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Learning Outcomes 
Energy
Students should be able to:

1.4.1 recall that energy can exist in many forms such as chemical, heat, electrical, sound, light, magnetic, 
strain energy, kinetic and gravitational potential;

Principle of Conservation of Energy
Students should be able to:

1.4.2 recall that the Principle of Conservation of Energy states that energy can be changed from one form to 
another but the total amount of energy does not change;

1.4.3 demonstrate an understanding that energy is measured in joules (j) and that 1j is approximately the 
energy needed to lift an apple vertically 1 m;

1.4.4 draw energy transfer diagrams for the energy conversions that occur in a range of common devices 
found in everyday life and interpret them using the Principle of Conservation of Energy;

Renewable energy resources
Students should be able to:

1.4.5 explain that renewable energy is defined as energy that is collected from resources that will never run 
out or which are naturally replenished within a human lifetime;

1.4.6 evaluate examples of renewable energy such as sunlight, wind, hydroelectricity, tidal, waves, wood and 
geothermal heat; and

1.4.7 demonstrate knowledge of the effects on the environment of using renewable energy resources, such 
as habitat destruction and visual pollution.
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Non-renewable energy resources
Students should be able to:

1.4.8 explain that:
• a non-renewable energy resource is one that has a finite supply and it will run out some time; and
• fossil fuels such as oil, natural gas and coal are considered non-renewable because they cannot be 

replaced within a human lifetime;

1.4.9 demonstrate knowledge that nuclear energy based on fission is also non-renewable since supplies of 
uranium ore will not last forever;

1.4.10 demonstrate an understanding of the effects on the environment of using non-renewable energy 
resources, such as acid rain and global warming;

Efficiency
Students should be able to:

1.4.11 demonstrate understanding that:
• not all of the energy used in a particular process or device is useful; and
• the efficiency is a measure of how much of the input energy to a process or device appears as useful 

output energy;

1.4.12 recall, demonstrate an understanding and use the equation

efficiency = useful output energy
total input energy

quoting the efficiency as a decimal or a percentage;

Work
Students should be able to:

1.4.13 demonstrate an understanding that work is said to be done when energy changes from one form to 
another and that the amount of work can be calculated by the equation:

work = force × distance

1.4.14 recall that work is measured in joules (j), the force in newtons (N) and the distance in metres (m).



FACTFILE:  GCE HISTORY OF ART / ARCHITECTUREFACTFILE:  GCSE PHYSICS / UNIT 1.4 / ENERGY

3

Power
Students should be able to:

1.4.15 demonstrate an understanding that:
• power is the amount of energy transferred in one second or the amount of work done in one second; and
• power is measured in watts (W) so 1 W = 1 joule per second (1 W = 1 j/s);

1.4.16 recall and use the equations:

power = 
energy transferred

time taken

power = 
work done
time taken

to calculate power, work done, time taken or energy transferred;

1.4.17 plan and carry out experiments to measure personal power, either by measuring the time taken to 
climb a staircase or perform a number of step-ups to a platform
(Prescribed Practical P5);

1.4.18 plan an experiment (or watch a demonstration) to measure the output power of an electric motor, and 
take measurements to calculate the power of the motor;

Kinetic energy EK

Students should be able to:

1.4.19 explain that kinetic energy EK is the energy possessed by a moving object and recall and use the 
equation:

EK = 
1
2  mv2

to calculate kinetic energy in joules, where m is the mass of the object in kg and v is the speed of the object 
in m/s;

Gravitational Potential energy EP

Students should be able to:

1.4.20 demonstrate an understanding that an object has gravitational potential energy EP because of its 
position above the ground; and

1.4.21 recall and use the equation

EP = mgh

to calculate the potential energy in joules, where m is the mass in kilograms, h is the vertical height in 
metres and g is 10 N/kg.
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Forms of Energy
These are the different forms that energy can exist in:

Energy Form Comments Examples

Potential – 2 forms
a) Gravitational
b) Strain

This is stored energy when something 
is out of position. The energy will be 
obvious when they are released.

a) Gravitational - Ball on top of a hill 
(when released the ball will roll down 
the hill).

b) Strain – Stretched spring (when 
released it will go back to normal).

