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Preface
An understanding of energy issues is vital for the future of the environment, the economy and
human societies. As such, it is our view that aspects of energy and its efficient use should be
part of the education of all primary school children.
The purpose of this pack is twofold:
1.

to help primary school teachers develop their personal understanding of energy and
energy efficiency.

2.

to illustrate ways in which these topics can be taught effectively in primary classrooms.

•

The materials are in three parts:
Section 1
Section 2
Section 3

•

Basic energy concepts
Energy efficiency
Teaching energy

The first two sections are made up of activities and readings designed to help primary teachers
develop their own knowledge and understanding of energy and energy efficiency. These
sections can be used as an 'off the shelf' course for primary science initial teacher education or
for the continuing professional development of practising teachers.
The third section is rather different. It provides accounts of the teaching of twelve key energy
concepts by five practising teachers. These accounts are derived from a series of case studies of
classroom practice in which children's understanding of the targeted concepts was explored
before and after teaching. Examples of changes in children's ideas are given as evidence for the
effectiveness of the teaching. Essentially, this section is a compendium of evaluated approaches
to the teaching of energy and energy efficiency which both beginning and experienced teachers
can use to inform their own planning and practice.
Although directed mainly at primary school teachers, this pack will also be useful for teaching
science in middle schools and at the lower secondary level.

•

•
SECTION 1
BASIC ENERGY CONCEPTS

Purpose and use
The purpose of this first section is to help you develop a mainly qualitative
understanding of a number of basic ideas about energy.
The section can be used as a self-contained course. It consists of a sequence of
activities and readings, together with self-assessment tasks.
All equipment needed for the activities is described in Appendix I together with any
necessary safety precautions.
Answers to questions are provided in Appendix III.

•

•

Content
Unit 0

Exploring ideas about energy: preliminary work

Unit 1

The nature of energy

Unit 2

Properties of energy I: storage and transfer

Unit 3

Properties of energy II: dissipation, degradation and conservation

Unit 4

Properties of energy III: all about heating

•

Unit 0 Exploring ideas about energy

Unit 0 Exploring ideas about energy:
preliminary work
Content
This unit deals with:

•

a classroom-based enquiry to elicit children's ideas about energy.

•

exploring your own ideas about energy.

Sequence

•
•

Page

I.

Everyday ideas about energy

II

2.

Activity: your existing ideas

II

3.

Activity: eliciting children's ideas about energy

III

II

Unit 0 Exploring ideas about energy

1. Everyday ideas about energy
Both children and adults develop a range of ideas about energy from their everyday experiences of
life. These ideas can often be firmly held and may be very different from the scientific view.
Some examples of views expressed by children are:
When a weight lifter lifts the weight, he breathes energy out.

(11 yr old)

A hovercraft might use petrol, it might use diesel, and both of those are energy.

(11 yr old)
I think the moon does need energy, because if it hasn't got energy, then
how does it move around?

(11 yr old)

It is, of course, good practice to start teaching from the learner's existing knowledge and
understanding. Hence, it is important to know these 'starting points'.
In this Unit you will explore both your own and children's starting points.

2.

Activity: your existing ideas

The cards on pages V to XII are for you to use as a means of exploring children's existing ideas
about energy.

Instructions for this are given in the next section.
But first, write down your own ideas about the role of energy in each of the situations shown on the
cards. A space is provided on the reverse side of each card for you to do this.
The point of this is, of course, for you to make explicit your own prior knowledge and understanding
as starting points for your own learning.
Later in the course you will be given a scientific interpretation of the situations shown on the cards.

•

Unit 0 Exploring ideas about energy

III

3. Activity: eliciting children's ideas about energy
The task is to interview a small group of five or six children about their meanings for the word
`energy' using the cards on pages V to XII as a stimulus.
You are asked to make a written record of the children's responses on the reverse side of each card in
the space provided.
In our experience it is best to use a tape recorder and make the written record after the interview while
playing back the tape.
Write down quotes i.e. the words the children actually used, picking out ideas which are
representative or which you find particularly interesting.

Procedure
First, arrange and test your tape recording equipment.
Make sure that the children are sitting close enough to the recorder for their comments to be picked up
clearly.
A 'practice discussion' can serve to dispel any inhibitions they may have about speaking into the
microphone.
You should commence by explaining to the children that you are interested in the meanings they have
for the word 'energy'.
•

Explain to the children that you will be asking them to look at some pictures and will tell them what is
happening in each one. Then you will be asking them some questions about energy in the picture.
The relevant questions to ask for each situation are given on each card.

Follow these simple instructions for each of the four situations:
(1) show the children each card and tell them what you want them to do.
(2) explain what is happening in the picture.
(3) ask the focus questions.

•

Importantly, stress that it's not a test, there are no right or wrong answers, you are
just interested in what the children think.

IV
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You must be patient and allow the children time to answer.
If children are very doubtful give encouragement by repeating or rephrasing the question, and
emphasising again your interest in their meaning for 'energy' (e.g. "in your meaning of the word
energy ..." ).

Responses to each focus question can be probed further by asking:
"That's interesting - why do you say that?"

or by asking any other questions (neutral, not leading; penetrating, not superficial) you think
necessary to clarify in your own mind the nature of the children's ideas.

Do not be judgmental and try to resist the urge to teach the children.

Try to eliminate bias inherent in your tone of voice, gesture or facial expression and strike a balance
between friendliness and objectivity.

Ensure that all the ideas of the children have been obtained by asking:

"Anything else you'd like to say about energy in the picture?"

Later, make a written record of the children's responses (on the reverse of the card) picking out ideas
which are typical and those which seem particularly interesting.
As well as asking the initial focus questions shown on each card about the role of energy in the
situations, ask any further questions which you think are necessary in order to make clear the nature
of the children's ideas.

Keep the completed cards: they will be needed for Unit 1 of the course.

Unit 0 Exploring ideas about energy
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V

CARD 1 - THE CLOCKWORK TOY TRAIN
Explanation:
"I want you to tell me about energy here. The child wound up the spring of the toy train and placed it
on the floor - it is now moving along but it is slowing down."

•
Focus questions:
(1) "Does the train have energy?"
(2)

•

"Where does that energy come from?"

(3) "What happens to that energy?"

VI
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CARD 1 - THE CLOCKWORK TOY TRAIN
A - Teacher's ideas
(to be completed before interviewing children).

B - Child(ren)'s ideas

Unit 0 Exploring ideas about energy
•

VII

CARD 2 - CLIMBING ON TO THE TABLE
Explanation:
"I want you to tell me about energy here. The child has cut out her painting of a dinosaur and is now
climbing up on to the table to paste it on the classroom wall display."

•
Focus questions:

•

(1)

"Does the child have energy."

(2)

"Where does that energy come from?"

(3) "What happens to that energy?"

VIII
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CARD 2 - CLIMBING ON TO THE TABLE
A - Teacher's ideas
(to be completed before interviewing children).

B - Child(ren)'s ideas

•
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IX

CARD 3 - THE HUNGRY MOTORIST
Explanation:
"I want you to tell me about energy here. The motorist is eating a sandwich while he is driving his
car."

•

Focus questions:
(1) "Does the man have energy? Does the car have energy?"

•

(2) "Where does that energy come from?"
(3)

"What happens to that energy?"

X
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CARD 3 - THE HUNGRY MOTORIST
A - Teacher's ideas
(to be completed before interviewing children).

B - Child(ren)'s ideas

Unit 0 Exploring ideas about energy
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XI

CARD 4 - THE BUSY LIVING ROOM
Explanation:
"The lights are on in the living room which is heated by a coal fire and a radiator from the central
heating. An adult is listening to music from the CD player through headphones and a child is dancing
to music from the television.
Tell me about energy here."

•
•
Focus questions:

•

(1)

"What things in the room have energy?"

(2)

"Where does that energy come from?"

(3)

"What happens to that energy?"

XII
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CARD 4 - THE BUSY LIVING ROOM
A - Teacher's ideas
(to be completed before interviewing children).

B - Child(ren)'s ideas

Unit 1 The nature of energy

•
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Unit 1 The nature of energy
Content
This unit deals with:

findings of the exploratory work from Unit 0.
some of the common ideas about energy held by children and adults.

•

the idea of energy as a job-doing capability.

Sequence

•

•

Page

1.

Activity: brainstorming ideas about energy

2

2.

Children's and adults' ideas about energy

3

3.

Activity: identifying children's ideas about energy

5

4.

Activities: energy in living and non-living things

9

5.

Energy as a job-doing capability

13

6.

Summary of ideas about energy dealt with so far

14

2

Unit 1 The nature of energy

1. Activity: brainstorming ideas about energy
What do you understand by the term 'energy'? Write down your ideas in the box below.

You might like to keep this sheet as a record of your 'starting points'.

•

•

3
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2. Children's and adults' ideas about energy

Research has shown that both children and adults hold a range of ideas about energy. Many of these
ideas are formed intuitively from life experience and can be very different from those of science.
Words such as 'energy' and 'force' are in common use. They have everyday (or life-world')
meanings which may not agree or only partially agree with the special technical meanings in science.
The most common categories of ideas are described below.
1. Energy is associated with living things
This view, found mainly in younger children (but also some adults), associates energy mainly with
living things. Inanimate objects are regarded as incapable of possessing energy:
No, a table doesn't use energy to hold up the rock [which is placed on it] ... it used to be
living but... it was cut and so was dead ... so it can hold things without having energy.
(11 yr old)

The notion of life-force' may be used:
The energy in your muscles comes from your vital force really, from the food you eat and
the ... living force.

(adult)

For many, energy is connected with physical fitness or human `energeticness':
... there's the sort of thing when you've got lots of energy, you can do a lot, you can move
around, you can jump up and down ...
(adult)
•

Some people have a human-centred view of energy and focus on the human actions when considering
the role of energy in situations involving non-living objects:
The person on a slowing bike would need energy in his arms for steering
it and when he gets off he'd need energy in his legs.

(11 yr old)

This idea may also involve assigning human attributes such as needing or wanting energy to objects,
e.g. a spring uncoils (or a rubber band untwists) because it:
... wants to get back to its original shape ...

(adult)

2. Energy is associated with movement

•

This overlaps with the previous category where the movement is of living things. But the association
of energy with movement may encompass inanimate objects as well:
We need a definition of energy ... the ability to move ... and do things.

(adult)

Unit 1 The nature of energy
The clock hands wouldn't be moving unless something had given them energy.

( 1 1 yr old)

An extension of this idea is that stationary objects, such as a rock or a toy aeroplane at rest on a table,
do not possess energy:
As it stands, the toy doesn't have energy because everything's static.

(adult)

3. Energy as a fuel
Here use of the word 'energy' indicates a belief that fuel is energy rather than fuel contains, or is a
source of, energy. Such ideas seem to regard energy as a substance which has a physical existence:
A hovercraft might use petrol or diesel and both of those are energy ...
the energy goes out of the funnel, in the exhaust.

(11 year old)

4. Energy is used up
A common idea is that when fuel is burnt up or a moving object stops, energy is 'used up':
The energy gets all burnt up ... if you've eaten a lot of nice food, then
you go for a run, you burn it up. So you don't put on weight.

(11 year old)

When the energy is used, the car doesn't go.

(11 year old)

5. A confusion between energy and force
In this category, the term energy is often confused with force:
The toy plane has got an energy force of its own ...

(adult)

I would say energy is a force contained in a particular thing ...

(adult)

Other words, such as motion or power, are also frequently used interchangeably with energy.

6. Other responses
Some children and adults may express views which contain features not described above:
The grass gets energy from the dirt, and the dirt gets energy from the sun.

(11 year old)
Important Note
Any one response from an adult or a child may show evidence of more than one of the above ideas.
There is no intention of suggesting that these are mutually exclusive categories.

•
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3. Activity: identifying children's ideas about energy

If you have done the Unit 0 work:

look through the ideas about energy you elicited from children in your Unit 0 work.
in groups, try to identify examples of the kinds of idea listed on pages 3 and 4.

•

•

complete the table on the next page. Additionally, page 7 provides headings for sharing
examples by making wall displays.

If you have not done the Unit 0 work:

do the above activity using the statements about energy listed on page 8. These are all
taken from research studies with 11 and 12 year old children.

•
•

6
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Children's existing ideas

Idea held

1.

Energy is associated with living things

2.

Energy is associated with movement

3.

Energy as a fuel

4.

Energy is used up

5.

A confusion between energy and force

6.

Other ideas

One example of each idea
(quote the child's words)

•
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Making wall displays
(Use these as wall display headings. Each group pins an example under the headings.)
cut

1.

Energy is associated with living things

cut

•

2.

Energy is associated with movement

cut

3.

Energy as a fuel

cut

•

4.

Energy is used up

cut

5.

A confusion between energy and force

cut

•

6.

Other ideas

8
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Children's ideas about energy
These quotes are taken from research studies with 11 and 12 year olds.
`A weight lifter has energy because he has to use his muscles, to have strength
to hold the weights up.'

`I don't think the water (of a waterfall) needs energy because it's just falling
down ... it doesn't need anything to help it move.'

`If you didn't have energy you wouldn't be able to get up the stairs.'

`If you walked up the stairs all day you'd probably lose most of your energy
and be quite tired and that.'

`The person climbing the stairs is using the force of energy to get there.'

`A toboggan on a hill might need a bit of energy to get it moving to start with.'

`The clock hands wouldn't be moving unless something had given them
energy.'

`The bird uses up its energy by flying, moving around.'

`The candle's energy giving the light, as the energy.'

`A person who puts the jack up under the car is using his energy, but the jack is
not living - it's not using any energy.'

`It might use petrol or diesel ... both those are energy.'

•
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4. Activities: energy in living and non-living things

Energy in living things
There are many useful tasks which need to be performed in the course of daily
life (which can be called 'jobs') which require the energy of human beings or of
living creatures in the service of humans. This idea is in agreement with most
people's intuitive beliefs and also corresponds to the scientific view. Some
examples of such activities are given on the next page. Ask yourself:

0

(a) what is the useful job being performed?
(b) where does the energy for this job come from?

Energy in non-living things

•

The useful tasks (or 'jobs') described on page 10 were all performed by living
agencies. On page 12 we present a series of jobs in which the agent performing
the task is inanimate, although it may require the action of a human being to
initiate it, perhaps through a control system of some kind.
You are asked to consider the 'non-living' examples provided and then ask
yourself:
(a) what is the useful job being performed?
(b) where does the energy for this job come from?

•

9

10
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Jobs performed by living things

II
1. Unpacking shopping

2. Moving a cart

.

3. Moving one's body
upwards

•

4. Digging a hole

5. Rubbing one's hands

6. Sucking a lolly

7. Heating a thermometer

8. Warming a baby

9. Smoothing some
wood

•

11
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Jobs performed by non-living things

1. An electric blanket

2. A pile driver

3. A crane

\‘ 1

•

4. The space shuttle

5. Meteorite entering Earth's

6. Melting ice

atmosphere

•

7. Electric sander

K. Pottery kiln

9. A brewer's dray

12
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Matching the jobs done by living and non-living things
The next task is to match each living example on page 10 with the similar task
performed by one of the non-living things shown on page 11.

Job done by a living thing

1. Unpacking shopping

2. Moving a cart

3. Moving one's body upwards

4. Digging a hole

5. Rubbing one's hands

6. Sucking a lolly

7. Heating a thermometer

8. Warming a baby

9. Smoothing some wood

Similar job done by a nonliving thing

•
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5. Energy as a job-doing capability
An expanded view of energy
In the previous activity you considered the role of energy in the performance of jobs by living
agencies. You were then presented with similar jobs performed by inanimate things.
If one accepts the view that
possession of energy implies capability of doing a job,
and that
the same (or very similar) jobs can be performed by both living and
inanimate agencies,

•

it is reasonable to suggest that energy is not only a property of, or an idea restricted to, living things
but can also be applied to non-living things.

The scientific view of energy - what is energy?
A useful starting point is to think of

energy as a 'job-doing' capability.
The scientist uses this idea when considering how to explain events that take place and make
predictions about them. He or she will typically ask:
"What is the job or task being performed?"
"Where is the energy for this job coming from?"
"What's happening to that energy as the job is being done?".
So energy is a concept which scientists use to understand and explain the world around them. It is
perhaps the single most important concept in the whole of science.

Why is energy important?
We need to think of energy as a job-doing capability. To get jobs done, energy is needed. This is one
reason why it is important.
However, energy is a subtle idea, and it is not easy to give a simple definition that would satisfy a
biologist, a chemist and a physicist. Rather than give a definition, our approach will be to build up an
understanding of energy by learning about its characteristics - what it does, how it behaves.
However, we should be clear from the outset that energy is not a thing or a substance.

II/

Rather, it is an attribute. An analogy might be the age of a fossil. 'Age' is not a physical substance
but it is certainly an attribute of the fossil.
Furthermore, if we are clever enough, we can work out the age of the fossil. It is the same with
energy - if we know how, we can calculate amounts of energy.

-

14
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6. Summary of ideas about energy dealt with so far
In the first unit some key aspects of the scientific view of energy have been introduced. These ideas
about energy dealt with so far are summarised here.

Unit 1
What is energy?
Energy can be thought of as a job-doing capability.
Energy is a concept that scientists use to understand and explain the world about them. It is perhaps
the single most important concept in the whole of science.
Energy is not a thing or a substance.
Energy is a subtle idea. It is probably best understood by building up an understanding of its
characteristics.

Why is energy important?
Energy is needed to get jobs done.

Erle4y is a subtle iA441iii isipriTiabirbtfivetnOVI

,
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Unit 2
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Energy storage and transfer

Content
This unit deals with:

•

•

ways in which energy can be stored.

•

transfer of energy.

•

performance of jobs when energy is transferred.

•

energy transfer diagrams.

Sequence

•
•

Page

1.

Energy can be stored

16

2.

When jobs are done energy is transferred

19

3.

Drawing energy transfer diagrams

20

4.

Activity: energy transfer circus

22

5.

Where does energy come from and how is it stored?

27

6.

Activity: imagining the Earth's gravity spring

31

7.

Summary of ideas about energy dealt with so far

32
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1. Energy can be stored
Research has shown that most primary school teachers recognise readily that energy can be stored.
Examples with which teachers are familiar include storage of energy in fuels and in foods, in moving
objects, in springs or spring-like (`stretchy') materials, and in batteries.
However, some other ways of storing energy are less familiar or unknown. In particular, the energy
stored in a raised body by virtue of its height is rarely recognised.
This section illustrates seven important ways in which energy is commonly stored. Some of these
will be discussed more fully later.
1. In a moving body
vibrating punch ball
moving truck

rolling ball

An association of energy with movement, particularly in living things, is common in adults and
children. This is in accord with the scientific view according to which all moving objects (living and
non-living) store energy.
The proper name for energy stored in a moving object is kinetic energy (movement energy is a
satisfactory alternative name for children).
2. In springs and spring-like materials
Jack-in-a-box

stretched
catapult
rubber
twisted
rubber
band of
model
plane

Again, storage of energy in a compressed or stretched spring or springy material is widely
recognised. Notice that movement is not involved, so this is distinct from the examples above.
The proper name for this energy is elastic potential energy, usually shortened to potential energy.
Note that in everyday life the word potential implies a future possibility e.g. a potential first team
netball player, a potential university candidate. This is not the case with potential energy - the term
does not mean a potential to have energy in the future. Potential energy is energy actually stored in
the compressed spring or the stretched catapult. This is just one example of ways in which words in
science may be used differently than in everyday life. Clearly, teachers need to be aware of these
differences. We will point out other examples later.

Unit 2 Energy storage and transfer
•
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3. In a raised body
raised ram of
/ a pile-driver
raised
water
of a
hydroelectric
scheme

Research shows that this important way of storing energy is rarely recognised by people without a
scientific training. Yet we are probably all familiar with the use of dams to trap large volumes of
water in reservoirs and the subsequent hydroelectric generation of electricity when the water falls.
The scientific view is that any raised object stores energy. The name for this energy is gravitational
potential energy, which is again usually shortened to potential energy. Note that, as with 2 above, no
motion is involved in this form of storage. Also, and again as in 2 above, the word potential does not
imply some future possibility to have energy: the energy is actually stored in the raised body.

•

4. In fuels
coal

paraffin
wax

petroleum
gas

petrol / diesel

PETROL

•

Storage of energy in fuels is an intuitive notion which is in accord with the scientific view and is
widely accepted by adults and children.
Energy stored in fuels is often called chemical potential energy.

5. In food

Food can be thought of as a fuel: a fuel for human beings and other animals! We shall talk about food
• in more detail later.
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6. In 'hot' substances
water inside a
radiator

red-hot
iron

cooking
fat

The energy stored in a 'hot' substance is known in science as internal energy. This important idea
will be discussed in more detail later.
7. In batteries and electricity power stations

That batteries store energy is widely accepted. The fuel for a power station (e.g. coal or gas) is also a
store of energy.
Energy stored in a battery or a fuel is often referred to as chemical potential energy.

Simplifying the terminology
Setting aside the case of hot objects (6 above), the names for the other ways of storing energy
described above can be reduced to just two:
1.

kinetic energy i.e. energy stored in a moving body.

2.

potential energy i.e. energy stored where there is no movement.

We will return to the case of hot objects later in the course.
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2. When jobs are done energy is transferred
Transferring energy and doing jobs
In the previous unit you were presented with the argument that, if both living and non-living things
can do the same useful tasks or 'jobs', energy must be viewed as being associated with inanimate
objects as well as living things.
This reasoning relied upon acceptance of energy as a job-doing capability.
We now turn to a second basic aspect of the scientific view: to get jobs done, energy must be

transferred from one place to another.
For example, to move a car, energy must be transferred from the petrol (the fuel) to the mechanical
parts of the car (the pistons, gears, wheels).
•

By causing transfers of energy to take place, we can get useful jobs done - we 'activate' the stored,
job-doing capability - the stored energy.

How is energy stored?
Energy can be stored, for example, in a fuel or a coiled spring (see below), but when energy is
stored, it is not of much use. Only when energy is transferred does something useful happen.
In these respects energy can be likened to money. Money can be stored and accumulated - so can
energy, for example, in fuels.

coal

C

eemigg

my
money
box

cz.zziW:
n
coiled spring
MONEY STORES

hydro-electric scheme

ENERGY STORES

Like money, energy does not achieve anything or have an effect until it is transferred from one
location to another - when this happens useful jobs can be done.

•

MONEY TRANSFER TO A MAN

ENERGY TRANSFER TO A DRILL

WHO IS ABOUT TO DIG A HOLE

WHICH IS GOING TO MAKE A HOLE

20

Unit 2 Energy storage and transfer

3. Drawing energy transfer diagrams
Diagrams are often used to illustrate energy transfers. Consider, for example, a person winding up a
toy clockwork train and making it run across the floor.
(2)

(1)

An energy transfer diagram diagram for this is as follows:

energy

movement

energy stored
in wound-up
spring

energy of

where the energy is

where the energy is

where the energy is

at the start of the event

at an intermediate stage

at the end of the event

stored in
person

train

There are five stages when drawing an energy transfer diagram:
1.

define the beginning of the event you are considering.

2.

define the end of the event you are considering.

3.

decide where the energy is at the start of the event.

4.

decide where the energy is at the end of the event.

5.

draw the diagram, marking any intermediate location of the energy that you can
identify.

It is important in the first two stages to identify clearly the start and end points, since this will
determine the appearance of the energy transfer diagram.

•
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For example, in the case of the train, if the end point were chosen to be when the train had stopped,
the energy transfer diagram would look different:

energy

energy stored

movement

Train has stopped!

stored in

in wound-up

energy of

Where is the

person

spring

train

energy now?

where the energy is

where the energy is

where the energy is

at the start of the event

at intermediate stages

at the end of the event

In Unit 3 we will be introducing ideas which scientists use to account for what has happened to the
train's movement energy after it has stopped.
Also later in the course we will be developing these energy transfer diagrams to take account roughly
of the amounts of energy involved.

•
•
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4. Activity: energy transfer circus

Each station demonstrates energy transfers. Investigate as many of the stations as
you can and complete the table on pages 24 - 26. The first one has been done for
you.

Circus of stations

1.

A clockwork toy

2.

Battery

3.

Electric kettle and water

4.

Model water mill

5.

Cooking on a camping gas stove

6.

Solar cell with motor

i)bulb
ii) buzzer
iii) motor

Unit 2 Energy storage and transfer
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7.

Central heating radiator

9.

Growing plant

11.

Steam engine

23

8.

Chemical reaction
- gypsum (anhydrous
calcium sulphate) + water

10.

Model windmill (and hair drier)

12.

Wind up torch

Energy transfer circus

to do

1.Wind up
the clockwork toy
and release

After toy has
been wound up
but before it
starts moving

End of event

Where the
energy is at
the start of
the event

Where the
energy is at
the end of
the event

Toy moving

In coiled spring

In movement
of toy

Energy transfer diagram

In coiled
spring

Some still in spring

as it uncoils

it

2.Connect up
the circuit
containing the
bulb, buzzer
or motor

111111

3.Plug in
the electric
kettle
IIIIII
4.Lift up some
water and pour
it on the mill's
wheel to make
it work and raise
an object

1111111W

In
moving
toy

Unit 2Energystorageand transfer

What

Beginning
of event

•
Energy transfer circus

What to do

5. Start to
fry an egg on
the lighted
stove

Beginning
of event

End of event

Where the
energy is at
the start of
the event

Where the
energy is at
the end of
the event

Energy transfer diagram

MOW

if it is dull)

1111111

7. Feel a central
heating radiator
(do as a 'thought
experiment' if
one is not
available)

8. Add water
to the gypsum
and feel it
IIIIIII

Unit 2Energystorageandtransfer

6. Hold up the
solar cell to the
sun (or an overhead projector

cT
Energy transfer circus

Beginning
of event

End of event

Where the
energy is at
the start of
the event

Where the
energy is at
the end of
the event

Energy transfer diagram

9.Look at the
growing plant think about
where its energy
comes from

111111

10.'Blow' on
the 'sails' of the
toy windmill
using a hair
drier

111111W

11.Operate
the steam
engine
IIIII

12. Turn the

handle of the
wind-up torch

Unit 2 Energystorageand transfer

What to do

•
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5. Where does energy come from and how is it stored?
Almost all the energy available for use on Earth
comes, directly or indirectly, from the sun.

A veiy small amount (1%) comes from naturally occurring
radioactive rocks, the Earth's hot core and the movement of
the oceans.

The sun's energy is transferred by the process of
photosynthesis to plants which are the source of
many fuels such as wood, peat, coal, oil and gas.

•

L

The energy in the last named three 'fossil fuels' was
transferred from the sun to the living organisms from which
they were formed millions of years ago and these fossil
fuels that we use today will take millions of years to replace.

Since a tree which takes 30 years to grow can
provide fuel to heat a home for only 30 days,
alternative fuels which transfer energy much more
rapidly from the sun will be needed in the future.
Some scientists have suggested that sugar cane
could be such a fuel since alcohol (the basis of a
petrol substitute), gas and vegetable waste (a solid
fuel) can be produced from it by fermentation.
Others say the fuel of the future will be hydrogen
which produces no carbon dioxide (a major
'greenhouse' gas) but only water as a 'waste
• product' when it is 'burnt'.
We will be looking at these ideas in more detail in Unit 5.
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Fuel-oxygen systems
Although we commonly speak of energy being stored in fuels this is a simplification. It is more
correct to speak of the energy as being located in a fuel-oxygen system.
This is because the energy of coal, oil etc is only transferred when these substances are oxidised (i.e.
react chemically with the gas oxygen) during burning.
Coal without oxygen would be no use at all!

ENERGY
TRANSFERRED

ENERGY NOT
TRANSFERRED

\

air
containing
oxygen

/

41)11)
WO
. itb
4. 411 40P6

air
containing
oxygen

The energy of the coal

When the coal combines chemically with

on its own cannot be

oxygen, energy is transferred to the

transferred.

surroundings, heating them up (also lighting
up the surroundings and moving the air).

In the same way, the energy of food is, strictly speaking, located in food-oxygen systems, since it is
only transferred during respiration (i.e. chemical breakdown of sugar by oxygen) within the tissues
of living organisms.

•
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Gravitational potential energy
We said on page 17 that this is energy stored in a raised body. But as with the case of fuels just
described, this is a simplification. In the case of fuels, we said that energy is really stored in the fueloxygen system. In the case of a raised object, the energy is really stored in the system made up of the
object and the Earth together.
To understand this, consider the following analogy.
Gravity can be thought of as being like a spring joining an object to the centre of the Earth.

As the object is

If the object is

raised, the spring

raised further, the

is stretched and

spring stretches

therefore stores
energy.

more and so more
energy is stored.

Hence, the stored energy (the gravitational potential energy or g.p.e.) is really a property of the
Earth's gravity and the object taken together.
The energy is stored in the system made up by the Earth and the object.

Reference levels for gravitational potential energy

•

The picture below on the left shows a rock lying on the ground. It's just an ordinary rock. If the flap
is raised (as on the right), it's the same rock but the landscape has changed - it's now near the edge of

the cliff with a house down the bottom.

When interviewed about these situations, some teachers felt that the rock possessed no energy. But
when the flap was raised and it was seen in a new frame of reference, they changed their views e.g.

•

Interviewer: Does the rock have energy in the first picture?
Teacher:

.. it's not likely to move... not in the position it is... it's not got any stored-up energy...

Interviewer: (lifts up flap) Does that change the energy state of the rock?
Teacher:

Yes it's got potential energy even though the thing's not in motion... because of the position it is
in, it has got potential energy.
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Reference levels
The teacher above felt it necessary to change her view of the energy of the rock when asked to
consider it within a new 'frame of reference'.
The diagrams below show how the same object (a man) has no gravitational potential energy in
relation to the ground, but does have such energy in relation to a lower level i.e. the bottom of a pit or
the Earth's centre.

GROUND-ONLY SYSTEM

No potential
energy in relation to

Expand frame
of reference

GROUND-PLANET
EARTH SYSTEM

the ground.

Expand frame
of reference

GROUND-B AS EMENT
SYSTEM
Expand frame
of reference

Man has lots
of potential energy
relative to the Earth's centre.
Man has some
potential energy in relation
to the dog in the basement beneath.

In most everyday situations it is good enough to regard something on the ground as having zero
potential energy since this is usually our reference level.
A more sophisticated view says that an object still has g.p.e. in relation to levels below the ground!
Hence, strictly speaking, we should talk about g.p.e. with respect to a specified level.

•
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6. Activity: imagining the Earth's gravity spring
Close your eyes while lifting a heavy book and try to imagine yourself stretching the imaginary
spring joining the book to the centre of the Earth deep beneath your feet.
Relax your grip and feel the 'gravity-spring' pulling it downwards.

1

•
i

•

EARTH'S CENTRE
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7. Summary of ideas about energy dealt with so far
In the first two units some key aspects of the scientific view of energy have been introduced and you
have been asked to apply them to various situations during the activities. The ideas about energy dealt
with so far are summarised here.

Unit 1
What is energy?
Energy can be thought of as a job-doing capability.
Energy is a concept that scientists use to understand and explain the world about them. It is perhaps
the single most important concept in the whole of science.
Energy is not a thing or a substance.
Energy is a subtle idea. It is probably best understood by building up an understanding of its
characteristics.
Why is energy important?
Energy is needed to get jobs done.

Unit 2
How does energy behave?
Energy resembles money in several ways:
i) it can be stored and accumulated (e.g. in fuel-oxygen systems).
ii) it does not have an effect until it is transferred from one place to another.
iii) when energy is transferred, jobs get done.
How can energy transfers be illustrated?
Energy transfers can be shown by means of energy transfer diagrams.
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Content
This unit deals with:

•

•

what happens when energy is transferred - unintended outcomes.

•

the spreading out (or dissipation) of energy and why it becomes less useful (degradation).

•

the conservation of energy (total amount of energy remains the same).

•

the measurement of energy.

Sequence

•

•

1.

What happens when energy is transferred

2.

Activity: some examples of energy spreading out (dissipation)

Page
34

and becoming less useful (degradation)

38

3.

Adding up energy

39

4.

Conservation of energy - a parable

42

5.

Where does the energy go?

43

6.

Activities: thinking about conservation

44

7.

Thinking about conservation - the scientific view of the activities

45

8.

Amounts of energy

47

9.

Activity: calculating the energy available from modern foodstuffs

49

10.

Degradation: why we cannot get the energy back

50

11.

The scientific view of the Unit 0 situations

52

12.

Activity: feedback questionnaire

56

13.

Summary of ideas dealt with so far

60
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1. What happens when energy is transferred?
As you have seen from the energy transfer activities:

for things to happen, for jobs to be done, or for tasks to be performed
energy must be transferred from one place to another.
However, the things which happen when energy is transferred are not all useful or intended.
Whenever energy is transferred to do a useful job there are always other things which happen as well.
Energy is also transferred to make these 'other things' happen.
So, if you consider a store of energy before a job is done, some of that energy is transferred to do the
job, and some of it is transferred to make the 'other things' happen.

Intended job
Initial store of energy
'other things' happen
Some examples
The clockwork toy
Here, as you have already seen, the intended job is to make the toy move. But what else happens?
- You can hear the toy move. Sound is produced.
- As the toy moves along it warms up slightly. Heating is produced.
- As the toy moves along the ground heats up slightly. Again, heating is
produced.
1)

2)

ground heating
up slightly

Unit 3 Dissipation, degradation and conservation
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A lawn mower
The intended job of the lawn mower is to cut the grass!
In order to do that energy has to be transferred from the petrol to make the blades move.
But, what else happens?
- You can hear the mower. Sound is produced.
- The mower heats up.
- The surrounding air heats up slightly.
- The surrounding air is moved.
energy of petrol is transferred
to movement energy of:

1. air particles
(sound waves)

3. air particles
(as air is heated
by the hot engine)

2. mower blades
and grass
z
1\\\\\\\\\\\\\'

to •iffff

lot

///f,s o o

III

In both the examples above the unintended 'happenings' all involve a transfer of energy. The energy
transfer diagrams can be developed to show these unintended 'happenings' as 'offshoots' of the main
arrow. For example:

energy 'concentrated' in
petrol of the lawn mower

vibration of air particles
(sound)

energy
of fuel
(petrol)

movement energy of
mower blades and grass
movement energy
of surrounding air

111%\1 11

heating up engine
and surrounding air

In both the examples here, the original energy after transfer has become spread out. It is no longer in
one concentrated form. Some of the energy has been transferred to the surroundings.
•

Scientists call this the dissipation of energy.
Dissipation means the spreading out of energy during transfers.
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The energy which has been transferred to the surroundings is 'diluted' and much harder to make use
of.
Scientists say that it has become degraded.
Degraded means that the energy has become less useful.
When energy is transferred it becomes dissipated (spread out) and degraded (less
useful).

Here are some ways of thinking about this, using analogies with money.
(a) Concentrating money and energy
If money is concentrated in one place, such as in the hands of a millionaire benefactor, it can achieve
more than when it is spread out and diluted by, for example, giving a million poor people El each.

Cheers,
guv'ner

Gaily Zi-ntts
\

\

MILUONAIRE
TO BUILD £1M
\HEA TH CENTRE
Read all about
Att..

EFFECTIVE USE OF

LESS EFFECTIVE

CONCENTRATED

SOURCE OF ENERGY

CONCENTRATED'

USE OF MONEY

SOURCE OF ENERGY

THAT CAN BE USED

MONEY

CAN BE EFFECTIVELY LESS EFFECTIVELY
USED

Energy also is more effective for doing useful jobs when it is concentrated in one location rather than
being widely spread out or dissipated.
In the course of becoming spread out, it also becomes less useful and is said to have become
degraded.
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(b) Successive transfers of energy and money
When money is successively changed from one currency to another (e.g. pounds -> francs -> liras
-> pesetas etc) a little of its value disappears during each exchange.
This is not lost but is transferred to the money changer and is not recoverable.

£100s worth of

English pounds

£99s worth of

French francs

£98s worth of

Italian lira

£97s worth of

Spanish pesetas

SUCCESSIVE CHANGES OF MONEY

SUCCESSIVE TRANSFERS OF ENERGY

Similarly, the more transfers that energy is involved in, the smaller the proportion of the total energy
that remains available to do a useful job.
One might say that the quality of the energy, in terms of the amount that can be readily used, declines.
Scientists call this degradation of energy.

•
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2. Activity: some examples of energy spreading out (dissipation) and
becoming less useful (degradation)
In these 4 examples the smaller arrows or 'offshoots' of the energy diagrams represent unintended
energy transfers.
Try to account for the destination of the energy represented by each offshoot.
(2) The indoor games lesson

(1) The highway juggernaut

E of

motion E of lorry

fuel of

E of

movement E of

children's

children's bodies

bodies

lorry

7

7

7

(4) The drummer

(3) The nocturnal cyclist

7

E of

motion of

cyclist's

cyclist's

cycle and

drummer's

body

limbs

dynamo

body

motion E of

E of

movement of

motion

drummer's

of

limbs + sticks

drum skin

9

(For answers, see Appendix III.)

vibration of
air (sound)
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3. Adding up energy
One of the most important scientific ideas about energy is that it can be neither created nor destroyed.
This means that, whenever a job is done and energy is transferred, if you add up the total amount of
energy before the transfer, and the total amount after the transfer, these totals must be equal. In other
words:
total amount of energy before transfer = total amount of energy after transfer.
Scientists call this the principle of the conservation of energy.
Here, the word 'conservation' is used in a specific scientific sense to mean 'staying the same
amount'. In other words, the total amount of energy always remains the same.
Two analogies
The idea of energy being conserved while it is transferred and spreads out can be illustrated through
analogies with money.
1. The total amount of money involved in exchange transactions does not change but is distributed
in a different way afterwards.
car dealer
my nephew I
bequeath the sum
£100,000.'

•

hotelier
TOTAL AMOUNT OF MONEY MAINTAINED
heating the atmosphere
vibrating the
air (sound)

heating the power station

energy of 100,000 tonnes of coal
TOTAL AMOUNT OF ENERGY MAINTAINED (CONSERVED)

•

In the same way, although it can be shared out differently, the total amount of energy present at the
beginning of an event and at the end of it stays the same .
This is the principle of conservation of energy.
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2. When changing cash into travellers' cheques we have faith that the small amount of money that
we 'lose' doesn't vanish into thin air but goes to the banker or money changer i.e. that the total
amount we started with is still the same, but that some (which still exists) has been relocated.

BUREAU
DE C11/b\E

'c(=
£1

1/99's

worth of
francs
£ 100

Money doesn't vanish during a transaction - some is merely
relocated as the charges made by the banker or bureau de change.

When energy is transferred, a part of it can be lost, in the same way that some money is lost
when one changes cash into travellers' cheques at a bank. Although this lost part of the energy
(like the bank charges) cannot be recovered, it still exists (as the bank's charges do in its assets)
but is no longer available because it has become diluted and spread out or dissipated.

certain amount of
stored energy
transfers
to

energy 'lost'
heating slide,
child's bottom and
the surrounding air
slightly less
movement energy

Energy doesn't vanish during an event - the 'lost' energy
has spread out (dissipated) and become less useful.

It would be very difficult to have a rational system of trading if one felt that little bits of
money were popping out of existence every so often!
Equally, scientists would find it very difficult to rationally explain changes in the world
about them if the sums they did with energy before an event didn't give the same total at the
end as they did at the beginning.

•
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Conservation and the dissipation examples
Look back to the examples of energy dissipation in the last activity on page 38.
In each case the concentrated energy at the beginning was transferred to several different places.
The principle of conservation of energy tells us that if we could add up all the energy in all the
different places after the transfer then the total would be the same as the amount of energy we had
before the transfer.

•

This can be shown on the energy diagrams by making the width of an offshoot represent the amount
of energy transferred. The diagram is then drawn to make the widths of all the offshoots added
together equal to the initial width of the arrow.

This
width

•
•

-------- -is equal to

the sum of
these widths
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4. Conservation of energy - a parable
The famous physicist, the late Richard Feynman, told a parable to illustrate how scientists believe that
if energy decreases in one place, you will find it has been transferred elsewhere (the total amount
staying the same):
'Imagine an awful child, "Dennis the menace". He is careless, untidy and dirty although his mother is
careful and strict. One Christmas he is given a set of toy blocks.

After a day or so there are some missing, but soon they are found, some in a cupboard, some under
the rug. His mother knows that the number of blocks must be constant, so when some 'vanish' she
makes Dennis look for them.

L-1

J411r-tr-

One day some blocks cannot be found at all. But Dennis' locked toy box seems a little heavier. He
has lost the key to the box, but his mother hits on an idea: she weighs the toy box. Now she can keep
track of the blocks again.

Later, blocks are found to be missing which cannot be accounted for by the weighing strategy. But
the mother finds that Dennis' dirty bath water has risen a little; though the water is opaque she can
keep track of the blocks in it by measuring the depth.

Lt
4

So it goes on - every new way of losing blocks causes the mother to find a new way of accounting
for missing blocks'.

Of course, to make the system of accounting work, scientists have to find ways of measuring energy
(rather as the mother had the idea of weighing the toy box to account for the missing bricks). We
consider this further later in the Unit (page 47).

