clips

Nichrome wire coil

  Six 1.5 V cells are connected 
in a 9 V battery. 
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•   Measure 100 mL of water into the 250 mL beaker.  
•   Wind the middle of the nichrome wire around a pen or pencil to make a coil from the wire.  
•   Connect the apparatus as illustrated below.     
•   Record the initial temperature of the water before the power is switched on.  
•   Set the power pack to 2 V, turn it on and start the stopwatch.  
•   Measure the temperature of the water every minute for 10 minutes.  
•   Record your data in a table like the one below.   
•   Draw a line graph to illustrate the temperature change.   

 Discussion  
1.   Describe the temperature change that you have observed.  
2.   Describe the energy transfer that is taking place.  
3.   Extrapolate your graph to predict the temperature after 15 minutes.  
4.   Predict the temperature change you would observe if 4 V was supplied to the coil.   

  Time (min)   0  1  2  3  4  5  6  7  8  9  10 

  Temperature (°C)                        

 INVESTIGATION 11.14 

 A lemon battery 
  AIM:  To investigate the electric current produced using citrus fruits 
 In this investigation, citrus fruits are used to create electrochemical cells, similar to the fi rst cells developed using 
copper and zinc discs and salty water. 

   You will need:   
  3 lemons  
  range of nails (galvanised, iron, steel)  
  6 wire leads with alligator clips  
  microammeter   

•   Citrus fruits such as lemons can be used to make 
an electric cell. A chemical reaction occurs between 
the different metals and the acid in the fruit so that 
electrons are forced to move around a circuit.     

•   Squeeze each of the whole lemons to break up some 
of the pulp inside.  

•   Trial different arrangements of the lemons and metals 
to create the maximum possible current.  

•   Draw the arrangement that produced the maximum 
current, and record the current.   

 Discussion  
1.   What variables did you test to maximise the electric current produced?  
2.   Which variables affected the electric current produced?  
3.   Outline the energy conversion that is taking place in this experiment.   

Galvanised nail

Wire lead

Lemon

5000 µA
500 µA

50 µA

Microamperes

0

0
0

1000

100
10

2000

200
20

3000

30030

4000

40040

5000

500
50

Microammeter

 11.4 Exercise: Remember and think 
 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 .  Note:  Question numbers may vary slightly. 

 Remember  
1.     Defi ne   the term ‘closed circuit’.  
2.     Identify   the part of an electric circuit in which electrical energy is changed into other useful forms of energy.  
3.     Explain   why metals are better conductors of electricity than non-metals.  
4.     Explain   why a 50-watt globe glows more brightly than a 25-watt globe.   
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Think
5. Identify what takes place inside a battery to cause an electric current to flow.
6. Outline why lithium-ion batteries are commonly used in laptops and mobile phones.
7. Explain why it is important to have circuit symbols that are recognised by scientists and electricians around 

the world.
8. Identify which of the following arrangements will allow the globe to light up.

9. A circuit is set up as illustrated at right.
(a) If the filament of globe A breaks, do 

globes B and C remain lit or do they 
stop working also?

(b) If the filament of globe B breaks, 
which globe or globes (if any) 
remain lit?

(c) If the filament of globe C breaks, which 
globe or globes (if any) remain lit?

10. In a house, four light globes are connected 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.

11. Look at the two circuit diagrams at right. 
When the switches are closed in each 
circuit, the globes will glow.
(a) In which circuit will the globes glow 

more brightly?
(b) Explain your answer to part (a) in 

terms of the voltage available for 
each globe.

Apply
12. Draw a circuit diagram containing a battery, two globes in series and a switch.
13. Use symbols to draw a circuit diagram of the circuit used in part B of Investigation 11.12.

Create
14. Construct a steady-hand tester (see diagram on next page). You will need a wire coathanger, a loop of thin 

wire, wire cutters, battery, electric bell or light globe, connecting wires, and a shirt box, shoe box or cereal 
packet for the base.

A

B C

Circuit 2

Circuit 1 

A B

C D
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Complete this digital doc: Worksheet 11.6: Simple circuits (doc-0000)

Complete this digital doc: Worksheet 11.7: Series and parallel circuits (doc-0000)

Complete this digital doc: Worksheet 11.8: Conductors and insulators (doc-0000)

Complete this digital doc: Worksheet 11.9: Testing batteries (doc-0000)

 RESOURCES — ONLINE ONLY

15. Design and create a circuit with two switches and an electric bell so that the bell rings when either one (or 
both) of the two switches is 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.

