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Briefing Sheet 3

Energy - why learn about it?

What makes things happen?

The word 'energy' is commonly used in an everyday sense (and often in school science courses and books) to explain what makes things happen - 'the battery in the torch makes the bulb light because it has energy'.  However, used in its scientific sense energy is not what causes change - things change because differences disappear (or entropy increases) which means that energy or matter or both become more spread out and less concentrated.

If energy is not the cause of change and does not make things happen, then what role can in have in learning about science?  Think about the following questions:

· If you put a burning match under a saucepan of cold water, would it boil?

· If you put an ice cube under a saucepan of cold water, would it boil?

The answer to both questions is no, but for different reasons.  In the first case, the match will heat the water up but not enough to make it boil.  In the second case, the ice cube makes the water colder not hotter.

So, in the first case the impossibility is a question about amounts.  Energy is transferred from the burning match to the water, but more energy needs to be transferred in order for it to boil.  This quantitative aspect is an essential part of learning about energy.  It should involve comparisons of the amounts of energy transferred from and to various kinds of systems - for example, the amounts of energy transferred from burning fuels, from engines, from power stations, from torch batteries and the amounts of energy transferred to things being heated, to electrical appliances, to the surface of the Earth from the Sun, and so on.

In the second case, the impossibility is a question about the direction of change.  Energy flows from the cold water to the ice cube and not the other way.  The reason lies in the concentration of energy.  Energy is transferred from where it is concentrated to where it is less concentrated.

Energy transfer

The National Curriculum refers to energy transfers, and makes no mention of talking about energy as being changed from one form to another (e.g. chemical to electrical).  This is significant since it stresses the importance of thinking about energy as staying the same kind of thing but in going from place to place.  However, the term 'energy transfer' is simply a label for an idea - because the term appears in the National Curriculum does not mean that we are obliged to use it exclusively.  What we should be doing is encouraging pupils to feel comfortable with rather more informal ways of expressing this idea. So, as well as:

· 'energy is transferred from X to Y'

we can say

· 'the energy is going from here to there'

· 'the energy is spreading out'

· 'energy flows from the hot thing to the cold thing'

· 'energy is travelling from one place to another'

· 'the energy is concentrated here at the start, but some of it ends up there'.

Some questions about scientific ideas

What is a thermodynamic change?

In mechanics, bodies behave (almost) like single particles, despite being made of molecules.  All the molecules share a common movement or change of position.  To a good approximation, the internal energy of the bodies does not change.  But as soon as there is dissipation, we are doing thermodynamics.  A perfectly bouncy ball is mechanics; a waterfall is thermodynamics.  In general, we are in thermodynamics when changes in the arrangements of molecules and their energy have to be taken into account. 

What is the Second Law of Thermodynamics?

If you have some old socks in one corner of a room, you will eventually smell them if you stand in the other corner.  Why?  Because molecules move around randomly.  So the air molecules and the smelly molecules from the socks mix together.  Arrangements of molecules tend to become disordered.  A similar thing happens with energy.  Essentially, what the Second Law says is that at the molecular level things tend to get jumbled up or disordered.

Talking about 'disorder' can be potentially confusing with pupils.  What we observe is that differences tend towards sameness.  A drop of ink put in water produces swirling patterns of colour.  After a while the colour will be spread throughout the water.  So, the differences in the concentration of ink will all disappear and become the same.  A pupil may think that we should say it has become more ordered - it goes from 'untidy' swirls to a tidy' even colour - but it is at the molecular level that it has become more disordered.

The Second Law provides 'time's arrow'.  We can often tell when a film is played backwards - a broken cup does not spontaneously assemble itself and waterfalls do not flow upwards.

What is entropy?

Entropy is a measure of how disordered a system is at the molecular level.  Since disorder tends to increase, another way of putting the Second Law is that in a spontaneous process entropy increases.  Entropy sounds a mysterious idea to many people, but it can be easily measured and calculated - its units are J/K (joules per degree Kelvin).  However, with pupils it makes more sense to talk about differences tending to disappear than to talk about entropy increasing.

What is the first Law of Thermodynamics?

Historically, the First Law was formulated after the Second Law.  It can be thought of as being the Law of Conservation of Energy - that energy is neither created nor destroyed.

More accurately, it says that the energy of a system changes when energy goes into or out of it, and that it doesn't matter how the energy is made to go in or out.  It could be changed by heating it or by doing work on it, and these are equivalent - energy is energy.  

What the First Law does is to put a constraint on the possible states of a system.  A litre of paraffin can be burnt to boil up some water.  The energy transferred from the paraffin will always be the same - the rate at which you burn it or the size of the wick will not affect the amount of energy.

What is energy?

One way of thinking of energy is simply as a value which can be calculated.  Many different kinds of change take place - a candle burning, a ball rolling downhill, an electric kettle boiling some water - but for each of these you can calculate the total energy before and find that it is the same as the total energy after.  We could think of this as a 'book-keeping' approach.

Another approach is to think of energy as 'substance-like'.  So, we can talk of energy as being in a certain region, moving from one place to another, having a lot of it or a little of it, making it concentrated in one region or letting it spread out. Temperature can be seen as being a measure of the 'concentration of energy', and energy is what flows when temperature differences disappear.  This is the approach taken in the introduction to the ‘Energy and Change’ materials. The approach is then extended to other kinds of changes involving energy.