•
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5. Where does the energy go?
What happens to the energy when the toy or the lawn mower stops?
When the clockwork toy has stopped the spring is unwound. When the lawn mower has stopped
there is less petrol in the tank. So, where is the energy now?
Many people, adults and children, would intuitively say that the energy has gone, or that it has been
used up. But science tells us that energy cannot be created or destroyed. So it must still exist, it must
be there somewhere. But where is it? What has happened to it?
The scientific view tells us that as the toy slows down it loses its movement (or kinetic) energy. This
energy is transferred to the toy, the ground and the surrounding air. This means that the toy, the
ground and the surrounding air all become slightly warmer. Because the toy is small and moving
slowly this heating is very slight and hard to detect. But if we could add up all the little bits of energy
that cause this heating then the total would be the same as the amount of energy stored in the spring of
the toy before it moved.

energy in

energy in the surroundings

the spring

(all slightly warmer)

When the toy has stopped, the energy in the spring still exists in the same amount but it has become
spread out and is no longer useful.
Scientists would say that the energy is conserved but it has been dissipated and become degraded.
The same is true for the lawn mower. When the lawn mower stops, the movement (or kinetic) energy
of the blades is transferred to the mower, the grass, the ground and the surrounding air - they all
become slightly warmer.

How do we detect the heating?
Think of a bike moving fast. If you apply brakes very quickly to stop the bike, the brakes become
detectably warm from rubbing against the wheels.
You can also experience this heating effect due to rubbing by looping a piece of material (e.g. ribbon)
around a biro and moving it to and fro vigorously. The biro becomes noticeably warmer as a result of
the ribbon rubbing against it.
•

The scientist says that the movement (kinetic) energy of the ribbon is transferred to heat the biro (and
the ribbon itself) and that as it cools, the energy is dissipated into the surroundings, warming the air
around the biro very slightly.

44

Unit 3 Dissipation, degradation and conservation

6. Activities: thinking about conservation
1.

Marble on a track

marble released here

track

Try the following and answer the questions as you go.
a.

The track is set up for you. Before you do anything predict what you think will happen to
the marble when you release it as shown in the diagram. How high do you think it will go on
the other side of the track? Same height, lower or higher? Why do you think that?

b.

Now release the marble and watch what happens. How would you describe the motion?

c.

What energy changes are taking place?

d.

Why, and where, does the marble stop?

e.

What has happened to the energy when the marble has stopped?

2.

Bouncy balls

both balls
released from
the same height

Nt,

- - ground level

Try the following and answer the questions as you go.
a.

You have two balls, a tennis ball and a 'supaball'. Before you do anything with the balls
predict what you think would happen if you released both balls from the same height and let
them fall to the ground. How high would they bounce back? The same height, higher, lower?
Would the two balls be the same?

b.

Now release both balls from the same height and let them fall to the ground. Watch what
happens. Describe the motion of each ball.

c.

Describe the energy changes that are taking place.

d.

Why do the balls stop?

e.

What has happened to the energy when the balls have stopped?
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7. Thinking about conservation - the scientific view of the activities
1. Marble on a track
What happens when the marble is released? It speeds up down the track and slows down as it climbs
the other side, reaching a lower height than it started from. It stops momentarily and then returns,
again reaching a lower height, and continues to move back and forth, getting lower and lower, until it
eventually stops in the middle of the track.
What energy changes are taking place?

Note: g.p.e. = gravitational potential energy; k.e. = kinetic energy
2. SOME g.p.e.
SOME k.e.

1. GIVEN g.p.e.
(NO k.e. yet)

3. NO g.p.e.
MAXIMUM k.e.

4. SOME g.p.e.
SOME k.e.

5. ONLY HAS g.p.e.

g.p.e. only

4. it loses kinetic energy 5.
1. Raising the marble 2. it gains kinetic energy
(k.e.) as it moves faster
(k.e.) as it slows
up to here gives
(3)
has
lost
all
of
its
- it loses gravitational
gains gravitational
it gravitational
g.p.e. (no height
potential energy (g.p.e.)
potential energy (g.p.e.;
potential energy.
above
ground)
as its height above the
as its height above the
- k.e. is at a maximum
ground decreases.
ground increases.
here (at top speed)

•

it has lost all of its
k.e. (is not moving)
- slightly less g.p.e.
than at the start
(not so high above
the ground as then)

As the marble returns the way it came, the process is repeated - g.p.e is transferred into k.e. and once
again it has a mixture of both kinds of energy.
Why doesn't it keep going? It would do so if all the g.p.e. were transferred into k.e. and vice-versa.
It would move backwards and forwards forever, always climbing to the same height. This doesn't
happen, so something else must be happening to the energy.
As the marble moves, it rubs against the track and moves the air as it pushes through it, heating both
track and air (and itself) slightly by transferring energy to them. We hear some of this transferred
energy as 'sound'. Because of this, the marble has progressively less energy as it rolls to and fro, so
it gets lower and lower and eventually stops at the bottom.
Note that, since energy can be neither created nor destroyed, at any point in the marble's journey:
its g.p.e.
(at that point)

+

its k.e.

total energy

the amount of

(at that point)

transferred to

g.p.e. it had to

surroundings

start with

When the marble has finally stopped moving all the g.p.e. it had to start with is now in the
• surroundings, but it is so spread out (dissipated) and diluted (degraded) that it cannot be brought

together again to do a useful job. This is a one way process and cannot be reversed.
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2. Bouncy balls
What happens when the balls are released? Both fall to the ground and bounce upwards but neither
reaches the height it was released from. This continues with the balls getting lower and lower after
each bounce until they eventually stop.
As the balls drop to the ground they speed up and as they bounce up again they slow down. On
impact with the ground the direction of movement is changed, from down to up. They are
momentarily stationary at the top of the bounce.
What energy changes are taking place? These are very similar to those of the marble on the track.
They involve transfers from g.p.e. to k.e. to g.p.e.

g.p.e. only

1. before release, the
balls have g.p.e.

0
• g.p.e. only

SUPABALL
i

t
t

g.p.e. —> k.e.
1 t

•

• k.e. --> g.p.e.
t

t

It
1

no g.p.e. maximum k.e.

2. as they fall they lose
g.p.e. and gain k.e.
3. on impact with the
ground they have lost
all their g.p.e. and have
maximum k.e.

g.p.e. only
•
TENNIS
BALL

$on g.p.e. only
0 4

g.p.e. —> k.e.

4. as they move upwards,
they lose k.e. and gain g.p.e.

•

5. when they are
momentarily stationary at
the top of a bounce they
have zero k.e. and
maximum g.p.e.

•
•

—> g.p.e.

k
04
1

no g.p.e. maximum k.e.

Why don't they keep going? As with the marble on the track, if all the g.p.e. were transferred into
k.e. and back again, the balls would keep bouncing for ever up to the height they were released from.
This doesn't happen so again, something else must be happening to the energy.
Because of friction between the moving balls and surrounding air, some of the balls' kinetic energy
energy is transferred to heat up the balls and air slightly. Also when the balls collide with the ground
some energy is transferred to the surroundings. Both ground and balls heat up slightly and we hear
the impact (the 'supaball' bounces higher and for longer than the tennis ball because it transfers less
energy to the surroundings when it collides with the ground). This means that the balls have
progressively less energy in each succeeding bounce.
None of the initial g.p.e. is destroyed and at any point in the ball's 'flight':
ball's g.p.e.
(at that point)

+

ball's k.e.
(at that point)

+

total energy
transferred to
surroundings

=

the amount of
g.p.e. it had to
start with

When the balls become stationary all of their initial g.p.e. is now in the surroundings. The ground,
the balls and the air have all heated up slightly.
The initial energy has been irreversibly spread out (dissipated) and diluted (degraded) so that it cannot
be brought together again to do a useful job.
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8. Amounts of energy
Scientists have found ways to measure amounts of energy, but we will not be dealing with
measurement in this course. However, it is useful to know something about the units of energy and
typical energy values.
Units of energy
These days the unit in which energy is measured is the joule, named after J.P. Joule, the Manchester
brewer and amateur scientist.
Energy used to be measured in calories, but this unit has now been largely phased out (although,
rather like the mile which we often still use in preference to kilometres, calories still cling on in some
quarters!).
Both the joule and calorie are very small units, and in practice it is often more convenient to talk in
terms of kilojoules (Id) and kilocalories. This corresponds to measuring distances in kilometres rather
than centimetres: the centimetre is often too small to be convenient.
The relationship between joules and calories is in fact:

1 joule = 4.2 calories

or

1 kilojoule = 4.2 kilocalories.

In practice, we can forget the calorie and simply work with joules.
Another useful unit of energy is the megajoule (abbreviated MJ) meaning a million joules.

•

Some typical values for stored energy
The (very) approximate amount of energy stored in:

•

a small car moving at 30 mph (its energy of movement)

=

70 kJ

a juggernaut moving at 30 mph (its energy of movement)

=

700 kJ

an apple on a shelf 2 metres high (its g.p.e.)

=

2J

a single lump of coal

=

5 Id

same amount (mass) of oil

=

25 Id

a torch battery

=

5 kJ

energy needed to boil a kettle of water

=

670 Id
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Energy transfers in people
Each person's energy supply comes from his or her body, which is like an engine 'burning' its fuel,
namely food, within the tissues in combination with oxygen.
An average adult needs about 13 MJ (13 million joules) from food each day.
The energy a person needs varies according to their activity - sleeping requires 70 joules every
second, walking takes 250 joules per second, walking upstairs needs 350 joules per second, while
playing hockey takes 600 joules each second.
Z.

0

JOULES OF ENERGY NEEDED EVERY SECOND ( i.e. WATTS )

Power and watts
Most people use the word 'power' to mean strength in ordinary speech but 'power' has a specialised
meaning in science - it means how quickly energy is transferred.
So the rate at which something transfers energy is a measure of its power: this is measured in watts.
One watt is a transfer of energy of 1 joule every second, so playing hockey demands the same power
as leaving six 100 watt living room light bulbs on!

NEEDS SAME TRANSFER
OF ENERGY EVERY SECOND
0

( i.e. POWER ) AS
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9. Activity: calculating the energy available from modern foodstuffs
Look at the nutritional information tables on these labels from some
foodstuffs and notice how much energy (in kJ) is transferable from them.
Then try the problems below (approximate answers only are required).
1.

For how many seconds of a hockey match (needing 600 joules per second) would one cup of
Malt Food Drink (in skimmed milk) provide the energy requirement?

2.

For how many seconds of sleep (needing 70 joules per second) would a beef cube supply
the energy?

3.

For how many seconds could you walk (needing 250 joules per second) on the energy
transferred from one Chocbar?

4.

For how many seconds could you walk up stairs (needing 350 joules per second) on the
energy from one ginger nut biscuit?

•

WILLVEr SODID DRINK
NUTRITIONAL INFORMATION
Per Serving (20g) in
200 ml Whole Milk

Per
1009
Energy - kJ
- kcals
Protein
Carbohydrate
Fat

•

Per Bar

Energy

Per Serving (20g) in
200 ml Skimmed Milk

Protein
Carbohydrate
Fat
S

597
140
8 8g
26.3g
0.7g

862
205
8.6g
25.59
8.3g

1,523
358
8.9g
79.4g
2.7g

CHOCBAR
ru1==11171

KIPLING.
6 LUXURY
MINCE, PI ES •

PLAIN CHOCOLATE
GINGER CRUNCH

WITH SHERRY AND NUTS
no artificial colours or flavours

BISCUITS
150

III NG

gram

ARTIFICIAL PRESERVATIVES
NUTRITIONAL INFORMATION
Typical Composition:

TYPICAL VALUES

Energy:
Protein:
Carbohydrate:
fat:

NUTRITION
PER 100 g 05 0/1 PER BISCUIT
ENERGY
PROTON
CA0801000 ft AVAILABLE
IOTA FAT
ai *Rich POLYUNSATURATES
SATURATES
DIETARY WC
A00ED SUGARS
AWED SALT

4701 CALORIES
19151 JOULES
51q
67 /g
7208
I 3g
11 49
1
1 1g
78 59
0. 49

151 CATO/MIS
1501 JOULES
040
51g
1.6g
01q
00

010
29g
kssiliaa 0 ig

Per 1009

533 kJ
2180 kJ
127 kcal 521 kcal
1.3 g
5:3 g
15.89
64.7 9
6.59
26.6 g

003 2

177

To re.t.ain freshness once opened,

Per Pie

Per 100s

1550k1(368kca1) 88301(210kcat)
2.4g
4.2g
31.5g
55.4g
9.1g
16.0g

EVAPORATED

DEEP CRUD[

•

NUTRITIONAL INFORMATION
Typical Values
Energy
Protein
Carbohydrate
Fat

Per cube
68kJ/16kcal
1.4g
1.8g
0.4g

Per 100g
1101kJ/263kca1
23.4g
28.8g
6.9g

TYPICAL VALUES

(3y, .1)

KR Sol
1 Tablesposes

PER SERVING

ENCPGY

160 8/CALORIES
665 C/JOULES

PROTEIN
CARBIONYORATE

I 29
ROE

03 C/CALENUES
410 8/101.11.E5
S Tg
T Og

NUTRITION

VI (7 I .1
5 lableweas
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10. Degradation: why we cannot get the energy back
In all energy transfers, some energy will be dissipated. In some cases, all the original, concentrated
energy is dissipated. So, for example, when a raised brick falls, hits the ground and comes to rest all
the original gravitational potential energy has been dissipated i.e. spread out amongst the particles of
the ground, the air and the brick itself. All the energy in all the fuel in all the cars of the world is
eventually dissipated.
But does this matter? After all, scientists believe energy is conserved, so the energy, although
dissipated, is still there. Can we not recover this spread out energy?
The answer is unfortunately no - we cannot recover this energy. But why?
Spreading out: a one-way process
Consider marbles of two different colours shaken in a container. The diagram below shows 4 frames
from a film of this process taken at equal time intervals.
Is the film shown in normal or reverse sequence? How do you know?

Frame 1

Frame 2

Frame 3

Frame 4

Clearly, the frames are in reverse sequence. It is most unlikely that the shaking would lead to the
separated state shown in frame 4. It is much more likely that the marbles were initially separated
(ordered) and became mixed up (disordered) as the shaking proceeded.
Now think of dropping some ink into a beaker of water - the ink spreads out and the water becomes
blue. Could you tell if a film of this was run in reverse? Why?
These examples show that spreading is a one-way process - when things spread out they are unlikely
to come together again by chance.
More films in reverse
Consider a film of a collapsing chimney. If run in reverse, the pile of rubble reorders itself and rises
from the dust to form the chimney again. This looks absurd. It simply does not happen. The
collapsing of a chimney is a one-way process.
Similarly, if a film of a burning piece of paper is shown in reverse it looks absurd - the charred
remnants recombine with the smoke, ignite and reform the paper! Burning is obviously a one-way
process.
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A falling brick
Consider our falling brick. After it has hit the ground, the original energy has been spread out
amongst the particles of the ground, the air and the brick itself. For the brick to rise again (the film in
reverse), all these billions and billions of particles would have to move in just the right way, at the
right time and with the right speed to hit the brick back up into the air! The chances of this happening
are effectively zero!
Once spread out, energy will not reconstitute itself in a concentrated form. It is truly degraded and
useless.
The millionaire analogy again
When money is spread out and concentrated in the hands of the millionaire, it can achieve more than
when it is spread out e.g. by giving £1 to a million poor people who then disperse all over the
country.

•

\

-41 ilItZ5
/ \
MILLIONAIRE
z TO BUILD £1M
\HEA TH CENTRE
Read all about

7\lt!

•
EFFECTIVE USE OF 'CONCENTRATED' MONEY

LESS EFFECTIVE USE OF MONEY

The money is still there (it is conserved) but the chances of it all coming together into the hands of
one person again are remote. Hence the money becomes useless and remains so.

But can't we invent a machine to recover the energy?
Unfortunately, no. Scientists have talked about this for a long time, and have come to the conclusion
that any machine designed to do this would itself spread out more energy than it could reconstitute.
The inevitable fate of all energy is to become dissipated.
•

This is one of the most fundamental laws of physics. This corresponds to the cost of getting the
million pound coins back from a million people being more than the original million distributed
(which, if you think about it, is probably true!).
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11. The scientific view of the Unit 0 situations
The role of energy in each of the situations you presented to children is described here at a simple
level in the form of an 'energy story'. Each story describes the source of energy involved, the
transfers taking place and the new locations to which energy has been transferred.
A simple energy transfer diagram, ignoring dissipation (offshoots), is also provided for each
situation. In the light of your work in Unit 3, you might like to try drawing diagrams which include
dissipation.
CARD 1 - THE CLOCKWORK TRAIN
The story of energy in this situation is:
1

the original input of energy here is from the child's body as he wound up the clockwork
spring of the toy train.

2.

the energy of the child's body is transferred via the movement of his hand to the spring as it is
wound up and its shape is distorted. The stored energy of the spring increases as he winds.

3

when the toy train is placed on the floor and released, the stored energy of the spring is
transferred to the energy of the clockwork moving parts and to the wheels.

4.

the energy of the wheels is transferred to the toy train as a whole. As it speeds up, more and
more of the spring's energy is being transferred into kinetic energy (movement energy).

AT THE START

AT THE END

OF THE EVENT

OF THE EVENT

energy is
stored within
child's body

stored energy
of wound-up
spring

energy of movement
of toy train and its
moving parts
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CARD 2 - CLIMBING ON TO THE TABLE
The story of energy in this situation is:

1.

the source of energy here is the stored energy within the child's body.

2.

this energy is transferred to the child's limbs as she moves upwards (kinetic or movement
energy).

3.

the original stored energy in the child's body is also transferred to energy due to her raised
position (gravitational potential energy) as she gains height above the ground.
(If the table were removed, this energy due to the child's elevation would be transferred to
movement ( kinetic) energy as she fell.)

•

•

AT THE START

AT THE END

OF THE EVENT

OF THE EVENT

energy is stored

energy has been gained

within child's

by child's body due to

body

its height above ground
(gravitational potential energy)
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CARD 3 - THE HUNGRY MOTORIST
The story of energy in this situation is:
1.

the input of energy to the motorist is from food, e.g. the sandwich he is eating. Some of
this energy is transferred to energy of the man's muscles and limbs as they move to operate
the steering wheel, gear lever, clutch etc.
AT THE START

AT THE END

OF THE EVENT

OF THE EVENT

energy is stored

energy is released to muscles

movement energy

within food

during 'cellular' respiration

of driver's limbs

2.

the input of energy to the car is from the fuel, the petrol in the car's tank, combining with air
which is drawn into the engine and burnt there.

3.

some of this energy is transferred to energy of the moving parts of the engine and this in turn
is transferred to energy of the transmission system and wheels.

4.

the wheels drive the car along and so the net result is a transfer of energy to the car as a whole
and to the driver.

5.

only a small proportion of the energy of the car's petrol is transferred to energy of the car, as
described in (c) and (d), because car engines get very hot and a good deal of energy from the
fuel is wasted in causing this heating.

The net result is that only a small proportion of the energy of the fuel is transferred in a useful way
(i.e. to make the car move along). The rest is wasted in heating up the car's moving parts, the air and
the ground (through friction with the tyres).
(The role of energy in heating and wastage of energy are dealt with in detail in Units 4 and 5).
AT THE START

AT THE END

OF THE EVENT

OF THE EVENT

energy is stored

energy has been transferred

in car's fuel

to movement of the entire

(petrol)

car and surrounding air
(which are also heated up).
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CARD 4 - THE BUSY LIVING ROOM
The story of energy in this situation is:
1.

there are many energy transfers taking place in the room. There are several sources of energy:
the coal, the water in the radiator, the energy stored in the child's body, electricity (the
electrical energy was originally stored in the fuel which was used to generate electricity at the
power station).

2.

the coal fire heats the room and this involves transfer of the energy stored in the coal to the air
of the room (heating it) and to light.

3.

the hot water in the radiator heats the room. This involves transfer of energy from the water to
the metal of the radiator and then to the surrounding air. The energy in the hot water originally
was stored in the fuel which runs the boiler for the central heating e.g. gas.

4.

electrical energy is transferred by the lamps in the room into light and also in heating the room
slightly.

5.

in the CD player electrical energy is transferred into movement (kinetic) energy of the CD and
into sound. Some of the electrical energy is also transferred to heat up the CD player slightly.

6.

in the television electrical energy is transferred into light and sound. Some of the electrical
energy is also transferred to heat up the television.

7.

energy in the child's body is transferred into movement energy (kinetic energy) as she dances.

•

•
•

AT THE START

AT THE END

OF THE EVENT

OF THE EVENT

energy is stored in
the coal, water of the
radiator, electricity
and child's body

energy in the steel of the radiator
energy in the lights, TV, and CD player

energy has been
transferred to the
air of the room
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12. Activity: feedback questionnaire
You are advised to read through all the previous units before trying this.
The goal of this exercise is to introduce you to a range of views about the role of
energy in situations like those you have already met, including 'expert' or
'scientific' explanations.

Your task is to 'spot the expert view' (or views) among the statements about each
situation (think of the ideas about energy which you have met during Units 1-3).
You are asked to try this yourself (without the help of your colleagues or a
book). You might also like to ask other adults to have a go.
Put a ring around YES if you think the statement is scientifically correct.
Ring NO if you think the statement is scientifically incorrect or is a type of
statement other than a scientific one.

THE WINDOW CLEANER
The cleaner is mounting the ladder to clean the upstairs windows.

(Remember, in these examples, you ring 'NO' if the statement is scientifically incorrect or is a statement other than a
scientific one )

1.

Since he is very fit, the cleaner has plenty of energy to climb the ladder.
your view

2.

NO

adult 1 YES

NO

adult 2 YES

NO

NO

adult 2 YES

NO

adult 2 YES

NO

The cleaner's energy force gets him up the ladder.
your view

3.

YES

YES

NO

adult 1 YES

Stored energy in the cleaner's body is being transferred as he moves.
your view

YES

NO

adult 1

YES

NO
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4.

The ladder's energy is being transferred to the cleaner.
your view YES NO

5.

adult 1 YES NO

adult 2 YES NO

Transference of the cleaner's energy enables him to perform the task of ascending the ladder.
your view YES NO

6.
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adult 1 YES NO

adult 2 YES NO

The ladder can't have energy since it's made of an inanimate material, aluminium.
your view YES NO

adult 1 YES NO

adult 2 YES NO

THE CHILD WITH THE CATAPULT
The child has stretched back the rubber of his catapult and has just released it - the stone in the pouch
is now moving forwards.

•

(Remember, in these examples, you ring 'NO' if the statement is scientifically incorrect or is a statement other than a
scientific one )

7.

The boy is a lively youngster with lots of spare energy to work off
your view YES NO

8.

•

adult 2 YES NO

adult 1 YES NO

adult 2 YES NO

Energy from the boy's body is transferred to the rubber and this in turn is transferred to the
stone.
your view YES NO

11.

adult 1 YES NO

Rubber is obtained from living trees so it still has energy, as life-force, within it.
your view YES NO

10.

adult 2 YES NO

The catapult-rubber's energy-force makes it want to return to its original shape.
your view YES NO

9.

adult 1 YES NO

adult 1 YES NO

adult 2 YES NO

All the energy of the boy's body is transferred to energy of the stone.
your view YES NO

adult 1 YES NO

adult 2 YES NO
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THE RESTAURANT CAR
The passenger is eating a meal while the inter-city express is travelling at 200 kmph.

(Remember, you ring 'NO' if the statement is scientifically incorrect or is a statement other than a scientific one )

12.

The energy in the overhead wires is transferred to the energy of the train.
your view YES NO

13.

adult 2 YES NO

adult 1 YES NO

adult 2 YES NO

The energy which is transferred to the train is a fast-moving substance.
your view YES NO

16.

adult 1 YES NO

Since the energy transferred from the train to its surroundings is useless, we say it has been
degraded.
your view YES NO

15.

adult 2 YES NO

All the energy transferred to the train results in its movement.
your view YES NO

14.

adult 1 YES NO

adult 1 YES NO

adult 2 YES NO

The passenger will have more energy for business at the end of his journey than if he had
driven on a crowded motorway.
your view YES NO

adult 1 YES NO

adult 2 YES NO

THE RUNAWAY MARBLE
Where the boys are playing marbles is exactly level with the drain further along the undulating street.
The marble was placed on the ground, rolled away down into the dip and is now rolling up the other
side towards the drain.

(Remember, you ring 'NO' if the statement is scientifically incorrect or is a statement other than a scientific one)
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17.

If energy is conserved, the marble must roll into the drain further along the road.
your view YES NO

18.

adult 1 YES NO

adult 2 YES NO

adult 1 YES NO

adult 2 YES NO

The energy transferred from the marble to vibrate the surrounding air has been degraded.
your view YES NO

Ill

adult 2 YES NO

adult 1 YES NO

The marble's energy did not exist before it began to move.
your view YES NO

21.

adult 2 YES NO

The sound the marble makes as it rolls along shows that energy is being transferred from it
and is causing the surrounding air to vibrate.
your view YES NO

20.

adult 1 YES NO

None of the marble's energy is dissipated by heating up the surroundings.
your view YES NO

19.
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adult 1 YES NO

adult 2 YES NO

THE CRANE OPERATOR
The crane driver is pushing the lever to make the crane lift a 20 tonne steel girder up to the 4th storey.

•
(Remember, you ring 'NO' if the statement is scientifically incorrect or is a statement other than a scientific one)

22. Since a crane is an inanimate lump of metal it doesn't have energy.
your view YES NO

adult 1 YES NO

adult 2 YES

NO

23. Some of the energy transferred from the crane is dissipated as sound.
your view YES NO

adult 1 YES NO adult 2 YES NO

24. The small energy-transfer from the driver becoming a large energy-transfer to the girder shows
that energy is not conserved.
your view YES NO

•

adult 1 YES NO adult 2 YES NO

25. All the energy from the crane's fuel is transferred to the girder.
your view YES NO

adult 1 YES NO adult 2 YES NO

(Answers to all questions can be found in Appendix III.)
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13. Summary of ideas about energy dealt with so far
Unit 1
What is energy?
Energy can be thought of as a job-doing capability.
Energy is a concept that scientists use to understand and explain the world about them. It is perhaps
the single most important concept in the whole of science.
Energy is not a thing or a substance.
Energy is a subtle idea. It is probably best understood by building up an understanding of its
characteristics.
Why is energy important?
Energy is needed to get jobs done.
Unit 2
How does energy behave?
Energy resembles money in several ways:
i) it can be stored and accumulated (e.g. in fuel-oxygen systems).
ii) it does not have an effect until it is transferred from one place to another.
iii) when energy is transferred, jobs get done.
How can energy transfers be illustrated?
Energy transfers can be shown by means of energy transfer diagrams.

Unit 3
What happens to energy when it is transferred?
Energy spreads out (dissipation of energy).
Energy becomes less useful (degradation of energy).
The amount of energy before and after an event stays the same (conservation of energy).
How can this be illustrated on an energy transfer diagram?
Dissipation is shown by means of smaller 'offshoots' from the main arrow.
Degradation is shown in the descriptions of the energy represented by each 'offshoot' arrow.
Conservation is shown by making the total thickness of the emergent arrows the same as that of the
input.
Can conservation and dissipation be easily demonstrated ?
No, since the energy transfers involved in events are subtle and require very accurate measurements
of amounts of energy, shown as tiny rises in temperature.
Can energy be measured?
Energy is measured in joules and/or calories. One calorie is equivalent to just over 4 joules.
Power is a measure of the rate at which energy is transferred - it is measured in watts.

•

Unit 4 All about heating

Unit 4
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All about heating

Content
This unit deals with:
the particle theory of matter - particles in solids, liquids and gases.
heating as a special form of energy transfer.
internal energy.

•

energy transfer from hot to cold: conduction, convection and radiation.
energy and temperature.
'forms' of energy.
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1. The particle theory of matter
There is a scientific theory (called the Kinetic Theory or Particle Theory of Matter) which views all
substances as being made up of tiny particles which are constantly moving, in a random fashion, to a
greater or lesser extent.
To illustrate this, imagine that you are wearing 'extra-magnifying superspecs' which allow you to
view matter at the level of these basic particles (impossible in reality). The following diagrams show
what you might see.
(a) Solids

e.g. ice cube

I 1
•

the particles are in fixed positions

•

they vibrate about these positions

•

they are closely packed together

•

they vibrate randomly (constantly changing amount and direction of vibration)

•

the particles are not necessarily spherical

•

there is nothing between the particles (a common misconception is that there is air between them)

•

as the temperature raises (e.g. if the ice cube is warmed) the particles vibrate more vigorously.

(b) Liquids

e.g. water in a glass

00

ri

•

the particles are still closely packed

•

but now they are free to move amongst each other (like marbles being shaken in a bag)

•

hence they are no longer in fixed positions

•

the particles move randomly, constantly colliding with each other and changing direction

•

as the temperature of the water is raised (by heating it) the motion of the particles is more vigorous.
Imagine shaking a bag of marbles more vigorously - this is like raising the temperature

•

again, there is nothing between the particles.
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(c) Gases
(i) e.g. air in a balloon

•

the particles are now widely spaced (the average spacing might be 10 times the size of a particle)

•

they move at high speed in straight lines

•

they only change direction when they bounce off another particle or the sides of the balloon

•

the continuous bombardment of the billions of particles on the sides of the balloon keeps it from
collapsing (keeps it 'blown up')

•

again, there is nothing between the particles (just empty space).
(ii) e.g. steam
steam

above the surface
of some water
which is boiling
in a saucepan

•

particles
making up the
surface layer

liquid

•

as the temperature of the water increases, some particles move so rapidly that they escape from the

surface of the liquid to form steam
note that the space between the steam particles is no longer empty since there is air above the water
surface
the air particles are not shown in the diagram.
When the temperature of something (solid, liquid or gas) rises, scientists say its internal energy has

•

increased. They visualise the particles as vibrating or moving faster - in other words, their kinetic
energy has increased.
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2. Activity: 'enacting' the Particle Theory of Matter
This is best done with children (or course participants) in a large space e.g. the playground or hall.
To show the solid state of matter, the participants (who will be playing the role of particles i.e.
molecules) arrange themselves in a close, regular array, equidistant from each other, linking arms and
swaying around in a random manner about their fixed positions.

SOLID
sway around randomly, fixed position, linkim: arms

In the liquid state, the children jostle among each other in a crowd, changing arms with each other at
walking pace, moving in random directions.

LIQUID
jostle in a crowd, walking randomly, exchanging arms

A gas is represented by the participants running around in straight lines and in random directions,
filling up the whole space that is available and changing direction only when they collide with each
other or the hall walls.

GAS
run randomly around a large space - only change direction on colliding
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A leader can be appointed 'in charge' of temperature whose task is to tell the rest of the group
whether it is steady, rising or falling.
This leader can signify changes in temperature, to which the 'particles' respond, by calling out
successive numbers, by changing a musical tempo or through varying a beaten rhythm.
Possible musical accompaniments:

SOLID

'Good vibrations' (Beach Boys)

WARMER

LIQUID

'Round and round' (Diana Ross)

HOT

GAS

'Great balls of fire' (Jerry Lee Lewis)

COOL
(GETTING WARMER)

or
`Fire' (James Brown)

or
`Jumping Jack Flash' - it's a gas
(`The Rolling Stones')

•
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3. Some analogies to help you believe in particles
If you look at any object in front of you - a table, book, cup of coffee - it is hard to believe that it is
made up of tiny particles, all moving continuously. These particles are so small that they cannot be
seen, even using a powerful microscope. Millions of these particles would fit onto the pointed end of
a pin.
The table looks still and 'solid'. The surface of your cup of coffee looks smooth and undisturbed.
To help you believe in the existence of particles try thinking about the following analogies.
Beach analogy

Imagine you are on a long, wide, sandy beach.
Look down at the sand. You can see the individual grains of sand.
Now look into the distance. Can you see the grains of sand now?
They have become a smooth looking surface.
You are too far away to see the individual small grains.
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It is the same with particles. The particles are so small we cannot see them.
If we look at the table surface from 10 cm away it is like looking at sand on a beach 50 million
kilometres away, which is a third of the way to the sun!

Grassy field analogy

Imagine you are standing in a large grassy field.
Look down at the grass.
You can see the individual blades of grass. If the wind blew you could see the individual blades
moving in the wind.
Now look into the distance.
Can you see the individual blades being moved by the wind? You are too far away, and they are too
small for you to see the movement.
•

It is the same with the movement of particles. They are so small, it is impossible to see the movement
taking place.
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4. Heating: a special form of energy transfer
Heating is when an energy transfer occurs because of a temperature difference.
An object heats up, or is heated up by, its surroundings or another object which it is touching.

0! I tri

t 4- °

U

q,
ENERGY
TRANSFERRED

(a) surrounding air heats up ice cube - energy transferred from
air to ice enables the job of melting the ice to be done.

ENERGY
TRANSFERRED

(b) hot poker heats up wine - energy transferred from poker
to wine enables the job of mulling the wine to be done.

When this happens it is better to talk of energy being transferred from the hotter to the cooler object,
rather than of heat flowing or being transferred (we will explain why later).

•
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5. Heating and internal energy
When something (solid, liquid or gas) is heated and its temperature rises, scientists say its internal
energy has increased.
Increasing the temperature causes the particles to vibrate or move faster. In other words, their kinetic
energy has increased. This increase in kinetic energy means there is an increase in internal energy.
However, the internal energy of a substance or object is not just the result of adding up all the kinetic
energy of all of its particles (although this is the case for a gas).

•

This is because, in solids and liquids, there are forces holding the particles together (imagine the
consequences if there were not!). These forces can be thought of as being like springs (see the
diagram below).

The internal energy consists of both kinetic energy
(vibrating particles) and potential energy (springs).

4110

When the particles vibrate, the springs are stretched and compressed. A stretched or compressed
spring stores energy (potential energy).
Hence the internal energy of a solid or liquid is the sum of all the kinetic and potential energy of all
the particles.
The particles in solids, liquids and gases move randomly - they all move in different directions at
different times.
The motion is always changing.

•

Internal energy (or what is often, and mistakenly, called 'heat') is the energy associated with this
random motion.

70

Unit 4 All about heating

6. Activity: demonstrating the random motion of particles
An effective 'home-made' demonstration of the random motion of particles in a liquid can be
provided using a tray of marbles or a box of `supaballs' with a perspex lid (with hole).
'particle' escaping from

'particles' vibrate as tray or box is shaken

heated liquid to form a gas

))

tap the bottom of the box or tray to show the effect of heating

7. What about 'heat'?
In everyday life the term 'heat' is used instead of the scientifically correct internal energy.
In fact the best way to talk about 'heat' (and to avoid any confusion with internal energy) is to always
use the verbal form 'heating' and never use the noun 'heat'.
`Heating' is scientifically correct and is a way of transferring energy - a process.
So, when we heat (verb) a saucepan of water, we increase the internal energy (not the heat) of the
water.

Na117)±4---)

The process of heating increases
the internal energy of the water.

I

We do not transfer 'heat' to the water.
The process of heating (verb) increases the internal energy of the water.
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8. How is energy transferred from hot things to cold?
Hot things can warm up their surroundings in 3 ways.
1. CONDUCTION

Energy is transferred across the material of a mug from the hot drink within it and into
your hand by conduction. Particles on the mue's inner surface vibrate more vigorously.
This causes a 'knock-on' effect with adjacent particles also vibrating more vigorously.
Conduction is the main way energy is transferred through solids.

2. CONVECTION

•

This takes place in gases or liquids. They expand as they get hot and so rise away from the
energy source, cooler material taking their place. In this way the energy from the source is
spread by the hotter material throughout the liquid or gas.
Convection involves movement of the liquid or gas from one place to another - conduction does not.

3. RADIATION

•

This can occur across a vacuum - no intervening medium is required. The energy from
the sun reaches us in this way.
All hot objects radiate energy but only do so to any marked extent when they have reached
a high temperature.
Radiation is dealt with in more detail later.
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9. Activity: a marble model for energy transfer
What to do
Set up the channel for two marbles using either strips of wood or books as shown in the diagram.
The channel makes sure that the marbles roll in a straight line.
Push the front marble gently so that it rolls slowly along.
Now, immediately flick the back marble hard to make it collide with the front marble.
Observe what happens to each marble. What has happened to the energy of each marble?

push gently

flick hard

Write your observations in the box below.

•
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10. Debrief of the marble model activity
What happens to the marbles?
The fast moving back marble collides with the slower moving front marble. After the collision the
front marble moves off quickly and the back marble continues moving but more slowly.
What happens to the energy of the marbles?
Initially the faster, back marble has a lot of kinetic energy because it is moving fast. The slower front
marble has less kinetic energy.
In the collision the fast, back marble transfers some of its kinetic energy to the slow front marble. The
fast marble slows down and the slow marble speeds up.

•

If we ignore energy losses to the surroundings then the total kinetic energy always remains the same.
The total kinetic energy before the collision is the same as the total kinetic energy after the collision.
Some of this energy has been transferred from one marble to the other.
What is the connection between the marbles and heating?
Imagine a spoon placed in a very hot cup of tea.

•

The tea is hot, so its particles are moving fast and have a lot of kinetic energy. They are like the fast
moving marble.
The spoon is cold, so its particles are moving more slowly and have less kinetic energy. They are like
the slow moving marble.
The hot tea particles collide with the cold spoon particles. Some of the kinetic energy of the tea
particles is transferred to the spoon particles. Like the marbles, the fast tea particles slow down and
the slow spoon particles speed up. The tea particles now have less kinetic energy and the spoon
particles more.
We experience the increase in kinetic energy of the spoon particles as a rise in temperature of the
spoon, and the loss of kinetic energy of the tea particles as a fall in temperature of the tea.
The transfer of energy from the tea to the spoon results in the spoon heating up and the tea cooling
down.

•

Warning!
In conduction, particles vibrate about fixed positions - they are not free to move along as in the
marble model. However, the way in which energy is transferred during a collision from a fast
moving (vibrating) to a slow moving (vibrating) particle is very similar.
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11. Activity: temperature changes during heating
This activity is about heating and temperatures. In it you will measure how temperatures change when
things of different temperature are next to each other and how we can explain this in terms of energy
transfer between particles.
Before you do the activity think about what will happen if you put a jar of very hot water, or very
cold water, in a jug of water at room temperature. Now try it to see if you are right.

What to do
You will need two plastic jugs (or plastic boxes) about half full of water at room temperature. Wrap
some form of insulation around the jugs (part of an old woolly jumper or a scarf will do) and secure it
with an elastic band. The insulation is in order to minimise energy transfers (or heating) between the
jug and the surrounding air. Put a thermometer in the water in each of the jugs to measure the
temperature of the water.
Now put a jam jar full of very hot water (from a kettle) and a thermometer in one jug and a jam jar full
of very cold water (from the fridge) and a thermometer in the other jug.

C

00

GZI.

very cold water

water
at room
temperature

insulation

Note down the temperature on each of the four thermometers every two minutes. You might wish to
present your results by plotting graphs.
Think about, and explain, what is happening in terms of energy transfer.
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12. Scientific discussion of heating activity
For the jar of very cold water:
you should have found that the cold water heated
up and the water in the jug cooled down slightly.

hot water in jam jar

For the jar of very hot water:
Temp/0C
you should have found that the hot water cooled
down and the water in the jug heated up.
water in jug at room
ti

7

temperature

If you plotted graphs of your results they should
look something like this:

‹-

'f

\

cold water in jam jar

Time/min
How can we explain these in terms of energy transfer and particles?
What is happening in both cases is that energy is being transferred from the hotter to the colder water.
This process is what we call heating. The hotter water cools down and the cooler water heats up.
Heating is a process of energy transfer which occurs whenever there is a temperature difference. The
energy is always transferred from the hotter to the colder object or substance.

Now think about the energy of the particles in each situation. We know from our marble model (page
72) that during a collision energy is always transferred from a faster moving to a slower moving
particle.
Consider first the jar of hot water surrounded by colder water. The hot water has faster moving
particles than the cold water. Through a process of billions of collisions the particles of the hot water
lose energy and those of the colder water gain energy. The former cools down and the latter heats up.
•

In the case of the jar of cold water surrounded by warmer water the particles of the latter are moving
more quickly. During the billions of collisions energy is therefore transferred from the outer hot water
to the inner, cooler water. Again, the hotter water cools down and the cooler water warms up.
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In both cases you can think of the energy as initially concentrated in the particles of the hotter water.
Over time, the energy becomes more evenly shared out, or spread out, amongst all the particles.
When the energy is spread out evenly both lots of water have reached the same temperature and the
particles are all moving, on average, at the same speed.
Notice that the energy is never transferred from 'cold' to 'hot'. This would be nonsense at the particle
level since it would mean slower particles transferring energy to faster particles during collisions.
This does not happen (see page 72 again). It is always the other way around.
Everyday examples
`Cooling off'

`Keeping out the cold'

particles of swimming pool water
and of air outside room gain energy

swimmer's body and air of
classroom lose energy

transfer of energy from the room to the

transfer of energy from the swimmer to the water

outside (not of 'cold' from outside to inside)

(not of 'cold' from water to swimmer)

On a cold winter's day we often talk about shutting the door to 'keep out the cold'. We imagine 'cold'
moving from the outside to inside where it is warm. But scientifically there is no such thing as 'cold'
moving. The particle model tells us that the warm air has high energy, fast moving particles. The cold
air outside has low energy, slow moving particles. When we open the door the energy spreads out.
The air particles inside lose energy and the room feels colder. The air particles outside gain energy but
because there are so many of them there is only a very slight, almost negligible, rise in temperature.
So, it is energy which has moved (or been transferred) from 'hot' to 'cold'.
Similarly, on a hot summer's day we might jump into a swimming pool. The pool feels cold. But
`cold' has not moved from the water to our bodies to cool us down. Our bodies are at a higher
temperature than the water. This means that the particles of our bodies have more energy and are
moving more quickly than the particles of the water. When we jump into the pool some of the energy
from the particles of our bodies is transferred to the particles of the water. Our body particles have
slowed down, have less energy and we feel cooler! Energy has transferred from the hotter object (us)
to the cooler surroundings (water).
Summary:
•
•
•
•

hot things have high energy, fast moving particles
cold things have low energy, slow moving particles
whenever there is a temperature difference heating occurs
heating is the transfer of energy from a hotter to a colder object or substance.
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13. Do not confuse energy and temperature
In the previous activity you used thermometers to measure 'hotness' i.e. the temperature of the water.
It is important to realise that thermometers measure degree of hotness (temperature), not energy.
Clearly, thermometers do not measure the energy stored in a substance. So, for example, in the
diagram below both the water in the bottle and the bath could be at 70 °C but clearly there is much
more energy stored in the bath because there is much more water.