Kinetic
This is the energy of all moving objects. As a ball rolls down a hill it has kinetic 

energy.

Heat

When particles in an object vibrate, the 
object has heat energy. The more they 
vibrate, the more heat energy the object 
has.

All objects such as: your skin, a flame, 
the Sun.

Light
This is the energy that luminous objects 
emit.

The Sun, stars, light bulbs, candle flame.

Sound

For an object to produce sound energy, 
there must be vibrations that can travel 
through solids, liquids and gases (but 
not a vacuum).

Plucking a guitar string or flicking a 
ruler off the edge of a table will produce 
sound.

Electrical
This is the energy when a current (flow 
of charge) flows through a conductor. It 
is the most useful form of energy.

TV, lamp, computer. 

Chemical

This is the energy stored in substances 
which can be released by a chemical 
reaction.

Food – released by respiration. 
Fuel – released by combustion.
Battery – released by a chemical 
reaction between the terminals of the 
battery.

Magnetic

This is the energy that exists within an 
invisible magnetic field.

Bar magnets, electromagnets – can 
cause movement by attracting/repelling 
magnetic materials (such as iron and 
nickel).
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Energy Transfer Diagrams – these are diagrams that show in what form the energy starts and the main 
forms it is transferred to: 

(The arrow represents the transfer of energy)

http://www.sciencephoto.com/media/705471/view
Closed Circuit Example C027/9299

Light Bulb (shown here): 

Chemical energy  Electrical energy   Light energy + Heat energy
(in battery)  (in wires)  (in bulb)

Device/Machine Input energy Output energy

Television Electrical energy Sound energy + Light energy + Heat energy

Car engine Chemical energy Kinetic energy + Sound energy + Heat energy

Wind Turbine Kinetic energy Electrical energy + Sound energy + Heat energy
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The Principle of Conservation of Energy:
Energy can be changed from one form to another but the total amount of energy does not change.

However, not all the energy will be transferred in the way it was intended – this is called wasted energy and 
it is usually in the form of heat. This can be represented on a Sankey diagram as shown here. This is an 
example of the energy transfers in an electric light bulb. Notice the total amount of energy input is equal to 
the total amount of energy output. This is an example of the principle of conservation of energy.

Energy is measured in a unit called the joule (j).
1 joule is approximately the energy needed to lift an apple vertically 1 metre.

Efficiency
Not all of the energy used in a particular process or device is useful. The efficiency of any machine or device 
is a measure of how much of the input energy appears as useful output energy.

This can be summarised in the equation:

Efficiency  =  
Useful output energy

Total input energy

Efficiency does not have a specific unit as it is simply a ratio – therefore it can be represented either as a 
decimal or as a percentage.

In the above example of the electrical light bulb, out of 100 j of electrical energy put in, only 10 j was 
converted to useful light energy. So using the equation to calculate the efficiency:

Efficiency  =  
Useful output energy

Total input energy

 =  
10

100

= 0.1 (or × 100 = 10%) efficient.

The wasted energy is said to have dissipated, usually in the form of heat. The more energy that is dissipated, 
the less efficient the device is said to be. 
Dissipated means to be dispersed out or scattered.

Electrical energy
100 j

Light energy
10 j

Heat energy
90 j



FACTFILE:  GCE HISTORY OF ART / ARCHITECTUREFACTFILE:  GCSE PHYSICS / UNIT 1.4 / ENERGY

7

Energy Resources
These are ways of producing electricity – the most useful form of energy.
They can be categorised into 2 main types: Renewable and Non-renewable.

Renewable Energy Resources
Renewable energy is defined as energy that is collected from resources that will never run out or which 
are naturally replenished within a human lifetime. Examples of renewable energy are sunlight, wind, 
hydroelectricity, tidal, waves, wood and geothermal heat.

Resource Comments

Solar/Sunlight
Solar cells convert sunlight (solar energy) directly into electricity. Many solar cells 
can be joined into solar arrays. The amount of electricity produced depends on how 
much sunlight there is.