Investigate
16. Many battery manufacturers claim that their batteries are the best. Design an experiment to find out which 

brand of dry cell gives best value for money. Make sure your experiment is a fair one.

Base

Light globe or
electric bell

Battery

Bent coathanger

A steady-hand tester. 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.

11.5 Technological solutions to energy efficiency
Science as a human endeavour

11.5.1 Wasted energy
Energy transformations are common in most daily activities. As we walk along the ground, chemical 
energy in the food we eat is transformed into the kinetic energy of our motion as well as heat energy 
for our body through a process called metabolism. Jumping on a trampoline involves a continual 
 conversion of elastic potential energy to gravitational potential energy and kinetic energy and back 
again.

The transformation of energy often has some unintended consequences. For example, electrical appli-
ances transform electrical energy into other useful forms of energy, but some of the original electrical 
energy is converted to unwanted forms of energy because of limitations in the technology used to produce 
that appliance. The following table identifies examples of the energy conversions that take place in some 
common electrical appliances.

UNCORRECTED P
AGE P

ROOFS



TOPIC 11 Energy 447

c11Energy Page 447 10/07/17  9:26 AM

  Device  
  Original form 
of energy  

  Original energy form converted 
to useful energy as …    Original energy form wasted by …  

 Microwave 
oven 

 Electrical  heat in the food  heating the air in the oven and the food 
container 

 Gas cooktop  Chemical  heat in the saucepan  heating the air, producing light and sound 

 Car engine  Chemical  kinetic energy of the car  heating due to friction between moving 
parts, and as sound 

 Incandescent 
light globe 

 Electrical  light  heating the globe and surrounding air 

 Energy effi ciency 
 The effi ciency of a light globe, cooktop or any other energy-converting device is a measure of its ability to 
provide useful energy. Effi ciency is usually expressed as a percentage: 

 Effi ciency  = 
useful energy output  (  J  ) 

    ×   100    
         total energy input   (  J  )    

 Scientists and engineers are constantly developing more energy-effi cient appliances. In Australia, the 
energy effi ciency of an electrical appliance is indicated by an energy rating. Appliances with a 5-star rating 
consume the least electrical energy and minimise a consumer’s electrical costs in running the appliance.  

 The energy effi ciency of appliances is particularly important when considering that fossil fuels are com-
monly used in Australia to generate electricity and for heating and cooking.  

 Burning fossil fuels for electricity generation, heating 
and cooking releases greenhouse gases such as carbon 
dioxide. In fact, electricity generation by burning fossil 
fuels contributes 35 per cent of Australia’s total green-
house gas emissions, more than any other industry.  

  The energy rating used for electrical appliances 

Coal 76%

Gas 15%

Hydroelectricity 5% Solar, biomass 1%

Oil 1%

Wind 2%

Energy sources for Australian electricity generation, 2008–09

  Fossil fuels such as coal, gas and oil account for over 
90 per cent of electricity generation in Australia. 
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 Minimising the use of fossil fuels reduces our 
greenhouse gas emissions and limits the impacts 
on climate change in the future. Advances in tech-
nology play a signifi cant role in reducing our use 
of fossil fuels. These include the development of 
 energy-effi cient appliances and alternative energy 
sources for electricity generation such as solar, 
wind and tidal energy. 

 Advances in lighting 
 Lighting represents around 12 per cent of the elec-
tricity usage in households, and around 25 per cent 
of the electricity used by the  commercial sector. 

 The light globes used for many years in 
 Australian homes are called incandescent globes. 
Electricity in incandescent lights passes through a 
thin fi lament, generally made of tungsten metal, 
causing it to glow white hot. The light is a useful 
form of energy but the heat produced is a wasted 
form of energy. In incandescent globes, the tung-
sten slowly vaporises and builds up on the inside 
of the globe until the fi lament it is too thin to 
carry an electric current, and the globe burns out. 
 Halogen globes, used in downlights, also work 
on the same principle but they are fi lled with a 
special gas that causes the vaporised tungsten to 
be deposited back onto the fi lament instead of the 
inside of the globe. Consequently, halogen globes 
last longer and also burn brighter than conven-
tional incandescent globes, making them slightly 
more effi cient.  