What then does temperature measure?
You can think of temperature as measuring the energy of a typical particle - a sort of average energy
of the particles. The total stored energy is very different, since this depends on the number of
particles present (the energy stored in the bath at 70 °C is far greater than in the bottle at 70 °C).

An analogy
In a small group of people from 'Bottle' and a larger group from 'Bath', individuals have various amounts of money to
spend. Although the Bath group possesses a larger total sum of money the amount possessed by an average individual

•

•

in each group is the same.

Total amount of money present in group from

Total amount of money present in group from

`Bottle'( = INTERNAL ENERGY) is £60.

`Bath'( = INTERNAL ENERGY) is £400.

Average amount each Bottle resident has

Average amount each Bath resident has

( = TEMPERATURE) is £60/3 i.e. £20.

( = TEMPERATURE) is £400/20 i.e. £20.
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14. Different 'forms' of energy
Energy is often spoken of as taking different 'forms' - some changes involving some of these 'forms
of energy' are shown below.

to

chemical energy
(in muscles)

gravitational
potential energy
of the weight

to

kinetic energy of
the falling weight

to

heating
of ground and
sound energy

Pendulum
starts swinging

P.E.
(potential energy)

GAS

P.E.
t K.E. (kinetic energy)

to

K.E.

to

P.E. + K.E.
and so on

BUNSEN
BURNER
kinetic energy of water to gravitational
potential energy (of raised ship)

chemical energy to heating of air
and radiation

LAMP

BATtERY
chemical energy

to

to

electrical energy

to

heating of filament and radiation
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BUT BEWARE !
There is a danger in thinking about energy in this way - the idea that energy is transformed when it is
transferred can lead one to suppose that the energy associated with different things, such as
chemicals, electricity, motion or hotness, is essentially different.
The view of science is that this is not so. An analogy with money can illustrate this point.

MONEY SHOWS ITSELF IN VARIOUS WAYS
notes
coins

balance
sheet

cheques

gold bullion 'r

Money can appear in various guises - cash, traveller's cheques, bank cheques or figures on a
balance sheet - but the abstract notion in each case is simply money.

For the above reason, many modern approaches to teaching and learning about energy avoid mention
of 'forms' of energy such as electrical, chemical and so on.
ENERGY SHOWS ITSELF IN VARIOUS WAYS

\ I /
sound energy
of fan's motor

'electrical'
energy in

'mechanical'

wires

•

energy of fan
`chemical' energy
in battery

Before and after transfer, energy can appear in different guises - chemical energy, electrical energy,
movement (kinetic) energy, sound energy - but the abstract notion in each case is simply energy.
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In fact these so-called 'forms' can all be explained in terms of kinetic and potential energy. Hence:
sound energy
V*"

can be explained
in terms of

the energy associated with the vibrating air particles
that constitute sound.

electrical energy

tQc

can be explained
in terms of

Nt7
fiVAi OR

ELEC rRotsts

the energy associated with the particles (electrons)
in an electric circuit.

chemical energy

can be explained
in terms of

a dd

er, frqyl-c

tEIF(I:F 1-he )areli

the energy associated with the strength of the spring-like
bonds between the atoms which make up the molecules
(particles) of substances.

heating
‘k I I

can be explained
in terms of

the energy associated with the random motion of the
particles that make up a substance. This is internal
energy and includes both the K.E. of the particles and
the P.E. as the spring-like bonds stretch and compress.

So all these different 'forms', at the microscopic level, are really no more that kinetic and potential
energy. This is also true of internal energy which, as we saw earlier, is just the sum of the K.E. and
P.E. of the particles in a substance.
It is useful to distinguish between kinetic and potential energy since there is something distinctive
about energy stored in a moving body (K.E.) and that stored in a spring-like manner (P.E.).

•
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15. What about radiation?
Although we can think of the above forms of energy as really being no more than different
manifestations of K.E. and P.E., there is one 'form' of energy which cannot be thought of in this
way.
Radiation is the exception.
In everyday use the word 'radiation' can conjure up images of harmful 'rays' and is often only linked
to radioactivity and nuclear power or explosions.

•

However, scientifically, there are many types of radiation. Light is the radiation with which we are
most familiar. Other types include radio waves, infra-red, microwaves, ultra violet, X-rays and
gamma rays. We make good use of many of these in our lives e.g. X-rays in medicine, microwave
cookers and radio waves to receive radio and TV programmes! Of all these different types, only
gamma rays are emitted from radioactive substances (and this radiation is indeed potentially very
dangerous since a particular characteristic of gamma rays is that they readily penetrate the human
body and can damage our cells).
A further difficulty with the term radiation is that it is used to describe both the process of energy
transfer (e.g. radiation of light) and the energy itself (radiation energy, of which light and infra-red
are examples). In what follows, we try to make clear the sense in which we are using the term.
Light and infra-red (radiation) are emitted by very hot objects such as the Sun, an electric fire or the
incandescent filament of a light bulb. The unique thing about radiation as a process is the way in
which the energy is transferred. Unlike conduction or convection, where the mechanism of energy
transfer is by the movement of particles, radiation does not require any particles to transmit the energy
- it occurs across empty space. So, for example, both light and infra-red from the Sun reach the Earth
even though the space between (once above the Earth's atmosphere) is empty!
How can this happen?
Scientists believe that all types of radiation travel as electromagnetic waves - waves that can travel
through empty space.

•
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16. Activities: waves transferring energy
It is easy enough to understand how waves transfer energy from one place to another.

(a)

Waves on a rope

f

%

z

Waggle one end of the rope.

The can moves when the waves reach it

Waves travel towards the can.

Energy has been transferred from the person
to the can.

(b)

Waves on water

- - -

Waggle your finger in the bath.

Speck of soap bobs up and down when the

Waves (ripples) travel towards

waves reach it. Energy has been , transferred

the speck of soap.

from the person to the speck of soap.

In the above examples, the person creating the waves is in each case analogous to the Sun, and the
can or speck of soap are analogous to particles on the Earth. But what corresponds to the rope and the
water? The answer is nothing! Electromagnetic radiation such as light and infrared travels across
empty space.

Which is something like waggling a magnet . . .
Try out the following simple experiment.

•
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ball bearings
in upturned lid -of shoe box

As the magnet (representing the Sun) is waggled, the ball bearings (particles on the Earth) move.
Energy is transferred to the ball bearings by the wave-like 'influence' which travels out from the
waggling magnet. This influence (known as a magnetic field) can in fact travel across empty space.
Tests in containers with all the air pumped out have shown this to be true.
Radiation from the Sun or a hot object is a bit like this except that the wave is electromagnetic i.e. it
consists of both magnetic and electrical influences. This is what we mean by solar energy - energy
which travels to us as electromagnetic waves (and 'waggles' particles on Earth - including those in
our own bodies - to warm things up).
If this sounds mysterious, it is! It was through scientists such as Einstein, working in the early part
of the 20th century, that this mechanism of energy transfer gradually became understood.
Analogy - a travelling influence

r. )1

•

•

Teacher's influence travels to daydreaming
child by means of a series of 'nudges' by
the children in between ...

Teacher's influence travels to daydreaming child
without anything in betweeen

This is analogous to conduction - energy
transferring from particle to particle.

This is analogous to radiation - energy transferring
across empty space.
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17. Summary: 'forms' of energy

Term

Comment

Kinetic energy

Energy stored in a moving body.

Potential energy

Energy stored in a raised object (gravitational
potential energy) or in a spring or spring-like
material.

Internal energy

The sum of all the K.E. and P.E. in a
substance.
Often mistakenly called 'heat'.

Heat

Avoid this term as a noun and use either just
`energy' or the correct 'internal energy'. The
verb 'heating' is acceptable and describes a
process of energy transfer.

Sound, electrical,
chemical energy

Can really be explained in terms of K.E. and
P.E. of particles.

Light and infra-red energy

Radiation (electromagnetic waves). Travel
through empty space and cannot be explained
in terms of K.E. and P.E. of particles.

18. All these forms sound complicated - what terms should I use?
A simple answer is to use the terms kinetic and potential energy when talking about motion or energy
stored in raised objects or springs. For other cases simply use the term 'energy' without any
qualification.
However, there is no harm in using any of the terms on the left above, although we would caution
against the use of 'heat' as a noun since heat is not a form of energy.

•
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19. Summary of ideas about energy dealt with so far
Unit 1
What is energy?
Energy can be thought of as a job-doing capability.
Energy is a concept that scientists use to understand and explain the world about them. It is perhaps
the single most important concept in the whole of science.
Energy is not a thing or a substance.
Energy is a subtle idea. It is probably best understood by building up an understanding of its
characteristics.
Why is energy important?
Energy is needed to get jobs done.
Unit 2
How does energy behave?
Energy resembles money in several ways:
i) it can be stored and accumulated (e.g. in fuel-oxygen systems).
ii) it does not have an effect until it is transferred from one place to another.
iii) when energy is transferred, jobs get done.
How can energy transfers be illustrated?
Energy transfers can be shown by means of energy transfer diagrams.
Unit 3

•

What happens to energy when it is transferred?
Energy spreads out (dissipation of energy).
Energy becomes less useful (degradation of energy).
The amount of energy before and after an event stays the same (conservation of energy).
How can this be illustrated on an energy transfer diagram?
Dissipation is shown by means of smaller 'offshoots' from the main arrow.
Degradation is shown in the descriptions of the energy represented by each 'offshoot' arrow.
Conservation is shown by making the total thickness of the emergent arrows the same as that of the
input.
Can conservation and dissipation be easily demonstrated ?
No, since the energy transfers involved in events are subtle and require very accurate measurements
of amounts of energy, shown as tiny rises in temperature.
Can energy be measured?
Energy is measured in joules and/or calories. One calorie is equivalent to just over 4 joules.
Power is a measure of the rate at which energy is transferred - it is measured in watts.
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The particle theory of matter
The Kinetic (or Particulate) Theory of Matter views all substances as being made up of tiny particles
(molecules) which are constantly moving randomly, to a greater or lesser extent.
Particles in solids are closely packed and vibrate about fixed positions.
Particles in liquids are also closely packed but move randomly amongst each other.
Particles in gases are spaced far apart and move in straight lines at high speed.
Heating is a special form of energy transfer
Heating is when an energy transfer occurs because of a temperature difference. Energy is transferred
from hotter to cooler objects.
When the temperature of a substance rises scientists say that its internal energy has increased. In fact,
the internal energy of a solid or liquid is the sum of all the kinetic and potential energy of all the
particles.
How energy is transferred from hot things to cold things
The process of conduction is the main way energy is transferred through solids.
The process of convection takes place in liquids and gases, and involves the movement of the liquid
and gas from one place to another - conduction does not.
The process of radiation can occur in a vacuum - no intervening medium is required. The energy from
the sun reaches us in this way.
Different forms of energy
Energy is spoken of as taking different 'forms', e.g. potential, kinetic, sound, electrical, chemical,
light and so on. Many of these forms can be explained in terms of the K.E. and/or P.E. of particles.

•
SECTION 2
ENERGY EFFICIENCY

Purpose and use
The purpose of this second section is to help you develop an understanding of the key
concept of energy efficiency.
The work assumes knowledge and understanding of the ideas covered in Section 1. It
consists of a sequence of activities and readings, together with self-assessment tasks.
All equipment needed for the activities is described in Appendix I together with any
necessary safety precautions.
Answers to questions are provided in Appendix III.

•
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Content
This unit deals with:
•

primary teachers' ideas about efficiency.

•

the scientist's view of efficiency - intended and unintended energy transfers.

•

developing the numerical aspect of efficiency.

•

the distinction between energy efficiency and conserving energy.

•

energy in our homes: (a) household devices (b) the house as a system.

•

practical investigations of energy efficiency and energy conservation.

•

fossil fuels and alternative sources of energy.

Sequence

•

•
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Activity: exploring conceptions of energy efficiency
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1. Activity: exploring conceptions of energy efficiency

The purpose of this activity is for you to explore your own starting points in this area.

With a partner, examine each situation shown below and the accompanying statements.

Do you agree or disagree with each statement? Jot down your reasons.

Situations and statements concerned with efficiency
The Two Toboggans
Each toboggan started from the same place and in the same way - the twin didn't push it but just sat
on it and it started to roll.
The top twin has just started going down the hill but the other one further down started earlier and is
going much faster.

slow

identical twins
riding identical
toboggans

fast

Statement:

The toboggan with the smoothest runners is the most efficient.

Your response:
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•

89

Heating a Room
The picture shows a coal fire burning brightly. There is also an electric fan heater plugged into the
wall. The heater is switched on and the fan is turning. A window nearby is slightly open.

Statements:
(a) A fan heater is efficient because it heats the room up quickly.
(b) If the window is left open, the heating of the room will be less efficient.

Your responses:

•

The Fuel Economy Test
The older car and the 'car of the future' are both fitted with identical engines and they go 20 times
around the race-track at a constant 50 m.p.h. The car of the future uses less petrol.

UL

one

0

-•■•11/00'

Statement:
Whatever the results of the test, the most efficient car must be the one which takes
you from A to B most quickly.
•

Your response:
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In the Staff Room Kitchen
This is the kitchen area of a staff room. The teacher has been drinking a glass of cool water from the
fridge. She is heating some water in the electric kettle for her colleagues' coffee and also some milk in
a saucepan on the gas stove.

Statements:

(a) It makes no sense to talk about the efficiency of something like a kettle.
(b) Electric kettles are efficient because they are a very convenient way of boiling water.
Your responses:

Investigating torches
The children are investigating how the torch works. They have also been comparing its brightness
with that of a much smaller torch.

Statements:

(a) The brighter torch must be more efficient.
(b) A hot light bulb is a sign of its inefficiency.
Your responses:

•
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2. Activity: some primary teachers' ideas about efficiency
You might like to compare your responses to the previous statements with those made by primary
school teachers in research carried out in 1997.
The teachers interviewed as part of this research showed a range of meanings for the term
`efficient':

•

.

•

is doing the job it was designed for well.
is doing a job more quickly (less efficient things take longer).
is doing something with the least possible use of fuel.
depends on how you define it, the criteria you use.
is how much power something uses.
is to do with economics.
is to do with convenience (kettle).
is a balance between how well something does what it is designed for and how much fuel it
uses.
is to do with the size of a device (kettle).
is not necessarily to do with brightness (torch).
is slow, reliable, long-lasting.
is how easily a device does something.
is using 'just enough' (not using more than is needed).

Consider your own responses. Do they show any of the above features?

•

Did you have any ideas different from the above?
The point we wish to make here is that in everyday life the word efficient has a range of different
meanings.
Some of them are contradictory. For example:
if something does a job very quickly but uses vast amounts of fuel, is it efficient?
if something uses little power but takes a long time to do a job, is it efficient?
How can things which are slow, reliable and long-lasting and things which are fast both be described
as efficient?

•

In the world of science, the term efficient has a very specific meaning. This is different from the
everyday (and possibly contradictory) ideas expressed above.
To fully understand the topic of energy efficiency and its vital importance for our civilisation it is
essential to understand the scientific meaning.
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3. Energy efficiency - the scientific view
First a reminder
We have already seen several examples of energy transfers where some of the original energy is
dissipated. Two are shown again below with corresponding energy transfer diagrams.
vibration of air particles
(sound)

energy 'concentrated' in
petrol of the lawn mower

energy
of fuel
(petrol)

\\\

movement energy of
mower blades and grass
movement energy
of surrounding air

\\I I
heating up engine
and surrounding air

Lawn mower

Energy transfer diagram for lawn mower
heating engine

energy 'concentrated' in
petrol of the juggernaut

moving the air (sound)

energy
of fuel
(petrol)

motion energy of lorry

heating tyres, ground
heating axles, gears etc.

Highway juggernaut

Energy transfer diagram for juggernaut

In an energy diagram we make the widths of the arrows illustrating the energy transfers show very
roughly the proportions of the original energy transferred to different locations. By making the total
thicknesses of the emergent arrows, the output, the same as that of the input, these diagrams remind
us that adding up all these transfers leaves the same amount of energy at the end as there was at the
beginning. So this notation has inherent within it the Principle of Conservation of Energy.
Energy efficiency
The scientific meaning of the term efficiency refers to how well a device or system (the lawn mower,
juggernaut, kettle, and so on) makes use of the energy transferred to it.
If all the energy put into a system or device (the INPUT) is transferred to actually do the intended job
(the OUTPUT), with no unintended transfers of energy elsewhere, we would say it is perfectly (or
100%) efficient.
The energy transfer diagram for a perfect device would have the thickness of the arrow at the INPUT
end the same as that at the OUTPUT end.

•
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Reifect' system or device

100 units of energy
(INPUT)

100 units of energy
(OUTPUT)

100% EFFICIENCY (OUTPUT THE SAME AS THE INPUT)

However no system or device is perfect in the sense that all the energy put into it is transferred to do a
useful job at the output end. What happens is that some of the energy put in goes into doing jobs such
as overcoming friction and heating up parts of the device i.e. is unintentionally transferred.
If a quarter of the energy transferred is done so unintentionally in this way, we say this is an
efficiency of 75%.

`Real-life' system or device
25 units of energy wasted
(unintended transfer)

100 units of energy
(INPUT)

•

75 units of energy (OUTPUT)
(intended transfer)

75% EFFICIENCY (OUTPUT = 25% LESS THAN INPUT)

So efficiency is a numerical measure of how good something is at not wasting energy.
Some examples
Devices with petrol or diesel engines such as many lawn mowers or highway juggernauts are
probably about 30% efficient. They are therefore often assumed to be very inefficient compared with
other devices and machines. However, when we have learned more about efficiency, we shall see
that making such comparisons is a complex issue which needs further consideration before sound
judgments can be made. We return to this important topic on pages 100 and 101.

•

For now we note that the efficiency of a device depends on its design and possibly physical
condition. For example, a toboggan with a rough or scoured bottom will have a lower efficiency than
one with a very smooth bottom surface. Designing engines with greater efficiency is a major concern
of the motor vehicle industry.
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4. Activities: illustrating energy efficiency
a) A marble model for efficiency
A good, simple illustration of the meaning of efficiency in numerical terms can be given using two
cardboard boxes, one slightly smaller than the other.
Cut some holes in the bottom of the smaller box and place it sloping inside the larger one.
Using marbles as units of energy (beware a misconception - energy is not a concrete
entity like a marble!), trap 100 of them (using something like a wooden ruler) at the top
of the sloping box - this represents the INPUT of an energy transfer.
The lower end of the box is the OUTPUT.
Letting the marbles roll from INPUT to OUTPUT constitutes an intended transfer of 100 units of
energy.
Of course only some reach the output; others fall through the holes and simulate unintended transfers.
The marbles making up the unintended transfers go into the larger box below where they eventually
spread out (or dissipate). The number of marbles reaching the output represents the efficiency of the
energy transfer.

marbles falling

marbles ( = units of energy)

through holes

roll down slope from INPUT

(= UNINTENDED

to OUTPUT. These are the

TRANSFERS) e.g.

INTENDED TRANSFERS.

heating surroundings
or sound.
energy (marbles)
unintentionally transferred
spread out (DISSIPATE) in
lower box.

You can label the holes to show the nature of each unintended transfer:
•

for a mechanical device label the holes sound, heating surroundings etc

•

for a system such as a house label the holes windows, walls, roof etc.

Try covering various of the holes with tape (i.e. stopping unintended transfers) to see the effect this
has on the efficiency.

•
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b) Selling popcorn

Efficiency as a numerical quantity can be shown by enacting the parable of Mr D. T. Tremble and
Mrs Steadihand selling popcorn at the school fair. Children pay for each shovel load of the popcorn.
Mrs Steadihand does a roaring trade since she is a 'perfect popcorn server' with 100% efficiency.
She transfers all the popcorn in her shovel to a bag held by the child with no wastage i.e. no popcorn
goes to an unintended destination.
However, Mr D. T. Tremble, a governor who owns the local off-license, has very shaky hands and
lots of the popcorn from his shovel is wasted i.e. goes to an unintended destination, the floor of the
school hall. He is a low-efficiency popcorn server and for him, business is bad.

•
•

paecogN

Role play
First be Mrs Steadihand and serve a shovelful of 'popcorn' (polystyrene packing chips)
with 100% efficiency (none spilled i.e. no unintended transfers).
Next, be Mr Tremble and serve a shovelful with a very shaky hand. Count how many
popcorn bits you spilled. How many did the child receive (i.e. the output)?
Work out your efficiency (in the role of Mr Tremble) as a popcorn server.
no. of bits received by child

x 100 )

( It's a percentage so the calculation is:
no. of bits in shovel at start

c) Transferring energy wastefully in light bulbs
Place a conventional light bulb in a table lamp and switch on.
Cup your hands around the lighted bulb so that your palms are close to it but not
touching it.
•

Notice how this type of bulb heats up its surroundings.
Now replace the conventional bulb with a modern fluorescent bulb which produces the
same amount of illumination. (Note: a fluorescent bulb marked 20 watts will usually
have the same brightness as a conventional 100 watt bulb.)
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Place your hands close to this bulb while it is shining. What do you notice?
Is as much energy being wasted in heating up this bulb's surroundings?

These two bulbs do the same job in terms of lighting up a room but one of them transfers far more
energy from the mains each second.
The amount of energy transferred from the mains to the bulb each second is a measure of the bulb's
power and this is measured in watts (a watt is a transfer of one joule of energy each second).
Look at the wattage of each bulb. How many joules of energy is each bulb transferring every second?
Which bulb has the greater efficiency? Why?

(Remember, efficiency is how well a device makes use of the energy transferred to it while a job is
being done - in this case the job is to illuminate the room.)
An analogy - making the best use of energy
How can we make the best use of any energy that's available? Here is an analogy with money: energy
can be used wisely and efficiently or, like money, can be squandered and used wastefully.

First class

Economy class
INTER—CITY

(no)

'QD—Cci)-)

(£100)

WISE AND WASTEFUL USE OF MONEY
(same distance travelled for less cost)
20 watts

100 watts

(=LE
ENERGY
WASTED IN
HEATING
SURROUNDINGS)

compact fluorescent light bulb

_X (MUCH
//" ENERGY
WASTED IN
HEATING
SURROUNDINGS)

ordinary filament light bulb

WISE AND WASTEFUL USE OF ENERGY
(same light given with less energy transferred each second from mains to bulb)

•
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Comparison of filament and compact fluorescent bulbs
The electricity companies charge you for electrical energy by the unit. But their unit is not the same
as the joule (the scientist's unit).
The unit used for charging is equivalent to using a 1000 watt device for one hour.
So if you used a 1000 watt device for one hour you would be charged 1 unit.
This is, of course, the same as using a 100 watt device for 10 hours (cost = 1 unit).
Now let's compare the cost of using a 100 watt conventional bulb and a 20 watt compact fluorescent
bulb for 24 hours a day for 11 months (8000 hours).

•

100 watt filament bulb

20 watt compact fluorescent bulb

A bulb lasts for about 1000 hrs

A bulb lasts for about 8000 hrs before it

before it needs replacing so over

needs replacing so only one bulb

8000 hrs 8 lamps would be needed.

would be needed.

Cost of bulbs = 8 x 66p = £ 5.28

Cost of bulbs = 1 x £ 13.50 = £ 13.50

Using 1 bulb for 10 hrs costs 1 unit

Using 1 bulb for 50 hrs costs lunit

Using 1 bulb for 1000 hrs costs 100 units

Using 1 bulb for 1000 hrs costs 20 units

Using 8 bulbs for 1000 hrs each costs 800 units

Using 1 bulb for 8000 hrs costs 160 units

Current cost of a unit = 7.15p*

Current cost of a unit = 7.15p*

Total cost = £ 5.28 + (800 x 7.15p)

Total cost = £ 13.50 + (160 x 7.15p)

= i

Amount saved by using compact fluorescent bulb: £
•

*cost of one unit June 1997
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d) Making the best use of energy in the home
The rate at which energy is transferred to your home is shown by the speed at which the disc in your
electricity meter revolves.
electricity supply to the house

rotating disc in the meter
electricity supply from the mains -----s■„,b

Investigate the amount of electrical energy some electrical appliances in your
home use. Find out where your meter is located and carry out the following:
•

•

try switching on an electrical appliance such as an electric cooker.
count the rotations of the disc in a minute (there is a black stripe on the
disk which makes counting rotations easy).
now switch on some more appliances and count the rotations of the
disc when different appliances are operating.

Use the table below to show your results:
Appliance

No. turns/min.

This is a striking activity. Do locate your electricity meter and carry it out!
The activity clearly demonstrates the need to switch off household electrical devices (not just lamps)
when they are not in use!
This meter in your home measures the energy being transferred from the grid in units. But this is not
the same as the joule (the scientists' unit).
The unit used for charging is equivalent to using a 1000 watt device for one hour.
So if you used a 1000 watt device for one hour you would be charged 1 unit.
This is, of course, the same as using a 100 watt device for 10 hours (cost = 1 unit).
e.g. running one 1000 watt (1 kW) bar of an electric fire for 1 hour would use 1 unit.
running two 1000 watt (1 kW) bars of the same fire for just 1/2 hour would use 1 unit as well.
Compare this 1000 W rating with that of the appliances shown in the table below. How long would
they work on 1 unit?
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Appliance

Rating

refrigerator (many now have energy

100 watts

How long on
one unit

labels showing how efficient they are)

800 watts
1200 watts (1.2 kW)
200 watts
3000 watts (3 kW)
500 watts
700 watts

hair drier
vacuum cleaner
television
immersion heater
computer
microwave oven
e) The efficiency of two toasters

Consider a 'personal toaster', designed to toast only two slices of bread at a time, and a 'family
model' which can toast four slices of bread together.
If you were toasting only one slice of bread in each of the two types of toaster (and assuming the slice
of bread took the same time to toast in each type) what can you say about the efficiency of one toaster
compared to another when they are doing this job?

•

personal model

family model

The efficiency of household appliances can be calculated accurately if the amount of energy
transferred to them (INPUT) and the amount of energy needed to do the job for which they were
designed (OUTPUT) is known.
Let's assume it takes 30 kilojoules (kJ) to toast one slice of bread. If, while doing this, the input of
energy to the personal model was 100 kJ, the energy unintentionally transferred would be 70 kJ.
So for the personal model, the efficiency when toasting one slice of bread is 30%.
What would be the efficiency when the same toaster toasts 2 slices of bread?
(Answer: unintended energy transfers in that case would be 100 - (2 x 30) = 40 kJ, so efficiency = 60%).

What does this tell you about how you should uses appliances like toasters?
Now consider the family model. Again, assume it takes 30 kJ to toast one slice of bread but that
while doing this the energy input is now 200 kJ (twice that of the personal model). What would be
(i) one slice of bread
(ii) two slices of bread?
the efficiency when it toasts:
(For answers, see Appendix III.)
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5. Efficiency of energy supplies to our homes
It is a sobering thought that of the energy theoretically available in a piece of coal (or more strictly, a
coal-oxygen system) when it is burnt in a power station, only about 37% arrives at our homes in the
form of usable, available energy. Most of the rest is transferred to heat up the surroundings of the
power station. In other words, the efficiency of the process by which much of our domestic energy is
provided is only 37%.
.,,_,_
UNINTENDED TRANSFERS .-,.
OF ENERGY

100%

.vf4„,N 04177

1=1

UNINTENDED
TRANSFER OF
ENERGY

37%

COOLING
TOWERS

t
COAL

SUB=STATION OUR HOMES

TURBINE BUILDINGS

Furthermore, some of this energy is then wasted through heating moving parts or the surroundings
when it is transferred to inefficient household devices.
WALL

The diagram above shows that, of every 100 joules of energy transferred from the coal, only 37
joules arrives at our house. Assume the householder just has an electric kettle switched on. Of every
37 joules arriving at the house only about 28 joules might be used to heat the water in the kettle (the
intended job). The other 9 joules will be wasted heating up the material of the kettle and the
surroundings (unintended transfers). This is summarised in the energy transfer diagram below.
energy transferred to hot
gases going up the chimney energy transferred from
cables and sub-stations
energy transferred
to heat up kettle
ENERGY
TRANSFERRED
FROM THE
COAL/OXYGEN
SYSTEM TO BOIL
THE KETTLE
.,
0 F„,e)

G

<6.
energy transferred to water which cools
turbines (seen as cooling tower steam)

energy used in
running power station

energy transferred to heat
up kettle's surroundings
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Some implications: comparing the efficiencies of different devices
On page 93 we said that the efficiency of devices with petrol engines (e.g. many lawn mowers, high
way juggernauts and other motor vehicles) are probably only about 30%, and that these are therefore
often assumed to be very inefficient. However, this is a complex issue. Consider, for example, the
following list of efficiencies of some common devices:
an electric kettle: about 80%
an electric cooker: 40 - 50%
a modem washing machine: 70%
a good toboggan might be 90% efficient.
Note that the first three of these are electrical devices i.e. they plug into sockets in your house. The
efficiency figures quoted ignore the fact that the process of generation of electricity may itself be only
about 37% efficient.

•

So, when the efficiency of a kettle is said to be about 80% this means that 80% of the energy from the
wall socket is transferred in the intended way (to boil the water). This can be thought of as the
efficiency at the 'point of use'.
However, a true comparison with the efficiency of a petrol driven device such as a lawn mower
would have to refer back to the energy transferred from the original fuel. In the case of the kettle,
only 37% of the energy from the coal in the power station reaches the house, and only 80% of this
(the 'point of use' efficiency) is used to boil the water. The 'true' efficiency can therefore be said to
be 80% of 37% i.e. less than 30%.
When viewed in these terms, the kettle is actually less efficient than the petrol driven lawn mower!
For the very same reason, it can be argued that heating a room directly with a coal fire is a more
efficient use of energy than using an electric fire plugged into a wall socket.

•

In general, any devices or heating systems driven by electricity have this inherent inefficiency
resulting from the inefficient generation of electricity in the first place.

6. Conservation of energy - a new meaning
So far in this course we have used the term conservation in the sense of 'remaining the same': there
must be the same energy at the end of an event as there was at the beginning. This is what scientists
call the principle of conservation of energy.

\A

1f
A

C"A

•

ENERGY SUMS BEFORE ...

GIVE SAME TOTAL AS ...

potential energy (PE) + kinetic energy (KE) of vase

=

ENERGY SUMS AFTER

PE + KE of fragments + sound E + slight heating of floor
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But there is a second meaning of the word 'conservation' which is much more common in everyday
life. So, when we talk about the need to conserve the Earth's natural resources or conserve energy in
the home, we mean conservation in the sense of 'using less'.
Conservation of natural resources (e.g. minerals, fossils fuels) means using less of them.

Conserving energy in the home means using less of it.
draughtproofing

adjusting the thermostat

If

TOWN
i.,

2

un

0

The key feature of this second meaning of conservation is that it is essentially about actions human
beings can take. For example, we can conserve fossil fuels by burning less of them. We can conserve
energy in a heated house by keeping the windows closed.
When talking about environmental issues, it is this human action meaning - actions taken to use less
of something - which is usually meant.

7. The distinction between conserving energy and energy efficiency
Energy efficiency: a recap
Earlier we said that efficiency is a concept which applies to devices or systems which transfer energy.
We introduced the notion of intention as a basis for understanding the scientific view of efficiency.
Thus in a highly efficient device or system most of the energy is transferred to perform the intended
job. Low efficiency means that much of the energy ends up doing unintended things and is therefore
wasted.
Moreover, efficiency can be given a numerical value. So, for example, conventional light bulbs are
only about 10% efficient i.e only 10% of the energy from the mains ends up as light (the intended
job). The other 90% is used to heat the bulb and the surroundings and is wasted (unintended
transfers).
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Conserving energy and energy efficiency
Note that conserving (`using less') energy does not necessarily mean greater efficiency. So, for
example, using a 60 watt instead of a 100 watt lamp to light a room certainly uses less energy, but the
60 watt lamp will still be inefficient (plenty of unintended energy transfers as heat: the lamp gets hot).
Here lies the subtle but very important distinction between energy efficiency (a scientific concept) and
conserving energy (a concept describing human action). Certainly, replacing the 100 watt with a 60
watt lamp (an action) conserves energy, but this tells us nothing about the efficiencies of either lamp.
On the other hand, using a newer 'energy saving' compact fluorescent lamp to provide the same
illumination as, say, a 60 watt conventional lamp is more efficient in the scientific sense. These lamps
do generate less heat (the unintended transfer) - more of the input energy does end up doing the
intended job of lighting the room. However, one could still flout the need for conserving energy by
using several of these newer lamps to light a room where only one is needed.

•

The future of our world relies on both conserving energy and on developing and using devices and
systems with greater efficiency - both are vitally important.
Primary teachers' understanding of conserving energy and energy efficiency

As part of the research mentioned earlier, primary school teachers' understanding of the need to
conserve resources such as fossil fuels was investigated. All of the teachers interviewed were well
aware of the need to conserve energy in the sense of using less of it (and, indeed, the need to find
alternative sources of energy - a topic we will visit in a later section). However, none of the teachers
had a scientific understanding of energy efficiency. Hence this was identified as a key area for
professional development.
As we said above, developing energy efficient devices and systems is just as important as the need to
use less energy by taking conserving actions such as turning off lights in an empty room or turning
down the central heating in our homes when it is not really needed.
One view of efficiency expressed by some teachers was the need to use just enough of something for
a particular job e.g. using a 60 watt light bulb instead of 100 watt bulb because the 60 watt bulb
provides enough light and 'to have it over bright will be using far more energy than was necessary'.
Note that saving energy in this way would be human action (replacing the 100 watt bulb with a 60
watt bulb) and hence the concept involved is conserving energy rather than energy efficiency.
Yet again we emphasise that conserving energy is not the same as using energy efficient devices. We
can conserve energy using both inefficient devices or efficient devices.
Conserving energy and energy efficiency are distinct concepts.
The energy efficiency activities revisited

Look back briefly at the five energy efficiency activities described earlier in the unit.
•

One of these is very definitely to do with conserving energy rather than energy efficiency!
Which one? ... Why? ...
(For answers, see Appendix III.)
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8. Domestic energy in our society - a parable
The parable of the Inuit hunter and a 'three dog night'
Before the day ends, the Inuit hunter follows the age old custom of his people (whom Europeans used to
call the Eskimo). He builds a compact dwelling from thick blocks of snow whose finely-packed snow
crystals conduct energy only slowly and give shelter from the wind and cold.

His body output of energy, at a rate of about 100 watts, gradually raises the temperature of the air inside.
If it is a particularly severe sub-zero Arctic night, this energy will be transferred to the outside too
rapidly. If he goes to sleep in this cold he may never wake up. Since he cannot light a fire, he must
either make the walls of his snow house thicker to slow down the rate of energy loss or invite other
sources of energy inside - his dogs! Each dog will contribute perhaps another 100 watts of energy input
at a body temperature close to his own, which is 35 degrees Celsius.

The hunter does not of course refer to temperature in such scientific terms - he calls a really severe
outdoor temperature a 'three dog night'.

C

•••-**Fsk...

"" gvizgaise*--..enytA 'THREE DOG NIGHT' - OPTION 1
( = Western society pre-1970s)

A 'THREE DOG NIGHT' - OPTION 2
( = Western society post 1970s)

Householders in our modern industrial society who pay for the energy that is transferred to their
homes from the national electricity grid have a similar problem to the Inuit hunter.
In the early days of the debate about energy (pre-1970s) the view was taken that the answer was to
expand the supply of energy to buildings by creating more power stations i.e. 'bring in more dogs'.
The view now taken is that we should minimise waste of energy through 'loss' to the surroundings
by insulating our homes i.e. 'make the walls of the snow house thicker'.
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9. Energy efficiency of buildings
A building such as a house can be thought of as a system made up of walls, a roof, windows, doors
and so on.
Energy input to such a house might be from the radiators of its central heating system.
Clearly, the intention here is that energy transferred from the radiators into the house should stay
inside and heat it.
We do not want energy to 'escape' through the walls, roof and windows since this is wasted and
does not heat the house.

•

Hence, houses should be designed to reduce these unintended transfers of energy. This is done
through the use of cavity wall insulation, roof insulation, double glazed windows, and so on. The
house as a system is then more efficient.
So the scientific concept of efficiency can be applied to the design of a building, such as a house.
Of course, human beings living in the house are also responsible for conserving energy by actions
such as not leaving the lights on unnecessarily, closing windows and doors, and so on. This
illustrates nicely the two ways in which we need to confront energy problems:

•

•

efficient design of devices and systems

•

conserving energy through our everyday actions.

Economics!
Installing the insulation measures mentioned above does, of course, have cost implications.
However, the initial financial outlay will be compensated for by reduced heating bills. Over a period
of time, the money saved through cheaper bills will pay back the initial investment. Thereafter, the
householder will experience the real benefit of cheaper bills.
Whether the initial outlay is considered worthwhile will depend on individual circumstances. So, for
example, if the payback period is two years and you intend moving house after one year, installation
might not be considered such a good idea. On the other hand, the value of the property will be that
much greater with the insulation installed, so a benefit may materialise when it is sold.

•

Look back now to the example of using energy saving light bulbs intead of conventional bulbs on
page 97. What is the payback period in this case?
(For answer, see Appendix III.)
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10. Activity: keeping a house warm - investigating insulation
In the previous section we mentioned the use of cavity wall insulation and roof insulation to reduce
unintended energy transfers and keep a house warm. Some materials are better for insulation than
others. This can be investigated by measuring how fast hot water cools when placed in a used drinks
can. Each can is surrounded by a card tube with different fillings lightly packed into the space
between.

drinks can
containing
hot water
filling

paper tissues

cotton wool

no filling

sand

polystyrene chips

aluminium foil

After filling each can with hot (but not boiling) water the temperature of the water is taken every 5
minutes and recorded on the chart.
5 mins

10 mins

15 mins

20 mins

25 mins

no filling
cotton wool
paper tissues
aluminium
foil
polystyrene
chips
sand

Which material is the best for reducing unintended energy transfers? Why?

30 mins

•
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11. Activity: conducting a school or classroom energy survey
The use of experimental equipment, such as the drinks cans and different materials described above,
is one approach to investigating the energy efficiency of buildings. It can demonstrate the effect of
various factors - the nature of the insulating materials which are used in the case of the drinks cans on the unintended energy transfers that take place. By using the most effective insulating materials
when building a house, the builder enables the householder to conserve energy and makes the
building, as a system, more efficient.
Conducting a survey of the classroom or (part of) the school is another approach. Here children
investigate the factors causing unintended energy transfers in a real-life situation and consider the
action needed to reduce these transfers:
INVESTIGATION
•

are there any draughts coming up through the floor?

AC 110N
Think about underfelt, carpet, sealing gaps between
floorboards. Tell the teacher and/or caretaker.

•

are there any draughts around the door?

Think about draught proofing, double doors, curtains. Get
(or make) a class 'sausage dog' to stop under-door draughts.

•

are there any draughts around the window?

Think about draught proofing, curtains, secondary glazing,
double glazing. Ask the caretaker about this.

•

is the door ever left open?

Think about how open doors let cold air into and warm air
out of the room (unintended energy transfers?). Appoint
'energy conservers' to monitor and prevent this each day.

•

•

do the walls feel cold?

Think about insulating walls. Ask the caretaker about them.

•

ask the caretaker if the roof insulated.

Think about how insulation in the roof can cut down
unintended energy transfers through it.

•

does the room ever become too warm?

Think about how a room that is too warm is uncomfortable
and wastes energy. Ask if thermostats are installed.

•

does the room ever get too cold?

Think about how it can be uncomfortable to work in a cold
room - and what is a suitable working temperature (18°C?).
Have extra warm clothing ready for cold days.

•

•

is there a thermometer in the room?

•

can the heating be controlled? Ask the caretaker.

•

are low energy lamps fitted? Ask the caretaker.