Wind

The kinetic energy of the wind blows the large blades causing them to turn. This 
drives a turbine which drives a generator which produces electricity. Large numbers 
of turbines are often grouped together to form a wind farm. Many wind farms are 
off-shore or in isolated areas due to the large areas needed and the noise produced. 
They are unreliable as the amount of electricity they produce depends on how 
windy the conditions are. Some consider them to be unsightly and they are also a 
danger to low flying birds.

Hydroelectricity

Water trapped behind a dam (reservoir) contains gravitational potential energy 
because of its high position. The water flows from the dam through a pipe, and 
gains kinetic energy as it falls. This fast flowing water turns a turbine, which drives a 
generator to produce electrical energy. Some stations pump the water back up again 
at night when demand is low. 

Tidal

This is when a dam is built across a river estuary creating a tidal barrage. With the 
rise and fall of the tide twice a day, water flows through a gate in the dam. This 
moving water drives a turbine, which drives a generator to produce electrical energy. 
The tidal barrage can cause problems in shipping navigation and destroys many 
aquatic habitats.

Waves

A wave machine floats on the water surface, and the up and down motion of the 
water is converted into rotary motion to turn a turbine which drives a generator 
to produce electrical energy. The wave machines can pose problems to shipping 
navigation and are unsightly. The amount of electricity produced is unreliable as 
waves are created by the action of the wind.

Wood (biomass)

Harvested timber can be turned into woodchips, which are then burned in power 
stations to produce electricity in much the same way as a fossil fuel power station 
works. There are other forms of biomass; for example oil extracted from seeds can be 
converted to biodiesel for road transport. Combustion of these fuels releases carbon 
dioxide which can lead to global warming, however the planting of replacement 
trees/plants will offset this, meaning that it can be considered carbon neutral.

Geothermal Heat

This uses heat from naturally occurring hot rocks inside the Earth’s crust (at depths 
below 200 metres). Cold water is passed down a pipe up to 10km deep which is then 
heated by these rocks pumped back to the surface. The steam generated is used to 
turn a turbine which drives a generator to produce electricity. This is a fairly reliable 
source of electricity as it is not weather dependent, however not everywhere is 
suitable.
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Non-renewable Energy Resources
Renewable energy is defined as one that has a finite supply and economically viable sources will run out 
some time. Fossil fuels such as oil, natural gas and coal are considered non-renewable because they cannot 
be replaced within a human lifetime. Nuclear energy based on fission is also non-renewable since supplies of 
uranium ore will not last forever.

Resource Comments

Coal
These are called ‘fossil fuels’ as they are formed from the remains of dead plants and 
animals from millions of years ago. The fuel undergoes combustion in the power 
station to release the stored chemical energy. This is used to heat water to create 
steam which turns a turbine which drives a generator to produce electricity. They all 
produce carbon dioxide which contributes to global warming. Coal releases the most 
carbon dioxide. Sulfur dioxide is also produced which leads to acid rain. Natural 
gas produces low amounts of sulfur dioxide. The sulfur can be removed from gases 
released during burning however this is very costly thereby increasing the cost of 
the electricity produced. Gas can respond more quickly to changes in demand and is 
therefore the most efficient fossil fuel.

Oil 

Natural gas

Nuclear Fuel
• Uranium
• Plutonium 

Nuclear fission (splitting) of uranium or plutonium nuclei into lighter nuclei releases 
large amounts of energy. This is used to heat water to produce steam to turn a 
turbine which drives a generator to produce electricity. This process releases neither 
carbon nor sulfur dioxide, however, it produces waste which remains dangerously 
radioactive for thousands of years creating problems with how to safely store the 
waste. 

Environmental effects
Global warming and acid rain are often confused as they are both caused by air pollution from the 
combustion of fossil fuels and biofuels.