 To encourage the use of more energy-effi cient 
lighting, the Australian government has intro-
duced minimum energy performance standards 
for lighting products. From 2010, incandescent 
light globes, which are less energy effi cient, were phased out and replaced by more energy-effi cient alter-
natives. Halogen globes, which are more effi cient types of incandescent globes, continue to be available, 
but the traditional pear-shaped globes were phased out. More energy-effi cient alternatives include compact 
fl uorescent lamps (CFLs) and light-emitting diodes (LEDs), which use 20 per cent or less of the electricity 
required to produce the same amount of light as incandescent globes. 

 Any light globes with an effi ciency less than 15 lumens per watt (lm/W) will no longer be available. 
Lumen (lm) is the unit used to measure light output, and watt (W) is a measure of electrical energy input 
per second.  

 CFLs and LEDs are energy effi cient because they minimise the amount of energy wasted as heat. Incan-
descent globes convert only 10 per cent of the supplied electrical energy to light, and the rest is released as 
heat; in CFLs and LEDs, this fi gure is closer to 70 per cent. The move to more effi cient lighting is expected 
to reduce Australia’s greenhouse gas emissions by 28 million tonnes between 2008 and 2020 by reducing 
the demand for electricity; this is equivalent to decommissioning a small coal-fi red power station or taking 
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  Carbon dioxide emitted by sector in 2011–2012 
(millions of tonnes). Electricity generation is the 
biggest contributor of greenhouse gas emissions. 

  (left to right) Light-emitting diodes (LED), an 
incandescent globe and a compact fl uorescent lamp 
(CFL) 
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more than 500 000 cars off the road. It is expected to result in savings to the Australian economy of around 
$380 million per year by 2020, and net savings of more than $50 per year for each household that changes 
all of its incandescent light globes to compact fl uorescent lamps.  

 How do compact fl uorescent lamps work?  
 A compact fl uorescent lamp consists of a coiled glass tube. The tube is 
fi lled with argon gas and a small amount of mercury vapour. An electric 
current is passed through the gas-fi lled tube causing the mercury atoms to 
emit ultraviolet light. This excites a fl uorescent phosphor coating on the 
inside of the tube, producing visible light. A compact fl uorescent lamp’s 
ballast regulates the current once the electricity starts fl owing. 

 While compact fl uorescent lamps represent a more energy-effi cient 
alternative for lighting, they do contain very small amounts of mercury, 
a toxic chemical linked to the impairment of brain function. Due to their 
mercury content, CFLs should not be placed into glass recycling bins. 
Scientists and engineers are trying to reduce the mercury content of CFLs 
without sacrifi cing their energy effi ciency. In fact, CFLs contained an 
average of 4 milligrams a few years ago; today they contain as little as 
0.4 milligrams. 

 Interestingly, less mercury is released into the environment from the use 
of CFLs than incandescent light globes, even though CFLs contain mercury. 
This is because burning coal in power stations to produce electricity releases 
small amounts of mercury. CFLs use only about 20 per cent of the electricity 
that incandescent globes use to produce the same amount of light. This means 
that overall about 20 per cent of the coal needs to be burnt to produce the 
same amount of light, resulting in an overall reduction in mercury emissions 
of about 80 per cent. 

 Even when the amount of mercury contained in a CFL is taken into account, the reduction in mercury emitted 
to the environment through power production means that the amount of mercury released over the life of a 

Lamp

Phosphor
coating

Mercury
vapour

Ballast

Ballast
housing

Base

Argon

  The components of a 
compact fl uorescent lamp 
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70% light

30% light

Electrical
energy

oror

  Compact fl uorescent lamps and light-emitting 
diodes transform a greater proportion of electrical 
energy to light and less to wasted heat. 
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different light globes to deliver the same light output as 
a 100-watt incandescent light globe 
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CFL is signifi cantly less than the amount that would be 
released by burning coal to power equivalent incandes-
cent globes over the same period. 

 LED technology 
 Light-emitting diodes are miniature electrical com-
ponents similar to those contained in an integrated 
circuit. When electricity fl ows through an LED, the 
electrical energy is converted to light energy very 
effi ciently with minimal heat produced. One indi-
vidual LED does not produce as much light as one 
CFL or one incandescent globe so many small LEDs 
are often used together for lighting purposes.  