•

are lights or other electrical appliances left switched
on when no one is in the room or when not needed?
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Draughts can be detected with a home-made 'detector' made of a thin strip of tissue paper.
Areas where unintended energy transfers take place will result in 'cold spots' and excessive wasteful
heating produces 'hot spots'. Both of these can be detected by taking and comparing temperature
readings using a sensitive thermometer. For this, digital thermometers reading to a fraction of a
degree are preferable.
Stand-alone digital light / temperature meters (e.g. the ESME Mark II - see Appendix I) or dataloggers, for use with a computer, can be used to assess temperature control and light usage in rooms.
A lighting level of 300 - 400 lux is sufficient for a classroom. Many rooms are 'over-lighted' and
thus energy is wasted.

digital light/temperature meter

digital thermometer

If this equipment is not available, children can still judge subjectively whether the lighting in different
parts of the school is excessive or really necessary (for example, corridor lighting on a bright sunny
day). Children appointed as 'energy conservers' can keep watch on the school's lighting and suggest
or take appropriate action depending on the conditions (checking with the teacher or caretaker first).
Children's awareness of issues such as the energy sources within a school, how the school is heated,
how the heating is controlled (often very inadequately) and the need to save energy can be raised by
inviting the caretaker to talk to the class or to be interviewed by a group of children.
The idea that energy is something which is measurable and costly can be reinforced by getting
children to look at electricity and gas bills from home or school. The school's administrative staff can
be asked to provide a simple record of the school's energy use and the way this fluctuates throughout
the year can be a fruitful source of discussion.
Costplug - --------

The `Costplug' (see Appendix I)
directly reads the cost of using various
electrical appliances and even takes
account of the current rate of V.A.T.

to appliance
----JIB.

Such investigations provide many opportunities in practical real-life situations for children to use and
teachers to emphasise:
•

scientific concepts, such as efficiency or heating as an energy transfer.

•

correct scientific language (e.g. 'unintended transfer' rather than 'loss' of energy).

•
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12. Energy use in the future
Our energy supplies

All our homes, schools, offices, shops and factories are supplied with energy. This energy comes
from 'concentrated' stores such as the energy stored in coal and gas, or in the raised water of a
hydroelectric dam, or in a battery. We 'use', or more accurately, 'transfer' this energy to provide us
with heating, hot water, lighting and to run our various appliances and machines. It is all eventually
transferred to slightly heat the surroundings. It is dissipated, or spread out, and no longer
concentrated in one place.
We need to consider where the original concentrated store of energy comes from and whether there is
enough to continue to 'use' it at our present rate.
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IX

Fossil fuels
At the present time most of our energy is supplied from fossil fuels. The most common examples of
fossil fuels are coal, oil and gas. They are extracted from the ground and were formed from the
bodies of plants and animals which lived on Earth many millions of years ago.
We bum fossil fuels either directly for heating, hot water and cooking, or for the generation of
electricity. When the fossil fuel burns it combines with oxygen from the air and this concentrated
store of energy is transferred for us to make use of. In other words useful jobs are done.
In the UK nearly 75% of our electricity is generated by burning fossil fuels. When electricity is
generated in a power station, energy which was stored in the fossil fuel is transferred to our homes
along the power lines of the electricity supply.
There are a number of problems with our reliance on fossil fuels. The first is that they are a finite
resource. There is a fixed amount of them which cannot be replaced and so they will eventually run
out. Although the natural process of transforming certain dead plants and animals into fossil fuels is
happening now in some parts of the world, this process takes millions and millions of years - a time
scale which is often referred to as geological time. Any new fossil fuels being made now will not be
ready for us to use in our life-time!
So, how much fossil fuel do we have? How long will fossil fuels last? These are not easy questions
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to answer and there are a number of factors to take into consideration. Firstly, there is the rate of
consumption of fuels. This rate is vastly different between the 'first world' developed countries and
the 'third world' underdeveloped countries. Secondly, there is the changing population of the world.
More people means a higher rate of consumption. And thirdly, there is the economic viability of
finding and extracting the fuel. It is expensive to determine the full extent of an existing oil or coal
field, or to search out new ones. Some sources of oil and coal are known to exist but technological
problems may make them too costly to extract. However, if energy prices rise these sources may
become economic at some time in the future.
Many books have graphs, similar to the one
opposite, which show how long fossil fuels
are likely to last. According to these, coal will
last about 250 years, gas about 50 years and
oil about 30 years.

estimated
number
of years
present
known
reserves
will last

200

100

This is a simplistic approach which must be
viewed with caution. It is based on estimates
of reserves of fuels which are known to exist
oil
gas
coal
and which it is now possible to extract, both
economically and technically, and on the assumption that we continue to use them at the present rate.
What will actually happen is likely to be far more complicated.
Fossil fuels are not only used as fuels but are also the raw material from which many familiar things
are manufactured. Plastics, synthetic fibres, detergents and many drugs are all made from fossil
fuels, mainly oil. We do not have an alternative from which to make these things. In the future we
may need to save our fossil fuels for manufacturing uses rather than burn them.
How can we conserve them and make them last longer? There are two ways:
• use less. This involves the individual and collective actions we can take to not waste energy,
such as switching off lights and other machines when not in use, turning down our
thermostats, and walking or using public transport rather than cars.
• develop more efficient devices and systems. This means developing machines which transfer
energy to do the jobs we want with less unintended transfers producing unwanted outcomes
such as heating and noise. In this context it is worth considering the undesirability of using
electricity for heating because of the inherent inefficiency of the generation process (see page
100). It would be more efficient to burn the fuel directly for heating than to burn it to generate
electricity which is then used for heating.
So there are things we can do to make the fossil fuels last longer but they will still eventually run out.
We need alternatives.
There is also another reason why we need alternatives and that concerns what happens when fossil
fuels are burnt. Burning fossil fuels can have harmful effects on our environment. Fossil fuels are
predominantly made up of carbon. When they burn they combine with oxygen in the air, and carbon
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dioxide (a gas) is formed. This is released into the atmosphere and so the amount of carbon dioxide in
the atmosphere has risen steadily in recent times. Many scientists believe this is a major contributor to
global warming, although others think that recent warming is only part of natural cycles.
Another harmful effect is caused by the impurity, sulphur, in coal. The sulphur combines with
oxygen during burning to make sulphur dioxide which is another gas. When this gas dissolves in
water it forms an acid which gives rise to acid rain.
What are the alternatives?
Nuclear energy
Huge amounts of energy are released in nuclear reactions. Nuclear power involves transferring some
of this energy into electricity. In the UK at present about 25% of our electricity is generated from
nuclear power. In France it is about 75%.

•

Uranium ore is the fuel for most nuclear power stations. Uranium atoms split up in a process known
as nuclear fission and when this happens energy which was stored in the atom is released. This
energy is transferred to heat water and produce steam as is the energy in a conventional power
station. Uranium ore is dug out of the ground (a process which itself 'consumes' energy) and there is
a finite amount of it. So, like fossil fuels, one day it will run out.
However, there are also other problems associated with nuclear power. Waste from the process is
radioactive and needs to be disposed of safely. Some of this waste remains dangerous for a very long
time.
Alternative resources

•

Most power stations work in the same way. They somehow produce movement. The movement is
used to turn turbines which then turn the generator which makes the electricity. In a fossil fuel system
this is done by burning the fossil fuel to heat water which turns to steam at high pressure which
pushes the turbines.
moving steam
high pressure
-411345,
414' high speed

turbines

kinetic
energy
:7-77\ (rotation

electricity generator
((shaft must be rotated to make it work)

c-,777-7-7,-7-7777)

•t

boiler

4■S■1
electrical
energy
pylon
•

•

fossil
fuel

AI

4 ft

water heated
by burning of
fossil fuel

the condenser is surrounded
by a separate cold water system which
cools the steam so that it becomes water again

There are alternative ways of producing the necessary movement which avoid the harmful side effects
of burning.
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Hydroelectric power stations
Here water from a high up dam or reservoir falls and as it falls it moves at high speeds. The
moving water pushes the turbines causing them to turn and hence rotate the generator. The initial
source of the energy is the gravitational potential energy of the raised water. This is transferred to
kinetic energy of the water as it falls which is then transferred to kinetic energy of the turbines which
in its turn is transferred to kinetic energy of the generator.
dam

stored water

turbine (water flow rotates shaft)

Wind power stations
Here movement of the wind is used to turn a windmill which then turns a generator to produce
electricity. The initial source of the energy is the kinetic energy of the moving air which is the wind.
This is transferred to the kinetic energy of the windmill which is then transferred to kinetic energy of
the generator.
Wave power stations
Here the up and down movement of water which constitutes a wave is used to turn a generator to
produce electricity. The initial source of the energy is the kinetic energy of the moving water. This is
transferred to the kinetic energy of the generator.
These three are all examples of renewable energy sources. By renewable source we mean 'will not
run out' or 'can't be used up'. In other words, the source will always be there. Confusion can arise
between this use of the term 'renewable' and a more 'everyday' use in which 'renewable' can be used
to mean 'replaceable' or 'repairable'.
Another advantage of these energy sources, apart from the fact that they are renewable, is that they do
not have the side effects that arise from combustion. But there can be other drawbacks: wind farms
can be thought unsightly or noisy, while wave power stations can have effects on the local wildlife
and are prone to storm damage.
Also, in some cases the efficiency is very much higher than that which can be achieved with a fossil
fuel station e.g. hydroelectric stations can be 90% efficient.
Hence these alternatives have three advantages over fossil fuel systems: they do not run out, they do
not pollute and often they have much greater efficiency.
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Solar energy
The energy from the sun is definitely a renewable, non-polluting source. There are two ways of
making use of it.
In solar cells, solar energy is used to generate electricity. It is listed separately because this method of
generating electricity does not rely on turning a generator. Instead, a device called a photoelectric (or
solar) cell converts solar energy falling on its surface directly into electrical energy. Unfortunately,
these cells are presently quite inefficient and costly. They are suitable for small scale generation of
electricity e.g. solar powered calculators. Large power stations based on this technology are not
currently economic.
In solar heating panels, solar energy is not used to generate electricity but is used directly to produce
heating. This can either be used to heat rooms or to produce hot water.
solar
('photovoltaic')
cell

solar-powered calculator

solar heating panels on roof of house

Other alternatives

There are other alternative and renewable sources of energy which could be used for heating and for
generating electricity such as geothermal energy which makes use of the energy of hot rocks deep in
the earth's crust, and biomass energy which makes use of energy stored in biological material. Fuel
cells are a developing technology. Further details of these is beyond the scope of this pack.

S

The case for energy efficiency
Despite the above alternatives, whichever energy sources we use, one thing is sure. If we all use less
energy and use that more efficiently, we will not only save money but also help the environment.
Energy efficiency therefore makes sound economic and environmental sense.

Will we switch to alternatives?
As fossil fuels are used up it will be those which are easier, and hence cheaper, to extract which will
be used first. We will gradually be left with those fuels which are harder and more costly to reach.
Fossil fuels will become very expensive. A time will come when it is no longer economically viable
to continue extraction of current fossil fuel resources compared with developing and using alternative
sources. So a natural, limiting process is likely to occur. Some might argue that because of this, there
is nothing to worry about - when fossil fuels start to become more expensive, research and
development money will pour into alternatives!
Others argue that we cannot wait for this to happen. There are sufficient known hazards and problems
associated with fossil fuels to clearly point to a need to reduce our use of them. If global warming is a
reality (and this is still debated amongst scientists) then the need is urgent and should happen now.
Unfortunately, at the moment, there is little economic incentive to develop the alternatives.
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13. Energy 'waste'
Amory Lovins, the free thinking director of the Rocky Mountain Research Institute in the USA, has
delivered a savage indictment of the waste in our society:
Most of the energy services we consume are wasted, often before we get at them. We pay for them, yet they provide no
useful service... leaks through the attics of poorly insulated homes; the energy from nuclear or coal-fired power
stations, only 3% of which is converted into light in an incandescent lamp (70% of the original fuel energy is wasted
before it gets to the lamp, which in turn converts only 10% of the electricity into light); the 80-85% of a car's petrol
that is wasted in the engine and drive train before it gets to the wheels; the senseless movement of goods over huge
distances for a result equally well achieved locally - these are all costs without benefits.
This waste is unnecessarily expensive. The average American, for example, pays nearly US$2000 a year for energy,
either directly purchased or embodied in businesses' goods and services. Add to that wasted ... materials and Worldwide
it may approach US$10 trillion, every year.
Yet the wasting disease is curable ... is using resources at least four times as efficiently as we do now; doing more with
less ... accomplishing everything we do now ... with only one quarter of the energy and materials we presently use.

Energy efficiency and conservation is about cutting waste. Rather than thinking of this in terms of
making do with less, Lovins prefers to think of making far more of what we have. So he prefers the
terms 'energy productivity' or 'rational use of energy' to 'energy efficiency'. Among Lovins'
examples of revolutionising energy productivity are:
• the ultralight 'hypercar' - prototypes exist with carbon-composite bodies, hybrid-electric drives which are 2 to
2.5 times as efficient as present cars.
• an entire city is to be built for the World Exhibition, Expo 2000 in Hanover, which will have quadrupled
energy efficiency at no extra cost.
• `supawindows' sort out visible from infrared (heat) radiation - let us stay cool and keep warm.
• efficiency technology in Danish household appliances has cut their electricity use by 74%.
• new 'super-refrigerators' now can achieve savings of 86% in energy use (in the late 1980s refrigerators used
one sixth of all US residential electricity).
• compact fluorescent lamps - installing a single 18 watt C.F. lamp can save 200 litres per year of oil fed into
an oil-fired power station (enough to drive an ordinary family car 100 miles).

Examples like these are part of what has been called 'the efficiency revolution' which perhaps had its
origins in the huge increase in the price of world's major fuel, oil, during the mid 1970s.
What remains to be seen is whether the savings from this revolution are outpaced by increasingly
insatiable consumption during the next fifty years.

•
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14. Summary of ideas about energy dealt with so far
Unit 1
What is energy?
Energy can be thought of as a job-doing capability.
Energy is a concept that scientists use to understand and explain the world about them. It is perhaps
the single most important concept in the whole of science.
Energy is not a thing or a substance.
Energy is a subtle idea. It is probably best understood by building up an understanding of its
characteristics.
Why is energy important?
Energy is needed to get jobs done.
Unit 2
How does energy behave?
Energy resembles money in several ways:
i) it can be stored and accumulated (e.g. in fuel-oxygen systems).
ii) it does not have an effect until it is transferred from one place to another.
iii) when energy is transferred, jobs get done.
How can energy transfers be illustrated?
Energy transfers can be shown by means of energy transfer diagrams.
Unit 3

•

What happens to energy when it is transferred?
Energy spreads out (dissipation of energy).
Energy becomes less useful (degradation of energy).
The amount of energy before and after an event stays the same (conservation of energy).
How can this be illustrated on an energy transfer diagram?
Dissipation is shown by means of smaller 'offshoots' from the main arrow.
Degradation is shown in the descriptions of the energy represented by each 'offshoot' arrow.
Conservation is shown by making the total thickness of the emergent arrows the same as that of the
input.

•

Can conservation and dissipation be easily demonstrated?
No, since the energy transfers involved in events are subtle and require very accurate measurements
of amounts of energy, shown as tiny rises in temperature.
Can energy be measured?
Energy is measured in joules and/or calories. One calorie is equivalent to just over 4 joules.
Power is a measure of the rate at which energy is transferred - it is measured in watts.
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Unit 4

The particle theory of matter
The Kinetic (or Particulate) Theory of Matter views all substances as being made up of tiny particles
(molecules) which are constantly moving randomly, to a greater or lesser extent.
Particles in solids are closely packed and vibrate about fixed positions.
Particles in liquids are also closely packed but move randomly amongst each other.
Particles in gases are spaced far apart and move in straight lines at high speed.
Heating is a special form of energy transfer
Heating is when an energy transfer occurs because of a temperature difference. Energy is transferred
from hotter to cooler objects.
When the temperature of a substance rises scientists say that its internal energy has increased. In fact,
the internal energy of a solid or liquid is the sum of all the kinetic and potential energy of all the
particles.
How energy is transferred from hot things to cold things
The process of conduction is the main way energy is transferred through solids.
The process of convection takes place in liquids and gases, and involves the movement of the liquid
and gas from one place to another - conduction does not.
The process of radiation can occur in a vacuum - no intervening medium is required. The energy from
the sun reaches us in this way.
Different forms of energy
Energy is spoken of as taking different 'forms', e.g. potential, kinetic, sound, electrical, chemical,
light and so on. Many of these forms can be explained in terms of the K.E. and/or P.E. of particles.
Unit 5

The scientific meaning of energy efficiency
Energy efficiency is a term which applies to devices (e.g. kettles, toasters) or systems (e.g. cars,
power stations, houses).
It is a measure of how much of the input energy is used to do the intended job.
If an appliance is 75% efficient, three quarters of the input energy is transferred to do the intended job
(the other quarter is wasted, usually heating the surroundings).
Energy conservation
This has two meanings: (i) 'remaining the same' (see Unit 3) and (ii) 'using less', 'saving' or 'not
wasting energy'.
The second meaning is about actions human beings can take (e.g. turning off lights, keeping doors
closed).
Energy efficiency is a different concept from energy conservation.
Both energy efficient devices (or systems) and energy conservation are vital for the future of our
civilisation and make sound economic sense.

•
SECTION 3
TEACHING ENERGY

Purpose and use
This section illustrates ways in which energy and energy efficiency can be taught
effectively in primary school classrooms. The examples presented can be used by
beginning or experienced teachers to inform their own planning and practice.
The material in this section is based on case studies of five primary teachers carried out in
1997-8.
Equipment and safety procedures for the teaching examples are given in Appendix I.
Evidence for the children's learning is given with the teaching examples and is
summarised numerically in Appendix II.

•
Content

•

Unit 6

Subject knowledge and teaching knowledge

Unit 7

Teaching energy concepts: 12 examples of effective practice
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Content
This unit deals with:
•

the distinction between subject knowledge and subject specific teaching knowledge.

•

the components of subject specific teaching knowledge.

Sequence

Page

This unit consists of two readings. These are important preparation for fully appeciating
the examples of classroom teaching which follow in Unit 7.

•
•

1.

Two key ideas: subject knowledge and subject specific teaching knowledge
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2.

Some components of subject specific teaching knowledge
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Two key ideas: subject knowledge and teaching knowledge

When planning and teaching science any teacher will make use of two distinct kinds of knowledge:
subject knowledge i.e. the teacher's personal understanding of the subject matter to be taught
(in this case, energy and energy efficiency), and
subject specific teaching knowledge i.e. knowing how to help children understand the subject
matter.
Having adequate subject knowledge is clearly, for a teacher, only a first step. The professional task
is to help children acquire this knowledge.
Illustrated below are two examples of the distinction between subject knowledge and teaching
knowledge, albeit in contexts other than that of energy.

Examples of subject knowledge and teaching knowledge
Sound

Forces
Subject knowledge: the Earth attracts all objects with

Subject knowledge: sounds are made when objects

a force due to gravity.

vibrate.

Teaching knowledge: this force can be imagined as a

Teaching knowledge: the vibration of a cymbal can be
shown by scattering sand- grains on it, striking, it and
watching the sand-grains 'dance'.

'gravity-spring' joining the object to the Earth's centre.

'dancing'
(sand-grains
on the
vibrating
/
cymbal

child
lifting box
of PE
equipment
EARTH

//,/' v _

stretched /
'gravity- /
spring' /
z pulls the /
7
/
,,/
/ , box down
/ / / /
7 ___________

to the /
Earth's
7tre z

Identification of effective teaching knowledge is, in our view, essential for the future development of
science teaching in primary schools.
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2. Some components of subject specific teaching knowledge
Work by Lee Shulman in the USA and our own recent research in the UK suggests that subject
specific teaching knowledge includes knowledge of:

•

•

the conceptions and preconceptions that children of different ages and backgrounds bring
with them to the learning of a topic.

•

the strategies most likely to be fruitful in developing the understanding of learners.

•

the most useful analogies, illustrations, examples, explanations and demonstrations.

•

appropriate scientific terms and language to use with children.

•

what to emphasise (not just what is the case but, critically, what is not the case).

•

how to simplify validly what are often very complex ideas.

• simple technical knowledge of equipment to be used in children's investigations.
Each of these key aspects of teaching knowledge is discussed below with examples.
1. Knowledge of pupils' preconceptions
Why is this important?
The eminent American psychologist David Ausubel had this to say about learning:
If I had to reduce the whole of educational psychology to just one principle it would be this:
the most important single factor influencing learning is what the learner already knows.
Ascertain this and teach him accordingly.

•

Existing knowledge and understanding (preconception) are now widely accepted as key determinants
of future learning. In the case of science, research has shown that children develop informal, intuitive
ideas about the world from their everyday experiences. However, these ideas, concepts and
meanings for words are often not the same as the scientific meaning and, from this perspective, can
be regarded as misconceptions. Moreover, these intuitive ideas are often strongly resistant to change
and may adversely affect future learning.
A key task for the teacher is to help children modify these preconceptions and hence provide a more
secure foundation for further learning.
An example
In research into primary children's understanding of energy,
one child gave the response shown opposite.

•

One can speculate that this child may have experienced (or,
more likely, seen adults experience) the sleepiness or torpor
which can follow a large meal. The child's notion is, of course,
contrary to the scientific view and may interfere with future
learning. Numerous other examples of children's and adults'
ideas about energy have been covered elsewhere in this course.

A child's view about energy
and food
Food stops you
having energy.
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2. Knowledge of strategies for modifying children's ideas

Why is this important?
Clearly there is little point in finding out children's ideas and then ignoring them! Elicitation of prior
knowledge is not an end in itself, but a starting point for teaching. Teachers therefore need to know
how to help children develop their existing ideas so that they become more scientific.
Examples
Strategies may include:
challenging a pupil's view by presenting contrary evidence.
•

using activities or experiments which broaden a child's experience or knowledge.

• group discussion where children are exposed to a range of alternative views (and which may
cause them to review their own positions).
• explicit presentation of the view of scientists (made believable by appropriate supporting
activities and evidence).
•

use of resources such as CDROMs, books and videos to broaden and extend knowledge.

•

use of appropriate analogies and examples (see below).

These are, of course, rather general statements. The key thing about subject specific teaching
knowledge is knowing what particular activity or what particular experiment will help a child develop
its understanding of a particular concept. Examples for the case of energy are given in Unit 7.
3. Knowledge of analogies, illustrations, examples, explanations and
demonstrations

Why is this important?
These are really part of the strategies used by a teacher. But the importance of analogies and other
forms of representation as aids to learning are such that they deserve separate consideration.
An example
The key point about an analogy is that it must be
within the experience of the learner e.g. there is
little point in drawing an analogy between the
flow of electricity and water flow in pipes if a
child is not familiar with the flow of water in
pipes (opposite)! Similarly, analogies between
the behaviour of energy and money (used often
in this course) will be inappropriate if the learner
does not already have an understanding of the
behaviour of money.

An inappropriate analogy for a desert dweller

Electric current in the
wire is like water in a
central heating system.

The 'gravity spring' analogy for the force of gravity was given in Unit 2 (see diagram on page 29).
This can also be used to help develop the idea that a raised body stores energy. Most children will
accept that a stretched spring does store energy. If raising an object is like stretching a spring, then
one can see that energy will be stored as the object is elevated (see next page).
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Lifting an object stretches the 'gravity-spring' and so stores energy

i

Raise and lower this heavy ...
book, John. Try to 'feel' the
pull resulting from the Earth's
gravity. With your eyes open
you know you are just pulling
against the book's weight.
With your eyes closed, pretend
you are pulling against some
huge spring running from the
book to the Earth's centre. }

4.

Knowledge of appropriate scientific terms and language

Why is this important?
Words such as energy, force and power have a more precise, or even different, meaning in science
than in everyday life. Without these precise and universally agreed meanings, science would not have
been able to progress. Developing an understanding of science is inextricably linked with
understanding its terminology. Science also avoids anthropomorphic explanations i.e. those which
attribute human characteristics such as 'wanting' and 'needing' to inanimate objects. Again, this is a
key aspect of the scientific world view.

•

An example
We have already mentioned the many ways in which children's use of terms such as energy may
differ from the scientific use. Anthropomorphic views were apparent in some teachers interviewed in
previous research on energy e.g. the belief that an inanimate thing such as a rock, when stationary,
cannot have energy since

•

... it has no way of moving itself ...

or the view that a spring uncoils (or a rubber band untwists) because it
... wants to get back to its original shape ...

5. Knowledge of what to emphasise

Why is this important?
Some of our previous research in primary classrooms showed that teachers tend not to emphasise
important ideas in the science they are teaching (perhaps this is because many primary teachers have
limited knowledge of science and this makes it difficult to make judgments about what to emphasise).
Yet clearly, in science as in all other subjects, there are key concepts which do need emphasis.
Examples
Emphasising the appropriate use of words is one example e.g. correcting children who use power
where energy is appropriate, or when force is confused with energy.

•

Emphasising what is not the case can be as important as emphasising a correct scientific idea. In
particular, when there are known, common misconceptions in a topic, or when elicitation has
revealed misconceptions, it is clearly important to revisit these and emphasise that these ideas are not
in accord with the scientific interpretation. So, for example, a child who confuses force and energy
may be helped by frequent emphasis on the distinction, or someone who associates energy only with
movement may need frequent reminding of the broader, scientific view.
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The role of emphasis is also likely to be important when analogies are used in teaching. Here the
emphasis should be not only on the similarities between the real and analogous situations, but
also make clear the ways in which the analogy is unlike the idea being taught. So, for example,
although the 'gravity spring' analogy described above does convey the notion of gravitational
potential energy, the force exerted by the spring is unlike the force of gravity in that the latter
decreases as the distance from the Earth increases (for a spring the force increases as it is stretched).
6. Knowledge of valid simplifications
Why is it important?
Scientific ideas are often abstract and difficult - ideas which in may cases are the imaginative
constructions of some of our greatest scientific minds over the centuries. Energy is just one example
- an abstract concept which was developed (in this case rather gradually) during the 19th century
through the work of renowned scientists such as James Joule in Manchester.

In this course we introduced energy as a job-doing capability and treated it in a qualitative way. But
these are simplifications - energy in all its manifestations has a quantitative and precise mathematical
definition. Clearly, these complex mathematical formulations have to be simplified to make them
accessible to children. Science education at all levels is like this - ideas are simplified to make them
appropriate for the target audience.

A valid simplification of the scientific view

But what simplifications are valid? Our view is
that it is, in most cases, unrealistic to expect nonspecialist primary teachers to make these
judgments. One role of specialists is to help
identify valid simplifications - valid in the sense
that the approach taken is a useful basis for future
development and elaboration of the ideas covered.

1To revise what we have
learned - what is a 'force'?

Examples
The case of energy has been mentioned above. Other examples include the idea of force as a push or
a pull (above), electricity as particles called electrons, the notion that light travels in straight lines, and
so on. All these are simplified views of the more sophisticated knowledge of the expert scientist.
7. Simple technical knowledge of equipment
Why is this important?
Our recent research into the teaching of electricity showed that non-specialist teachers often
experienced difficulties arising from a lack of technical knowledge of equipment e.g. mixing devices
designed to work with different battery voltages leading to unexpected results. This sort of difficulty
can arise whenever equipment is used to support science teaching, and can impede learning if
teachers have insufficient knowledge to resolve resulting problems.
Examples
In the case of energy, a range of teaching equipment might be used e.g. solar cells and steam engines
to illustrate energy transfers, or even household electricity meters for measuring domestic energy
use. Knowledge of how to set up and use this equipment, and of what to do to make it work
properly, are clearly important aspects of subject specific teaching knowledge.
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Teaching energy concepts: 12 examples of
effective practice

Content
This unit deals with:
•

teaching knowledge for 12 key aspects of energy and energy efficiency.

•

children's preconceptions (`starting points') for each of these 12 concepts.

•

evidence for children's learning of the concepts, at both whole class and individual levels.

Sequence
S

•

•

1.

Page

Introduction to the examples:
•

how the examples are presented

124

•

how the information was gathered

124

•

a note about preconceptions

124

•

why do we say effective practice?

125

•

a note on the children's abilities

125

•

safety and equipment issues

125

2.

Abbreviations used in the examples

3.

The 12 examples of practice:

125

3.1

energy is stored in fuels

126

3.2

energy is stored in objects when they are lifted up

131

3.3

particles and their behaviour

136

3.4

energy can be transferred

140

3.5

energy spreads out

147

3.6

energy is wasted through unintended transfers

151

3.7

efficient household devices waste less energy

156

3.8

efficiency as a numerical concept

160

3.9

saving energy I: using 'just enough'

165

3.10 saving energy II: other human actions

170

3.11 using fossil fuels: depletion and pollution

174

3.12 alternative energy sources

178
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1. Introduction to the examples
How the examples are presented
Each example deals with the teaching and learning of a single concept. However, since each concept
was usually taught by more than one teacher, the approaches described reflect practice by several
teachers in several different classrooms. Henry taught Year 6 children and Fiona, Grace and Gina,
taught Year 5 children in urban primary schools. Terry's Year 5 class was in a large rural primary
school. Apart from Henry, who was recently qualified, the teachers were experienced. The size of
their classes ranged from 24 to 33 with about two thirds of Gina's children having special needs,
especially in the area of language development.
Each example is presented in 5 parts:
•

subject knowledge (a summary of the subject knowledge used by the teacher).
children's ideas (a summary of the children's preconceptions about the concept as revealed by
questionnaires and interviews).

•

approaches to teaching this concept (brief accounts of the approaches used by the teachers).
further aspects of teaching knowledge (with, where appropriate, commentary from the
authors).
examples of children's learning (quotations comparing children's ideas before and after
teaching).

How many children learned each of the ideas is shown separately (see Appendix II) using tables
which illustrate the learning of the two groups of children (one Year 6 class and four Year 5 classes),
together with accompanying summaries.

How the information was gathered
For each concept taught, a questionnaire situation was devised to test the children's understanding
(these are included in the accounts which follow). Questions about the situations were answered in
writing by the whole class before and after teaching. In addition, a sub-sample of six children from
each class was interviewed about the target concept before and after teaching, using the situation as a
stimulus.
The classroom teaching was video and audio taped.

A note about preconceptions
It is important to realise that the children's preconceptions given at the start of each example are those
uncovered by the research team. This information was not available to the teacher teaching these
children (the data had not been analysed at the time of teaching).
The preconceptions revealed by this research are summarised since knowledge of these is a key part
of subject specific teaching knowledge and should inform your own planning if and when you teach
one of these concepts to children.
Of course, in many cases the teachers in these examples did carry out their own elicitation of the
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children's ideas at the start of or during a session. Where this happened, it is described later in the
example (under the section 'Further aspects of teaching knowledge').

Why do we say effective practice?
For the most part, we provide evidence showing that a substantial number of the children acquired
the targeted concepts. This is why we say effective practice.
The evidence is given in the form of interview quotations, excerpts from the lessons which illustrate
children's ideas changing while they were being taught, and table summaries of questionnaire item
responses (Appendix II). In addition to this 'hard' evidence, we also used our professional judgment
as experienced science teacher educators when selecting sequences to report.

A note on the children's abilities
The examples are taken from case studies of five teachers working in five different state primary
schools in Oxfordshire, Hertfordshire and Colne Valley (Outer London). These schools varied
widely in the socio-economic status of their catchment areas and the proportions of children with
special education needs (in one case - the Year 5 class of teacher Gina - 17 children were receiving
special support, many to develop their use of English).
The six children interviewed from each class were selected by the teacher to represent the ability
range present (two children of higher ability, two average and two of lower ability). The research
team had no control over this selection process.

Safety and equipment issues
For some concepts, issues arose to do with simple technical knowledge of equipment and safety
matters. These important aspects of teaching knowledge are dealt with together in Appendix I.

2. Abbreviations used in the examples

•

E
P.E.
Yr 5
Yr 6
ave
g.p.e.
C
I
T

Energy
Physical Education
Year 5 (children aged about 10 in their fifth year of primary schooling)
Year 6 (children aged about 11 in their sixth and final year of primary schooling)
average
gravitational potential energy
Child
Interviewer
Teacher

3. The 12 examples of practice
These now follow, each one starting at the top of a new page.
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3.1 Energy is stored in fuels
Subject knowledge
A fuel is a substance which stores energy (see text for a stricter scientific definition).
Examples of fuels are wood, candle wax, gas, coal, oil products (e.g. paraffin), peat.
When fuels are heated in air (which contains oxygen) they burn and energy is transferred.
Food can be regarded as a fuel whose stored energy is made available when it is eaten.

Children's ideas (preconceptions)
The ideas of 137 Year 5 and Year 6 children were elicited from their responses to a questionnaire
situation where children enacted the story of the Christmas carol 'Good King Wenceslas' (below).
The questionnaire asked children to write firstly what they think the teacher might say to Tina, then
whether they know any other fuels, and finally what fuels have to do with energy.
Gathering winter fuel
Some children are acting out the story of a Christmas carol in the assembly while others sing the words.

(A Good King Wenceslas looked out
■ ,__
(----r - • - - - — _ ..,,,_

When a poor man came in sight
\ ,1 Gathering winter fuel

o----•—

F0 "

1-- "--N

Miss Jones, what does fuel mean?

Tina asks the teacher what 'fuel' means

•

About one fifth of the 137 children had no ideas about the connection between fuels and energy a similar proportion overtly denied that fuels had anything to do with energy

•

Nearly a quarter of all the children indicated that fuels have, store, or are a source of energy.

•

About two fifths of all the children merely agreed that fuels have something to do with energy.
Fuel was associated with energy usually when children were asked directly about any connection
between them - it was not often done spontaneously.

•

Most children who gave a meaning for the term 'fuel' identified it with wood (knowing it could
be burned) and vehicle fuel.

•
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Approaches to teaching this concept
•

Examining and burning a range offuels - analysing the energy transfers
Carefully observing safety precautions (see Appendix I), Henry demonstrated a range of fuels to
the whole class: coal; paraffin; peat; a candle; camping gas (a single burner stove suitable for
boiling a small kettle); a log and some small sticks (for burning under a billycan). Children
examined the fuels by looking at them and feeling or smelling some of them.
The whole class watched each fuel burn: a blow torch was used to ignite peat and coal; a
hurricane lamp was lit to show paraffm burning; water in a whistling kettle was heated on the gas
stove; twigs were ignited in the base of the billycan (pointing out the hole for the air supply). The
origins and uses of the fuels were explained. Children were asked to explain how the transfer of
energy from the fuels as they burned was manifested in terms of heating and light.

•

Gina took a similar whole class approach (below) and probed children's understanding of the
energy transfers involved. She also provided an opportunity to examine and discuss burning of
the same range of fuels in groups at an 'energy circus' workstation supervised by an adult helper.
Gina's children discussing a range of fuels (extracts from taped dialogue)

1. What do they all
have in common?

Safety! - see Appettcik I
1. All to do with energy .. fuel ..
power .. cos they all give energy out

4. Correct - if something
gives E out we say it is a
fuel. What do we have to
do to get the E out?

•

2. Light it .. eat the )
biscuit .. drink it!

6. Has the plant got
E? .. Where from? ..
what do we have to do
to get the E from it?

(4—. This says BRITISH FUELS so it's
something that is going to give E and
it's called paraffin. What's it for?

3. Yes it has .. from the
sun, water, soil, air .. kill
it - get the roots out of
the ground (or) cut the
fruit off and eat it.

4. For Burning in the lamp. It )
makes light .. and some heat.

•

Later, children's understanding was checked by getting them to record their views about fuels in
a table on a worksheet. Results from this (next page) showed that they appreciated the scientific
view, of energy transferred from fuels as heating and light. However, everyday, or life-world'
views (e.g. 'a candy bar gives health') were still evidently held by the children together with
scientific views.
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Some of the ideas about fuels shown by Gina's children

•

WHAT IT GIVES
—1
heat and fight

food

WHAT I DO TO IT
burn it
eat it

peat

burn it

gives you energy
heat and fight

log

burn it

heat and light

WHAT IT IS
coal

Using a model steam engine
Fiona and Terry both displayed the same range of fuels but also burnt solid fuel to operate a
model steam engine (see below).

Once the engine had started moving, the fuel tray containing the burning fuel was withdrawn,
causing the engine to stop. The tray was then re-introduced, which caused the engine to re-start.
This directly illustated the connection between the fuel and its effect on the operation of the
engine.
Terry and his children discussing solid fuel and the steam engine
1. Look at the packet
- what does it say?

2. What does the fuel
do when we light it?

3 What happens when I
remove the burning fuel? ..
when I put it back again?

C.

4. What does this show!

•

Safety! - screen
here (Appendix I)

1. Fuel. Solid fuel!

2. It heats the water turns it to steam which
pushes the piston and
turns the wheel. j

3. The engine
stops... then it
starts again ..,

4. The fuel gives the
engine its energy

Building the sub-concepts beforehand
Grace's children initially 'brainstormed' the question 'where does energy come from' and fuel
was mentioned. However, this teacher postponed discussion of the concept of a fuel until she
had taught, over a series of lessons, some underpinning ideas i.e.

-

energy transfer, and how this is manifested (heating, light, movement and sound)

-

storage of energy.

Children later had the opportunity to examine a range of fuels briefly, but this teacher's major
emphasis was on the nature of fossil fuels and the consequences of their excessive use (later).

•
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Further aspects of teaching knowledge
•

Elicitation and use of children's pre-existing ideas
These were elicited by 'brainstorming', discussing where energy came from and asking children
to explain any usage they made of the term 'fuel'.
Children's everyday observations of familiar phenomena such as fires, candles, vehicles, and
domestic energy supplies formed the starting point for discussion of the role of energy. Teachers
focussed on those children's ideas which were close to the scientific view and developed these by
providing fuller explanations in energy terms. A simplified scientific view (below) was provided
and the term 'fuel' applied in other contexts was dealt with during succeeding lessons e.g. energy
from food, fossil fuels, resource depletion, unintended energy transfers and efficiency.

•
•

Representations and analogies
Teachers represented a fuel as a source of energy; their words often implied that fuels contain
energy or have it locked up inside them rather than, more correctly, within a fuel-oxygen system
(see page 28). Food and stored body fat were described as analogous to 'fuel for our bodies' in
some discussions.
Gina tried to go a little further: she said that energy, like the personality of a popular member of
her class, was a quality which could not be pinned down to any one place but 'you know it is
there'. Fuels, she said, have this quality called energy, which becomes apparent when they are
burned. This is perhaps an attempt to convey the difficult scientific notion that energy is not a
substance but an idea that scientists use to explain changes which we see in the world around us.

•

•

Simplification
When fuels burn they combine chemically with oxygen in the air and energy is released - in the
case of food, breakdown products of digestion combine with oxygen during respiration within
cells to release energy. In view of this, it is more correct, strictly, to speak of the energy being
stored in a fuel-oxygen system.Thus fuel as a 'container' of energy is a simplification but is, in
the view of the authors, a legitimate one for primary school children.

•

Emphasis
Some children's reponses prompted teachers to emphasise that a fuel is not itself energy but a
source of energy. A steam engine excitingly shows a fuel 'in action' but do children make the
link between the fuel and the energy transfers that give heating, noise and motion? Removing the
tray of burning fuel with the engine running (thus stopping it) effectively emphasised that it is the
burning of the fuel which caused the engine's movement.

•

Language
Pitfalls for teachers which were evident came from confusing `fuel' with 'energy' and vice-versa.
For example some spoke of 'alternative sources of fuel' (meaning energy), 'energy' being
burned (meaning fuel), fuel going into the (circuit's) wires (meaning energy). The term 'fuel'
was also confused with 'electricity' (which is generated from the burning of a fuel). A further
pitfall was to speak of 'creating' energy. This contradicts a fundamental law of science - the
Principle of Conservation of Energy - and it is better to use terms such as 'providing',
`transferring', or 'generating' rather than 'creating'.
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Examples of children's learning about energy and fuels
Some pre-and post-teaching responses of the children are shown below.
pre-teaching

post-teaching

comments

Tamsin (Yr 6 with special needs)
C: I don't know what

C: A fuel's what you put in your car, oil

She has moved from not

`fuel' means. I know

or petrol. A fuel can help to drive your

knowing the term 'fuel' to

fuels is not energy.

car. If it's got no fuel it won't move.

understanding that a fuel

(I: What about E, does it get energy?)

gives cars energy (a

Yes. (I: Where from?) From the fuel.

simplified scientific view).

C: A fuel is a kind of energy

C: A fuel is a source of energy. Other

Has moved from equating

which keeps things going.

fuels are coal, peat, oil, water and

fuels with energy (a non-

Other fuels are petroleum,

food. Fuels have energy in them;

scientific view) to regard-

oil, water, coal and electricity.

if not, they wouldn't burn.

ing fuels as sources of E (a

Justin (able Yr 6)

Fuels give things energy.

simplified scientific view).

Mina (ave Yr 5)
C: A fuel is a thing that

C: A fuel is a substance that

makes a car go.

contains fuel and energy.

Her narrow everyday (or
'life-world') view has been
replaced by a broader idea
close to the scientific view.

Becky (ave Yr 5)
C: A liquid that goes into

C: Something that can move

She has increased

cars which gives them E

something .. can be coal .. petrol ..

knowledge of types of fuels

to make them move.

both have energy stored in them.

and has moved towards the
scientific view.

David (able Yr 5)
C: A fuel is firewood, some-

C: A fuel is something that lets out

He has gained a more

thing that can burn. Other

energy. Other fuels are fossil fuels.

generalised but simplified

fuels are petrol and oil. Fuels

Fuels give out light, heat and

scientific view of fuels as E

give cars energy to move.

sometimes give out health.

providers. He knows some
of the kinds of energy fuels
supply but still retains
everyday ideas ('fuels
supply health').
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3.2 Energy is stored in objects when they are lifted up
Subject knowledge
The Earth's gravitational pull on an object can be imagined as resulting from a stretched
`gravity-spring' connecting the object to the Earth's centre.
A raised object stores energy because its 'gravity-spring' is stretched. If the object is released
and falls, it can do a job.
The stored energy of a raised object is called gravitational potential energy (g.p.e.) or, more
simply, 'height energy'.
Lifting an object higher stretches its 'gravity-spring' further, and so increases its g.p.e.

