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Syllabus points: 

4.2 describe energy transfers involving the following forms of energy: thermal 

(heat), light, electrical, sound, kinetic, chemical, nuclear and potential (elastic 

and gravitational)  

4.3 understand that energy is conserved  

4.4 know and use the relationship:  

efficiency  = useful energy output / total energy input 

4.5 describe a variety of everyday and scientific devices and situations, 

explaining the fate of the input energy in terms of the above relationship, 

including their representation by Sankey diagrams  

4.6 describe how energy transfer may take place by conduction, convection and 

radiation  

4.7 explain the role of convection in everyday phenomena  

4.8 explain how insulation is used to reduce energy transfers from buildings and 

the human body  



4.2 describe energy transfers involving the following forms of energy: thermal 

(heat), light, electrical, sound, kinetic, chemical, nuclear and potential (elastic 

and gravitational)  

There are a number of different forms of energy that we meet during the course: 

 Electrical Energy – the electrons in a current carrying wire can transfer 

energy from place to place. e.g. battery to light bulb. 

 

 
 Kinetic Energy – the energy due to motion. Anything that moves has 

kinetic energy. 

 

 

 Light Energy – the energy radiated by light sources in the form of 
Electromagnetic waves. 

 

 Thermal Energy –the energy a body possesses due to its temperature 

and the motion of its particles. The energy is released as molecules in a 

hot object cool and slow their motion. 

 
 Sound Energy – the energy caused by an object or medium vibrating 

and transferred via sound waves. 

 

 

 Gravitational Potential Energy – if an object is held above the ground 
and can fall it has GPE. When it falls this GPE can be changed into other 

forms. 

 

 Chemical Potential Energy – the energy stored by fuels which is 

released during chemical reactions such as when the fuel is  burnt. Food 
and batteries areincluded in this energy form. 

 

 Elastic Potential Energy – the energy stored in a spring (when 

compressed or stretched) or an elastic band (when stretched) which can 

be converted into others forms when released.  

 
 Nuclear Potential Energy – the energy stored in the nucleus of an atom 

through the forces between protons and neutrons. This energy can be 

released if the particles re-arrange or the nucleus splits. 

 

 
 

Gravitational Potential, Elastic Potential, Nuclear Potential and Chemical 

Potential are types of stored energy as the energy ‘waits’ to be released. These 

are often at the start or end of a chain of energy transfers. 



You need to understand simple energy transfers which include each of the forms 

of energy listed above. Such as: 

Example Energy transfers 

TV Electrical to light and sound 

Ball being dropped Gravitational potential to kinetic 

Car moving Chemical potential to thermal to kinetic  

Catapult Elastic potential to kinetic  

Sun Nuclear to light and thermal 

Boiling water 

(electric kettle) 

Electrical to thermal  

  

People moving Chemical to kinetic 

Speakers Electrical to sound  

 

 

Other examples include: 

1. Rubbing your hands together 

 

Kinetic energy  thermal energy 

 

2. Solar cell 

 

Light energy  Electrical energy  

3. Microphone 



 

Sound energy   electrical energy  

 

 

4. Plant 

 

 

Light energy  Chemical potential energy  

5. Electric motor in a toy car 

  

Chemical potential energy   Electrical energy  kinetic energy 

4.3 understand that energy is conserved  

Energy is never created or destroyed; it can only be transferred from one form 

to another. The total amount of energy stays the same. 

This is called the Principle of Conservation of Energy. 

Remember that when energy is wasted (e.g. when light bulbs get hot) the 

energy has not disappeared, it has been converted to a less useful form (in this 

case heating the bulb and its surroundings).  
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4.4 know and use the relationship:  

efficiency  = useful energy output /total energy input 

Whilst none of the energy we have is ever “lost” there are certain forms of 

energy that are more desirable than others. Let’s look at an electric hoist: 

 

The energy transfer for the electric hoist is: 

Electrical energy  G.P.E. + thermal + 

sound 

It is clear that the only useful energy 

transfer taking place here is electrical  

G.P.E and therefore the thermal and sound 

energy we have is wasted energy. 