If everything tends to sameness, how can anything ever be created?

If differences only decreased, life would not be very interesting.  In fact there would be no life.  It is possible to create differences - we can make cups of tea hot, and we can make big molecules from small ones.  But we can only do this by using up other differences.

For example, water vapour condenses on a cold window.  This seems to go against what we said about matter tending to spread out.  Here it is being concentrated in a small space - a concentration difference is appearing.  But a temperature difference is disappearing - the water is now the same temperature as the window.  A little bit of order has been created in one part of the Universe, but more disorder has appeared somewhere else.  Overall, the change is of increasing disorder.

But surely the Second Law cannot apply to living things?

The Second Law is universal.  Our own bodies are bound by it.  When our bodies make some protein molecules to repair a cut or we put some books back on the bookshelf, we are creating a little bit of order.  But overall we create more disorder - always we are 'burning' food, and energy spreads out from our warm bodies into the cooler air around us.  People sometimes misinterpret the Second Law in relation to living things, thinking that the law is somehow 'suspended' until death, when the organism 'obeys' the law as it decays.  Living things constantly create structures, and so they must constantly consume differences.  

Some questions about teaching and learning

Is energy the cause of change?

No.  School science books often suggest that energy is what makes things happen, but they are wrong.  It is differences that cause change.  So, a flame heats a saucepan on water.  This does not happen because the flame 'has a lot of energy', but because the flame is hotter than the water (a temperature difference).

If energy does not cause change, can there be changes where energy is not involved?

Certainly.  Pollution from a factory spreads out into the air.  Energy is not involved in this process.  It happens because of a concentration difference.

Isn't heat a form of energy?

Heat is a term which causes a lot of argument about the way it is used at school level.  Strictly speaking, heat is the energy transferred from one body to another due to a temperature difference. It is not the energy contained in a body.  What is usually referred to as the heat energy in a body is more correctly referred to as its internal energy.  So, if you rub your finger on the table it gets hotter, but you are not creating heat.  You are increasing the internal energy of your finger and the table by doing work.  Because your finger and the table are now warmer, heat may pass from these to the cooler surroundings.

We have avoided talking about heat flow - it is simpler just to say that when a flame makes a beaker of water hot, energy has flowed from the flame to the water.  This is helpful in that it reinforces the idea of changes in the arrangement of energy and matter being caused by differences (here a temperature difference).

Why not teach about forms of energy?

Much of the talk involving forms of energy is no more than adding verbal ornamentation to descriptions of changes.  We can say that burning petrol in an engine makes a car move.  We hardly gain any deeper understanding calling this a change of chemical energy to kinetic energy.  Pupils do not always find it easy to find the correct labels to attach to these energy changes and often invent their own.  So, a child taking part in a race might be seen as converting 'food energy to running energy'.  Textbooks, as well as children, also show variations in the terms used for 'forms or energy', which complicates things further.

Further difficulties are introduced in some books, which try to associate a 'form of energy' with an object which illustrates it.  For example, a can of petrol may be used to illustrate 'chemical energy', or a battery to illustrate 'electrical energy'.  This is inconsistent.  Why not make a can of petrol an example of 'heat energy' and a battery an example of 'chemical energy'?

In more advanced work, students will find that there are different ways of making calculations depending on the kinds of energy change involved.  At this point, we may be more justified in talking about 'forms of energy'.

Why does the National Curriculum talk about energy transfers?

The difficulties with the 'forms of energy' approach have led the National Curriculum to refer throughout to 'energy transfers'.  While the change in terminology from 'transformation' to 'transfer' seems slight, it actually signifies a fundamental change.  Talking about energy transfer stresses the importance of thinking about energy as staying the same kind of thing but in going from place to place, which is the approach taken in this booklet.  Often, however, the significance of the new terminology has gone unnoticed, with patent nonsense such as 'chemical energy transferred to heat energy'.

What ideas about energy do pupils bring to the classroom?

In everyday talk, we say that we do, or do not, have the energy to do something.  Much research into children's ideas about energy indicates that this is their starting point:  that energy is associated with activity and being alive, that it represents a power to act, that it is used up.  Quite correctly, children see that taking exercise can make one more energetic, not less.  They may see food, not as providing energy but as triggering energy production by the body.  In school textbooks, the use of the term 'energy' often slides between two contradictory meanings - as something which is used up (reinforcing the everyday meaning) and as something conserved (which pupils find difficult to reconcile with their own understanding of energy).

What do pupils understand about particulate theory?

An understanding that matter is made of particles is essential to understanding the nature of a substance and of chemical reactions.  If change is merely a re-arrangement of particles, mass must be conserved.  However, young pupils often think, for example, that a solution will weigh less than the liquid and solid before dissolving, since the solid has disappeared.  They are more likely to believe that mass is conserved if they see dissolving as a mixing of particles.  In trying to make sense of particulate theory, many pupils come to think that substances contain rather than consist of particles.  For example, when a liquid freezes, the particles moving around in the liquid stop moving because they are now trapped in a solid.  Another common difficulty is the tendency to project from a macroscopic phenomenon to the microscopic behaviour of particles, for example, a solid expands when heated because the particles of the solid become bigger.
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