Children's ideas (preconceptions)
These were elicited from 112 Year 5 and Year 6 children's responses to a questionnaire situation
showing two identical PE skittles, one resting on the playground and the other placed on top of a
wall.

The two PE skittles
One of the PE skittles is lying on the playground and the other is on the top of the wall. The three children are
talking about the energy they think the skittles have.
( I think that the skittle on the"
wall has the same energy as the
one on the playground.
...,

I think that the skittle on
the wall has more energy
because it is higher up.

You can't say one thing has more
energy than another thing. Things
just have energy.
C.
------1

IIIII/fIl
!IS,
,!f1111

f

I

t

Do you agree with Kenny, Kate or Danny or do you have an idea of your own?

Very few children (7%) thought the upper skittle had more energy than the lower one.

•

•

About half of the children seemed to think that energy cannot be quantified - it is just
something that things have.

•

About one third of the children thought that the two skittles had the same energy - the usual
reason given for this was that they are identical.
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Approaches to teaching this concept
•

Henry's picture of the crane

Discussing a crane in action
Children looked at a picture of a crane lifting a
concrete block (opposite).

What Is happening here?
Is energy being used here?
Where Is the energy, who is using it?

During discussion, they agreed that the crane
transferred energy to the concrete block as it was
lifting it (`because it's moving it'). They felt that
the raised block would then have energy if
released because of its motion as it fell.

•

NEM

Identifying stores of energy and how these are increased or decreased - the water wheel
Henry first explored the general concept of an energy store. Asked what a hiker would need to
carry a load a long way, children suggested food as his energy store. Groups considered energy
storage in activities with a simple electric circuit and clockwork toys. The whole class analysed
these in energy terms; they discussed the role of the battery and springs and how to increase or
decrease the store of energy in these cases. An analogy with money was introduced (see later).
Henry now moved to an example where the energy stored was 'height energy' (g.p.e.). Children
poured water on to a water wheel from different heights (below). The analysis made of this was
that energy was first transferred from the child and stored in the raised water as 'height energy'.
This was transferred to movement energy of the falling water, then of the revolving wheel, and
finally to electrical energy in the wheel's generator and light energy of the bulb connected to it .
Henry's children learning about 'height' energy using the water wheel
1. LITTLE HEIGHT

- WATER HAS LITTLE ENERGY

1. Yes ... It's making it move ...)
the bulb doesn't hardly light.

- WATER HAS MORE
ENERGY

i
2. Try it from a bit higher and see the effect on the bulb? ... Did
it light up? ... Was there more or less E this time?

2. It went faster and the light went on

(wheel turns a
small generator
connected to the
bulb)

•

2. GREATER HEIGHT

1. Is there E there? ... Why?
...Look at the light bulb.

■

bright ... there's more E - the higher the
water, the harder it's going to hit.

4k $

44

4. If you hold the water up,
are you storing anything?

5. What's causing it? )

4. Gravity-)
WHEEL REVOLVES
SLOWLY - BULB
SHINES DIMLY

6. Scientists have got a name for it
- gravitational potential energy.

WHEEL REVOLVES
QUICKLY- BULB
SHINES BRIGHTLY

•
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• Rolling a marble along a curved track
A marble was lifted from the floor to the top of a curved track and released. Its to-and-fro motion
was analysed in energy terms: the energy transferred to the marble by lifting it (`height energy')
was linked with the movement energy it had rolling downwards. As its height energy decreases
when rolling down, its movement energy increases, and vice-versa as it rolls up the other side.
Approaches to 'height' energy - a marble rolling to and fro on a track
height energy of marble gets less
- transfers to movement energy as
it runs towards centre

height energy of marble increases this
side as it 'climbs the hill'
plastic
'corner'
track
books I,

•

A

least height E
here, most
movement E

• Rolling toy cars down a ramp
Toy cars were lifted off the ground and placed at varying heights on a sloping P.E. beam (see
below). The cars were allowed to run freely down and the whole process analysed in energy
terms. A transfer of energy (from the lifter) to the car when it was moved up onto the ramp, and
the rolling car's increasing movement energy, were both readily identified by the children. The
height the cars were raised was linked with the amount of movement energy they had when
rolling. The energy transferred by the lifter was called 'height energy'.
Approaches to 'height' energy - toy cars running down a ramp
car lifted to halfway given less
energy - runs down more slowly

•

car lifted to the top
given more energy runs down quickly
(more height)

(less height)

•

A thought experiment - imagining a hole to the centre of the Earth
The idea of 'height energy' was further developed by considering a marble placed on the carpet:
Teacher: .. the only reason a marble drops down (just) to here is because the floor stops it falling down any
further .. imagine what would happen to it if we dug a hole under it .. if I took the hole even
deeper, past all that runny molten rock, the marble would drop and drop until it reached the core of
the Earth. That's impossible .. I can't dig that far .. but (for that reason) it's got height energy
(with respect to the centre of the Earth) even when it's resting on the floor.

Approaches to 'height' energy - imagining a hole to the Earth's centre

0
marble

A
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Further aspects of teaching knowledge

•

Elicitation and use of children's pre-existing ideas
In Henry's first session gravity was associated with energy while 'brainstorming' and the energy
in a raised object 'put there by the crane' was identified by one child. Some children asociated
energy with gravity but the teacher emphasised that gravity was a force.
Grace and Gina elicited their Year 5 children's ideas by asking them to draw concept maps; in
these the energy of planets or comets going around the sun was identified but no links with
gravity were made.
As described above, teachers established what children's existing intuitive ideas were about
storage and transfer of energy. Since the act of lifting made an object move, children accepted
that energy was transferred to it by this means. It was argued that because of its capacity to have
an effect when it fell, the raised object was a store of 'height energy' - which was a totally new
concept to all of the children.

• Representations and analogies
In the development of his lesson Henry compared energy with money: both can be stored,
increased or decreased in amount, and used to get jobs done.
The 'potential' nature of the energy stored in a stretched rubber band or raised object was likened
to the 'potential' children had for an occupation (e.g. professional footballer) in later life i.e.
something possessed now which could show itself in the future.
Raising objects was described as another way of storing energy (called 'gravitational potential
energy') in addition to the more familiar examples of batteries or springs and Gina used the idea
of a hole to the Earth's core to convey the idea that even objects at the surface have 'height
energy'. However, rather than representing 'height energy' in terms of an imaginary 'gravity
spring' joining objects to the Earth's centre, teachers used the intuitive idea that the higher
something is lifted the more energy it has because it will be falling faster when it hits the ground.
• Simplification
Most teachers simplified the idea of 'height energy' by considering it only in relation to the
ground but Gina's representation provided a fuller explanation in a wider frame of reference
involving the planet (see page 133).
All the teachers talked of a raised object as possessing energy, which is a justifiable simplification
at this level. As mentioned above, really, the energy is associated with the stretched 'gravityspring' and is therefore a property of the interacting 'object-Earth' system (see page 29).
•

Emphasis
`Height energy' was emphasised by referring to it in various contexts: discussing a crane; the
water wheel activity; role play (Mr Bean making his Xmas tree lights work with a water turbine);
lifting classroom objects (glue, tissues); a spring-loaded 'jumping bug'; a toy rocking horse;
flying a rubber band-powered model aeroplane, and a waterfall.

• Language
Gina felt that 'height energy' was the suitable term to use with her class, several of whom had
special needs based on difficulties in language development. Other teachers used the term
`gravitational potential energy' - they felt that children enjoy mastering new words and it is
important to use scientific terms as soon as possible.

•
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Examples of children's learning about gravitational potential energy
Some pre-and post-teaching responses of the children are shown below.
pre-teaching

post-teaching

comments

Alex (below average Yr 6 )
C: I agree with Kate because E

C: The higher a thing is the more

He has moved from his own

is only up higher in your body.

E it has.

idea (E varying in different

I: You mean you have more E

I: When a crane lifts a thing and it is

parts of the body) to the

up here, say, in your chest

absolutely still, does it have E then?

scientific view (all things

than down here in your feet?

C: Yes it's a store of E because when

things have E by virtue of

C: Yes.

it's up there, it's going to do a job

their position), and seems

coming back down onto the building.

to have the idea of E as a
job-doing capability.

Sadiq (ave Yr 6)
C: I agree with Danny because

C: I agree with Kate cos it's higher up.

From his intuitive idea of

it doesn't matter how high up

I: Where's it come from, this more E?

'same things possessing

it is, it still could be the same.

C: Someone picked it up and put it on

the same E', he has moved

It's the same cones but they

the wall and it transferred into the cone.

towards the scientific view

I: When they did that, this one here

that lifting up an object

gets more E than that one down there?

transfers (gravitational

C: Yes .. cos they put it up there.

potential) energy to it.

C: I agree with Kenny

C: they have the same E (I: But you did

He has moved from an intui-

cos they are the same

talk about the height E of the marble?)

tive view of 'same weight,

weight but one is

.. that is just a wall .. the height E is

same E' to a partially scien-

higher up - this doesn't

not included cos there is not a slope

tific view of height energy

make it have more E.

they can go down.

II,,,,,,,

are just higher up.

Jeremy (ave Yr 5)

•

being present - but only on
a slope.

Vijay (ave Yr 5)
C: I don't agree with the

C: I agree with Kate cos it has got

E was for him a property of

children - I think skittles

height E. (I: What do you mean ..?)

only moving objects. Now

have no E because they

C: It's higher. (I: How do you give

he takes the scientific view

can't move themselves.

something E by putting it higher up?)

that stationary objects have

I can't remember.

height E but can't explain
this.

Andrea (able Yr 5)

•

C: I don't agree with the children

C: I agree with Kate cos it's got more

She has moved from assoc-

I: Can you say more?

height .. something higher has got

iating E with living things

C: Humans probably have

more E than one on the floor - that one

and having no knowledge

more E than small animals ..

has still got height E but less ..

of gravitational potential E

I: What about things in

(earlier) even on the floor it's got

to a good scientific under-

two positions?

height E cos .. it's higher than the

standing in a planetary

C: I don't know.

Earth's core ..

frame of reference.
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3.3 Particles and their behaviour
Subject knowledge
All matter is made up of tiny particles.
In the solid state these particles are vibrating about fixed positions and therefore have energy.
They are held together by strong spring-like bonds.
In the liquid state the particles have more energy and are no longer fixed but move randomly
among each other with the bonds breaking and re-forming as they do so.
In the gaseous state the particles have much more energy. They are spaced far apart with the
bonds broken, and move at high speed in straight lines until they collide with other particles or
the 'walls' of the container.
Children's ideas (preconceptions)
Twenty-eight Year 6 children's ideas about particles and the energy they have in different states of
matter were elicited from responses to a questionnaire situation which asked them to imagine they
wore `X-ray mega-magnifying superspecs' (see below). A solid (rock), liquid (water) and a gas (air
in a balloon) were being examined by 'Julie' through a pair of these superspecs; the questionnaire
asked children to write what they think Julie would see inside each thing and to say if energy is there.
Energy and what things are made of
Julie is looking at different things on the table to see what they are made of inside. Imagine that she wears 'X-

ray mega-magnifying superspecs' which let her see what there is deep inside things.
`X-ray mega-magnifying
superspecs'

piece of rock

blown-up balloon

glass of water

•

Children gave a single response (e.g. 'she sees air') or several (e.g. 'she sees molecules and
energy') about each object . Altogether, 96 responses came from the 28 children, half of which
were non-scientific ideas from the everyday world such as air bubbles, cracks, dirt etc.

•

The presence of energy was asserted 17 times (5 children described Julie's energy which she had
put into the balloon when blowing it up). There were 10 assertions that energy was not present
(e.g. some children felt that energy was present in the water and / or balloon but not in the rock).

•

'Molecules' were spontaneously mentioned 6 times; there were 16 'no ideas' responses, mainly
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about the rock and the water.

•

Children's ideas about particles and heating were investigated using two other `X-ray superspecs'
situations. In one, 28 Year 6 children were asked to imagine what 'Julie' would see through them in
ice-cubes melting over a lighted candle. In the other, 53 Year 5 children had to imagine what the
superspecs would show 'Julie' in hot potatoes fresh from an oven (see page 141).
•

Two Year 6 individuals spontaneously referred to 'molecules' and another 5 to energy (2 denying
its presence).

• Nearly two thirds of the Year 6 class and almost all the Year 5 children referred to non-scientific
everyday items such as dirt, ice etc. A single Year 5 child referred (4 times) to 'molecules'.
Approaches to teaching this concept
•

Role play: acting the part of particles
Three teachers taught their children a 'particles dance' in which they acted the role of particles in
the three states of matter, using appropriate music (see Representations below). As a solid, they
stood close, linked together in regular formation by hands, arms or in Henry's case cardboard
`bonds' (below) and moved in a way that conveyed the slight vibrations of the molecules e.g. by
`shivering'. As a liquid they occupied the same amount of room space but moved more quickly,
passing among each other and unlinking and relinking hands or arms. As a gas they detached
themselves completely and ran in straight lines around all the space available, 'rebounding' as
they collided with the walls or each other.
Teachers told the 'dancing' children whether energy was being transferred to or from them and
gave instructions about how they should be behaving as they changed from one state of matter to
another (Grace warmed her children with a hair drier as they 'danced' to signify energy being
transferred). Afterwards, Henry asked his Year 6 children to complete a table describing what the
energy of the particles was like and the nature of the bonds between them in each state of matter.

•

Using the supaballs box'
All three teachers used a flat wooden box of small, very bouncy rubber balls (`supaballs') which
was covered by glass with a hole in it to demonstrate how particles behave according to the
amount of energy they are given - which depends on how hard one hits the bottom of the box.
Showing how particles behave during heating - the `supaballs' box

increasing motion
of `supaballs'

hand
hitting
bottom of
box gently,
then harder
Energy transferred from flame increasing
the motion of particles (solid melts and
becomes liquid)

rapid motion of
`supaballs' - some
escape from box

hand hitting
bottom of
box hard
Much more energy transferred fromflame causing rapid
motion of particles so that some escape from the surface
(hot liquid vapourises and gives off gas i.e. 'steam')
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Further aspects of teaching knowledge

•

Elicitation and use of children's pre-existing ideas
Teachers seemed to assume children's familiarity with the terms 'solid, 'liquid' and 'gas' and
concentrated on particles which they each called 'molecules' (which is scientifically acceptable).
Henry adopted the term when one of his children suggested it for 'what we would see if we
could get a microscope which would go down to the smallest thing'. Grace's children were at
ease with the idea of 'mad molecules' learned from a previous lesson when considering how
particles moved. Fiona presented 'an idea that scientists have that everything is made up of little
bits' (which she called 'molecules') which only a few of the children had heard of before.

•

Use of analogies and representations
Although a simplified model, the supaballs show well the increase in motion of particles of matter
as the amount of energy transferred to them increases. The glass represents the surface of a liquid
(beware: a possible source of misconceptions since the top layer of particles in a liquid is the
surface) and balls jumping from the hole when the bottom is knocked vigorously are analogous
to high energy 'gas' particles (e.g. water vapour or 'steam') which have escaped during boiling.
Henry supplied strips of card which the children folded into 'springy' shapes and used during
their 'particles dance' (see pages 64 and 65) to represent the bonds holding particles together.
These also served to overcome some children's inhibitions about holding hands!
Children were told to listen to the music being played - its tempo and words - for clues as to how
they, as particles, should behave in each state of matter. As solids they moved to a slow part of
`Good Vibrations'; as liquids they moved more quickly to 'Inside Out and Upside Down'; and in
the gaseous state they rushed around to 'Jumping Jack Flash' (`it's a gas, gas, gas').

•

Simplification
Motion is an inherent property of particles of matter and they are never completely stationary.
Hence, the supaballs, which remain still unless vibrated from the outside (i.e. the box is
knocked) and soon come to rest again, give a simplified view of the situation with particles.

•

Emphasis
When discussing the cooling sponge cake (see page 142), Henry emphasised the relationship
between energy of the particles of a substance and its temperature: `(those) at the centre have
more energy; those at the crust have less - we know that because the temperatures are different'.
In correcting a child who thought that water particles were held together 'by water', Henry was
emphasising another important point, that particles make up all of the substance and there is
nothing between them (the bonds which hold them together are forces which act across empty
space rather like the effect of a rubbed plastic comb attracting tiny bits of paper).
More stress could have been laid on the extremely minute size of the 'basic' particles (molecules)
of matter to avoid any confusion in children's minds with other tiny particles in their experience
such as sand or dust (which would themselves consist of many millions of 'basic' particles).
Fiona stressed that, as gas particles, children must run in straight lines (`you can't go around
corners') until they hit something else and then continue in another straight line 'on the rebound'.

•

Language issues
Teachers speaking of how much energy particles have inside them was a linguistic slip. 'Inside
them' is superfluous - particles have energy by virtue of their motion and a substance has energy
by virtue of the particles inside it. Another error noticed was referring to insulation 'stopping
mixing of hot and cold bits', rather than 'reducing or slowing the transfer of energy'.
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Examples of children's learning about energy and particles
Some pre-and post-teaching responses of children are shown below.
pre-teaching

post-teaching

comments

Stella (average Yr 6 )
C: At first inside the

C: At first inside the ice cubes Julie

She has moved from her own

ice-cubes Julie would

would see a little bit of E moving.

'everyday' (or 'life-world')

see little cubes of ice.

When the ice cubes melt and become

idea to a partly scientific

When the ice cubes melt

water, Julie would see more (energy)

idea (particles not mention

and become water, Julie

than (in) the ice cubes. When the water

-ed) where the amount of E

would see bigger (cubes

from the ice cubes becomes warmer

increases as ice melts and

of ice).

Julie would see a lot of energy.

the water temperature rises.

C: At first inside the ice-

C: At first inside the ice cubes she'd see

Her pre-teaching view inclu-

cubes Julie would see no E

solid E moving a little bit. When they

ded (incorrect) ideas about E

.. when the ice cubes melt

melt and become water, she'd see liquid

These have now moved clos-

and become water she'd see

E moving, breaking up and joining on.

-er to the scientific view; the

E. When the water from the

When the water gets warmer Julie would

next step is to put her ideas

ice cubes becomes warmer

see gas when they are moving

clearly in terms of particles

she would see fast-acting E.

everywhere.

and the effect of E on them.

C: At first inside the

C: At first .. Julie would see 'molicules'

His limited everyday idea is

ice-cubes Julie would

which are frozen. When the ice cubes melt now a partly correct scientif-

see frozen water. When

to become water Julie'd see `molicules'

Annie (average Yr 6 )

Jeffrey (average Yr 6 )

•

ic model in which (frozen!)

the ice cubes melt and

moving faster. When the water from the

particles move more quickly

become warm water, I

ice cubes becomes warmer Julie'd see the

as ice melts or water warms

don't know what Julie

`molicules' moving really (fast) and the

and the bonds are broken

would see.

bonds would have broken.

(but don't re-form).

C: (in oven) .. Julie'd see

C: (in oven) she'd see 'molecules' and E

She's moved from everyday

E cos a potato is healthy to

moving fast .. (in cold water) 'molecules

views to ideas about E and

eat .. ( in cold water) .. E

Julia (average Yr 6 )

and E slowing down .. (on table) 'molec-

particles which are partially

cos cold potato is not that

ules' are slowing down faster than (in)

correct in the first 2 cases

nice .. (on table) .. no ideas

the one in the water .. (wrapped in towel)

but confused when compar-

.. (in the towel) .. nothing

.. the 'molecules' are slowing down

ing a rapidly cooling potato

faster than (in) the one in the water

with an insulated one.

C: At first inside the

C: First in the ice she'd see 'molecules'

Her everyday view has been

ice-cubes Julie would

swaying or vibrating. When the ice cubes replaced by a detailed model

see water slowly melting.

melt she'd see 'molecules' breaking bonds involving motion of partic-

When the ice cubes melt

and joining other bonds. When the water les and bonds between them

and become warm water

warms she'd see gas - 'molecules' would

but she does not say directly

Julie would see water.

be all over the place going in straight

how energy is involved.

Zainab (average Yr 6

•

lines and bouncing off anything they hit.
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3.4 Energy can be transferred
Subject knowledge
Scientists think that energy is something which can move from one location to another.
When this movement, or transfer, of energy happens, jobs get done.
Until it is transferred, e.g. from an energy store such as a coiled spring or from a fuel during
burning, energy does not achieve anything or have an effect.
During heating or cooling, energy is transferred quickly along good conductors (e.g. metals)
but much more slowly across other (insulating) materials.

Children's ideas (preconceptions)
The ideas of 137 Year 5 and Year 6 children about energy being transferred were elicited from their
responses to a questionnaire situation in which a group of children in a lesson were discussing
whether energy moves or stays in one place (below).
Talking about where energy is

Torn and Susan are talking about where energy is.
think energy just
stays in one place.

CI

rm

/No! I think energy
goes from one place
to another.

Lucy thinks about Susan's idea and asks Miss Jones a question.

m... energy
goes from one
place
p
to
\ another?

(
Miss Jones, do

c3

scientists think
energy goes from one
place to another? }

Write down what you would say to answer Lucy' s question

•

About three quarters of the children affirmed that energy moves from one place to another.

•

Most of the children who thought that energy does move just asserted that this was so. About 20
of them gave reasons relating to the energy of their own bodies. A similar number gave other
reasons e.g. involving 'being everywhere', food or fuel, heating, electricity or moving objects.

•

About one in ten of the children thought that energy does not move but stays in one place.

•

Roughly one fifth of the children had no ideas about whether energy moves.
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To elicit ideas about whether energy moves (i.e. transfer) and the effect of insulation on this, 53 Year
5 children were shown a picture of a hot potato wrapped in a thick towel and asked to imagine what
energy is 'doing' there compared with other unwrapped (i.e. non-insulated) hot potatoes.
Energy transfers from hot potatoes
Before assembly, Julie put 3 potatoes in the oven. She leaves the fuels lesson for a moment to take them out.
They are hot! One is lying in a bowl of cold water. A second hot potato is lying on the table. The third hot
potato is wrapped in a thick towel. Pretend that Julie wears `X-ray mega-magnifying superspecs' which let her
see energy and what it is doing.
oven

`X-ray mega-magnifying
superspecs'

hot potato
wrapped in towel
potato lying
on table

potato in bowl
of cold water

Write down what you think Julie would see energy doing as she looks at each potato in turn

Nearly half of the children thought the wrapped potato had energy. Of these 8 either referred to
energy (or heat) being contained in some way within it or said that it had more energy than the
unwrapped potatoes.
•

Of the remainder 6 thought the wrapped potato had no energy, or less, than the unwrapped ones.

•

About half the children had no ideas or gave no responses.

Twenty-seven Year 6 children's ideas about energy transfer during heating were also investigated
using another questionnaire situation involving `X-ray mega-magnifying superspecs' in which icecubes were being melted over a candle flame (see also page 137).

•

•

No child implied an understanding of energy transfer during heating by describing an increase in
the energy of the water as its temperature rose.

•

Eight children imagined they would see 'molecules' (the term was used), which were moving in
some cases, and/or energy in the melting ice and warmed water.

•

A further 16 children described the effects of heating ice-cubes in non-scientific, everyday (lifeworld') terms, mentioning, for example, bits of ice, air bubbles etc. A few had no ideas at all.

A necessary precursor to the idea of energy transfer is that something, whether alive or not, can have
energy in the first place. All children completed a preliminary test sheet which showed a child Tony
saying energy is found only in living things, in dispute with Julie, who asserted that energy is found
in non-living things as well. Children were asked which of the two, Tony or Julie, they agreed with.
•

About one fifth of the 137 children agreed with Tony; the remainder agreed with Julie.

142

Unit 7 Teaching Energy Concepts

Approaches to teaching this concept
•

Analysing energy transfers in wind-up toys
Several teachers analysed the sequence of energy transfers occurring when toys powered by
either a rubber band or clockwork are wound up and set in motion. The location of energy at each
stage between winding up the toy and getting it going was explained. Henry's children completed
a chart for each toy describing the job done as a result of the energy transfers:
TOY
monkey

ENERGY AT START

ENERGY AT END

in our hand (our food before that) E stored in spring goes into movement

JOB DONE BY TOY
moves (eats banana)

•

Analysing energy transfers when teaching 'height energy'
Henry carefully traced the location of the energy and its next destination at each stage of the water
wheel activity (page 132) when teaching 'height energy'. The energy of the raised water in the
watering can was described as 'a store', transferred from the holder to the can, which was then
transferred to the falling water, thence to the spinning wheel and generator and finally to the light.
In Grace's activity with the marble on the curved track (page 133) the transfer from 'height
energy' to movement energy and vice-versa, as the marble ran to and fro, was described and
unintended transfers to sound and slight heating (due to friction between marble and track) were
pointed out.

•

Showing energy transfers directly, using marbles
Teachers who used the 'marbles machine' (page 94) with children demonstrated directly energy
(as marbles) moving from one location to another, some transferred to the intended location (the
lower end of the sloping box) and the rest going elsewhere (through the holes).

•

Teaching heating as a transfer of energy
Henry described heating as a 'certain type of transfer of energy' and demonstrated the heating of
a pan of water over a candle flame and measurement of its increasing temperature. Using the
`supaballs box' (page 70) and comparing his hand to 'like a gas fire under here', he asked the
children to observe the behaviour of 'molecules' (i.e. the balls) as he transferred energy to them
(i.e. hit the bottom of the box). The increased motion of the balls showed the children how
heating produced an increase in the movement (he used the term 'kinetic') energy of the
molecules of a substance so 'if we increase the heating there will be a bigger transfer'.
During a 'particles dance' (page 64) teachers orally announced a transfer of energy to molecules
(i.e. children) as their state of matter changed from solid to liquid to gas and vice-versa .
Henry's children measured the temperature
in various parts of a freshly baked sponge
cake from the school kitchen to investigate
energy transfer during cooling. They agreed
that during baking, energy 'transferred from
the gas heating (i.e. stove) into the cake' and
that 'when we let it cool down .. energy was
being transferred from the cake into the air'
(opposite). They thought (correctly) that the
crust was cooler than the centre because it
transferred energy most easily to the colder
surrounding air.
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•

•

Teaching about insulation - energy transfers in buildings
Fiona invited a visitor from an environmental agency to give a talk on insulation. He entered the
room covered in several layers of clothing and newspaper which he then dramatically peeled off!
To see how 'energy moves' differently along
E transfers in different materials
different materials, children felt three spoons
metal spoon hotter than china or plastic one
made of plastic, china and steel placed in a cup
of hot water and felt the different `hotnesses'
of steel and china mugs of tea (opposite). By
tea at same
f f
\''
temperature
taking temperature measurements of hot and
(initially)
iced water they saw how cold things get hotter
and hot things colder until an 'in the middle'-((/ metal mug
hotter
temperature is reached. How insulation slows
china one
than
this down, i.e. 'keeps hot things hot and cold
things cold', was shown by wrapping an iceCHINA (harder)
METAL (easy)
lolly and a cup of tea in newspaper and also by
observing the cooling rates of hot water placed in two cardboard model houses, one lined with
polystyrene foam. Insulating materials from real houses were examined and, using thermos
flasks, the properties of a vacuum were explained (but loosely, as something 'heat can't get
across' - the scientific explanation would be 'across which energy cannot be transferred').

•

Looking at energy transfers in non-living as well as living things
Terry first established the idea that energy can be present in both non-living and living things (see
Elicitation below) using the series of parallel examples given in Unit 1 (pages 10 and 11). He
discussed energy transfers in some of these e.g. someone lifting a shopping basket and a crane
raising a pile-driver (from the person's food and fuel respectively to increasing 'potential energy'
of the objects). He taught a convention (below) to show energy transfers, including unintended
ones, in the context of a child and a clockwork toy, and his children then used this to analyse
transfers in a circus of practical examples e.g. solar cell, paraffin lamp etc.

•

Large-scale energy transfers: the role of the Sun
Teachers mostly concentrated on individual energy transfers occurring on a small scale which
children can experience, such as toys and other devices. However, Grace tried to paint a broader
picture and show how the Sun was the ultimate source of much of the energy we use in everyday
life. A sheet was given out showing how the Sun's energy relates to other 'sources' (below) and
children 'followed round the arrows .. to
see where the energy came from' (always Large scale E transfers (Grace)
ultimately the Sun). A set of arrows was
energy
4
energy
2
chosen for discussion - the sequence of
1---Vfpower station
f,
-,9‹
transfers from the Sun to plants, to coal,
energy
electric heater
to power stations. Grace described a visit
plant
coal
to a local power station and, applying the
energy
children's existing ideas about plants as
1!\ ! , energy
makers of 'instant energy' (i.e. sugars),
11P■
-1----1110"\J /
)
energy
cow
corn, grass
showed how the Sun's energy, via the
process of coal formation, is what really
solar-powered
comes from some of our power stations. calculator
food

•

•

•
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Further aspects of teaching knowledge
•

Elicitation and use of children's pre-existing ideas
Children intuitively accept that energy is present in living things but before the notion of transfer
can be taught, they also need to accept that energy can be present in non-living things since many
transfers involve inanimate objects. Terry was the only teacher to address this issue specifically
and use strategies which elicited chilren's ideas about it and tried to change them (see above). For
the other teachers, 'energy can be in non-living things' was an assertion implicit in their teaching.
Teachers used a familiar everyday experience, making objects move by passing them around the
class, as an introduction to energy moving. Children were asked to look differently at common
everyday phenomena, which they had probably previously thought of in terms of movement of
`heat' or 'cold', and try to interpret them using the notions of 'transfer' and 'energy' instead.

•

Use of analogies and representations
Teachers pointed out to children the movement inherent in sticking a 'transfer' (tattoo pattern) on
their skin or the transfer of a professional football player changing his club.
Taking the role of the children's sporting heroes kicking or passing a ball, Henry demonstrated a
transfer (of the ball) occurring and also used it as a lively example to analyse in energy terms.
Bouncing supaballs (page 137) vividly represent vibrating molecules and by hitting the bottom of
the `supaballs box' progressively harder Henry gave a visible and audible illustration of how he
`started with some gentle heating, then some stronger and then a raging fire'.
Several teachers represented energy transfer by means of arrows but with different degrees of
rigour. Grace showed her children how to 'write words that show the order of the energy':
me

> turn the prop, twists rubber band

> band untwists

> turns the prop

> plane flies

Henry was more precise, pointing out that the arrows he drew represent each energy transfer:
E IN FOOD

> YOUR BODY
(stores until needed)

> WIND THE TOY

>SPRING
(becomes a store of E)

> MOVEMENT OF TOY

Terry asked children to say where the energy was at the start and end of an 'event' and where it
might be in between, using a single 'thick'
Showing energy transfers (Terry)
arrow. He later developed this to include
two arrows rather than just one to illustrate A camping gas stove heating a kettle of water
how other (unintended) transfers can also
heating water
transferred tc>
useful job
occur (opposite).
Energy
Fiona's visitor extended the idea of
in gas
heating kettle
`easier' movement (i.e. transfer) of energy
transferred toy other things roaring sound
light
through metal objects compared with china
ones: he explained why the inside of a
metal caravan is so hot in summer and so cold in winter, and hence why our houses are made of
materials 'a bit like china' rather than of metal.
•

Simplifications
Representing energy transfer by 'thin' arrows (Grace and Henry above) is a simpler convention
than Terry's. The latter has the advantage that it can be developed so that the thickness of each
arrow represents the proportion of energy transferred to a particular location (see page 41).

Unit 7 Teaching Energy Concepts
•

•

145

•

Emphasis
It was noticeable how Henry constantly used the scientific term 'transfer' rather than everyday
language (e.g. 'move' or 'travel') and encouraged children to think in terms of energy rather than
of life-world observations about bubbles, steam and 'heat' during his teaching.
To get the most from the 'marbles machine' it must be emphasised from the start that the marbles
stand for units (or 'little bits') of energy and when they roll, that is a transfer taking place.
Some teachers were a bit
Energy transfers in a generator
vague about how
3. E of electric current
electricity is produced. It
If
4. E of bulb
needs to be emphasised
(light and
how a generator has the
heating)
movement energy of a
wind vane or water wheel
transferred to it, and that
as it rotates, this energy
2. movement energy
is transferred to the bulb
of generator
1. movement E of water wheel
(opposite).
A few children had particular difficulties with energy transfer during cooling. Teachers tried to
stress that energy (not heat - see below) is transferred from hot areas to cold rather than coldness
moving from cold areas to hot ones (see Unit 4, pages 68 and 75-76)!

•

Language issues
In Unit 4, page 70 we discussed the confusion that can arise when using the term 'heat', and
explained why the term 'heating' (describing a process of energy transfer) is to be preferred.
Teachers accepted this point during training and provided lots of examples while teaching where
they initially said 'heat' and then corrected themselves and used the verb 'heating'. In this way
they tried to encourage their children to focus on energy transfer instead of using the term 'heat':
Children: (talking about Grace's tape recorder) you've got like magnets in there where there's heat .. it's to
do with the movement - there's heat as well .. when you take the tape out it's warm ..
Grace:

(discussing unintended transfers) Do I want heat (corrects herself) - to transfer the energy to
heating that (tape recorder)?

However, teachers themselves still frequently lapsed from this rigorous usage:

•

Teacher:

.. what can we do to stop the heat going out into the cold?

Teacher:

.. metal window frames conduct the heat away ..

Fiona's visitor pointed out the derivation of 'insulation' from Insula' (= island) and developed
from this the notion of insulation preserving an 'island of hotness' in cold surroundings or viceversa (rather than islands of more or less energy, which would have been preferable).
`Cooling' is a Life-World usage which focusses on the hotter, cooling object and looks at the
situation, as it were, from its standpoint. Of course from the 'point of view' of the cooler object
(e.g. the surrounding air), heating is taking place i.e. energy is being transferred to it.
Explanations just in terms of energy are preferable since they can eliminate for children this
possibly confusing choice of perspective - energy simply moves (or 'is transferred') from a
location where there is more of it to one where there is less.
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Examples of children's learning about the transfer of energy
Some pre-and post-teaching responses of the children are shown below.
post-teaching

pre-teaching

comments

Fay (average Yr 6 )
C: Scientists think E

C: Scientists think that E may go (from)

She thought E doesn't move

stays in the same place

one place to another, like if you wind up

but now holds the scientific

cos it's captured in

a toy you are transferring your E .. it is a

view that E 'transfers' and is

one place.

transfer of E which helps do a job.

involved with doing jobs.

C: Scientists think that E moves

Her ideas about E moving

Diana (average Yr 5)

C: Scientists think
E moves from one

from one place to another because you

were human-centred but she

place to another ..

can hit a ball with a bat and the energy

now understands that E can

it helps us run and

moves from the bat to the ball ..

be transferred from one in-animate object to another.

things like that.

Annette (average Yr 5 )

C: Scientists think that E goes from

She still seems to think of E

E does go from one

one place to another because you are

moving in relation to her

place to another

transferring energy and you are also

own body but now knows

C: Scientists think

because you have got

using E .. if you use all your E you can

the term 'transfer' and uses

lots of muscle for E.

collapse and faint.

it correctly.

C: Scientists think E

C: Scientists think (that E) spreads

His 'everyday' idea, that E is

does go from one place

out e.g. in a car the E does heating,

everywhere, has been devel-

to another so you can

lighting, sound, movement .. a little

-oped and he now describes

get E everywhere .. it

part of it stays where it's just been.

transfer in terms of the scie-

Josh (above ave Yr 5 )

-ntific idea of dissipation

goes through pipes.

Caroline (average Yr 5 )
C: Scientists think

C: Scientists think that E is sometimes

From human-centred ideas

E moves round your

transferred into something you touch.

about E transfer she's moved

body and gives you

If you just touch a fruit bowl it won't

on to partly developed ideas

more strength in one

(transfer E) but it will have stored E in it

of E transfer by heating

part when it is needed

(i.e. food?). Some things don't store E

(perhaps) and transfer from

but there is always

but use E .. you have to eat more foods

food - she now uses the term

some in every part.

with E in so you can keep fit and healthy. `transfer' rather than moves.

Patrick (above ave Yr 6 )
C: At first inside the ice

C: At first inside the ice cubes Julie'd

His pre-teaching view inclu-

cubes Julie'd see ice slowly

see.. some E. When the ice cubes melt,

ded E 'working' but he now

melting. When they melt

become water she'd see .. some more E.

sees the amount of E increas-

she'd see .. E working.

When the water from the ice cubes gets

ing with temperature, which

When .. warmer she'd see

warmer she'd see .. more E as well.

water evaporating.. E working.

implies an understanding of
heating as E transfer.
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3.5 Energy spreads out
Subject knowledge
When energy is transferred to do a useful job, some goes to make unwanted things happen e.g.
sound is produced or the surroundings heated.
The result of these unintended transfers is that the original energy becomes spread out (or
dissipated) and is no longer in a concentrated form (as it is, for example, in a fuel) - it does not
disappear but is still there in the same amount (the Principle of Conservation of Energy).
This spread out energy is 'diluted' and is much harder to make use of again (i.e. is degraded).
The final destiny of all energy is to become spread out and inaccessible (and therefore `useless').

Children's ideas (preconceptions)
The ideas of 110 Year 5 and Year 6 children about energy spreading out were elicited using a
questionnaire situation in which three children are talking about what ultimately happens to energy
(below).

What ultimately happens to energy
Three children are talking about what happens in the end to the energy that things have.
I think that in the end the
energy is not there any
more. It just disappears.

•

don't think energy
disappears. In the end it is
still there but I don't know
what happens to it.

KENNY

I think energy is still there and it
becomes spread out all around us.

SUSAN

Do you agree with David, Kenny or Susan or do you have an idea of your own?

•

•

Half of the children agreed with the scientific view (Susan's) that energy spreads out.

•

Seven individuals took the non-scientific view (agreeing with David) that energy disappears.

•

The remainder gave responses indicating that they held no ideas about this or a variety of other
ideas e.g. energy is still there but they either don't know what happens to it (Kenny's idea), it is
less in amount or it stays close rather than spreading, or other idiosyncratic notions.
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Approaches to teaching this concept
•

Using toy money and role play
Grace's children acted various roles (bank manager, milkman etc) and she illustrated how energy
spreads out, is conserved (stays the same in amount) and is difficult to get back by 'paying' them
with toy banknotes which they then used to pay for transactions among themselves (below).
When money spreads out the total amount remains the same (Grace)
1. Imagine I've got £1000 - my pay. First I pay my bank manager my mortgage .. then my children their pocket
money .. then my paper bill .. Sainsbury's .. petrol for my car .. the milkman .. my staffroom coffee bill .. the
telephone bill .. my daughter's tennis lessons .. tickets to watch QPR.
Now you, Mr bank manager, lend some money to Chris cos he needs it .. my children spend pocket money in the shop
.. my newsagent buys his stock of newspapaers .. Sainsbury's pay their staff .. the petrol station gives change to a
customer .. the milkman pays the dairy manager .. the tennis coach buys some new equipment .. etc .. etc
1. Thanks .. thanks
thanks .. thanks .. etc

2. How much money
have I got in the room?

3. What's happened to it?
3. It's spread out.

C.

Can I get my money back?
4. It would be very hard)

5. Yes, energy spreads out .. like the money, it's everywhere

..but it's impossible to collect it together again and use it.

•

Probing about what finally happens to energy in practical examples
While using a marble rolling to and fro on a curved track to teach other ideas about energy (see
page 133), Gina carefully probed children's ideas about where its energy finally went and
explained how 'in the end all that marble's .. energy has been spread out into other places'.
While teaching ideas about transfer Terry explained how energy from a circuit eventually ends up
`in the room' as light from the bulb.
During an experiment to demonstrate the effect of double glazing, Grace asked her children if the
transferred energy from hot water under a pyrex bowl was 'just heating the air here (nearby)' and
one child responded by spreading her arms wide and exclaiming Tverywhere!'.

•

Using the idea of 'heating up the world'
Two teachers expanded the frame of reference beyond energy spreading out merely within the
room or school. Grace referred to energy going 'out of the window' and 'spreading out into the
rest of the world' and Gina to energy heating 'all the outside up'. This was an idea that seemed
accessible to some children e.g. when Grace and her children were discussing a colouring task to
show energy from a candle flame spreading out from the nearest particles to more distant ones:
Teacher:

Is my paper - any piece of paper - big enough to tell the whole story? What happens?

Children:

They would spread out around the whole room (T: (just) the room?) The world!

Teacher:

(later) .. so what are we heating up with that (central heating) radiator?

Children:

.. us .. the water (inside it) .. the classroom .. the world! (laughter) ..
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Further examples of teaching knowledge
•

Elicitation and use of children's pre-existing ideas
Children know from experience that 'heat', light and sound diminish as one goes further away
from their source, which intuitively bears out the idea that energy becomes more thinly spread.
However, these experiences can also support the false notion that energy finally dwindles into
nothing. In 'brainstorms' of ideas about energy, some children proposed that 'you use energy
up' when running or playing. If children think that energy can disappear, as these remarks imply,
there is no need to account for its continuing presence as 'spread-out' (i.e. dissipated) energy. If
the idea of dissipation is to be taught, the notion that it is always there in the same amount (the
Principle of Conservation of Energy) must also be presented since the two ideas logically depend
on each other. Both Gina and Grace took care to deal with both ideas (next).