 Advances in cooking 
 Along with developments in lighting, there have 
also been technological advances in energy-effi -
cient cooking appliances. Traditional cooking uses 
a gas or electric hotplate. Induction cooking is a 
recently developed technology that transfers energy 
from the cooktop to the saucepan more effi ciently 
than any other cooking appliance. In gas cooking, 
only 40 per cent of the heat supplied by the gas 
fl ame is transferred directly to heat the contents of 
a saucepan. The rest of the heat energy is wasted as 
light or heat to the surrounding air. Modern electric 
hotplates are more effi cient with 70 per cent of the 
heat energy transferred to heat involved in cooking. 
Induction cooking, however, can achieve close to 
85 per cent energy effi ciency. Electricity supplied 
to metal coils within an induction cooktop creates 
an oscillating magnetic fi eld that directly heats any 
saucepan placed on it, as long as it is made of a mag-
netic metal, such as stainless steel. With induction 
cooking, energy is supplied directly to the saucepan 
by the magnetic fi eld; therefore, the cooktop itself 
does not get hot and so almost all  of  the source 
energy is transferred to the saucepan.   

Induction

84% transferred 75% transferred 40% transferred

Electric (halogen) Gas

  A comparison of the energy effi ciencies of various 
cooktop technologies 

  In an induction cooktop, only the saucepan gets 
hot, resulting in less wasted heat and greater 
energy effi ciency. 

   (a) A single LED and (b) a torch incorporating 
several LEDs 

(a)

(b)
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 11.5.2 Designing an 
energy-effi cient house 
 Designing a house with energy effi ciency in mind 
involves incorporating features that keep the house 
warm in winter and cool summer with minimal use 
of appliances for heating and cooling. Minimising 
the need to heat or cool your home not only reduces 
your energy bills but also conserves fossil fuels and 
reduces greenhouse gas emissions.  

 Controlling heat loss 
 In winter, heat tends to escape from a house by con-
duction, convection and radiation. Convection cur-
rents carry warm air up the walls and to the ceilings. 
Conduction transfers heat through these surfaces 
where it is radiated to the outside.  

 Heat loss by conduction through the ceiling and 
roof is reduced by insulation. Fibreglass batts are 
often used in insulation as they can reduce heat loss 
by up to 80 per cent. This is because air is a poor 
conductor and so air trapped between the glass fi bres 
in the batt prevents heat escaping. Heat transfer by 
radiation can also be reduced by installing shiny foil 
in the roof to refl ect radiant heat from the sun.  

 Insulating walls can also reduce heat loss. Dou-
ble-brick homes have a cavity between the two 
layers of brick, which minimises heat escaping. 
Brick-veneer homes require insulation in the cavity 
to improve their energy effi ciency. This may involve 
adding fi breglass batts between the layer of external 
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Roof

35%

Draughts
through gaps

Windows

Walls

Floor

15%

15%

  Percentage of heat loss in various parts of an 
uninsulated house 

  Installing insulation batts in the roof of a house 
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away from
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  The transfer of heat in a house by conduction, 
convection and radiation 
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brick and internal panels. Concrete fl oors pro-
vide good insulation, which can be enhanced 
further by installing carpet and an underlay.  

 The conduction of heat out through windows 
can be reduced by installing double-glazed win-
dows, which consist of two layers of glass sep-
arated by a narrow gap of air. Curtains are also 
useful in that they trap a still layer of air between 
them and the window. Reducing draughts around 
doors and windows can also minimise heat lost 
as warm air escapes. 

 Designing a house that takes into account the 
position of the sun can offer substantial benefi ts 
when heating is required in winter and cooling in 
summer. Large eaves around the roofl ine mean 
that in the summer, when the sun is higher in 
the sky, little direct sunlight strikes windows 
and the rest of the home, while in winter, when 
the sun is lower in the sky, sunlight is angled 
below the eaves, directly warming the home. 
Planting deciduous trees near north-facing win-
dows allows heat to radiate through to the house 
in winter but not in summer. External shutters or 
louvres can achieve the same purpose.  

 Natural heating and cooling 
 The sun offers a free and environmentally friendly 
source of heating. Many homes have solar 
 electricity panels on their rooftops to generate 
 electricity using photovoltaic technology. Others 
have installed solar water heaters to reduce their 
energy bills.     

Summer sun

Winter sun

Large eaves

  Large eaves on the north-facing side of a house 
keep the sun out in summer but not in winter. 
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  Features used to reduce the heat loss in a brick-veneer 
home. The R value for each feature is a measure of the 
resistance to heat fl ow and so is an indication of its 
insulating ability. 