 

When we look at the efficiency of a device we are only interested in the useful 

energy we have got out as a proportion of the energy we had to put in. 

The equation we use is: 
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You can leave your answer as a fraction, decimal or a percentage depending on 

the question asked. 

A comparison between filament bulbs and energy saving light bulbs of the same 

brightness is a nice example. 

Calculate the efficiency of each bulb 

1. Filament Bulb  Energy in = 120J Wasted energy = 110J 

2. Energy Saving Bulb Energy in = 60J  Wasted energy = 40J 

http://www.toolbaydirect.co.uk/product_image.php?id=4974


 

            
                    

                  
 

 

Filament bulb  Useful energy = 120J – 110J = 10J 

   30J/120J = 0.083  8.3% efficient 

Energy Saving Bulb Useful energy = 60J – 40J = 20J 

   20J/60J = 0.33  33% efficient 

  



4.5 describe a variety of everyday and scientific devices and situations, 

explaining the fate of the input energy in terms of the above relationship, 

including their representation by Sankey diagrams  

You need to be able to identify which energy transfers and useful and which are 

not. Often thermal or sound are the wasted energies.  

 

Boiling a Kettle 

A new design of electric kettle is 95% efficient. It needs 200 000J of energy to 

raise the temperature of a kettle full of water from room temperature to boiling 

point. How much energy will the kettle take from the mains? 

 

200 000J of energy is the useful energy 

output needed to boil the water within the 

kettle. 

We are told that the kettle is 95% efficient 

(0.95 as a decimal) 

Using the equation, plug in the values that 

we already know: 
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Sankey diagrams are a way of representing these situations graphically. These 

flow diagrams have to be drawn accurately as the thickness of the bars is a 

percentage of the energy input. 

Below are two types of Sankey diagrams which represent the situations given 

above: 

Boiling a Kettle 

 

 

The useful energy continues from left to right and the wasted form of energy 

“peel away” from the main energy transfer. Note how the width of the bars does 

not change along their length. 



The width of the arrows represents the amount of energy present. Sankey 

diagrams are drawn to scale. 

These two Sankey diagrams demonstrate the energy transfers for the boiling 

kettle. Squared paper can be used to help keep the width of the arrows the 

same. This example uses a scale of each square as 5% but any scale is possible. 

 

 

4.6 describe how energy transfer may take place by conduction, convection and 

radiation  

This section looks at three types of energy transfer 

 

Conduction 

Conduction occurs when two object at different temperatures are in contact with 

each other. The energy is conducted from particle to particle. At the hot end 

the molecules are vibrating fast. This vibration is passed along to other 

molecules as they bump into each other. Thermal energy can’t be conducted 

through a vacuum as there are no particles. 

         



While solids generally make better conductors than liquids or gases, some solids 

are better conductors than others. As we learnt in the electricity topic, metals 

contain free electrons which enable current to flow through them. These same 

free electrons can help transfer thermal energy quickly. 

Metals are very good conductors because they have many free electrons to 

carry the energy. Insulators do not have these free electrons and therefore 

they do not conduct heat very well. Examples of insulators include wood, plastic, 

paper and wax. 

Interesting examples include holding a piece of wood in one hand and a piece of 

metal in the other. Most people will say that the metal is colder and that is why 

it feels cold. In fact both are at the same temperature (room temperature); 

however, the metal block is a better conductor and conducts the thermal energy 

away from your hand, making it feel colder.  

This same idea can also be seen when placing one ice cube on a piece of wood 

and another on a piece of aluminium. Most people say that the one on the wood 

will melt fastest as the wood is warmer. Again think about the transfer of 

energy into the ice from the aluminium. 

 

Convection 

Convection occurs when the more energetic particles move from the hotter 

region to the cooler region – and take their heat energy with them. 

Convection cannot occur in solids as the particles do not move. It can however 

occur in fluids which include liquids and gasses. 