•

Use of analogies and representations
Grace compared energy with number. Children noticed how several number sentences (e.g. 1 +
2 + 7 = 10) 'always add up to ten' and Grace explained: 'that's like energy, it's the same amount
- it can't be created or destroyed'.
Gina used an analogy with written sentences to explain how energy persists (`energy has not got
a full stop, it's around us all the time') and showed how dissipated energy is 'diluted' and less
useful by explaining that 'I can't catch a piece of air and .. take that piece of energy back in to the
room and heat up the room, there's just not enough of it'.
That the total amount of energy
Energy spreads out into a larger and larger region
remains the same when it spreads out
marbles (i.e. energy) in lower box becomes more spread out as it is enlarged
is well illustrated by the marbles
machine (see page 94). The lower
box of the machine can be increased
in size to simulate energy spreading
out over a larger region (opposite).
lower box slightly
larger than upper one

lower box much
larger than upper one

Simplification
To teach that energy spreads out, without mentioning how it then becomes 'harder to get at', is a
simplification that can lead to a misconception. Children are very aware of how materials 'spread
out' in society (e.g. drinks cans) can be re-concentrated (into an aluminium ingot) by recycling
and may think incorrectly that this applies to energy as well. The two notions, that energy
spreads out and becomes less accessible (i.e. is degraded), go together.

•

•

Emphasis
The dispersion of marbles in the lower box of the marbles machine and the difficulty of returning
these to join the more 'concentrated energy' in the upper box emphasises well the degraded
nature of dissipated energy. There was a lack of emphasis on this by the teachers which was a
missed opportunity to illustrate these aspects of dissipation in a concrete way.

•

Language issues
Care is needed to use 'transfer' rather than 'loss' of energy to avoid conveying the idea that
energy disappears.
With this concept teachers preferred use of the everyday term 'spreads out' to the scientific one
`dissipation'.
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Examples of children's learning about energy spreading out
Some pre-and post-teaching responses of the children are shown below.
post-teaching

pre-teaching

comments

Alex (below ave Yr 6)
C: E does spread all around us.

C: E spreads all round us.

Pre-teaching he thinks E is in

When you stop moving the E

I: Your E, does it just go around you

living things, is seen in their

spreads round your arms, legs

or much further? How far does it go

movement and vanishes at death

and body .. from your feet

when it spreads out?

- he now thinks that E can leave

all the way up to your head.

C: First it's a store of E and when you

the body, where it is stored, and

I: Would it ever disappear?

move that E goes dead straight away ..

go elsewhere but does not know

C: Yes with a gerbil when

I: Does it stay near you or what?

where - slight progress in the

it dies, the E goes.

C: I don't know where it goes after you

direction of the scientific view.

have used it up.

Fazal (average Yr 6)
C: When E goes away no

C: It's still there but we don't know

He's moved from thinking E is

one knows where it goes

where it goes .. it's just transferred in

recycled from somewhere un-

(I: Is it still around?) Yes ..

to something .. then it moves away or

known to a view of E transferr-

it's still somewhere but no

some thing .. scientists don't know.

ing to a definite location. He's

one knows where .. you can

I: It just moves .. doesn't disappear?

not clear about whether the E is

use it over and over again .. I

C: No. (I: Any ideas about why?) No.

dissipated but was, and still is,
sure that it doesn't disappear.

don't know how it comes back.

David (able Yr 5)
C: E is still there and

C: .. when E is in the air it is still

His pre-teaching E idea seemed

spread out cos E moves

there but it spreads out.

to be based on being alive and

and people all have E in

I: Just close to you or more?

the movement of living things.

us. If you move your arm

C: It spreads out everywhere.

Post-teaching, his view is more

the E spreads down into it

I: Does it disappear?

scientific and broader - E can

.. all around you .. it stays

C: No it's always there. It just gets

be outside his body, is conser-

in you unless you die and

smaller and smaller and spreads out.

ved (stays the same in amount)

then it just fades away ..

dissipates and becomes more

leaves you .. disappears.

'diluted' as it does so.

Andrea (able Yr 5)
Her pre-teaching idea of E seem

C: Once you've used E,

C: E spreads out once you have used

and you're running and

it - spreads out so little that you can't

-ed to relate to the body's E and

get out of breath, E spreads

use it really.

breath when active. She now

out all over cos you're not

I: Does it spread out just around you or

shows the idea of dissipated E

using it as much any more

go all over the place?

being infinitely spread out,

.. you've got less E .. not

C: As far as it can get. It just keeps

'diluted' and of little further

panting as much.

on going.

use i.e. the scientific view.
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3.6 Energy is wasted through unintended transfers
Subject knowledge
Energy is transferred from one place to another to do a job.
When energy is transferred, only some of it goes to the intended destination to do the job.
The rest of the energy is transferred unintentionally elsewhere and, for example, heats up the
surroundings or produces sound.
These unintended transfers do not do the required job and so this energy is wasted

•

Children's ideas (preconceptions)
Children's views about wasting energy were elicited by showing them a picture of 'the messy
painter', Mark (below). They were asked if energy could be wasted in the same way that Mark was
wasting paint i.e. by some of it going where you don't want it to.

Mark, the messy painter
Miss Jones points to Mark who is painting his dinosaur. Lots of paint is dripping off on to the table and on
Mark's hands and clothes instead of going on to his picture.
Look Sarah! Mark is only putting a small
part of the paint he is using on to his
picture. The rest is going somewhere else.

•

Yes, this is a way we waste'
\
something. Do we waste
energy in this way as well?

Do you think energy can be wasted in this way?

•

Of the 137 Year 5 and Year 6 children asked, nearly one half said that energy can be wasted but
very few (only six) of these gave reasons for this which involved some kind of unintended
outcome.

•

The responses of about half of the children showed that they did not think energy was
something which could be wasted by going where it was not intended.
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Approaches to teaching this concept
•

Identifying energy outcomes in electrical devices
Grace began by identifying `other things that happen (as well as movement) when energy is
transferred' such as the indicator lights of a video camera or the noise of a computer. She then
went on to discuss with the children the unintended energy transfers in a hair drier (the sound it
produces) and tape recorder (the heating up of the electrical components) - see below.
Grace and her children discussing unintended energy transfers

1. Do I want to transfer E to heating E in this tape
recorder? .. what's the word I used earlier for that?
--\c'
C
2. Why do I want light ..
ovement .. sound?

(2. To make sure it's on ..
to make the tape work ....
you want to hear it!

3. The next one is this hair drier write down the E transfers ..
.. yes, you can hear it ..
.. what's actually moving? ..
., yes, warm air speeds up the
\evaporation.

(3. There is sound ..
.. movement - there is
a fan going around and
air moving ..
.. heat

4. Which of those three - movement, sound
and heating - is unintended?
.. yes, is the sound really important?
.. it's just part of the mechanism working so
is being wasted producing it.

4. Sound (is unintended) .. )
.. like (with) a lawnmower.

•

Looking at unintended energy transfers which cause heating - jogging, a candle, the car
Grace pointed out that although the primary purpose of a lighted candle was illumination, it also
caused heating. Children then jogged 'on the spot' briefly and identified the unintended transfers
which had occurred Clots of sound' and `heat'). The transfer of energy from petrol to a moving
car was next discussed and children analysed this on a worksheet.
Grace's worksheet for analysing energy transfers in a moving car

etrol

\\\ \I I I I i ,

ROAR

-

Wl,e,, tl,t emorhj toix. P
is transfer/ed.;
e irsbeinded
Out come i5

0-.4r Cie
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tk a cnc,
33
tka r_trot

•
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•

Developing the idea of intention - a radiator heating a room
Henry discussed where energy comes from (e.g. energy stores), what it does (i.e. 'jobs') and
how it is measured (in foodstuffs). He introduced 'transfer' as 'energy (moving) from one thing
to do a job', explained that 'other things can happen as well' and focussed on 'the job we want it
(the energy) to do' i.e. intended transfers. To develop the idea of intention, Henry discussed the
job of a central heating radiator in a room (see below); children agreed that its job was to warm
the air of the room, not to heat the garden outside (via a smashed window) or a pair of 'smelly
socks' draped over it.

•

Unintended energy transfers from a house - 'seeing' them in infra-red
Children were questioned about a picture of a house showing the percentage of total energy
transferred unintentionally through the roof, walls etc (below). They discussed a video (see page
167) with infra-red film showing in colour the 'heat' escaping (or, strictly, energy transferring)
from the different parts of buildings and from the bodies of well-clothed human beings.

•

Teachers' visual aids for unintended domestic energy transfers
ENTIRE HOUSE (Grace)

SINGLE ROOM (Henry)

Roof 25% 4111h

smashed window

Walls
35%

Proper wall
insulation
cuts heat
loss by half

INTENDED JOBS
Underfloor
15%

ENERGY IN RADIATOR
NOT INTENDED

Unintended energy transfers within the home - light bulbs
Gina explained the heating effect of ordinary light bulbs - 'masses of electrical energy is trying to
run through the thin line (i.e. filament) and it can't do it very well so it gets hotter and hotter' and children experienced this with various bulbs. Discussion confirmed that bulbs 'are supposed
to light things' and since heating was a job 'we didn't want the bulbs to do', this was wasting
energy. Children looked for further examples of such wastage in their homes.
Energy transfers from a compact fluorescent light bulb (C.F.L.) and conventional tungsten
filament bulb were also compared (see Unit 5, pages 95 and 96).

•

Other unintended energy transfers - a rolling marble, clockwork toys and power stations
Unintended transfers, described as 'energy going into all places, not just to the jobs we want it to
do', were identified in the marble rolling on the track (i.e. the sound it makes), in clockwork toys
(sound again) and in a picture showing the generation and transmission of electricity from a
power station (e.g. the heating of the machinery and surroundings).
•
•

The marbles machine
The 'marbles machine' (see Unit 5 page 94) was introduced as a way of showing how energy
does not always do the intended job (marbles, representing energy, go through the holes).
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Further aspects of teaching knowledge
•

Elicitation and use of children's pre-existing ideas
Teachers took children's ideas about everyday things as the starting points for discussion. With
examples from the child's world such as athletes, motor cars, sports personalities, TV shows,
toys and household appliances, teachers elicited ideas about where energy came from and how it
was used.
The scientific term 'transfer' was probably a new name for an idea most of these children already
possessed intuitively. By applying the notion of intention in these familiar contexts, children
were encouraged to look at their world in a different way. Thus many children already knew that
electrical appliances get hot or can be excessively noisy but had not thought of this in terms of
unintended energy transfers.

•

Representations and analogies
A car, which wastes nine tenths of the energy available in the fuel, was likened to a wasteful
shopper who goes to the supermarket, buys food and then eats only a small portion of it,
throwing the rest away. This was graphically illustrated by the teacher dropping a tin of chocolate
pudding into the classroom bin!
Arrows were used by Henry to show successive intended energy transfers, from food to our
bodies, to a store (the toy's spring), to the toy's movement. Grace used multiple arrows to show
intended and unintended transfers in her analysis of a car's motion (page 152). For the 'marbles
machine', see p 94.

•

Simplification
In portraying unintended energy transfers as undesirable, there is a danger that children may
think they all should, and can, be avoided so that only intended ones occur. This would be a
simplification.
Scientific laws say that a degree of wastage of energy through unintended transfers is inevitable
and unavoidable - the perfect machine or system in which no energy is wasted is an unattainable
ideal. However, primary school children should realise that designing devices which reduce
unintended energy transfers, e.g. compact fluorescent light bulbs compared with conventional
bulbs is a realistic goal which will be important, perhaps essential, for the future of our
civilisation.

Emphasis
Scientists often explain unintended transfers of energy as 'very slight heating' due to friction,
which might not make sense to children. Grace emphasised that 'heating .. doesn't mean boiling
hot .. it can just mean a tiny, tiny bit of heating taking place, or energy being transferred'. She
elicited examples of this in many contexts from the children's experience - erasing something,
rubbing hands, carpet 'burns', car or bike tyres skidding, drying your feet, using sandpaper,
descending a slide, striking a match and playing cymbals.
Language
Assuming understanding of the meaning of 'intended' may be unwarranted. Grace used an
everyday example (accidentally bumping into a desk) before applying the term to energy.

•
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Examples of children's learning about unintended energy transfers
Some pre-and post-teaching responses of the children are shown below.
comments

post-teaching

pre-teaching
Fazal (average Yr 6)
I: Asked if energy can be

I: You ticked YES can you explain?

From having no ideas about

wasted in this way, you

C: He's using his E .. he's wasted his

waste of E, he's moved

ticked NO and wrote

E 'cos he's dripped it all over .. that

towards the scientific view

nothing. No ideas about

is unintended, spilling his work, and

where he associates waste

that? (C: No.) Just a

the intended is to colour his painting.

with intended and unintended
outcomes.

feeling was it? (C: Yes.)

Samantha (average Yr 5)
C: I think E is wasted like

C: I think E is wasted like this when

She has moved from an idea

this when you leave

you turn on a light bulb and there is

of waste as a thing unused

something on, like a

heat and light and you don't want heat

to a specific example where

computer runs out.

so that E is wasted.

E ('heat') is transferred unintentionally.

Brian (average Yr 5)

•

C: I think E is wasted like

C: I think E is wasted like this when

His everyday view of waste is

this when fuel is set alight

we use things because sometimes

now replaced by a more

because great amounts are

things unintended happen.

scientific one involving
intention.

used at once.

Becky (average Yr 5)
She now sees the parallel

C: No, you can't grab or

C: Yes, E is wasted like this when

hold E, only use it.

someone opens the door or

between Mark's mess and E

window when the heating is on.

going where you don't want
it to.

C: No, there is
no E in paint.

•

Adrian (average Yr 5)

C: Yes, E is wasted like this

He now applies the idea

when it's not going where it

shown by the real-life con-

should be going.

text to E (i.e. unintended
transfers = waste).
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3.7 Efficient household devices waste less energy
Subject knowledge
When energy is transferred from one location to another, only some goes where it is intended.
Part of the energy is transferred unintentionally to other locations e.g. as heating, sound etc.
Energy is wasted through these unintended transfers.
If a device or system transfers most of the energy to where it is intended, it has a high
efficiency.
Low efficiency means that much of the energy is transferred to unintended destinations.

Children's ideas (preconceptions)
These were elicited from the responses of 137 Year 5 and Year 6 children to a questionnaire situation
in which a teacher and two children were comparing the energy wasted by an ordinary light bulb with
that of a modern compact fluorescent light bulb (below).
The two light bulbs
The children are looking at an ordinary bulb shining in a lamp. Emma says she thinks that this type of bulb
wastes energy but the one Miss Jones is holding doesn't waste energy as much.
//Miss, I think that if you
put that kind of bulb in the
lamp it wastes much less
energy than the one which is
the lamp now.

Do you agree with Emma that the type of bulb Miss Jones is holding wastes less energy?

•

About two thirds of the children thought that the compact fluorescent light (C.F.L.) wasted less
energy than the conventional one.
The reasons given for thinking this were often the size or shape of the bulbs or recognising them
from advertising as 'energy saving bulbs'.

•

Only a single child spontaneously said the C.F.L. was 'more efficient'; two other children said it
`used less power'.
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Approaches to teaching this concept
All five teachers provided a modem compact fluorescent light bulb (C.F.L.) and a conventional
tungsten filament bulb to help children learn that some household devices waste less energy than
others. Several different approaches became evident.

•

Children subjectively comparing the the temperatures of two bulbs
Gina introduced the C.F.L. bulb as a development of an activity where children had felt the
heating effect of various conventional bulbs (page 153). For her children, the 'cool running' of
the C.F.L. was a very marked contrast (below).
Gina and her children discussing the two light bulbs

4. This (20 watt) one, it says on the packet,
gives the same amount of light as the round
(100 watt) one but uses less electricity.
\ ny do these round ones waste electricity?

A. That's an electricity
1

72. What's the job a light does? ..
.. any other job it's supposed to do?
.. so when you're cold, you say, 'I'm cold
so I'll turn all the lights on'?
Is it the job of a light bulb to give heat? }

3. Feel this round one. Can you feel the heat?
. so this one is giving us light and heat.

C.

/7

saver - it wastes less ..
I don't know.

2. Make light
.. make heat? ..
.. no, I turn the
' - ,..leaters on ..

3. Yes it's hot.

14... Now feel this (compact fluorescent) one ..
This bulb is called an energy efficient light bulb because it's using its energy,
electricity, for the job it's supposed to do - give light. It doesn't give heat - that's not
job so we say it doesn't waste electricity doing jobs we don't want.

•
•

•

4. I'm practically
touching it and I
don't feel any heat }

Teacher demonstrating the different temperatures of the two bulbs
Henry used the bulbs towards the end of his sequence of lessons after teaching unintended
energy transfers (page 153) and the idea of efficiency as a numerical concept. The 20 watt C.F.L.
bulb was shown to the class as a means of making 'more efficient use of energy' in the context of
resource depletion and renewable resources (it uses less non-renewable fuel to give the same
illumination). Unfortunately only a few children felt the hotness of the air around one compared
with the other.
He explained how a (conventional 100 watt) bulb, using energy five times faster, would be less
efficient and that 'because here (i.e. the C.F.L. bulb) there's a transfer of energy just to light, but
here (the conventional tungsten filament bulb) it's to light and heating, this one (the C.F.L.) is
more efficient at doing its intended job'.

•

Children actively measuring the temperatures of the two bulbs
The children of Grace and Fiona developed the activity by using digital thermometers to measure
the air temperatures near the two types of bulb, in addition to 'feeling' it with their hands.
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Further aspects of teaching knowledge
•

Elicitation and use of children's pre-existing ideas
Numerous children showed prior awareness of a C.F.L. bulb when they saw it drawn in the
research questionnaire and when shown it by the teacher. However, none could explain the
bulb's greater efficiency in terms of energy not wasted in heating.
There was evidence of children already having some ideas about energy and jobs, energy
transfers (as heating and light) and whether these are intended or not. The teacher's task,
successfully achieved in some cases, was to develop these existing ideas to form a higher order
notion, efficiency.

•

Representations and analogies
To convey the idea of rate of transfer of energy (i.e. wattage), Henry compared the bulbs with
motor cars - 'imagine a tank of petrol: this one would use it in one minute but this one (the
C.F.L.) uses the petrol up five times slower, in 5 minutes - which is more efficient?'. While this
does convey the idea of a slower rate of energy transfer, the fact that the second car uses less total
energy to do the same job (say, travel a certain distance) as the first car should also have been
added to give an accurate representation of its greater efficiency.

•

Simplification
Efficiency is, strictly, a numerical concept in which the amount of energy which reaches its
intended destination is expressed as a fraction of the total energy transferred to do the job. It is
usually expressed as a percentage.
In the teaching described, efficiency is treated more simply i.e. greater efficiency means more
intended energy transfers and less unintended ones. This is perhaps suitable for most Year 5/6
children although a few did grasp the more difficult numerical idea (see p. 164).

•

Emphasis
All teachers emphasised how energy is wasted through heating because this is not the job of a
light bulb. However, two did not describe the bulbs' equal brightness, which must be stressed if
the point about the C.F.L. bulb's greater efficiency is to be fully made. Also, feeling the hotness
of one compared with the other, subjectively, is a key experience - verbally asserting this or
demonstrating it is perhaps less effective, although some children did seem to be convinced when
they used a thermometer to measure air temperature near the bulbs.
Before dealing with the two bulbs, Terry strongly emphasised the 'extra things we don't really
want the machine to do' in the case of a kettle boiling (roaring sound of the `GAZ' stove, heating
of the surroundings), a clockwork toy (slight heating of the internal mechanism and of the table
due to friction) and a steam engine (lots of noise and heating of parts and of surroundings).

•

Language
Grace was careful to distinguish between the scientific and everyday meaning of words. So, after
receiving several everyday meanings for 'efficient', such as 'useful', 'enough' and 'when you've
done all that you're going to do' (probably a confusion with `sufficient'), she demanded the
scientific meaning and reminded children of the two bulbs.

•
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Examples of children's learning about devices wasting energy
Some pre-and post-teaching responses of the children are shown below.
pre-teaching

post-teaching

comments

Tamsin (Yr 6 with special needs)
I: Asked if the teacher's

I: You said, 'Yes 'cos the normal bulb

From having no ideas about

bulb wastes less E, you

is heating outside and the other bulb

bulbs wasting E, she now

ticked NO and wrote

has no heating. How d'you know that?

describes the scientific view

'because I don't know'.

C: That's wasting E cos when you put

of E being wasted by a con-

You don't know why? It's

your hand on top you can feel the heat

ventional bulb because it

just a feeling you have is it?

.. on top of that it's not warm. (You

transfers so much energy

C: Yes.

did that, did you, in the class?) Yes.

(unintentionally) to heating
rather than to light.

Alex (below ave Yr 6)
I: Asked if the teacher's

I: You've ticked YES and now have

He has gained some grasp of

bulb wastes less E, you

written, 'cos it's not got heat, only

the different transfers of E

ticked NO and wrote:

light.' What did you mean?

from the two types of bulb

'.. because all bulbs

C: These bulbs, if (the number) on the

but is confused by the watt-

are the same.'

packet is less, it has light but not heat

-ages of the bulbs which the

- the one in the holder has a bigger

teacher had discussed in the

number - it has light and heat ..

lesson to show their differing energy inputs.

Andrea (able Yr 5)
I: You ticked YES and

I: You said, 'Yes, my teacher helped

She has moved on from

wrote,'Because it is an

me to understand'. Understand what?

merely knowing that the

energy saver bulb'.

C: The normal light bulb gives us heat

C.F.L. bulb saves energy to

How do you know that?

and light when it is only supposed to

understanding how it saves

C: I saw it on a TV

give us light. The other one gives us

energy.

programme.

light and no heat at all really.

Carol (able Yr 5)
I: You agreed that the

I: You wrote YES the bulb Miss Jones

She was only able to make

bulb Miss Jones is

is holding wastes less E because ..?

an unsupported assertion

holding wastes less E?

C: The smaller one gives off heat

before; she now explains

C: I can't say why.

and light.

her view in terms of light
and (unintended) heating.

•

Jack (above ave Yr 5)
C: No, I don't think the

C: Yes, I think the bulb Miss Jones is

He has moved from an intui-

bulb Miss Jones is

holding wastes less E 'cos the one in

tive view based on the sizes

holding wastes less E

the lamp wastes E with unintended heat. :If the 2 bulbs to a scientific

'cos it's bigger and the

view based on unintended

bigger they are, the more E.

use of energy.
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3.8 Efficiency as a numerical concept
Subject knowledge
When energy is transferred from one location to another, only some goes where it is intended.
Part of the energy is wasted since it is transferred unintentionally to other locations e.g. as
heating, sound etc.
Efficiency, in numerical terms, is the fraction of energy transferred (expressed as a percentage)
which goes where it is intended.
For example, if three quarters of the energy transferred goes to the intended destination, the
efficiency is said to be 75%.
Children's ideas (preconceptions)
Children's views about efficiency were elicited by showing them a picture of 'the messy painter',
Mark (see page 151). They were first asked if energy could be wasted in the same way that Mark
was wasting paint i.e. by some of it going where you don't want it to (results on page 151).
Next, they were told that Miss Jones in the picture uses the word 'efficiency' when she answers the
child Sarah, and asked to write what they think 'efficiency' means.
•

Of the 112 Year 5 and Year 6 children asked, nearly a quarter expressed ideas about 'efficiency'.
About half of these were idiosyncratic non-scientific views. Most of the rest involved the notion
of waste (in a few cases, connected with energy). A few children's ideas related to careful, wise
or correct usage of something (not energy). No child expressed a numerical view of efficiency.

•

88 of the children expressed no ideas at all about the meaning of the term 'efficiency'.

Approaches to teaching this concept
Three of the teachers provided the 'marbles machine' (below) to help children learn about the
wastage of energy.

The marbles machine

marbles falling through
holes (= UNINTENDED
TRANSFERS) e.g.
heating surroundings
or sound

marbles (= units of
energy) roll down
slope from INPUT to
OUTPUT. These are
the INTENDED
TRANSFERS

energy (marbles)
unintentionally
transferred spreads
out (DISSIPATE) in
lower box
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• Observing the labels for the various holes in the bottom of the box
All three of the teachers used the 'marbles machine' to demonstrate the principle of intended and
unintended energy transfers: the rolling marbles are equivalent to energy being transferred to an
intended destination; those which fall through the holes in the bottom of the sloping box represent
unintended energy transfers. To teach the nature of the unintended transfers, the teachers drew
children's attention to the label for each of the holes the marbles fell through.
It was pointed out that in the case of a house, energy can be transferred unintentionally through
the roof, the doors, the floor, the walls or the windows (below).
The marbles machine - illustrating unintended energy transfers from a house
holes representing unintended transfers of energy
door

floor

window

walls

roof

It was shown that in the case of a device, the unintended transfers can take place as sound, the
heating of moving parts inside the device or the heating of the surroundings (below).
The marbles machine - illustrating unintended energy transfers from a device
holes representing unintended transfers of energy
sound
(noise)

0

heating of
internal parts

heating of
surroundings

movement
(vibration)

The two Year 5 teachers pointed out that the number of marbles going through each hole
corresponds to the amount of energy that is wasted via that route. They encouraged children to
see how many marbles there were in the horizontal box beneath (corresponding to dissipated
energy - see page 94) but this was quantified only approximately (see simpification below) or in
general terms (e.g. 'a lot' or 'a few'). They did not proceed to a precise calculation of the
percentage which had not fallen through the holes (i.e. the efficiency).
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Counting marbles and calculating a percentage
Only in the case of Henry's Year 6 children was efficiency taught in precise numerical terms i.e.
as a calculated percentage.
Children were first asked to imagine each marble to be a single unit of energy being transferred
from the top of the sloping box to the other end. The total number of marbles taking part in the
`transfer' was counted (to facilitate the mathematics, this was arranged to be exactly 100). These
were put at the top of the slope - the 'INPUT' or upper end - and kept in place by a piece of
wood held in position across the width of the box. The wood was lifted to initiate the energy
transfer.
As the marbles rolled down, some of them went through the holes representing unintended
transfers (see previous page), the rest reaching the bottom of the slope - the 'OUTPUT' end. The
latter were counted to obtain a figure for the efficiency of the energy transfer.
Alternatively, the marbles in the lower box (representing dissipated energy resulting from
unintended energy transfers) can be counted and subtracted from 100 to give a figure for the
efficiency.

•

Changing the efficiency by covering up the holes - the `perfect' machine
Henry told his children to measure efficiency with the marbles machine several times, varying the
number of holes for marbles to fall through by covering some with sticky tape:
Do it with 2 holes covered by tape (i.e. no unintended transfers through the walls or floors) - then take off the
tape and try with all 5 holes uncovered (i.e. all 5 unintended transfers from the house happening).

Another group was asked to see (by counting the marbles each time) how the efficiency increases
when they start with no holes covered and progressively tape over holes until all are covered.

In the latter case, no unintended transfers of energy take place (there are no holes for marbles to
go through) and all energy goes where it is intended (100 marbles are at the start and finish).
This corresponds to the theoretical case, never attained in reality, of 100% efficiency or the
`perfect' machine (below).
The perfect machine (100% efficiency)
No unintended transfers (all holes taped over)

•

•

•
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Further aspects of teaching knowledge
•

Elicitation and use of children's pre-existing ideas
Most children probably have ideas about waste, especially in the context of food, and this was
used by Fiona (below) as a starting point for the idea of an unused (wasted) part of energy,
which underlies the notion of efficiency. Henry and Grace were careful to develop ideas about
energy transfer and intention before introducing the idea of efficiency (earlier). For the numerical
concept to be developed fully, children need prior understanding of fractions and percentages.

•

Representations and analogies
The use of the marbles machine as an analogy for efficient and inefficient energy transfers has
already been described.
Fiona raised the topic of waste by starting to consume a packet of crisps and a can of Coke in
front of the class and then threatening, amid a hail of protests (`Don't waste it!), to throw them
into the bin. Power stations' waste of energy was represented by getting the children to count 37
marbles out of 100 and placing the rest in a pint beer glass. Holding the glass up, Fiona declared,
`That is the amount (of energy) wasted by working the power station! Isn't it awful?'.

•

Simplification
Fiona's children did count the marbles which fell through holes (i.e.unintended energy transfers);
the result (41 out of 100) was interpreted as approximately 50% by a child but the teacher, being
sensitive perhaps to other children's mathematical abilities, interpreted this as 'nearly half'.

•

Emphasis
During interview in the school boiler house (page 167) the caretaker stressed that there 'is no way
of stopping' the 'lost' 20% of heat which the boiler produces 'straight up the flue'. Children need
to realise that energy 'loss' from a device is inevitable but can be reduced by efficiency measures.
When investigating how efficiency varies in the marbles machine, children emphasised the need
for fair testing (e.g. the same slope, loading method each time) to give credibility to the results
they obtained when changing just one of the variables (i.e. the number of holes covered by tape).

•

Language
Some children, who gained a numerical understanding of efficiency, focussed on unintended
energy transfers and spoke of devices being, for example, '30% inefficient'. The convention is to
refer to the intended fraction transferred (i.e. '70% efficient') rather than the unintended one.

•

Using marbles to show how only 28% of
A percentage pitfall
coal's energy eventually transfers to the
When discussing the efficiencies of some kitchen
water in a '75% efficient' electric kettle
appliances, Henry was led into calculating a
100 marbles = units of E available
in power station coal
percentage of the 37% of energy from the power
station which arrives at our houses. He tried to do
37 marbles = units of E from coal reaching
house through the generating
this (i.e. a fraction of a fraction) mathematically
system (37% efficient)
before abandoning it as being out of reach of his
28 marbles = units of coal's
children; a more 'concrete' approach which might
(75% of 37) E transferred
to heat water
have conveyed this important idea successfully is
in kettle
shown opposite. In this way a figure for the
useful energy used by an appliance can be derived
.3 0 0 0 0 0 0 0 0
as a percentage of the original 100 units which
( 9 marbles = units of E heating surroundings in house
were available in the coal (see page 100).
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Examples of children's learning about the term 'efficiency'
Some pre-and post-teaching responses of the children are shown below.

pre-teaching

comments

post-teaching
Lewis (above ave Yr 5)

I: Asked what you think

C: Efficiency means that it is not

From having no knowledge

`efficiency' means, you

wasting energy e.g. a hairdrier - it

of the term he has progressed

wrote NO IDEA

makes a sound and that is not

to knowing that it involves

efficient.

E being wasted e.g. as sound.

Patrick (above ave Yr 6)
C: Energy is wasted like

C: `E can be wasted like this (i.e. as in

He has moved from a view

this when we don't move

Mark's painting) when only 40% of the

based on waste to a scientific

or be active .. Efficiency

power from a power plant comes to our

idea involving intended jobs

means not wasting E.

homes'. Efficiency means how well the

- he uses the numerical idea

intended job is done.'

but seemed not to relate it to
the term 'efficiency'.

Farouk (above ave Yr 6)
I: Asked if E can be wasted

I: You've ticked YES and now have

He has moved beyond the

like Mark wastes paint, you

written, 'I think E is wasted like this

context of painting and can

ticked NO and wrote, 'I don't

e.g. when the power companies bring

describe an example of E

think E can be wasted like this

E to our homes - 60% gels wasted and

waste involving unintended

cos paint does not have E.'

only 40% comes to our homes.'

transfers in numerical terms.

Justin (above ave Yr 6 )
I: Asked about the word

I: You said, 'Efficiency means intended

From having a vague every-

`efficiency', you wrote

jobs'. What do you mean?

day (or 'Life-world) idea of

`efficiency means safe'.

C: On the marble machine where you tip the meaning of efficiency,

What made you think that?

the marbles down that's the E which gets to do with safety, he has

C: I just thought that.

to do the intended jobs. Say 45 got to

moved to a numerical idea,

I: Ever heard the word used?

the end, that would be 45% efficient.

still based on the context of

C: No, I don't use it.

I: The marbles that didn't get to the end

the marbles machine, where

I: So a bit of a guess?

- what do those stand for?

he expresses efficiency as a

C: Yes.

C: The marbles that went through the

percentage.

holes were inefficient .. 55% inefficient.

Excerpt from Henry's lesson showing children's learning of the numerical idea of efficiency:
C: With no tape on any hole, 27% went through that was unintended, so 73% was intended.
T: .. how efficient was it? (C: 73%) What did you do next? (C: We put the tape over another hole.)
T: What was the efficiency? (C: 85% efficient.) Would you expect the efficiency to increase or decrease?
C: Increase, because we've covered a hole and it saves the efficient E going out of whatever it is - doors, windows ..
(summing up later) it became more efficient as we covered up more holes and more energy could do the intended job.

T: (later, the activity completed) .. at the end you closed off all the holes - any unintended jobs then? (C: No.) How
efficient was it then? (C: 100%) .. Do you think we'd ever make a machine that is 100% efficient? (C: No.) Why not?
C: You can't make a machine which is perfect.

•
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3.9 Saving energy I: using 'just enough'
Subject knowledge
Energy is transferred to perform useful jobs e.g. heating, lighting, moving objects etc.
For any job, a certain minimum amount of energy must be transferred in order to perform it.
Energy is wasted through transferring more energy than is needed to do the job.
Energy can be conserved (i.e. not wasted) by human actions which ensure that only the
minimum necessary amount (just enough') is transferred.

Children's ideas (preconceptions)
•

51 Year 5 and Year 6 children's views about saving energy in this way were elicited by showing
them a picture of children glueing their paintings of dinosaurs before mounting them on a classroom
display (below).
They were asked if energy could be wasted in the same way that one of the children, Tracy, was
wasting glue i.e. by using far more than is necessary.
Glueing dinosaurs
The children are putting glue on the dinosaurs they have drawn to go on the wall display. Donna puts just a few
spots of glue on her dinosaur but Tracy puts a thick coat of glue all over hers. Donna and Pete tell off Tracy.

G30000G3o

What a waste Tracy! Just a
few spots will do the job.

•

+_(

Tracy! Just a few spots tck my
dinosaur up. Energy can be wasted

...jtist like you are wasting glue.

."

1

Do you agree with Pete that energy can be wasted in the same way that Tracy is wasting glue?

•

Roughly one quarter of the children thought energy could be wasted by using 'too much' - a few
of these gave reasons involving ideas about need or intention.

•

About half of the 51 children thought energy could be wasted in this way for reasons which were
either idiosyncratic or context-bound (i.e. related to the child's glueing activity in some way).
The remaining quarter of the children disagreed with Pete's proposition or did not know.
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Children were next asked if Tracy's way of wasting glue (using too much or more than is necessary)
was different from Mark's way of wasting paint (getting it in the wrong place - see page 151).
•

The responses of nearly a third of the 51 children showed that they saw the essential difference
between these two ways of wasting.

•

The remainder comprised roughly equal groups who thought the two ways were different but had
idiosyncratic reasons for thinking this, who did not see any difference or who did not know.

Finally children were asked if they thought energy also could be wasted in two different ways.
•

More than a third of the 51 children agreed that this was so, but only two gave reasons showing
any understanding of how this might occur.

•

Of the remainder, a few children disagreed but most did not know or gave no response.

Approaches to teaching this concept
During the research, children's ideas about this aspect of saving energy were tested in only two of
the classes and the results show only slight change in children's understanding (see page 194).
However, the 'just enough' notion was taught by other teachers and the approaches they used are
also described here, although there are no indicators of how effective they were.
•

Quantifying energy and considering how much is necessary - diet and energy values of foods
To understand the concept of 'just enough' energy, children must first be aware that energy is
something that is quantifiable. Three teachers used energy values of foods to get this idea across.
Henry's Year 6 children looked at food packaging for the word 'energy' and 'any numbers near
to it'. The abbreviations 'kJ' and `kCal' were explained as 'what we use to measure energy'.
Grace's children looked at pictures (opposite) Quantifying energy in food
and were told to 'think of these (numbers) as
units - the name isn't important but if you
want to know it, it's kilojoules'. She gave out
a table of food values and children used it to
find and list in order the five foods which give
the most energy and the least.
Gina's children used a similar table to compile their personal daily energy intake (`your pretend
diet for today'). This, they were told, had to amount to 1500 kCals - not too much (which
would make them fat) and not too little (which would weaken them) i.e. 'just enough'.
Quantifying energy and considering how much is necessary - domestic electricity
Three Year 5 teachers used the example of domestic electricity use to convey the idea of energy
as something that can be quantified. Householder's electricity bills were shown and Gina used a
demonstration of a household electricity meter (a safe 12 volt version borrowed from a local
secondary school - pages 98, 183) to explain how 'this wheel inside turns very slowly if you
only use a tiny amount of electricity'. As more of the lights connected to it were switched on, the
increasing speed of the meter's rotating disc showed vividly how energy costs grow if we use
more then is necessary.
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Gina and Grace showed a video of the 'eco-cabins' at the Centre for Alternative Technology
(C.A.T.). In these buildings, which are independent of the public electricity supplies, children
monitor their daily energy use by means of a large visual display (`the energy board') on a wall
in the lounge. If children use too much energy, the lights go out, so they quickly learn awareness
of the energy used each day. They carefully weigh 'just enough' logs for the wood stove, control
the heating and regulate the various alternative energy sources supplying the cabins.

•

•

II

Evaluating the brightness of conventional light bulbs
Gina successively switched on three tungsten filament light bulbs (40, 100 and 150 watts) to
convey to her children the idea of
Using 'just enough' energy for lighting
having 'just enough' light in a
.
.„
0,
room (see opposite). With the 40
___
\-,-(.
' ,
watt bulb she could not 'see
;(0-- (-.:);,:-,
: A\ (,-,1. :;;-children at the back' but with the
, , .,!, ,
--'4"!..,.....''('
150 watt bulb her 'eyes were
\_,- _
_
hurting .. perhaps that light is too
_
/.
strong and we just don't need lighi
!.,_
•
- ‘, l._J>,
,
,,
,
that bright'. It was agreed that the
.,;,,-,__1
--, i -\,/
-Tr ".
x-,
100 watt bulb was best because
the teacher could see 'all those
(children) at the back clearly'.

•

40 watts

150watts

100 watts

NOT ENOUGH

TOO MUCH

JUST ENOUGH

Quantifying energy and considering how much is necessary - temperature
Children measured temperatures in a variety of contexts e.g. hot sponge cake from the school
canteen, warm water from a kettle and the air temperature of various rooms. These readings were
interpreted by teachers as indicators of how much energy something contained (which is not
scientifically valid - see Simplification below). Children were asked to explain in energy terms
the 'hot spots' and colder areas found. They needed to realise that these variations exist in order
to judge whether a particular temperature represents using 'just enough' energy for comfort.
Using 'just enough' energy in the school - getting the ancillary staff involved
Grace explained how the caretaker 'every month reads a meter to see how many units of
electricity we are transferring to sound and heating' and used an office print-out of the school's
1997 energy use to pose questions such as 'Why is the August reading so low?'. Fiona's
children interviewed the caretakers of their own school and of the new high-technology special
school next door to it. They saw how 'zoning' of a school's heating system, through which
heating was confined to those areas in use during evening lettings, was an effective use of 'just
enough' energy for community groups who use the building.

•

•

•
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Using 'just enough' energy in the home and school - thermostats
The caretaker explained what a thermostat does ('When it gets to a certain temperature, the
thermostat says - Switch it off!) so children saw how these devices ensure that not too much hot
water (i.e. energy) is used for heating rooms in the school but 'just enough'. Grace gave her
children a questionnaire `to see how energy-conscious your household is'. Part of this asked
about house temperatures and use of thermostats. Her attitude to excessive energy use was made
clear when the returned forms were analysed: 'Eight of you live in houses where the temperature
is above 18 deg C - you are living in saunas!'.
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boiling a kettle - heating 'just enough' water for your needs
This idea was seen during the C.A.T. video - teachers did not allow the children simply to sit
through it but constantly interrupted to check on their understanding:
T: Their challenge (i.e. the children living in the eco-cabins for a week) is to get through the week without
running out of electricity so what must they do?
C: Don't use it .. use it a little bit.
T: So instead of boiling a whole kettle of water when you only want half a cup, use it efficiently!

Further aspects of teaching knowledge
•

Elicitation and use of children's pre-existing ideas
There is a need for children to have prior awareness of energy as something that is quantifiable
before they can appreciate the 'just enough' notion. Henry assumed that this idea needed to be
taught and Grace was made aware of the need to deal with it after noticing children's reactions in
an earlier lesson: 'When I said energy can be "counted", most of you looked blank at me'.