Global warming is caused by the release of carbon dioxide (CO2) from the burning of all fossil fuels (and 
biomass fuels as well). This extra CO2 and other greenhouse gases in the atmosphere, traps infra-red 
radiation (heat) resulting in an increase in the Earth’s temperature (the greenhouse effect) which causes 
melting of ice caps, flooding of low lying land and extreme weather patterns known as climate change.
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Acid rain is caused by the release of sulfur dioxide (SO2) and nitrogen oxides (NOx) from the burning of coal 
and oil. This sulfur dioxide and nitrogen oxides react with rain water in clouds forming sulfuric acid and nitric 
acid which falls as acid rain. This causes rivers and waterways to become acidic which can kill aquatic plants 
and animals. It can cause defoliation of young trees and can also corrode buildings. 

Work
Work is said to be done when energy changes from one form to another and that the amount of work can be 
calculated by the equation:

Work = Force × distance or 

W = F × d

Where Work is measured in joules (j); the Force in newtons (N); and the distance in metres (m).

Whenever a force (weight) is moved a distance, work is said to be done. The amount of work that is done 
depends on the size of the force and the distance it is moved in the direction of that force. A person holding a 
weight stationary at arm’s length might feel like they are doing work, but since the weight is not moving any 
distance, work is not being done.

Example question:
The box below weighs 20 N. It is moved a distance of 5 metres in the direction of the applied force. How much 
work is done?

Work = Force × distance

= 20 N × 5 m

= 100 j
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Power
Power is the rate at which work is done. A powerful device/machine transfers a lot of energy in a short space 
of time. For example, two people could be doing exactly the same amount of work by pushing identical 
wheelbarrows the same distance. The person who does the work the quickest is said to be the most powerful.

Power is the amount of energy transferred in one second or the amount of work done in one second. 
Power is measured in watts (W) so 1 W = 1 joule per second (1 W = 1 j/s)

This means that a 60 W bulb transfers 60 j of energy every second, whereas a 100 W bulb transfers 100 j of 
energy every second which is why it appears brighter.

This is summarized in the equations:

Power = 
Energy transferred

Time taken  or

P = 
E
T

Since energy transferred is the same as work done, this can also be written as:

Power = 
Work done
Time taken  or 

P = 
W
T

Where Power is measured in watts; Work and Energy transferred in joules; and time in seconds.

Example question:
Two toy cars A and B are identical. They both weigh 100 N and they cover a distance of 2 m. 
Car A does it in 5 seconds and car B does it in 10 seconds.

(a) How much work does each car do?

 Car A:   Car B 
 W  =  F × d W  =  F × d
   = 100 × 2  = 100 × 2
   = 200 j  = 200 j

(b) What is the power of both cars?

 Car A  Car B

 P  =  
W
t  P  =  

W
t

   = 
200

5   =  
200
10

   = 40 W  = 20 W

(c) Which is the most powerful and why?

 Car A is twice as powerful as car B because it does the same amount of work (or transfers the same 
amount of energy) in half the time it takes car B.
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Measuring Personal Power
(Prescribed Practical P5) 
Plan and carry out an experiment to measure personal power by measuring the time taken to climb a 
staircase.

Apparatus:

Method:

Formulae:

Table of Results:

Force/N
Weighed using 
Newton scales

Distance/m
Measured using a 

metre stick

Work/J
= Force × distance

Time/s
Measured using 

stopwatch

Power/W
= Work done ÷ time taken
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Kinetic energy EK

Kinetic energy EK is the energy possessed by a moving object and it can be calculated using the equation:

EK = ½ mv2

Where kinetic energy is measured in joules (j); and m is the mass of the object in kilograms (kg); and v is the 
speed of the object in metres per second (m/s).

Anything that is moving has kinetic energy. The kinetic energy of an object depends on its mass and speed: 
the bigger the mass and the faster the speed, the more kinetic energy it will have.

A fast moving car will have more kinetic energy than an identical slow moving car.
A lorry (with a large mass) moving at 20m/s will have more kinetic energy than a car (with a smaller mass) 
moving at the same speed.

Example questions:
1. A car of mass 1000 kg is travelling at 15 m/s. Calculate the kinetic energy.