  A home solar water heater 

Storage tank

Copper pipes

Cold water inlet

Collectors

Black absorbing
plate covered
by toughened

glass

Solar
energy

Hot water
to house

Hot water
to storage tank

  In solar water heaters, energy absorbed by a black 
collecting plate heats water circulating in copper 
pipes beneath it. The heated water is pumped into a 
tank for storage. 
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INVESTIGATION 11.15

An energy-efficient house
AIM: To design an energy-efficient house
Use the principles of heat transfer and energy efficiency to design a house that is cool in summer and warm in 
winter.
Your design, drawn on a sheet of cardboard, should include:
• the type of construction, including the choice of building materials used for the roof, walls and floor
• how the house is positioned
• design features such as the size and location of windows, and the size of eaves
• soft furnishings, such as curtains
• landscaping, including the type of trees.
Label each energy-saving feature included in your design and, for each of these features, write a short reason 
for including it. This could be done underneath each label or listed in a separate section underneath your house 
design.

11.5 Exercise: Remember and think
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. Note: Question numbers may vary slightly.

Remember
1. Explain how a traditional incandescent light globe works.
2. Identify two energy-efficient alternatives for lighting.
3. Compare the energy efficiency of induction cooking with gas and electric cooktops.
4. Explain why fibreglass batts are effective insulators.
5. Explain how foil placed in the roof improves the energy efficiency of a house.

Think
6. For each of the following devices, identify:

(i) the original energy form
(ii) the useful energy form created
(iii) any wasted energy created.

(a) Candle
(b) Ipod or mp3 player
(c) Guitar

7. Calculate the efficiency of a blender that converts 200 J of electrical energy to 120 J of kinetic energy and 
80 J as heat per second.

8. Explain why compact fluorescent lamps should not be placed in glass recycling bins.
9. Homeowners often install roof ventilation. Explain how this improves the energy efficiency of a house.

Create
10. Induction cooktops tend to be more expensive than the more traditional gas and electric cooktops. With 

this in mind, design a brochure to advertise an induction cooktop, emphasising its energy-saving features.
11. The sun is angled approximately 35° from the horizontal in the winter and 80° in the summer. Draw a scale 

diagram of a house and windows to illustrate how eaves can maximise the use of the sun in both summer 
and winter.UNCORRECTED P
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  11.6  Project: Going green 
 11.6.1 Scenario 
 As the supply of fossil fuels dwindles, cities become more crowded and anthropogenic global warming becomes 
an unavoidable reality, an increasing number of people are opting in to a more self-suffi cient lifestyle. To meet 
this need, there is an increasing number of architecture and building fi rms that specialise in the design and con-
struction of houses that are energy effi cient and that are able to exist off the electricity grid indefi nitely because 
they use electricity generation systems that meet all of the household’s needs using renewable energy sources. 

 You and your team at Sustainable Housing Solutions have been approached by a potential client who wants 
to build a series of sustainable ecotourist cottages in remote locations across the country. To see whether your 
company should be awarded the lucrative contract to oversee the work on the whole chain of cottages, the client 
has asked you to make a presentation detailing how you would make one of these cottages as energy effi cient 
and self-sustaining as possible. You can place this trial cottage anywhere in the country for your presentation 
purposes, provided that it is at least 100 km away from any town with a population greater than 5000 people. 

 Other criteria must also be met as follows:  
 •   All of the cottages will have the same layout and will be constructed of mud bricks and have tiled roofs 

(you will be given a copy of the plan). While you can change the orientation and location of the cottage, 
you cannot change the design or these construction materials.  

 •   Each cottage must have the following appliances: refrigerator, washing machine, stove, microwave, TV 
set, DVD player and stereo system. Smaller appliances such as toasters, shavers, hairdryers and com-
puters may occasionally be used by guests as well.  

 •   The cottages must be cool in summer and warm in winter; the client is not opposed to the idea of a 
reverse-cycle airconditioner or fans.  