•

Representations and analogies
Showing energy concretely
Two examples, solar power and domestic energy
,
,•
;•
measurement, illustrated energy in terms of speed
of motion. A motor powered by photo-voltaic
(`solar') cells turning slowly in poor light and
faster in bright light can give children a concrete
experience of energy (opposite). Shielding part of
the cells varies the amount of the sun's energy
transferred to the motor, and so its speed.
The disc revolving in the electricity meters of our
bright sun
cloudy or part of solar
motor turns
cell covered - motor
houses (above) also shows energy being used in
propeller quickly
turns more slowly
a concrete, visual way.
In using energy values of food to introduce the idea of 'just enough', teachers correctly described
food as analogous to a fuel for our bodies.
Two ways of measuring energy, using the interchangeable units kilocalories and kilojoules, were
compared by Henry to 'how we measure distance with different units - miles and kilometres'.
Simplification
Henry ambitiously tried to convey to his Year 6 children the scientific view that the temperature
of a substance is a measure of its molecules' average internal energy (see page 77). To say that
temperature is a measure of how much energy a substance contains is clearly a misconception. A
bath full of water at 50 deg C obviously contains much more energy than a kettle at 50 deg C. It
is only for the same amount of a substance that a higher temperature means more energy stored.
Emphasis
Grace rightly emphasised the analogy of food with fuel so that the 'just enough' aspect of diet,
which children would intuitively understand, was seen by them in the context of energy.
Language
The concept of a minimal necessary amount (i.e. 'just enough') was also expressed by teachers
in other ways e.g. 'not more than is needed', 'not too much or too little' or 'the right amount'.

•
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Examples of children's learning about using 'just enough' energy
Some pre-and post-teaching responses of the children are shown below.

pre-teaching

post-teaching

comments

Ralph (Yr 5 with special needs)
C: E can be wasted when you

C: E is wasted like this when we use

He's moved from the context

use too much to stick it up ..

too much E like when we have the

of glueing to other examples

I DON'T KNOW if the way Mark

heater on and it goes out of the door,

of E waste but these relate to

wastes paint is different from

or the light is always on. It wastes E.

e.g. preventing E loss or non

the way Tracy wastes glue.

(later) .. Tracy uses too much - Mark's

-use rather than using 'just

not using it in the right way.

enough' energy.

Frank (above ave Yr 5)
C: I don't think E can be

C: I think we waste E in 2 different

He now sees the resemblance

wasted in 2 different ways.

ways because we use too much when

between Tracy's use of glue

we don't need to.

and excessive use of E.

Ramona (average Yr 6 )
C: E can be wasted like

C: E can be wasted like this when

From equating E waste with

this (Tracy glueing)

you put a lot on the dinosaurs when

merely using up a supply of

when you've lost a lot

you don't need to.

something, she now sees how

of the (glue) and there

waste can be due to using a

will be no more left.

larger amount than necessary.

Sorayah (above ave Yr 6)
C: E is wasted like this

C: E is wasted like this because the

Her view was at first restrict-

when she is spreading

dinosaur doesn't need that much glue ..

ed to the context of glueing.

the glue - she wastes E

(whereas) Mark was putting paint on

Now she sees the essential

in the glue.

unintended places instead of intended

difference between Tracy's

places.

and Mark's ways of wasting.

C: E is wasted like this

C: E is wasted like this when you use

His view first related to a per-

when we are not

too much energy to do one job .. (later)

sonal context but now he

exercising or moving

.. Mark is using too little (paint in the

talks of excessive E use in

- just mooching

intended place) while Tracy is using too jobs and states concisely the

around

much (glue in the intended place).

Patrick (above ave Yr 6)

•

essential difference between
the two ways of wasting.
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3.10 Saving energy II: other human actions
Subject knowledge
Energy is required to perform useful jobs e.g. heating, lighting, moving objects etc.
The amount of energy used to do a particular job can vary.
People's actions affect whether a large or small amount of energy is used to do a job.
Reducing the amount used through the actions people take conserves energy and cuts waste .
Children's ideas (preconceptions)
137 Year 5 and Year 6 children's views about conserving energy through human action were elicited
by showing them a picture of a boy, John, entering a classroom on a cold day and being rebuked by
the teacher, Miss Jones, for leaving the door open (below). They were asked if they agreed with
Miss Jones that John is wasting energy by leaving the door open.
Leaving the door open
It's a cold day outside and the school heating is on. John is the last one to come in from the playground and
leaves the classroom door open. Miss Jones tells him off for wasting energy.
ohn! Close the door
after you please. You
are wasting energy!

f
/"
/

! I

I!

.i„,,
•1

gar

!!

1

Do you agree with Miss Jones that John is wasting energy by leaving the door open?

Just over four fifths of the children altogether thought that leaving the classroom door open
wasted energy. The rest thought energy was not wasted in this way or gave no response.
•

Over a third of the 137 children thought energy was wasted because of heat leaving the room.

•

Roughly a third of the whole sample of children gave idiosyncratic reasons for thinking that
energy was wasted (11 of these thought it was because cold conies in to the room).

•

Only 11 of the children tested said there was wastage because energy went out from the room.

•
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Approaches to teaching this concept
•

Careless use of energy - the Squander family
Grace's children examined pictures showing a house belonging to a family called 'the Squanders'
throughout the day (below). They considered what the family 'are doing wrong to squander
energy' at different times. Children readily identified examples of heating and lighting left on
when a room (or the entire house) was unoccupied, or there was some other reason not to do so.
The Squander family - daytime and evening

•

•

During the day Mr and Mrs Squander are both out of

All the heating is still switched on at 9.00pm.

the house. Which pieces of heating equipment ..

Is this necessary? Energy must be paid for so it

must be kept running? .. could be set at a lower

makes sense not to waste it. Central heating

level? .. could be switched off completely?

should be properly programmed for daily needs.

•

Doing a household survey
Grace's children completed a questionnaire about how energy conscious their household was. As
well as addressing the 'just enough' concept (above), this also asked if their parents had installed
double-glazing, loft or wall insulation and modern heating equipment (less than 10 years old).

•

Changing people's behaviour in school
During interview, the caretaker of a state-of-the-art new building next door told Fiona's children
how, despite all the technological advances present (e.g. sensors that switch on ventilation only
when rooms are occupied), there were still further savings of energy to be made when the users
of the building had 'been trained to use the school properly'.
At a simpler level, Fiona's children showed awareness of their bad habits (e.g. leaving the tap
running or their computers switched on) which their energy-conscious parents complained about
at home and sung about this in their 'rap': 'Switch that light off says my mum, shut that door,
stop those draughts - you'll cost me a fortune!' Fiona asked them 'to encourage other people' to
behave differently both for reasons of financial cost and to 'help the Earth'.

•

Improving awareness of light intensity in the school
Children used sensors (see page 108) to measure how much light was present in various parts of
the school (Fiona explained that the amount of energy needed in a classroom was 300-400 lux).
When asked how to use less of this expensive energy called electricity one suggested: 'If there is
light coming in through the window, you could turn the electric lights off.' A group taking part in
a survey of temperature and light intensity around the school implemented this; they noticed the
corridor lights were on when the sun was shining and promptly turned them off!
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Not taking energy for granted - generating your own
In the C.A.T. video (see page 167) children are made to rely on their own resources while living
in the `eco-cabins'. Two children were shown to be transferring electrical energy to light bulbs
by means of a bicycle modified to turn a generator. The narrator observed: 'Perhaps Lisa and
Barry (who were doing the pedalling) won't leave the TV on now that they can both tell how
much (of their own) energy is needed to make it work!'.

Further aspects of teaching knowledge
•

Elicitation and use of children's pre-existing ideas
Numerous children had prior awareness of energy-conservation behaviours such as switching
appliances or lights off when not in use. The task of the teachers, achieved in some cases (see
page 173), was to convey some theoretical understanding of why this was necessary, in terms of
reducing the amount of energy transferred for a particular job.

•

Representations and analogies
The marbles machine can be used as an aid for representing higher order ideas i.e. intention, and
efficiency as a numerical concept. It also conveys very directly the simpler notion of energy
(marbles) 'leaving' a house via doors, windows, roofs, walls and floors (holes). The example of
`smelly socks' on a radiator and energy transfers through a smashed window (see page 153)
addressed the notion of intention but also illustrated energy transfer to a room or the outside.
In the C.A.T. video, energy is represented in terms of vivid colours. Infra-red photography
shows energy 'lost' from the doors, windows and roof of well-insulated eco-cabins and from a
badly-insulated 'normal' house, highlighting where conservation (`saving') measures are needed.

•

Simplification
Human activities such as turning off lights or using 'just enough' energy for a job are certainly
ways of saving energy. However it is a simplification (or at least, only half the story) to regard
them as the only ways. We also need to develop more efficient devices and machines (see pages
101-103).
Emphasis
The scientist has two distinct meanings for the term 'conservation'. One of these is expressed in
the Principle of Conservation of Energy. According to this, energy remains the same in amount
even when it spreads out (`dissipates': see pages 34-36). The other meaning is saving energy
through human actions (see pages 101-102). To avoid confusion, this difference needs to be
emphasised.
The C.A.T video of infra-red photography showing energy transferred from the bodies of
children emphasised how dressing in warm clothes could effectively reduce the need for high
levels of interior heating.

•

Language
The terms 'heat' and 'heat energy' are commonly used but they can lead to misconceptions. It is
simply 'energy' that is being transferred through heating (see page 70).
Energy 'loss' can be interpreted either as 'location elsewhere' or as disappearance i.e. ceasing to
exist. The latter would be a misconception which contradicts the Principle of Conservation of
Energy. It is more accurate and rigorous to speak of 'energy transfer' but 'loss' is probably
acceptable as long as the continuing existence of the energy is understood.
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Examples of children's learning about actions to conserve energy
Some pre-and post-teaching responses of the children are shown below.

post-teaching

pre-teaching

comments

Judith (average Yr 5)
C: Yes, energy can be

C: I think E is wasted ..

She thought waste was just a

wasted .. you are

when you do not have any

normal aspect of using E,

always using energy.

insulation in your house .. (later) ..

but now can refer to a way of

(later) Leaving the door

I think leaving the door open wastes

conserving it. How radiators

open wastes E cos the

E because the E that has heated the

work is better understood, as

heat from the radiator's

water in the radiator to make the

is the chain of energy (not

heat that has electricity

room warm is all going out of

heat) transfer from hot water

to warm it has gone outside.

the door.

to radiator to room to outside.

Vijay (average Yr 5 )
C: .. leaving the door open

I: You said, 'YES, it (leaving the door

From having idiosyncratic

wastes E cos if you get too

open) wastes E cos the E gets colder

personal ideas about E and

hot you waste E .. it gets

(and) you lose E'- does it disappear?

how we waste it, he now has

smaller and thinner .. (like)

(C: I don't think so.) So it's still there? the scientific view - that E

if you cry .. cos water is E

(C: Yes.) Where's it going (C: Outside.)

(I: You mean tears?) Yes.

Where's it come from? (C: The radiator.) the outside when the door is

moves from the radiator to

left open.

Alex (below ave Yr 6)
C: Leaving the door

C: The heat is going out of the door and

He could not explain why

open wastes E cos the

we are losing E .. the heat that is coming 'heat' leaving the room is

heat is getting out ..

out of the radiator .. gets in the room ..

wasted but now identifies

I: It will heat up the

that heat, which is E, gets wasted by go-

that heat with E and gives a

outside won't it (C: Yes.)

-ing out the door. (I: Why is that wasted?) reason for wastage which

Why's that a waste?

Cos it's warming the air (outside) and you involves intention.

C: I don't know.

want it to warm the classroom.

Barbara (average Yr 6)
C: Leaving the door

C: Leaving the door open wastes E

She knew E makes things

open wastes E cos the

because the energy from the heater

hot and thought warmth was

E is making the radiator

which is meant to warm the classroom

leaving the room. Now she

hot and the warmth is

is going out of the door.

thinks E goes outside and

being wasted outside.

uses the idea of intention.

Excerpt from Henry's lesson showing the ideas children developed about energy loss from a house:

•

T: Heating is a transfer of E. If I was to start with 100 units of E and transfer that into heating my house, would all
the units of E actually go into heating my house?
C: No.
T: Where could some of those units go?
C: The ceiling .. out into the garden if you leave the windows open .. through the floorboards .. the walls .. doors.

174

Unit 7 Teaching Energy Concepts

3.11 Using fossil fuels: depletion and pollution
Subject knowledge
Fossil fuels have been the major source of energy for our civilisation in the past two centuries.
Economically accessible supplies of the fossil fuels are not inexhaustible - they are finite in
amount and will one day run out.
Burning fossil fuels produces pollution: sulphur dioxide which can cause acid rain, and carbon
dioxide, which occurs in the air naturally, but if too concentrated may cause global warming.

Children's ideas (preconceptions)
Children's views about 'using fossil fuels too much' were elicited by the questionnaire in two ways:
(i) All 137 Year 5 and Year 6 children were asked to write what a pupil would say who was talking
during a lesson about the 'bad effects' of using fossil fuels too much (below).
Talking about the bad effects of using fossil fuels too much
After assembly, Miss Jones is talking to the class about fuels.

Jane knows about using fossil fuels

..
My dad says using lots of
Write down what you
think Jane might say inside
the speech bubble -->

fossil fuels is bad because

(ii) The fifty Year 5 children were also asked to comment on the views expressed in a picture where
three children in a playground were talking about how long fuels would last (below).
Talking about fuels and the future

After the fuels lesson, the children discuss it in the playground.
/Ithink there will always be
enough fuel for us - even when
I become an old man. We can
1,1se
.. as much as we like.

I think we need to use all fuels carefully-N
because one day they will all be finished /

Do you agree with Kenny, Kate or Danny or have your own idea?

Thinks: I saw a
TV programme
about renewable
energy

It's only some fuels that
will run out because once
they are used, they can't
be replaced. Others can.

•
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•

Five of the 137 Yr 5 and 6 children spontaneously showed understanding of fossil fuel depletion.

•

A quarter of the 137 children either stated directly that burning fossil fuels produces pollution or
implied this (e.g. adverse health effects, smoke, damage, chemicals or toxicity); the same number
gave idiosyncratic, non-scientific explanations of the 'bad effects' of using fossil fuels.

•

Nearly half of the 137 children gave no explanations of why excessive use of fossil fuels is bad.

•

Half of the sample of 50 Year Five children agreed with Danny's idea that some fuels, but not all,
will one day run out. A fifth of them thought that fuels will never run out.

Approaches to teaching this concept
•

•

Estimating the world's remaining fuels supplies - a matching exercise
Henry explained how the formation of coal, oil and gas
Henry's work sheet
from living things had taken millions of years and that 'what
amount in the world
was made then is all we've got now'. On a work-sheet
(opposite) large shapes represented the amount of each fuel
in the world and smaller shapes (a rectangle for coal, a slick
440.
for oil, bubbles for gas) the amount used in 10 years.
oil
Children estimated how long the world's supplies would
last by matching the smaller shapes to the larger ones.
Variations in children's answers were accepted since, it was
explained, 'the experts have also got different answers' but
it was accepted by the children that 'at some time in the
future we are going to run out'.

•

•

amount we
use in 10 yis

C

gas

LJ

Contrasting our use of sources of fossil fuels with those of food and wood fuel
Gina explained that fossil fuels all 'come out of the ground' and asked children to predict what
might happen eventually if we kept 'taking it and using it and needing more' - they agreed that 'it
would all be gone'. Our use of food and wood fuel was contrasted with this:
Teacher: If I ate every single biscuit in the packet .. in Tesco's, would I be able to replace them?
Child: Yes, bake some more biscuits.
Teacher. If I cut down trees and at the same time replace them with new ones, would I ever run out of logs?
[Child: No.] If I was careless and didn't plant new trees, what would happen?
Child: They'd become extinct .. trees help us breathe so the air would be dusty .. horrible .. we'd die.

Children were reminded of our domestic fuel needs. When asked 'What must we do instead of
using fossil fuels up - we already do it but not enough?' they replied: 'use it more carefully .. put
it back .. leave it where it was .. not use it if you don't need to ..'.
•

•

Asking the question: what will we do when fossil fuels run out?
Fiona got her children to research 'fossil fuels' for homework. Their formation from things
living millions of years ago and our inability to replace them 'before it was too late' was
described. Grace explained how we 'take, take, take it all the time - we know we are using up
that source of energy' and gave figures for the remaining supplies of each fossil fuel (30-35 years
for oil, 45-50 for gas, 250 for coal). Both she and Fiona used this as an argument for alternative,
renewable energy sources: 'when it all runs out, what will we do? Freeze? Starve? Walk
everywhere? Have cold .. tea?' Fiona reinforced these ideas in a 'rap' she taught to the children:
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`Let's use alternatives .. renewable .. should anything be binned?
We daren't waste resources ..'.

Teaching about pollution
Little of this was evident apart from children experiencing 'smoke', 'fumes' and 'smells' when
fuels were burnt and being told that this caused disease, 'made the air dirty' or was 'bad for our
breathing'. Discussing effects on the ozone layer, one teacher confessed 'I don't know exactly.'
Further aspects of teaching knowledge
Elicitation and use of children's pre-existing ideas
`Running out' of supplies of something (e.g. breakfast cereals, pocket money) is familiar to
children from everyday experience. Many will also understand the idea of extinction as a final full
stop, with no possibility of replacement (e.g. dinosaurs). Some teachers did use these existing
notions to help convey the idea of resource depletion to children (below). Some children's prior
ideas about pollution showed misconceptions (e.g. ozone layer holes cause global warming) but
teachers did not address these; they merely confirmed children's view that pollution was 'bad'.
•

Use of analogies and representations
Gina compared the finite nature of fossil fuels supplies with both 'sweeties' and her own money
supply, but was careful to point out the limitations of the second analogy:
(1) It's like saying you've got 100 sweeties and if you have just one every day, it's still only going to last
100 days and when they are gone, they're gone'.
(2) When I get paid my money each month in my bank, I think, 'Great! I'll buy this and this', but half way
through the month when I've got no money left, that's tough - I've no money left .. with bills to pay my
money runs out .. for the rest of that month it's gone until the next month. Fossil fuels don't just run out for
that month .. (Child: They run out for good.)

Grace traced back to the origin of a box of tissues to show children how we seem to think 'we
can get more and more and more' without considering the rate at which we use up resources
(trees). She told her children to think of fossil fuels 'as a box of tissues .. but .. when I've taken
my last tissue, there is nothing (left) there ..'. She also likened fossil fuels to the dodo, which the
children knew about, as something that will be 'gone for ever, completely - never to come back'.
•

Simplifications
To say that all the vast supplies of fossil fuels in the Earth's crust will run out in a certain time is
a simplification. What is limited are the supplies that are economically recoverable.

•

Emphasis
All the teachers emphasised a positive view that although fossil fuels will not last for ever, other
strategies (e.g. efficiency, conservation, renewables) are now being developed.

•

Language issues
When one child explained that fossil fuels 'are limited' Fiona made sure a simpler term was also
used i.e. 'they'll run out'. While discussing the implications of depletion, Grace explained the
meaning of 'alternative' as 'having choices' and described her two possible car routes to work.
She explained 'renewable', using the example of library books, as 'you can use it over and over
again' and applied its opposite, non-renewable, to fossil fuels.
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Examples of children's learning about the bad effects of using fossil fuels too much
Some pre-and post-teaching responses of the children are shown below.
comments

post-teaching

pre-teaching
Justin (able Yr 6)
C: Using lots of fossil fuels is

C: If we use all the coal up, the power

He was aware of depletion of

bad 'cos we'll use up the world's

stations won't be able to make electri-

oil as a resource before the

city and won't have any light or heat.

resources and we won't be able

lessons but has expanded

to power cars .. the oil won't

I: Now you are talking about power

this idea to include coal, and

be able to work them .. because

stations .. did you know about them

understands the implications

.. there won't be any left.

before the lessons?

of this for domestic electric-

I: Isn't there lots? Can't we

C: I didn't know about how

-ity supplies.

keep using it for ever?

they made electricity.

C: There isn't enough of it.

Jeremy (Yr 5 with special needs)
I: You wrote; 'Because if we use all the

I: When asked why using

He has gained the notion of

lots of fossil fuels is bad,

fossil fuels, there will be no more'.

fossil fuels being a finite

you wrote: I DON'T KNOW.

C: If we use all of them, eventually we

resource which is being

will run out and there will be no more

depleted and could run out.

fossil fuels.

Helen (average Yr 5)
She has learned that fossil

I: When asked why using

I: You wrote, 'Because one day

lots of fossil fuels is bad,

they will all run out .' What d'you

fuels are a resource that is

you wrote:

mean, 'run out'?

both finite and non-renew-

I DON'T KNOW.

C: They can't just come back ..

able.

if we use them too much it will

•

all run out one day and we won't
be able to use them.
I: Will there be any left? (C: No.)

Extract from Henry's lesson showing learning that occurred about depletion
(11 Roughly, for the coal, how
many years have we got left?
2. .. for oil?
.. for gas?

(4. OK we don't know exactly how
long we've got left but we do know
we're going to run out of all these
Are they going to last for ever?

•

4. We need coal, oil and gas
for our power stations for
electricity for all our lives,
for our homes. What must we
flake sure we do with it?

1. 90 .. 100 .. 140 years.
2. 250 .. 350 .. 260 .. 380 years
3. 340 .. 260 .. 190 .. 480 years)

7
5. Use it sensibly and properly .. use it so we don't waste it .. store it .. it's
because there are so many people in the world using more and more of these items
the population is becoming so much, there won't be enough to use any more)
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3.12 Alternative energy sources
Subject knowledge
Fossil fuels were formed underground from the remains of ancient plants and animals by
processes (e.g. heating and extreme pressure) acting over many millions of years.
Economically accessible supplies of fossil fuels are not inexhaustible - they are finite in amount
and will one day run out.
Once used they cannot be replaced on the timescale of human history. New fossil fuels are now
being formed but at such a slow rate that they will only become available in the far distant future.
`Alternative' sources of energy e.g. wind, water (waves and hydro-electric schemes) and the
Sun do not cause pollution, are always available and do not run out.

Children's ideas (preconceptions)
The views of 137 Year 5 and Year 6 children about alternatives to fossil fuels were elicited using the
`talking about the bad effects of fossil fuels' situation described on page 174. Miss Jones, the
teacher, is discussing fuels and when the bad effects of using fossil fuels are mentioned, she then
talks about 'other things we can use instead of them'. The questionnaire asked children to write
down what 'other things' (in some versions of the questionnaire the term 'alternatives' was added)
they think we could use instead of fossil fuels.
•

About two thirds of the 137 children could not suggest anything to use instead of fossil fuels.

•

Nearly a quarter of the sample suggested gas, petrol, oil, or coal as an alternative, indicating a
lack of understanding of the concept of a fossil fuel.

•

Wind, solar and water as alternatives were mentioned by very few children; biofuels, particularly
wood, were suggested by less than one in ten of the children.

Whether 51 Year 5 children associated 'renewable energy' with the
problem of future fuel supplies was investigated using the 'fuels and
the future' situation on page 174 (also see opposite). While three
children, Kenny, Kate and Danny, discuss the future use of fuels,
Pete, who is listening, is reminded of a TV programme he saw about
renewable energy. The questionnaire asked if Pete's TV programme
is connected with any of the ideas being suggested by the other 3
children.

Thinks: I saw a

TV programme
about renewable
energy

•

About half of the 51 children associated renewable energy with
the idea of fuels running out one day (Danny's or Kate's idea).

•

About half of the remainder did not know. A few of the rest
with any of the children's ideas?
thought renewable energy was to do with Kenny's idea (that
fuels will never run out) - these did not seem to connect renewable energy with future fuel supply
problems. Eight individuals thought it had nothing to do with any of the three children's ideas.

Is Pete's TV programme connected

•
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Approaches to teaching this concept
•

Focussing on the reasons for needing alternatives
After teaching the link between coal in power stations and domestic energy, 4 teachers developed
ideas about the need for alternative energy sources by discussing the consequences or 'cost' of
using fossil fuels 'too much' i.e. depletion and pollution. Teachers asked children to imagine a
future scenario where our energy supplies have run out and briefly mentioned depletion of other
resources (e.g. battery chemicals). Also, as consequences of pollution which was 'spoiling our
Earth', some teachers mentioned global warming (`CO2 in the greenhouse effect making the
Earth warm up') and 'effects (on) the ozone layer which is our protection from the sun'. Energy
from fossil fuels was contrasted with the renewability of energy from the sun (`it will be around
for millions more years'), from sustainable forestry (`as soon as you cut down a tree, plant a new
tree - you'd never run out') and of water (`it goes round in a cycle and should always be there').

•

Experiencing types of alternative energy in the classroom
Children experienced electricity being generated mechanically using a hand-driven dynamooperated torch (see page 23) and this was contrasted with lights powered by batteries or mains
electricity. All teachers gave children the experience
Electricity is produced by a generator
of the water wheel (page 132) generating electricity
rotating (except solar)
P.V. roof
from moving water. Some put vanes on the wheel to rotating panels
show how the wind can also provide the rotary
wind vane
motion needed (opposite) to generate electricity
generator
(children ran around the playground holding the
rotating
windmill to create sufficient 'wind' for it to work). Ff=5
Children also used solar (`photo-voltaic' or `13.V.')
cells (page 22) - a way of producing electricity
rotating
electricity
directly from the sun's energy without first needing water- wheel
A "x
to create rotary movement to operate a generator.

•

•
•
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6,

Wind and water (but not solar) rotate a generator

• Experiencing (surrogately) an alternative lifestyle - the CA.T. video
Children watched a video from the Centre for Alternative Technology (see Appendix I) in which
primary school children lived for a week in `eco-cabins'. The energy for these came from wood
fuel and electricity produced by wind generators, a hydro-electric unit and solar panels on site.
•

A musical approach
Fiona taught her children a 'rap' song containing ideas about alternative energy e.g. 'Cost you a
fortune? - What about the Earth? .. polluting it, harming us, global warming, what's it worth?'
Rote learning of this familiarised children with the 'labels' for the concepts they were meeting.

•

Using alternative energy in society
Children were shown pictures of wind farms in use. Fiona's children interviewed two school
caretakers and were told (incorrectly) that solar energy is not yet sufficiently developed to be used
except in very sunny countries and so is not utilised in their schools. However, her visiting
speaker talked about thermal solar panels 'for heating up water' on roofs of British houses and
described a house in Oxford with a roof completely covered by P.V. cells, generating enough
electricity for the owner to 'sell some to the electricity company' and charge up her electric car
daily. He also described a new school building which is heated solely by 'passive solar heating'
(i.e. by its orientation to the sun and use of special glazing) and by the heat of the pupils' bodies.
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Further aspects of teaching knowledge
•

Elicitation and use of children's pre-existing ideas.
Some children seemed to have fragmentary knowledge of aspects of alternative energy such as
solar cells in pocket calculators or wristwatches, experimental use of biofuels (e.g. coconut oil)
and dams for hydro-electric schemes, probably gained from reading and television. Knowledge
of the key ideas underlying the need to develop alternatives (fossil fuels, their depletion, and the
effects of pollution) is a prior requirement and, as described above, teachers did teach these first.

•

Use of analogies and representations
Grace represented energy from fossil fuels as 'ancient' since it comes from the sun which shone,
for example, on the plants which became the coal seams. By contrast, alternatives make use of
`modern' energy from the sun driving weather systems and natural cycles of the present time.
In his description of 'personal' heating of a newly opened 'high-tech' school in the U.K. Grace's
visitor compared the heating effect of each child's body with that of a 60 watt light bulb.
Gina contrasted sustainable biofuel (coconut oil) production with use of fossil fuels in terms of
planting: 'we could plant more coconut trees but we can't plant more oil or gas or coal can we?'.

•

Simplifications
Fiona's visitor described how 'carbon dioxide is what we call a greenhouse gas - (putting on a
blanket) it's like a blanket round the world making the world hotter and hotter, that's what we're
thinking, and the effect of that will be to make the seas higher so .. we (need to) stop that'. This
is correct in some respects, but is a simplification of the scientific issues relating to the Sun's
input of energy to the Earth which are thought to affect the warming.
The caretaker's interview statement that P.V. (solar) cells do not work in the U.K. because there
is not enough sun ignores the fact that they will work in diffused sunlight (full sun is not
essential). The reasons for not using solar energy generation more widely are not this simple and
include, for example, the economics of an emerging technology and various other factors.

•

Emphasis
There was a lack of emphasis on (and knowledge of) the fact that most electricity is produced by
rotary motion of a generator and that while burning fossil fuels is one way of doing this (through
the boiling of water and the steam making turbines rotate) several alternatives also do it, for
example, hydro-electric schemes where moving water pushes turbines around (page 112).
However, teachers did emphasise (correctly) how alternatives do not pollute and will not run out.
There was some vagueness about the exact nature of the transfer of solar energy. Grace vaguely
connected it with electricity and was unaware of thermal solar panels for heating water. The step
from small scale use of P.V. cells, as in pocket calculators, to larger scale use in society could
have been stressed more although Grace did include this in what she called 'planning our future'.

•

Language issues
Grace illustrated the meaning of 'alternative' in terms of her daily routes to school, and a child's
suggestion of (household) 'gas' as an alternative (for cars) was correct in this everyday sense but
not in the special sense of an alternative to fossil fuels (i.e. non-polluting and renewable).
Grace introduced 'renewable' and explained it in terms of 'using over and over again', in other
words, it will always be there and will not run out. She could have contrasted this meaning with
the everyday usage which refers to something that wears out or stops working and is replaced.
All of the teachers utilised 'using up' or running out' in preference to 'depletion'.

•

Unit 7 Teaching Energy Concepts

181

Examples of children's learning about alternative energy
Some pre-and post-teaching responses of the children are shown below.
pre-teaching

post-teaching

comments

Brian (average Yr 6)
C: (asked to write what

C: other things we can use instead of

He has moved from not

other things we could use

fossil fuels are solar power(ed) things,

knowing any alternatives to

instead of fossil fuels)

wind power and water power - (these)

the use of fossil fuels to

you wrote NO IDEAS.

will save fossil fuels because they

being able to name three

are renewable.

possibilities and say why
they are advantageous.

Lewis (above ave Yr 5)
C: (asked to write what

C: other things we can use instead

He has moved from no know

other things we could use

of fossil fuels are wind, waves, solar

-ledge of any alternatives to

instead of fossil fuels)

power and water ..
(later)

I had NO IDEAS.. (later)
Pete's TV programme is

I think Pete's TV programme is

to being able to name up to

about Danny's idea cos

about Danny's idea because the sun,

four possible alternatives

water or waves are a renewable source

and using 'renewable' to

of energy.

describe some of them.

C: (asked to write what

C: .. other things we can use instead

She's moved from no know-

other things we could use

of fossil fuels are solar panels and

-ledge of any alternatives to

instead of fossil fuels)

solar powered things, the wind for

using of fossil fuels to nam-

you wrote NO IDEAS.

windmills and water.

-ing four possibilities - she

some fuels can be replaced.

•

fossil fuels and the idea that
renewable means replaceable

Caroline (average Yr 5)

seems to distinguish between
(thermal) solar panels and
solar power (electricity?).

Stephanie (average Yr 5)

•

C: (asked to write what

C: .. other things we can use instead

She's moved from no know-

other things we could use

of fossil fuels are the sun's heat, the

ledge of any alternative E

instead of fossil fuels)

sun's light, water and wind ..

sources and the idea that

I had NO IDEAS.. (later)

(later)

renewable means replaceable

Pete's TV programme is

I think Pete's TV programme is

to being able to name three

about Danny's idea cos

about Danny's idea because renewable

possible alternatives and ex-

he says you can replace

means you can use it again.

plaining what 'renewable'

some fuels.

means more accurately.

•
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Resources and safety issues

Readers are recommended to obtain the booklet 'Be Safe' published by the Association for Science
Education, College Lane, Hatfield, Herts. AL10 9AA.
UNIT 1
3. Activity: identifying children's ideas about energy
Scissors, sellotape, glue etc. for making wall displays.

UNIT 2
4. Activity: energy transfer circus

1. A selection of clockwork toys.
2. Battery and bulb, buzzer, motor.
3. Electric kettle and water (SAFETY: there is a danger of scalding when pouring hot water).
• 4. Model water mill made from: 30 mm wide elastic (the waistband of a pair of ladies' tights
will do), 8 yogurt pots stapled to the elastic, test rig and generator assembly - this can be
supplied by CREATE (Centre for Research Education and Training in Energy), Kenley
House, 25 Bridgman Terrace, Wigan, WN1 1SY.
5. Camping gas stove, small frying pan, matches, cooking oil, a fresh egg (SAFETY: gas burners
contain flammable gases; beware hot oil splashing and danger of burns caused by hot objects).
6. Solar cell with motor (have an overhead projector to use if it is not sunny) - obtainable from the
Centre for Alternative Technology (C.A.T.), Machynlleth, Powys SY20 9AZ (Tel: 0654
702948).
7. Central heating radiator.
8. Gypsum (anhydrous calcium sulphate - available from Philip Harris Education, Lynn Lane,
Shenstone, Lichfield, Staffs. WS14 OEE), water, a flexible container (not glass).
(SAFETY: gypsum is not listed by the Consortium of LEAs for the Provision of Science
Services (C.L.E.A.P.S.S.) risk assessment as a hazard.)
•
9. Growing plant.
10. Child's hand-held model windmill (and hair drier).
11. Model steam engine - obtainable from good toy shops.
(SAFETY: use of a 'see through' safety screen is recommended (see page 128); use solid fuel
rather than the more hazardous liquid fuels; the safety valve should be checked beforehand to
make sure it is free to move and kept free of limescale deposits; defective ball bearings, washers
and springs should be replaced; replacements for metal parts must be corrosion free.)
12. Hand operated dynamo-powered torch (obtainable from the C.A.T - see above).
UNIT 3
6. Activities: thinking about conservation

•

1. Marble on a track (made of plastic edging with L-shaped cross section: available from
hardware stores).
2. Bouncy balls (sold as `supaballs').
9. Activity: calculating the energy available in modern foodstuffs
A selection of packaged foodstuffs with nutritional information tables on the labels.
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UNIT 4
2. Activity: 'enacting' the Particle Theory of Matter
Tape recorder and audio tape of appropriate music for 'particles' activity.
6. Activity: demonstrating the random motion of particles
An effective 'home-made' demonstration of the random motion of particles in a liquid can be
provided using a tray of marbles or a box of `supaballs' with a perspex lid (with hole). Cut the
perspex to fit the box and attach with wide masking tape.
9. Activity: a marble model for energy transfer
Two marbles, two straight-edged pieces of wood about 60 cm long or some books.
11. Activity: temperature changes during heating

Two beakers, some very cold water (from the fridge) some very hot water (SAFETY: danger of
scalding when pouring hot water), two shoe boxes (or similar), two thermometers, a timer.
UNIT 5
4. Activities: illustrating energy efficiency
a)

A marble model for efficiency
Two shallow cardboard boxes (about 60cm by 40 cm), one slightly smaller than the other,
scissors, a craft knife, wide masking tape, 100 marbles.

b)

Selling popcorn
A large bowl, two 'shovels' for popcorn (made from plastic drinks bottles), polystyrene
packing chips (= `popcorn'), paper bags.

c)

Transferring energy wastefully in light bulbs
A conventional 100 watt light bulb (SAFETY: a conventional light bulb can get very hot; care
must be taken not to actually touch it), a modern compact fluorescent bulb which produces the
same amount of illumination (20 watt), two table lamps.

d)

Making the best use of energy in the home
A demonstration 'revolving disc' electricity meter (12 volts output) similar to that in your home
(this is a specialist item available from science education equipment catalogues; alternatively,
borrow it from a secondary school); five 12 volt car lamps with holders and leads.

e)

The efficiency of two toasters
A 'personal toaster' which toasts only 2 slices of bread, a 'family toaster' which toasts 4 slices
of bread (SAFETY: electric toasters can cause burns - also, do not use any metal implement with
an electrical appliance). ESME combined light and temperature meters (available from the British
Gas Education Liaison Advisory Department) or light and temperature sensors for use with a
computer datalogging system.

11. Activity: conducting a school or classroom energy survey
Costplug - available from Hogg Laboratory Supplies Ltd., Sloane Street, Birmingham
B1 3BW (price £17.00 approx).

UNIT 7
3.1 Energy is stored in fuels
The billykin was a 'Kelly's Kettle', with central flue (available from Sportfish, Winforton, Nr
Hereford HR3 6EB - price £30 approx).
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SAFETY: seat children well back; place an extinguisher nearby; provide a damp cloth for wiping
hands; use very small samples of paraffin (hold the hurricane lamp when lit); when smelling a
substance (not gas!), waft the scent towards you and sniff lightly; use small pieces of peat and
coal; boil only a small amount of water - empty the kettle at once and cool it with cold water.
3.2 Energy is stored in objects when they are lifted up
The water wheel was made from 8 yogurt pots stapled to the waistband of a pair of ladies'
tights. This is fitted over the test rig and generator assembly supplied with 'Alternative Energy,
Practical Investigations for Key Stage 2' (Teaching Technology Systems and CREATE, Kenley
House, 25 Bridgeman Terrace, Wigan, WN1 1SY). It is best placed in a large trough (or the
sink) during use (SAFETY: wet, slippery conditions require careful supervision).

3 . 3 Particles and their behaviour
See above (Unit 4. 6 Activity) - how to make the `supaballs box'.
Digital thermometers are obtainable from stockists of school science equipment.
3.4 Energy can be transferred
See above (Unit 2. 4 Activity).
3.5 Energy spreads out
Toy (e.g. Monopoly) money for enacting the analogy; marble and curved track (see Unit 3. 6
Activity); candle, holder and matches.
3.6 Energy is wasted through unintended transfers
The video with infra-red photography is supplied by the C.A.T. (see Unit 2. 4 Activity, no 6
above). SAFETY: using bulbs on a mains supply requires extremely close supervision and
children should place hands near the hot bulbs, but not touch them.

•

3.7 Efficient household devices waste less energy
SAFETY: very close supervision is needed when using bulbs at mains voltage. Children must
know that: household mains electricity is very dangerous and can kill; they should never
experiment with electrical appliances at home; they don't touch hot bulbs, just place their hands
near them. Also never remove bulbs from holders (which must have a switch) when plugged in.
Ensure that the mains has a safety trip switch.
3.8 Efficiency as a numerical concept
See Unit 5. 4. Activities, (a) above.

•

3.9 Saving energy I: using just enough
Selection of packaged foodstuffs (Unit 3. 9. Activity above); calculators to work out total daily
intake of energy; safe 12 volt demonstration version of household electricity meter - see Unit 5.
4 Activities (d) above - the local secondary school science dept may have one.
Lamp holder and three conventional light bulbs (40 watts, 100 watts and 150 watts). SAFETY.
using bulbs with a mains supply requires extremely close supervision; a conventional light bulb
can get very hot, care must be taken not to actually touch it.
3.12 Alternative energy sources
Classroom demonstrations of alternative types of energy - see Unit 2. 4 Activity, nos 4, 6 and
12.
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Appendix II Quantitative Evidence for the
Children's Learning (Unit 7)
Unit 7 provided qualitative evidence for children's learning in the form of quotations from interviews
and from children's written responses to the questionnaire before and after teaching, for each of the
12 concepts taught. The interviews were about situations depicted in drawings (shown in the main
text) and were carried out with only a small number of children (typically 6) from each class.
The tables below summarise in quantitative form the responses before and after teaching of all the
children in the taught classes to these same situations. These data provide evidence for the children's
learning as a whole of each concept, ignoring differences between teachers or the teaching
approaches used.
It should be noted that the number of children who completed the questionnaire was reduced postteaching owing to absences and to some children ceasing to take part in the research.
3.1

Energy is stored in fuels

The tables below show the frequency of occurrence of 137 Year 5 and 6 children's ideas about fuels
as stores of energy (see page 126) before and after teaching.
No of children who:

display the idea that fuels have / store / are a source of E

Pre
n=137

Post
n=120

31

50

21

2

merely agree that fuels are something to do with E *

59

53

don't know if fuels are anything to do with E

26

15

(spontaneously mention energy when asked about fuels)

(14)

(41)

overtly deny that fuels have / store / are a source of E

* Note: Associating fuels with E includes responses such as: yes (i.e. fuels do have something to do with E); fuels are

E; fuels use E; fuels help with E; fuels are a part of E; fuels are to do with E; fuels are a type of E.

Summary of findings
•

Before teaching, the proportion of the 137 children having no ideas about the connection between
fuels and energy was about one fifth - this was halved after teaching.

•

Nearly one fifth of the children overtly denied any link between fuels and energy before teaching
but virtually none did so afterwards.

•

Before teaching, one fifth of the children showed the idea that fuels have energy. This proportion
doubled after teaching; many now spontaneously mentioning energy when asked about fuels.

•

The proportion of children who merely agreed that fuels have something to do with energy
remained constant at about two fifths before and after teaching.

•

Pre-teaching, most children identified the term 'fuel' with wood (knowing it could be burned)
and vehicle fuel. Post-teaching, more examples of fuels were given, particularly 'fossil fuels'.

•
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3.2 Energy is stored in objects when they are lifted up

The tables below show the frequency of occurrence of 110 Year 5 and Year 6 children's ideas about
the energy of the two skittles, one on the playground and the other up on the wall (see page 131),
before and after teaching.
YEAR 6
YEAR 5
No of children who think that :

Pre
n=28

the upper skittle has more E

•

Note

Post
n=25

Pre
n=82

Post
n=72

3

16

4

24

both skittles have the same E

5

2

27

19

you can't say; things just have E

13

6

38

22

'other' responses are not indicated in the tables; these were mainly non-responses or 'don't know' but a few
children thought that neither skittle had any energy.

Summary of findings

•

Pre-teaching, very few children (7%) thought the upper skittle had more energy than the lower
one. Post-teaching, about two fifths of the sample of children did think this.

•

Before teaching, nearly one half of the children thought that energy cannot be quantified - it is
just something that things have. After teaching, just over one quarter did so.