 EK  =  ½ mv2

 EK  =  ½ × 1000 × (152)
  =  ½ × 1000 × 225
  =  112,500 j

2. The same car is now travelling at 30 m/s (the speed has doubled). Calculate the kinetic energy it now 
has.

 EK  =  ½ mv2

 EK  =  ½ × 1000 × (302)
  =  ½ × 1000 × 900
  =  450,000 j

3. By how many times has the kinetic energy increased?

  
450,000
112,500  = 4 times greater

This shows that by doubling the speed of the object, the kinetic energy doesn’t double…it quadruples!
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Gravitational Potential energy EP

An object has gravitational potential energy EP because of its position above the ground and it can be 
calculated using the equation:

EP = mgh 

Where potential energy is measured in joules; and m is the mass of the object in kilograms (kg), h is the 
vertical height above the ground in metres (m) and g is the Earth’s gravitational force which is 10 newtons 
per kilogram (10 N/kg).

Example questions:
1. A diver of mass 60 kg climbs vertically 4 metres up to the diving board. How much useful work has he 

done? 

 60 kg = 600 N (due to the force of gravity = 10 N/kg)

 W = F × d
 W = 600 × 4
 W = 2,400 j

2. By how much has his potential energy increased?

 EP = mgh 
 EP = 60 × 10 × 4
 EP = 2,400 j 
 
Gravitational potential energy is the energy stored in an object because of the height which it is lifted 
against the force of gravity.

An object thrown vertically upwards will eventually fall back down again because of the force of gravity 
pulling it down. When it’s at its highest, it has the most potential energy.

As it falls, the potential energy is converted into kinetic energy as it accelerates (speeds up) towards Earth.
      

For example: a ball is thrown vertically into the air.

At A, its maximum height, it has 100 j of potential energy, EP

At B it is a quarter of the way down:
EP = 75 j
EK = 25 j   

At C, just before it hits the ground 
EP = 0 j
EK = 100 j

Assuming no energy losses*, the total energy remains the same – it is conserved from start to finish. 
This is the principle of conservation of energy. 
*(In reality, there would be some energy lost due to air resistance between the ball and the air)
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Practice Questions

10179

1 A microphone is designed to change sound energy into electrical energy, as shown 
below.

 Microphone

  

Electrical
energy

Sound
energy

 Fill in the spaces below to show the main types of energy change each device is 
designed to bring about.

 (i) Room heater

   

energyenergy

[2]

 (ii) Match

   

energyenergy

[2]

 (iii) Television

  

 energyenergy

energy

[3]

*20GSD3102*

*20GSD3102*
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10179
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2 The chart below shows the sources of energy used to produce electricity in the U.K.

26%
35%

14%
Gas
Coal
Other sources
Nuclear

Source of energy used to produce electricity

Source: Chief Examiner

 (a) Calculate the percentage of the electricity produced from coal.

       % [1]

 (b) State one disadvantage, other than cost, of producing electricity from coal.

  Disadvantage  [1]

 Electricity can also be produced from wind energy.

 (c) State one advantage and one disadvantage, other than cost, of producing 
electricity from wind energy.

  Advantage:  [1]

  Disadvantage:  [1]

 (d) The engine of a crane consumes 5000 J of chemical energy to produce 3000 J 
of useful output energy. Calculate the efficiency of the engine of the crane.

  You are advised to show your working out.

    Efficiency   [3]

 
 

  

*20GSD3103*

*20GSD3103*
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Examiner Only
Marks Remark

10224 8 

4 Energy resources may be described as renewable or non-renewable. 

 (i) Describe what is meant by a renewable energy resource.

   

    [1]

 (ii) In the table below put an R beside the energy resources which are 
renewable and N beside those which are non-renewable. One entry 
has been completed for you.

Energy resource R or N

Oil N

Wind

Nuclear

Solar

Hydroelectric

  [4]
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6 A forklift truck raises a load of 500 N to a height of 3 m above the ground.

3 m

500 N

Source: Thinkstock 523734273

 (a) Calculate the work done lifting the load.

  You are advised to show your working out.

    Work   J  [3]

*20GSD3108*

*20GSD3108*
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5 An electric motor is used to raise a weight of 5 N through a vertical height 
of 1.5 m.

electric motor

1.5 m

5 N

Source: CCEA

 (a) Calculate the work done by the electric motor.

    You are advised to show your working out.