 •   There must be suffi cient lighting to be able to read in every room.  
 •   The cottages will not be attached to the national elec-

tricity grid — all of the electricity needs of each cot-
tage must be met using a renewable energy source 
in its area. (Water will be provided from rainwater 
tanks, and septic tanks will take care of the sewage.)      
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    11.6.2 Your task 
 Your team will prepare and deliver a report for the client that provides the following information:  
 •   The best location to place the trial cottage (keeping in mind that it can be placed somewhere close to a 

source of renewable energy)  
 •   Suggestions as to how the cottage can be made as energy effi cient as possible  
 •   A detailed estimate of how much electricity will need to be generated to power the cottage and run 

appliances  
 •   A justifi ed recommendation as to which renewable energy system should be used to generate that amount 

of electricity and how it would be supplied to the trial cottage  
 •   An estimate of how much the energy system will cost, using costs for similar systems available on the 

internet as a guideline.   
 The report will take the form of an oral presentation with visuals (which may include PowerPoint slides, 
overhead transparencies and models). The presentation should be between six and eight minutes long. 

 11.6.3 Process  
 •   Open the ProjectsPLUS application for this chapter located in the Resources tab. Watch the introductory 

video lesson and then click the ‘Start Project’ button to set up your project group. You can complete this 
project individually or invite other members of your class to form a group. Save your settings and the 
project will be launched.  

 •   Navigate to your Research Forum. Here you will fi nd a number of different headings under which you 
will organise your research. You may delete those topics that you will not be considering or add your 
own topics if you fi nd your research going in a different direction.  

 •   Start your research. Make notes about information you think will be relevant to your project, entering 
your fi ndings as articles under your topics in the Research Forum. You should each fi nd at least three 
sources (other than the textbook, and at least one offl ine such as a book or encyclopaedia) to help dis-
cover extra information about energy effi ciency and self-suffi ciency. You can view and comment on other 
group members’ articles and rate the information they have entered. When your research is complete, 
print out your Research Report to hand in to your teacher.  

 •   Visit your Media Centre and download 
the client’s house plan from the Docu-
ments section. Your Media Centre also 
includes images and  weblinks  that you 
may fi nd helpful for your project.  

 •   Start putting your presentation together.      

 SUGGESTED SOFTWARE  
1.   ProjectsPLUS  
2.   Microsoft Publisher  
3.   Word processing software  
4.   Internet access   
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11.7 Review

11.7.1 Energy transformations
 • define the term ‘energy’ 11.2
 • identify different forms of energy and situations in which different forms of energy are evident 11.2
 • identify objects that possess kinetic energy because of their motion, and quantify their  

kinetic energy 11.2
 • identify objects that possess potential energy, and quantify the gravitational potential energy  

of an object 11.2
 • apply the law of conservation of energy to account for the total energy involved in energy  

transfers and transformations 11.2

11.7.2 Heat and temperature
 • compare the terms ‘heat’ and ‘temperature’ 11.3
 • describe the transfer of heat by conduction, convection and radiation 11.3
 • analyse situations in which heat is transferred by one or more of the following: conduction,  

convection and radiation 11.3
 • investigate the ability of materials to prevent the transfer of heat 11.3
 • outline the use of infra-red scanners 11.3

11.7.3 Electrical energy
 • outline the essential elements of an electric circuit 11.4
 • compare conductors and insulators 11.4
 • identify symbols used in circuit diagrams 11.4
 • define the terms ‘series circuit’ and ‘parallel circuit’ 11.4
 • use circuit diagrams to represent simple series and parallel circuits 11.4
 • identify the energy transfer taking place in an electric circuit 11.4
 • outline how batteries provide circuits with electrical potential energy 11.4

11.7.4 Energy efficiency
 • identify that most energy conversions are inefficient and lead to the production of heat 11.5
 • describe advances in technology that have led to more energy-efficient lighting and cooking  

appliances 11.5
 • describe solutions to address energy efficiency in house design and construction 11.5
 • describe the benefits for society and the environment of advances in technology that have  

led to more efficient lighting, cooking and house design 11.5

FOCUS ACTIVITY
In what ways have developments in technology and increased knowledge led to improvements in devices that 
increase energy-use efficiency? Write a report on your findings.
Access more details about focus activities in this chapter in the Resources tab. (doc-10568)UNCORRECTED P
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11.7 Review 1: Looking back
1. Identify the type of energy possessed by a:

(a) bus on its way to school
(b) wind-up toy before being released
(c) gas heater.

2. Describe the Law of Conservation of Energy.
3. Identify the energy transformations that occur as:

(a) a skier skis down a slope
(b) a firecracker is ignited
(c) a bungee jumper reaches the bottom of a jump.