•

Pre-teaching, about one third of the children thought that the two skittles had the same energy
(the usual reason given for this was that they are identical). Post-teaching, this proportion became
just over a fifth.

3.3

Particles and their behaviour

The table below shows how often ideas about molecules were mentioned by 53 Year 5 children
thinking about what might be seen with `X-ray specs' inside hot potatoes cooling (page 141).
Note: Each of the 53 children pre-teaching and 49 children post-teaching was asked what they thought was happening
with potatoes in four different situations (the three shown in the picture and also when in the oven) giving
totals for responses of 212 and 196 respectively).
Number of:
mentions of 'molecules' in children's responses
other responses e.g. involving everyday things (ice, dirt etc)

ID

Pre
n=212

Post
n=196

4

21

208

175

Summary of findings
Before teaching, nearly all the Year 5 children referred to non-scientific everyday items such as
dirt, ice etc. Only a single Year 5 child referred (4 times) to molecules. After teaching 6 children
made a total of 21 references to molecules and and the rest gave other responses.
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3.3 Particles and their behaviour (contd)
The table below shows how frequently ideas about the energy of a solid, a liquid and a gas were
mentioned in the responses of 28 Year 6 children to the 'Energy and what things are made of
example in the questionnaire (see page 136), before and after teaching.
Pre

Post

ideas from the everyday world were mentioned

47

34

the presence of E was asserted (her E in balloon)

17 (5)

27*(2)

the absence of E was asserted

10

0

molecules were mentioned

6

20**

children said DON'T KNOW

16

5

No of times:

Note:

*

5 children described an increasing amount of energy going from solid to liquid to gas.

** 3 children described an increase in molecular motion going from solid to liquid to gas.

Summary of findings
•

The number of the responses made by the children which consisted of ideas from the everyday
world (such as air bubbles, cracks, water, dirt etc) decreased by about one third after teaching.

•

The presence of energy was asserted more frequently after teaching (the number of children
describing Julie's energy which she had put into the balloon when blowing it up also decreased).

•

Pre-teaching, there were 10 assertions that energy was not present but none after teaching.

•

After teaching, mentions of molecules increased and 'don't knows' decreased, both by a factor of
3 compared with before teaching.

This table shows the frequency of occurrence of 28 Year 6 children's ideas about energy and
molecules in melting ice.
Pre
n=28

Post
n=25

mentioned molecules in their response

2

11*

gave responses involving everyday things (ice, dirt etc)

17

8

mentioned energy (increasing as ice melts to water)

5 (2)**

4 (3)

No of children who:

did not know

Note: *

4

2

7 children described an increasing amount of energy going from solid to liquid to gas.

** 2 children before teaching thought there was no energy at all involved.

•
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3.3 Particles and their behaviour (contd)
Summary of findings
•

Only 2 individuals referred to molecules before teaching; 11 did so afterwards, 7 of whom
described how molecular motion increases with the change from ice to water to vapour.

• Nearly two thirds of the class gave explanations in terms of non-scientific everyday ideas (ice,
dirt etc) before teaching, a proportion which was more than halved after teaching.
•

Both pre- and post-teaching, about one fifth of the children referred to energy only.

3.4 Energy can be transferred

•

These tables show the frequency of occurrence of 137 Year 5 and 6 children's ideas about whether
energy moves, i.e. transfer (see page 140), and the effect of insulation on a hot potato (see page 141)
before and after teaching.
Pre
Post
No of children who think:
n= 137 n=127

* Note

NO E does not move, it stays where it is

13

3

YES E moves (no reasons given)

60

76*

YES E moves in / with our bodies

19

10*

YES E moves (various other reasons)

21

23*

DON'T KNOW / NOT SURE

24

9

In these groups the term 'transfer' was used by some children (below) .

Summary of findings
•

Before teaching about one in ten of the children thought that energy does not move but stays
in one place. After teaching only 3 children held this view.

•

Pre-teaching, roughly one fifth of the children had no ideas about whether energy moves. Less
than 10 children did so after teaching.

•

Before the lessons, about three quarters of the children affirmed that energy moves from one
place to another. This proportion had increased slightly (to 78%) following teaching.

•

Pre-teaching, most of the children who thought that energy does move just asserted that this
was so. This was even more prevalent after teaching.

•

The number of children who thought energy moved for reasons relating to the energy of their
own bodies (about 20 before teaching) was reduced after the lessons .

•

The number who thought energy moved for other reasons (e.g. 'being everywhere', food or
fuel, heating, electricity or moving objects) was roughly the same before and after teaching but a
new reason for thinking this became evident (i.e. 'energy spreads out').

•

Seventeen children referred to energy transfer after teaching, a term that had not been evident
prior to teaching.

•
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3.4 Energy can be transferred (contd)
This table shows the frequency of occurrence, before and after teaching, of 53 Year 5 children's
ideas about the effect of insulation on the energy in a hot potato (see page 141).

No of children who think the wrapped potato:

Pre
n=53

Post
n=49

has no E or less than the unwrapped ones

6

6

has E (idiosyncratic reasons) / other responses

12

13

has E kept in somehow / more E than others

8

18

no ideas / no response

27

12

Summary of findings
• The number of children indicating that energy or 'heat' was kept in somehow by the towel or that
the wrapped potato had more energy than unwrapped ones was slightly more than doubled - to
over a third of the sample - after teaching.

•

Pre-teaching, half of the sample gave no ideas or did not respond; post-teaching, a quarter did so.

This table shows the frequency of occurrence, before and after teaching, of 27 Year 6 children's
ideas about energy in melting ice cubes (the questionnaire example used to elicit these views is not
illustrated but was similar to the diagrams shown on pages 136 and 141, except that the child was
looking through `X-ray specs' at some ice cubes placed in a dish held over a candle flame).

No of children who:

Pre
n=27

Post
n=25

mentioned E, mols or molecular motion

8

14

gave life-world explanations (air bubbles etc)

17

9

3

2

said they don't know

Summary of findings

•

The proportion of children using scientific ideas rather than life-world' ideas in explanations,
changed from about one quarter before teaching to over a half post-teaching.

•
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3.4 Energy can be transferred (contd)
This table shows the frequency of occurrence, before and after teaching, of 137 Year 5 and Year 6
children's ideas about energy in living and non-living things (the questionnaire example used to elicit
this is not illustrated but consisted of a picture of two children discussing whether a gerbil, a rolling
marble and a stretched rubber band have energy - see also page 141).
No of children who:

Pre
n=137

Post
n=120

agreed with Tony (only living things have E)

27

5

agreed with Julie (non-living things also have E)

107

115

3

0

don't know / no response

Summary of findings
•

Pre-teaching, about one quarter of the children thought only living things can have energy. After
teaching only a few individuals did so - the rest thought non-living things can also have energy.

3.5 Energy spreads out
This table shows the frequency of occurrence, before and after teaching, of 110 Year 5 and Year 6
children's ideas about dissipation (see page 147).
No of children who think:

Pre
n=110

Post
n=103

energy spreads out

54

56

energy disappears

7

7

49

40

no ideas / no response / other ideas*

* Note 'Other ideas' includes, for example, the notion that energy does spread out but is slightly less in amount, the

idea that energy spreads out but only to a limited extent (i.e. 'stays close by') and other idiosyncratic views.

Summary of findings

•

•

The proportion of children who thought that energy spreads out increased slightly, from one half
before teaching to just over this after teaching.

•

The small number of individuals thinking that energy disappears (contradicting the Principle of
Conservation of Energy) remained constant before and after teaching.

•

There was a slight decrease, from just under a half to about two fifths, in the proportion of
children who had other ideas about what happens to energy.

• Using a slightly modified version of the diagram on page 147 (which asked about how much
energy is still there and how far it spreads out) with 20 Year 5 children, results showed that preteaching, about half of them thought that there was not quite so much (which contradicts the
Principle of Conservation of Energy). A similar number had the same view after teaching.
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3.6 Energy is wasted through inintended transfers
The tables below show the frequency of occurrence of 137 Year 5 and Year 6 children's ideas about
wastage of energy (see page 151) before and after teaching.
YEAR SIX

Pre
n=28

Post
n=25

16

8

E can be wasted due to some kind of unintended outcome

2

16

E cannot be wasted

8

1

No of children who think that :

E can be wasted (various reasons)

YEAR FIVE
No of children who think that :

E can be wasted (various reasons)

Pre
n=109

Post
n=95

42

58

E can be wasted due to some kind of unintended outcome

4

11

E cannot be wasted

57

26

Summary of findings
•

Before teaching, nearly one half of the 137 children said that energy can be wasted. After
teaching, this proportion had become three quarters.

•

Of the children who thought energy could be wasted before teaching, very few (only six) gave
reasons for this which involved some kind of unintended outcome . After teaching, over a quarter
of the total sample did so.

•

The pre-teaching responses of about half of the 137 children showed that they did not think
energy was something which could be wasted. Post-teaching, this proportion was reduced to just
over one fifth.

•

192

Appendix II The children's learning

3.7 Efficient household devices waste less energy
The tables below show the frequency of occurrence of 137 Year 5 and Year 6 children's ideas about
the two bulbs and wastage of energy (see page 156), before and after teaching.
YEAR SIX
No of children who think that:

C.F.L. bulbs waste less E than normal ones (various reasons)

Pre
n=28

Post
n=25

14

12

C.F.L. bulbs waste less E for reasons to do with heating,
efficiency or intended E transfers

1

8

C.F.L. bulbs do not waste less E than conventional bulbs

12

4

YEAR FIVE
No of children who think that:

C.F.L. bulbs waste less E than normal ones (various reasons)

Note:

•

Pre
n=105

Post
n=95

72

58

C.F.L. bulbs waste less E for reasons to do with heating,
efficiency or intended E transfers

2

21

C.F.L. bulbs do not waste less E than conventional bulbs

31

14

'Other' responses are not indicated in the tables; these were mainly non-responses or 'don't know' .

Summary of findings
•

Before teaching, about one third of the 137 children thought that the compact fluorescent light
(C.F.L.) does not waste less energy than a conventional light bulb. This proportion was reduced
to about one fifth following teaching.

• Pre-teaching, about two thirds of all the children thought that the compact fluorescent light
(C.F.L.) wasted less energy than the conventional one (the reasons given for thinking this were
often the size or shape of the bulbs or recognising them from advertising as 'energy saving
bulbs'). Post-teaching, this proportion had increased to about four fifths.
•

•

Before teaching, only a single child spontaneously said the C.F.L. was 'more efficient'; two
other children said it 'used less power'. Following teaching, about one quarter of the whole
sample of children gave reasons for their thinking which were to do with efficiency or related
ideas.
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3.8 Efficiency as a numerical concept
The tables below show the frequency of occurrence of 113 Year 5 and Year 6 children's ideas about
the term 'efficiency' (see pages 151 and 160) before and after teaching.
YEAR SIX
No of children who think that efficiency:

Pre
n=28

Post
n=25

is to do with waste and/or E

4

2*

is to do with intention (intended jobs)

0

8

is to do with doing things carefully, correctly
or wisely

0

1

other views (idiosyncratic)

4

3

don't know

21

10

Pre
n=85

Post
n=73

YEAR FIVE
No of children who think that efficiency:

is to do with waste and/or E

6

13**

is to do with intention (intended jobs)

1

4

is to do with doing things carefully, correctly
or wisely

3

11

other views (idiosyncratic)

8

8

67

37

don't know
Note: * one child referred to both waste and unintended jobs

** a single child referred to both waste and doing something wisely

Summary of findings

• Pre-teaching, no child showed understanding of efficiency as a numerical concept. Post-teaching,
four Year 6 children and one Year 5 referred to a percentage figure in an energy context.
(One, Justin (see page 164), showed that he possessed the numerical concept and related it to the
word 'efficiency'; three showed that they had acquired the concept by referring to energy 'loss'
during transmission from power stations in percentage terms, but when asked did not relate it to
the term `efficiency'; a single Year 5 child referred to `100%' but did not elaborate on this
answer)
• Before teaching, more then three quarters of all the children had no ideas at all about the meaning
of efficiency. After teaching, this proportion was reduced to roughly half.
• Post-teaching, nearly a third of the Year 6 children and a few Year 5 children had gained ideas
about efficiency which were to do with the notion of intention.
• Among the Year 5 children, some individuals had acquired a meaning for efficiency which was to
do with waste and / or energy. A similar number had acquired the everyday meaning of the term
which is doing things carefully correctly or wisely.

•
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3.9 Saving energy I: using 'just enough'
The tables below show the frequency of occurrence of 51 Year 5 and Year 6 children's responses to
the question, Tan energy be wasted by using more than is necessary?' (see page 165).
No of children who think:

Pre
n=51

Post
n=46

NO / DON'T KNOW

12

5

YES - idiosyncratic reasons / to do with glueing

24

24

YES - reasons of need, intention, non-use

4

9

YES - reasons with notion of too much

11

8

Summary of findings
•

After teaching, fewer children responded negatively to the question.
After teaching, slightly more thought energy can be wasted through using more than necessary.
The reasons given were still largely idiosyncratic or bound up with the context of glueing.
More Year 6 children interpreted (incorrectly) wasteful glueing in terms of intention rather than
excessive use, after teaching. This may reflect Henry's emphasis on intended and unintended
transfers and efficiency. He had a chance to introduce the 'just enought' idea when discussing
children's measurements of the temperatures of various rooms in the school but did not do so.

`Just enough' and unintended transfers
The tables below show the frequency of occurrence of 51 Year 5 and Year 6 children's ideas about
whether using more energy than necessary is a different kind of waste from unintended transfers (see
• also page 166).
No of children who think:

Pre
n=51

Post
n=46

NO - they are the same

12

5

Don't know

10

6

YES - idiosyncratic reasons

13

11

YES - they see the essential difference

16

24

Summary of findings

•

Before teaching, about a quarter of the children thought that the two ways of wasting were the
same. After teaching, this proportion was more than halved.
• The proportion of children seeing the essential difference between the two ways of wasting
increased from one third before teaching to more than one half afterwards.
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3.10 Saving energy II: other human actions
The table below shows 51 Year 5 and Year 6 children's ideas about whether we can waste energy in
two different ways, i.e. in the way that Mark wastes paint and Tracy wastes glue (see also page 166).
No of children who think:

Pre
n=51

Post
n=46

NO - they are the same

4

3

Don't know / no response

27

25

YES - idiosyncratic reasons / no reason

18

11

YES - they see the essential difference

2

7

Summary of findings
•

Both before and after teaching, about half of the children were unable to say if energy is wasted
in two different ways.

•

There was a small increase in the number of children who saw the essential difference between
using too much energy and transferring energy to the wrong place.

This table shows the frequency of occurrence of 137 Year 5 and Year 6 children's responses to the
question, 'Is energy wasted by leaving the classroom door open?' (see page 170).
No of children who think:

Pre
n=137

Post
n=127

NO, it is not wasted by leaving the door open

25

7

YES, because cold comes in

11

11

YES, for idiosyncratic/no reasons

41

29

YES, because 'heat' goes out

49

54

YES, because energy goes out of the room

11

26

Summary of findings
•

Pre-teaching, about one fifth of the children thought that leaving the door open did not waste
energy. Very few thought this after teaching.

•

Before teaching, just over one third of the children thought energy was wasted when the door is
left open because 'heat' goes out. Nearly half did so after teaching.

•

Before the lessons, nearly one in ten of the children thought that leaving the door open wasted
energy because it let energy out of the room. This proportion more than doubled after teaching.
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3.11 Using fossil fuels: depletion and pollution
This table shows the frequency of occurrence of 50 Year 5 children's ideas about depletion of fuels
(see page 174) before and after teaching.
No of children who think:

•

Pre
n=50

Post
n=48

fuels will never run out

11

1

one day all will run out

14

13

only some will run out

24

34

These tables show the frequency with which 137 Year 5 and Year 6 children identified depletion and
pollution as 'bad' effects of using fossil fuels 'too much' (see page 174) before and after teaching.
YEAR SIX
Pre
n=28

Post
n=25

because of depletion

1

2

because of pollution

9

14

because of pollution and depletion

0

0

No of children who think using too much
fossil fuels is bad:

other responses (`don't know' in brackets)

YEAR FIVE
No of children who think using too much
fossil fuels is bad:

•

18 (14)

Pre
n=109

9 (8)

Post
n=95

because of depletion

3

32

because of pollution

27

22

1

7

because of pollution and depletion
other responses (`don't know' in brackets)

78 (47)

34 (14)

Summary of findings
•

Pre-teaching, one half of the 50 Year 5 children thought that some fuels, but not all, will one day
run out. Three quarters did so post-teaching.

•

Before teaching, one fifth of the children thought that fuels will never run out. Virtually none did
so after teaching.

•

5 children showed understanding of fossil fuel depletion pre-teaching; 41 did so post -teaching.

•

Pre-teaching, one quarter of all the children said directly (or implied) that burning fossil fuels
produces pollution (e.g. adverse health effects, smoke, damage, chemicals or toxicity) - this
increased to over one third after teaching.

•

Before teaching, one quarter of all the children gave idiosyncratic explanations of the 'bad
effects' of using fossil fuels too much before teaching but after teaching only one fifth did so.

•

Pre-teaching, nearly one half of the 137 children gave no explanations of why using fossil fuels
too much is bad. Post-teaching only one fifth of them did this.

•
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3.12 Alternative energy sources are renewable and are therefore better than fossil
fuels
This table shows the frequency of the suggestions for alternatives to fossil fuels (see pages 174 and
178) made by 137 Year 5 and Year 6 children.
Pre
Post
No of responses which:
n=127
n=137
mentioned wood (biofuel)
mentioned wind
mentioned water (waves)

Note:

10 (1)
1
1 (1)

14
22
29 (1)

mentioned solar

3

25

suggested fossil fuels as an alternative

30

28

didn't know or respond / gave other responses

97

57

The sums of the figures in the columns is greater than the total number of children who took part since
individual children often mentioned several alternatives.

Summary of findings

•

Before teaching about two thirds of the 137 children could not suggest anything to use instead of
fossil fuels - this proportion was roughly halved following teaching.

•

Both pre- and post-teaching, nearly a quarter of the sample suggested gas, petrol, oil, or coal as
an alternative, indicating a lack of understanding of the concept of a fossil fuel.

•

Wind, solar power and water were each mentioned hardly at all before teaching but more than 20
times afterwards; wood was mentioned by 1 in 10 children pre- and post-teaching.

This table shows the frequency of occurrence of 51 Year 5 children's ideas about 'renewable energy'
(see pages 174 and 178).
No of children who thought Pete' s TV
programme on renewable energy was:

Pre
n=51

Post
n=47

connected with Danny's idea

22

23

connected with Kate's idea

4

5

connected with Kenny's idea

3

2

connected with none of the children's ideas

8

3

no idea or response / other responses

14

14

Summary of findings

•

Before and after teaching, about half of the children thought renewable energy was connected
with Danny's or Kate's idea (i.e. fuels will run out in the future).

•

Proportions of other views were largely unchanged after teaching although fewer individuals
thought renewable energy had nothing to do with any of the three children's ideas.

•
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Answers

The answers to many of the questions posed during an activity are given immediately following that
activity. In this appendix we give answers to questions which are not answered in the main text.
Note that the scientific view of the situations used for exploring children's ideas in Unit 0 can be

•

•

found on pages 51-55.

UNIT 1
Matching the jobs done by living and non-living things (page 12)
Job done by a living thing

Similar job done by a nonliving thing

1. Unpacking shopping

A crane

2. Moving a cart

A brewer's dray

3. Moving one's body upwards

The space shuttle

4. Digging a hole

A pile driver

5. Rubbing one's hands

Meteorite

6. Sucking a lolly

Melting ice

7. Heating a thermometer

Pottery kiln

8. Warming a baby

An electric blanket

9. Smoothing some wood

Electric sander

UNIT 2

•

Energy transfer circus (pages 24-26)
Possible answers to the circus examples are provided on pages 199 and 200.

Unit 2 pages 24, 25 - possible answers
Beginning of
event

End of event

2. Connect up
the circuit
containing the
bulb, buzzer
or motor.

Before the
bulb/buzzer or
motor have been
connected up.

Bulb is lit,
buzzer is
sounding or
motor is
revolving.

3. Plus in the
electnc kettle.

Before the kettle
was plugged in.

4. Lift up some
water and pour
it on the mill's
wheel to make it
work and raise
an object.

Before the water
j
was oured - obect
statiop
stationary.

Object being
raised upwards.

5. Start to fry
an egg on the
lighted stove.

Before the an was
placed on the stove.

Egg is cooking.

6. Hold up the
solar cell to
the sun (or an
overhead
projector if it
is dull).

Before the cell was
turned to the sun.

What to do

7. Feel a central
heating radiator
(do as a 'thought
experiment' ifone
is not available).

Before the
heating was
turned on.

Kettle is heating
the water.

The motor is turning.

You are touching
the radiator.

Where the energy Where the energy
is at the end of
is at the start of
the event
the event
In battery.

In the bulb, the
buzzer and the
motor.

Energy transfer diagram

In the
battery

In the electric circuit

In the mains circuit.

In the water inside
the kettle.

In the
mains

element
of kettle

In the raised water.

In the movement
and raising up
of the object

In the
raised
water

moving
paddles
of the mill

In the fuel
(propane gas).

In the egg.

In the
fuel
(gas)

In the
pan

In the
cooking
fat

In the Sun.

In the motor.

In the
sun

In the
solar
cell

In the
electric
circuit

In your hand.

In the
fuel
(North
Sea gas)

If gas C/H ...
in the fuel
(North Sea gas).

In the
boiler
flame

In light (bulb),
sound (buzzer)
and movement
(motor)

In water

> In the
moving
raised
object

> In the
944

In the
movement of
the motor

In the water
In the
going through the radiator
oil er and pipes

In
your
and

What to do

8. Add water
to the gypsum
and feel it .

9. Look at the
growing plant think about
where its energy
comes from.

10. 'Blow' on the
'sails' of the toy
windmill using a
hair drier.

11. Operate the
steam engtne.

12.Turn the
handle of the
wind-up torch.

•

Lini. pages 25, 26 - possible answers (contd.
Beginning of
event

Before the water
was added.

End of event

The chemical
reaction is
proceeding and you
feel the side of the
test tube in which it
is occurring.

When the plant
was a seedling.

When the plant
is more fully
grown.

Before you
switch on the
hair drier .

Toy's sails
are moving .

Before the engine
was started.

Before you
turned the
handle.

The object is
being pulled
upwards.

The flashlight is
shining.

Where the energy Where the energy
is at the end of
is at the start of
the event
the event

In the
gypsum.

In the
sunlight.

In the electricity
supply to the
hair drier.

In your hand

Energy transfer diagram

In the
In the gypsum/
gY13611m
.
water
and in
combination
the water

In the plant

hi the
sunlight

In the
leaves

In movement of the
windmill's sails

the
mains
supply

In the
drier's
mechanism.

In the fuel (solid
fuel or meths whichever the
engine uses).

In the moving
rising object.

In the
fuel

In your body.

In the room.

In
your
hand

In the
flame

In the
glass of
the test
tube

In your
hand

In sugars and
starch
(photosynthesis)

In all
the
plant's
tissues

In the moving
air from
om the
drier.

In the
moving
sails

In the
steam

In flashlight's
dynamo
mechanism

In the engine's
pistons,
ywheels etc

In electric
circuit

In the
moving
object

vaeusuv III mpuaddv

•

light
(in the
room)

O
O
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UNIT 3

Some examples of energy spreading out (dissipation) and becoming less
useful (degradation) (page 38)
(2) The indoor games lesson

(1) The highway juggernaut

E of
fuel of
lorry

heating engine

heating bodies

moving the air, sound

heating air of gym

motion E of lorry

heating tyres, ground

heating floor of gym

heating axles, gears etc

moving air of gym

(3) The nocturnal cyclist

E of
cyclist's
body

motion of
li m hc

movement E of
children's
bodies

E of
children's
bodies

(4) The drummer

heating bike's moving
parts, tyres and ground

heating stick

moving surrounding air

heating skin

motion E of
cycle and
dynamo

movement of
E of
drummer's drummer's
body
limbs + sticks

motion
of
drum skin

vibration of
air (sound)

lighting the
surroundings

Calculating the energy available from modern foodstuffs (page 49)
1.

995 seconds (about 161/2 minutes)

2.

971 seconds (just over 16 minutes)

3.

2132 seconds (about 35 1/2 minutes)

4.

429 seconds (just over 7 minutes)

moving the air
(not sound)

•
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Feedback questionnaire (page 56)
The 'expert' response to each of the statements, given below, is at a simple level and is intended to:
(a)
(b)
(c)

prompt discussion of your own and your colleagues' responses to the questionnaire.
present a simplified scientific explanation in terms of aspects of energy covered already.
encourage you to consider any conceptual difficulties that this 'expert' view presents for you
personally.

THE WINDOW CLEANER
The cleaner is mounting the ladder to clean the upstairs windows.

•
1. Since he is very fit, the cleaner has plenty of energy to climb the ladder.
Not a scientific statement.
'Energy' as used in this context refers to physical fitness, 'energeticness' or human liveliness. This
is an 'everyday' meaning of the word, not a scientific meaning.

•

2. The cleaner's energy-force gets him up the ladder.
Not a scientific statement.
'Energy-force' is a phrase which has no scientific meaning. Energy and force are separate ideas in
science which have quite distinct meanings and confusing them by identifying them with each other,
as shown in this statement, is a common misconception.

3. Stored energy in the cleaner's body is being transferred as he moves.
Correct scientific statement.
Energy derived from his food is transferred to the cleaner's muscles and this transfer results in
movement of his limbs, and movement up the ladder of his body as a whole.

4. The ladder's energy is being transferred to the cleaner.
•

Incorrect scientific statement.
As the cleaner climbs the ladder his weight will be distorting the rungs and frictional forces from his
hands and feet will have a slight heating effect. So energy will be transferred from the cleaner to the
ladder rather than the other way around.
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5. Transfer of the cleaner's energy enables him to perform the task of ascending the ladder.
Correct scientific statement.
Energy can be regarded as a job-doing capability and in this case the job being done is the lifting of
the cleaner's body up the ladder. For such a task to be achieved, energy must be transferred - details
of this transfer are given in 3 above.
6. The ladder can't have energy since it's made of an inanimate material, aluminium.
Not a scientific statement.
This statement embodies the misconception that energy applies only to living things. Energy is a
concept that applies equally to living things and inanimate objects.
THE CHILD WITH THE CATAPULT
The child has stretched back the rubber of his catapult and has just released it - the stone in the pouch
is now moving forwards.

7. The boy is a lively youngster with lots of spare energy to work off.
Not a scientific statement.
The word 'energy' as used here refers to 'energeticness' or human liveliness. This is an 'everyday'
meaning of the word, not a scientific meaning.
8. The catapult-rubber's energy-force makes it want to return to its original shape.
Not a scientific statement.
This statement illustrates two common misconceptions. Firstly, to suggest that the rubber moves
because of some inner desire or want is an anthropomorphism and shows a human-centred view of
energy. Secondly, 'energy-force' is a phrase which has no scientific meaning and to confuse the
ideas of force and energy by identifying them with each other, as shown in this statement, is wrong.
Energy and force are two separate ideas in science which have quite distinct meanings.
9. Rubber is obtained from living trees so it still has energy, as life-force, within it.

Not a scientific statement.
Although 18th century scientists postulated it as a hypothesis, contemporary science does not
recognise the existence of a life-force, the possession of which distinguishes living organisms from
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inanimate matter. Neither do today's scientists identify energy with any such life-force. For them,
energy has a meaning which can be applied equally to living and non-living systems and is not
merely a property of living organisms.
10. Energy from the boy's body is transferred to the rubber and this in turn is transferred to the
stone.
Correct scientific statement.
Energy of the boy's body is transferred to energy of his muscles and limbs as they move. This
energy is in turn transferred to the catapult rubber as it is distorted by being pulled. When the boy
releases the stone, the rubber tends to restore to its original shape and in doing so, transfers its stored
energy to the stone.
11. All the energy of the boy's body is transferred to energy of the stone.
Incorrect scientific statement.
Some energy of the boy's body is transferred to the stone, as described in 10 above, but some also
heats up the air around him. Also, not all of the energy which is transferred from his body to the
catapult rubber is then directly transferred to the stone - some has the effect of heating up the rubber
slightly as it is stretched and this in turn heats up the surrounding air to a very slight extent.
THE RESTAURANT CAR
The passenger is eating a meal while the inter-city express is travelling at 200 kmph.

12. The energy in the overhead wires is transferred to the energy of the train.
Correct scientific statement.
Energy is being transferred from the overhead wires to the train's motor. The motor's energy is
being transferred to energy of the transmission system and wheels and to energy of the train as a
whole.
13. All the energy transferred to the train results in its movement.
Incorrect scientific statement.

•

Only a proportion of the energy transferred to the train results in movement. Some of the energy
goes into overcoming friction with the surrounding air - this heats up the outside of the train very
slightly.
Some energy is also transferred to the rails and wheels as they are slightly heated by frictional
effects. Energy is also transferred to other moving parts of the train's mechanism (e.g. the electric
motor) and heats them up as well.
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14. Since the energy transferred from the train to its surroundings is useless, we say it has been
degraded.
Correct scientific statement.
The electrical energy being transferred to the train is very useful; it transfers to movement (kinetic)
energy of the train and enables various other jobs to be done (heating, lighting, operating instruments
etc).
While it moves, some of the train's kinetic energy is transferred to the rails and surrounding air,
heating them slightly and causing the air particles to vibrate (perceived by us as `sound').
This energy cannot be further transferred in any way to perform a useful task and is inaccessible.
Scientists say it has been degraded.
15. The energy which is transferred to the train is a fast-moving substance.
Incorrect scientific statement.
A scientist does not view energy as a thing or substance - it is an abstract concept.

16. The passenger will have more energy for business at the end of his journey than if he had driven
on a crowded motorway.
Not a scientific statement.
'Energy' is used here with the 'everyday' meaning of energeticness, alertness and lack of fatigue.
THE RUNAWAY MARBLE
Where the boys are playing marbles is exactly level with the drain further along the undulating street.
The marble was placed on the ground, rolled away down into the dip and is now rolling up the other
side towards the drain.

17. If energy is conserved, the marble must roll into the drain further along the road.
Incorrect scientific statement
There are two possibilities for the fate of the marble. If none of its energy is transferred in
overcoming friction or air resistance, it will reach the same level on the other side of the dip and fall
into the drain.
However, the marble is not in such an ideal theoretical situation - it is moving in the real world where
friction and air resistance have to be overcome. So part of its energy is transferred, setting air

•
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particles in motion or slightly heating up the road surface and it does not reach the drain.
In both cases, the marble's energy is conserved but it will only reach the drain in the theoretical ideal
situation, where none of its energy is wasted in the manner described above.

18. None of the marble's energy is dissipated by heating up the surroundings.
Incorrect scientific statement
As mentioned above (see 17), some energy of the marble is transferred to set air particles in motion
and slightly heat up the road surface as it rolls along.
This transferred energy spreads out into the surroundings, vibrating the air particles and causing a
slight rise in temperature, i.e. it is dissipated.

•

19. The sound the marble makes as it rolls along shows that energy is being transferred from it and
is causing the surrounding air to vibrate.
Correct scientific statement
See 17, 18 above - the vibrations of air particles, which we perceive as the noise made by the rolling
marble, are the result of a transfer of some of the marble's energy to its surroundings.

20. The marble's energy did not exist before it began to move.
Incorrect scientific statement
A common misconception is to associate energy only with moving things.
The marble had energy at the instant it was stationary after being placed on the ground due to its
height above the bottom of the dip.
To say that the marble's energy did not exist illustrates another misconception - that energy can
somehow appear from nowhere. This idea contradicts the Principle of Conservation of Energy which
states that energy cannot be created or destroyed.
Any energy apparent during an event, such as the rolling of a marble, must be the result of a transfer
of energy from a previous location - it cannot be conjured up from nowhere.

21. The energy transferred from the marble to vibrate the surrounding air has been degraded.
Correct scientific statement
At the top of the slope the marble has gravitational potential energy which is useful in that it can
transfer to kinetic energy and set the marble rolling.

•

While it rolls, some of the marble's kinetic energy is transferred to the surrounding air particles and
makes them vibrate (perceived by us as `sound').
This energy cannot be further transferred in any way to perform a useful task and is inaccessible. The
scientist says that this energy has become less useful i.e has been degraded.
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THE CRANE OPERATOR
The crane driver is pushing the lever to make the crane lift a 20 tonne steel girder up to the 4th storey.

22. Since a crane is an inanimate lump of metal it doesn't have energy.
Incorrect scientific statement
This statement embodies the misconception that only living things have energy. Energy is an attribute
of both animate and inanimate objects.
23. Some of the energy transferred from the crane is dissipated as sound.
Correct scientific statement
As the crane operates, the engine exhaust roars, pulleys squeal, cables hum, rivets creak and gears
grind.
All these sounds represent the unintended transfer of useless energy, in the form of vibrations of the
air, to the crane's surroundings, i.e. dissipation of energy.
24. The small energy-transfer from the driver becoming a large energy-transfer to the girder
shows that energy is not conserved.
Incorrect scientific statement
The conclusion about conservation of energy in the statement is not valid since the energy transferred
from the driver does not 'become' the much larger amount of energy which is transfen-ed to the
girder.
The energy transferred from the driver as he operates the crane's controls causes movements of
levers, buttons, switches etc but this energy is not directly responsible for the lifting of the girder - it
only initiates the energy transfer which does that e.g. rather like switching on the electric light at
home.
The large amount of energy required to perform this task is transferred, by means of an engine, from
the crane's fuel, not from the driver.
In fact, a scientist would say that the amount of energy transferred from the fuel is equal to the sum
of that wasted by dissipation (sound, heating up moving parts etc.) to the surroundings plus that
transferred to the girder, i.e. energy is conserved.
25. All the energy from the crane's fuel is transferred to the girder.
Incorrect scientific statement
Some of the fuel's energy is dissipated (see 23, 24 above).
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UNIT 5
Exploring conceptions of energy efficiency (page 88)
The Two Toboggans
Statement:

The toboggan with the smoothest runners is the most efficient.
Where there are frictional forces, heating will occur. More friction means more heating. Smooth
runners mean less friction and less heating. Hence the toboggan with the smoothest runners is more
efficient since, compared with the other toboggan, more of the initial gravitational potential energy at
the top of the slope will become movement energy (the intended transfer) and less will be transferred
to heat the ground and runners (unintentional transfer).

•

Heating a Room
Statements:
(a) A fan heater is efficient because it heats the room up quickly.

(b) If the window is left open, the heating of the room will be less efficient.
In (a) the term 'efficient' is associated with how quickly a task is performed. This is not the scientific
meaning of the word. Whether the heater is efficient in the scientific sense depends on the proportion
of the energy transferred to it which goes to heating the room. If this is not high and much energy is
transferred to cause sound etc, the fan heater will not be efficient.

•

If the room is regarded as a system, a proportion of the energy transferred to it to heat up the air
inside also heats up the outside due to transfer through the floor, walls, windows, ceiling and door.
Leaving the window open increases the proportion of energy which is unintentionally transferred to
the outside and so decreases the efficiency of the system.

The Fuel Economy Test
Statement:

Whatever the results of the test, the most efficient car must be the one which takes you from A to B
most quickly.
Here again, efficiency is associated with speed. This is not the scientific meaning of the term.
Whether the faster car is scientifically more efficient depends on what proportion of the concentrated
energy in the car's fuel is transferred to motion of the car. If this is higher for the faster car, and the
proportion unintentionally transferred to heating, noise etc is lower, then the car can be said to be
more efficient.

In the Staff Room Kitchen

S

Statements:

(a) It makes no sense to talk about the efficiency of something like a kettle.
(b) Electric kettles are efficient because they are a very convenient way of boiling water.
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Efficiency is a term that can be applied to any device such as a kettle. It is a measure of how much of
the energy transferred to the device (in this case, from the mains) is in turn transferred to heating of
the water. If this is a high percentage, and little energy is transferred to cause noise, vibration, or
heating of the kettle itself or its surroundings, the kettle can be described as highly efficient.
The convenience of electric kettles, although it may cause them to be described as efficient in an
everyday sense, has nothing to do with their efficiency in scientific terms. The latter depends on the
proportions of energy intentionally and unintentionally transferred, as described above.
Investigating torches

Statements:
(a) The brighter torch must be more e wient.
(b) A hot light bulb is a sign of its inefficiency.
In (a) efficiency is associated with how useful the torch is for doing its job. But this is not the
scientific meaning of the term: brightness is not a criterion for judging efficiency in scientific terms.
Scientifically, the efficiency depends on what proportion of energy transferred to the torch from the
batteries produces light and how much energy is unintentionally transferred to produce heating.
It is true that, in scientific terms, a hot bulb indicates inefficiency. The purpose of a light bulb is to
transfer energy into light, not produce heating. Any energy that causes heating is unintentionally
transferred, is wasted and thus makes the bulb an inefficient one.

Transferring energy wastefully in light bulbs (pages 96, 97)
A modern 20 watt compact fluorescent light bulb produces the same illumination (brightness) as a
conventional 100 watt bulb. The latter must therefore be far less efficient since it requires far more
energy input per second to do the same job as the fluorescent bulb.
In fact the 20 watt fluorescent bulb must be at least 5 times more efficient than the 100 watt
conventional bulb. To see this, assume the fluorescent bulb is 100% efficient (which it is not - but
we will assume it is!). This would mean that all of the energy input from the mains each second (20
joules per second) does the intended job i.e. produces light.
A 100% efficient fluorescent bulb (impossible in practice)

20 joules each
second from mains

20 joules each
second as light

The 100 watt lamp produces the same illumination (brightness) so the energy ending up as light
must also be 20 joules per second. But the energy transferred from the mains to the bulb is 100
joules each second. The difference, 80 joules each second, is wasted heating the surroundings (an
unintended transfer).
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20 joules each
second as light

80 joules each

•

100 joules

second wasted

each second

heating the

from mains

surroundings

The efficiency of the 100 watt bulb is therefore
20
x
100 = 20%
100
i.e. 5 times less than the fluorescent bulb.
Since the fluorescent bulb is not really 100% efficient the energy produced as light will be less than
20 joules per second. In practice the efficiency of a conventional bulb is 10% or less.

Making the best use of energy in the home (page 99)

•

Appliance

Rating

How long on
one unit

refrigerator (many now have energy
labels showing how efficient they are)

100 watts

10 hrs

hair drier

800 watts

1 hr 15 mins

vacuum cleaner

1200 watts (1.2 kW)

50 mins

television

200 watts

5 hrs

immersion heater

3000 watts (3 kW)

20 mins

computer

500 watts

2 hrs

microwave oven

700 watts

86 mins (approx)

The efficiency of two toasters (page 99)
Family model
(i) The efficiency when toasting one slice of bread is

•

energy output (intended job)
energy input

=

30
200

x

100 = 15%.

60
200

x

100 = 30%.

(ii) The efficiency when toasting 2 slices of bread is
energy output (intended job)
energy input

=
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Note that even when toasting the full 4 slices the efficiency of this toaster will still only be 60%. This
is because there will still be plenty of unintended energy transfers (e.g. heating the body of the
toaster and the surroundings).

The energy activities revisited (page 103)
(d) 'Making the best use of energy in the home' is clearly to do with conserving energy rather than
energy efficiency. The activity illustrates how human actions such as not having devices on
unnecessarily can reduce the amount of energy we 'use' and hence save us money (cheaper electricity
bills).
(e) 'The efficiency of two toasters' is another candidate here. We have seen in the previous answer
that even when toasting its full 4 slices this family model is only 60% efficient.
When toasting just one slice in this same model we said above that the efficiency is only 15%. But is
this latter case a correct scientific use of the term 'efficiency'?
Strictly speaking, we should not use the term efficiency to describe situations when the toaster is not
full. This is because making the toaster full is a human action taken to avoid wasting energy, and is
therefore an example of conserving energy rather of energy efficiency.
This example illustrates how difficult it can sometimes be to separate the intrinsic efficiency of a
device (60% for the family model) from the way it is used i.e. we can decrease its intrinsic efficiency
by using it incorrectly.

Economics! (page 105)
The cost of a 20 watt compact fluorescent light (C.F.L.) bulb is £13.50, and of eight 100 watt
filament bulbs (which give the same illumination for the same time) is £5.28 (see page 97).
So the extra expense incurred in buying the C.F.L. bulb is £13.50 - £5.28 = £8.22.
The payback time is how long it takes to save this amount (i.e. £8.22) through reduced electricity
bills.
A 1000 watt device will run for 1 hour on a unit of electricity (costing 7.15p).
So a 100 watt filament bulb will run for 1 hour on

100
1000

=

1
10

units (costing 0.715p)

and a 20 watt C.F.L. bulb will run for 1 hour on

20
1000

=

1
50

units (costing 0.143p).

So each hour the 20 watt C.F.L. bulb saves 0.715 - 0.143 = 0.572p in running costs.
Hence the number of running hours of the C.F.L bulb needed to
recoup the extra £8.22 spent initially (i.e. the payback time) is 822 ÷ 0.572 = 1437 hours
= 60 days
After this period, compared with a user of 100 watt filament bulbs, the user of the 20 watt C.F.L.
bulb is saving 0.572p each hour (the difference between the running cost for each type of bulb) on
electricity bills. This will continue for the remainder of the life (8000 hours) of the C.F.L. bulb.
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