Work done 5         J [3]
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 (b) A different motor raises a load and does 20 J of useful work.
  The electrical input energy is 25 J. 

  (i) Calculate the efficiency of the motor.

     You are advised to show your working out.

Efficiency 5         [3]

  The load is raised in a time of 4 seconds.

  (ii) Calculate the useful power output of the motor.
   Remember to give the unit for power.

     You are advised to show your working out.

Power 5         [4]
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 (b) Calculate the kinetic energy of a snowboarder who has a mass of 50 kg and a 
speed of 3 m/s.

  You are advised to show your working out.

    Kinetic energy   J  [3]

*20GSD3113*

*20GSD3113*
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6 In an experiment with an electric motor, the apparatus below was set up. 

electric motor

rod

300 g

B

A

150 cm

Source: CCEA

 As the rod turns, a mass of 300 g moves upwards at a steady speed.

 (a) Find the tension in the string.

    You are advised to show your working out.

Tension          N [2]

 (b) (i) Calculate the change in the potential energy of the 300 g mass  
 as it rises through 150 cm, from marker A to marker B.

     You are advised to show your working out.

Change in potential energy          J [4]
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  (ii) How much work is done in raising this mass from marker A to  
 marker B?

Work done          J [1]

 (c) The output power of a different motor is 0.9 W.  

  Calculate the time taken for this motor to do 36 J of work.

    You are advised to show your working out.

Time          s [3]

Examiner Only
Marks Remark

10225.05RR 8 

6 In an experiment with an electric motor, the apparatus below was set up. 

electric motor

rod

300 g

B

A

150 cm

Source: CCEA

 As the rod turns, a mass of 300 g moves upwards at a steady speed.

 (a) Find the tension in the string.

    You are advised to show your working out.

Tension          N [2]

 (b) (i) Calculate the change in the potential energy of the 300 g mass  
 as it rises through 150 cm, from marker A to marker B.

     You are advised to show your working out.

Change in potential energy          J [4]
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10180.06R

8 Barnaby kicks a ball and gives 100 J of energy to it. When the ball has reached the 
point X shown in the diagram, the ball has lost 19 J of energy to the atmosphere 
because of air resistance.

4.6 m

X

 (i) State the total energy of the ball at X.

    Total energy at X   J  [1]

 The ball which has a mass of 1.5 kg, reaches a maximum height of 4.6 m at point X.

 (ii) Calculate its gravitational potential energy at X.

   You are advised to show your working out.

    Gravitational potential energy   J  [3]

*20GSD3214*

*20GSD3214*



FACTFILE:  GCE HISTORY OF ART / ARCHITECTUREFACTFILE:  GCSE PHYSICS / UNIT 1.4 / ENERGY

24

10180.06R

  At a certain point, the kinetic energy of the ball is 12 J.

  (iii) Calculate the speed of the ball at that point. 
 Remember the mass of the ball is 1.5 kg.

    You are advised to show your working out.

    Speed   m/s  [3]

*20GSD3215*

*20GSD3215*

[Turn over
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2 (a) Describe an experiment to measure your personal power.

  Your account should include:

  •  the apparatus you use;
  •  the measurements you make.

  You will be assessed on your written communication skills including the 
use of specialist scientific terms.

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

    [6]

*20GSD3204*

*20GSD3204*
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motorload

 An electric motor pulls a load across a rough surface at a constant speed. The motor 
exerts a resultant force of 30 N and moves the load a distance of 1.5 m in a time 
interval of 5 seconds. 

 (b) Calculate the power developed by the motor.

  You are advised to show your working out.

    Power developed   W [3]
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7 A concrete block is used to drive a wooden stake into the ground.

falling concrete block

wooden stake

PE � 640 J

 Before being released the concrete block has 640 J of potential energy relative to the 
top of the wooden stake.

 (i) Write down the kinetic energy of the concrete block as it hits the wooden stake.

  Assume no energy losses.

    Kinetic energy   J [1]

 (ii) The concrete block has a mass of 80 kg. Calculate the velocity of the concrete 
block as it hits the wooden stake.

  You are advised to show your working out.

    Velocity   m/s [4]
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