  



The classic example of convection is convection heaters. Often confusingly called 

radiators: 

      

The air is heated by the heater. The hot air expands which increases its 

volume. This reduces its density causing it to float up past the cooler air 

around it. Once it has risen to the top of the room it starts to cool, 

becoming more dense and sinking to the bottom of the room. The 

process repeats and is known as a convection current. 

 

 

This diagram shows a smoke box which has a candle lit under one chimney. The 

particles above the candle heat up and vibrate more which causes them to 

spread out. The hot air expands and so is less dense and floats over  the cold 

air. The pressure under the right hand chimney. By holding a smoking wick over 



the right hand chimney the flow of air can be made visible as the smoke 

particles are drawn through the chimney with the air molecules. 

Radiation 

Heat travels through space in the form of infrared radiation. This energy can be 

absorbed or reflected by objects depending on their colour and surface finish 

Infrared radiation is an electromagnetic wave. 

This means;  

 it travels at 3.0 x 108 m/s  

 it can be reflected, refracted and diffracted like light. 

 it travels in straight lines and can travel through a vacuum (like 

outer space) 

There are several ways of detecting infrared radiation: We can feel thermal 

radiation with our skin. A thermopile is a device that converts thermal radiation 

into electricity. Special infra-red cameras can be used to take infra-red pictures.  

 

Different surfaces absorb and reflect different amounts of radiation. The Leslie 

Cube can be used to show this. Boiling water is placed inside the cube and a 

temperature sensor can be directed at each surface of the cube allowing the 

temperature to be measured.  

 



 

Surface Colour Surface texture Temperature (°C) 

Silver Shiny Coolest 

White Matt Warm 

Black Shiny Warmer 

Black Matt Hottest 

 

 

Shiny Silvery surfaces reflect nearly all the heat radiation 

falling on them  

Matt Black surfaces absorb nearly all the heat radiation 

falling on them. 

Matt Black surfaces absorb the most infra-red radiation 

and also emit the most. Shiny Silvery surfaces are poor 

absorbers of infra-red radiation (as they just reflect it 

away); they are also the worst emitters of infra-red 

radiation. White surfaces are also poor absorbers and 

emitters, just not as poor as shiny silvery surfaces. 

 

 

  



4.7 explain the role of convection in everyday phenomena  

There are a number of different examples that can be used both within the home 

and in nature. All examples follow the same principles: 

1. The fluid is heated/becomes warm 

2. Particles in the fluid gain more energy, move more and spread out 

3. This part of the fluid is now les dense and so rises over cooler, more 

dense parts of the fluid. 

4. This cooler fluid is now heated, and rises also causing a circulating stream 

of particles 

Boiling water 

 

Freezer 

 

 

  



Tectonic plates 

 

Cloud formation 

 

 

Cool sea breeze/Warm evening breeze 

  



4.8 explain how insulation is used to reduce energy transfers from buildings and 

the human body 

 

Buildings 

Double glazing Window panes separated by an air or other gas filled 

space to reduce heat transfer from inside the room to 

outside.  

Cavity wall insulation  Reduces heat loss through a wall by filling an air space 

with an insulating material. This prevents movement of 

the air within the cavity (air is still the insulator), 
preventing convection. 

Loft insulation  Prevents heat loss through the roof of the house. Hot 
air within the house rises to the roof due to convection 

current. Heat prevented from conducting through the 

roof itself as the insulation traps the air and prevents it 

from moving. 

Draught excluders Inhibits flow of air and therefore prevent convection 

currents with the outside world. 

Foam lagging around 

storage heaters 

Prevents conduction of heat from storage tanker to 

surrounding environments. 

 

Human Body 

Wool jumper Traps air (poor conductor) in the gaps between fibres 

preventing conduction. 

Shiny foil blanket Reflects radiated heat back towards body, traps air 

underneath the blanket thus reducing convection 

currents.  

 

http://en.wikipedia.org/wiki/Heat_transfer