4. Calculate the energy of:
(a) a 65 kg bungee jumper about to jump from a height of 60 metres
(b) an 800 kg car travelling 15 m/s.

5. In 10 minutes, an incandescent light globe is supplied with 1000 joules of electrical energy. During that time, 
the globe emits 400 joules of light energy along with 600 joules of heat energy. Calculate the efficiency of 
the globe in terms of light output.

6. Compare the particles in a beaker containing water at 67 °C with particles in another beaker containing 
water at 11 °C.

7. Outline the difference between heat and temperature.
8. Heat can move in three ways: conduction, convection and radiation. Deduce which method is most likely to 

transfer heat:
(a) from the sun to the planets (b) from a person’s feet to cold floor tiles
(c) through the air (d) through water
(e) from an open fire to your body (f) through a solid metal rod.

9. Identify the features of a thermos flask that control the movement of heat by conduction, convection and 
radiation, and explain how these features limit the transfer of heat by each of these methods.

10. A spatula of ammonium chloride crystals is added to 5 mL of water in a test tube. Explain why the water 
temperature drops from 22 °C to 15 °C within 3 minutes.

11. Explain why convection heaters are so effective in heating a room of a house.
12. Use symbols to draw a circuit containing two globes parallel with each other and with a battery. Place a 

switch in the circuit to operate both lights at the same time.
13. There is a mistake in each of the circuit diagrams below. Find the mistakes and then redraw the circuits 

correctly.
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Individual pathways

 U ACTIVITY 11.1
Revising energy
doc-10569

 U ACTIVITY 11.2
Investigating energy
doc-10570

 U ACTIVITY 11.3
Investigating energy further
doc-10571
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14. Using the correct symbols, draw this circuit as a circuit diagram.

15. Explain why the sale of incandescent light globes in Australia has been phased out.
16. Use the principles of heat transfer to explain why windows are often double glazed in in northern European 

homes.
17. Identify the main method or methods by which heat is transferred to the human body by:

(a) a gas wall furnace
(b) the sun
(c) holding a hot plate
(d) an open fireplace
(e) walking on hot coals.

18. Explain why cooks often cover meat with aluminium foil instead of plastic.
19. Explain why solids such as polystyrene, foam, wool and fibreglass batts do not conduct heat as well as 

most other solids.
20. (a)  Heat is always transferred from a region of high temperature to a region of lower temperature. Explain 

how your body is able to keep its core temperature at 37 °C even when the air temperature is greater 
than 37 °C.

(b) Explain how wearing light, loose-fitting clothes protects your body from overheating in hot weather.
(c) Why do your blood vessels get larger in hot weather?

21. In which one or more of the following arrangements will the globe light up?
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22.   Which two or more of the light globes in the following circuit are 
connected:  
(a)   in series with globe A  
(b)   in parallel with globe A?        

 Test yourself  
1.   Energy is defi ned as  

(A)   the ability to do work.  
(B)   the temperature of an object.  
(C)   the sum of the kinetic energy and potential energy of an object.  
(D)   the amount of heat an object possesses.     (1 mark)  

2.   In Australia, most electricity is generated from which source?  
(A)   Hydroelectricity  
(B)   Coal  
(C)   Solar  
(D)   Natural gas     (1 mark)  

3.   The energy transformations that occur when an electric kettle boils water are  
(A)   electrical energy to heat energy and kinetic energy.  
(B)   potential energy to heat energy.  
(C)   electrical energy to kinetic energy.  
(D)   potential energy to heat energy and kinetic energy.     (1 mark)  

4.   Matthew is cooking a sausage in a campfi re using a pair of tongs as shown below. Heat can travel 
from the campfi re to his hand by the processes of:  
(A)   Conduction then convection  
(B)   Radiation then conduction  
(C)   Convection then conduction  
(D)   Radiation then convection     (1 mark)     

5.     Describe  , with reference to examples, the benefi ts for society and the environment of advances in 
technology to improve the energy effi ciency of appliances and the design and construction of homes.   (6 marks)   

A

D E

B C

   Complete this digital doc:   Worksheet 11.10: Energy puzzles    (doc-0000)  

   Complete this digital doc:   Worksheet 11.11: Energy summary    (doc-0000)  

   Complete this digital doc:   Worksheet 11.12: Electricity puzzle    (doc-0000)  

   Complete this digital doc:   Worksheet 11.13: Electricity summary    (doc-0000)   
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