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8. Energy Sources and Transfer of Energy

8.1 ENERGY FORMS
Energy is the capacity to do work (i.e. the ability to produce motion).
Unit: joule, J

Different forms of energy
Energy exists in many different forms, for example:

Type of energy Example where it is found

1. Heat energy Sun, flame, hot electric iron

2. Light energy Sun, torch, burning candle, lamp

3. Chemical energy Food, fuel, living things

4. Electrical energy Cell, battery, solar cell, generator/dynamo

5. Sound energy Loudspeaker, people talking, ringing telephone, doorbell

6. Kinetic energy A person running, water in a cascade, waves in the sea, wind (moving objects)

7. Potential energy A bird on a tree, a flower vase on a table, clouds (objects above the ground level)

The principle of the conservation of energy
Energy can neither be created nor destroyed but can only be converted from one form to another.
Example:
A ball is released from a certain height as shown.
It bounces on the floor a few times, each time rising
to a successively decreasing height, then stops.
Explain:
(a) the energy changes that occur as the ball falls
and hits the floor,

(b) why the ball eventually stops bouncing.

initial position

final position
floor

Fig. 8.1: inter-conversion of Ek and Ep energies

kinetic energy
Kinetic energy is possessed by a body due to its motion.
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where: EK= kinetic energy (J)
m = mass of the body (kg)
v = the speed of the body (ms-1)

Example: N03/P1/Q9

Gravitational potential energy
Gravitational potential energy is possessed by a body due to its height/position above the ground.

mgh  E p  where: EP= kinetic energy (J)
m = mass of the body (kg)
g = acceleration due to gravity = 10 ms-2 on earth
h = height above the ground (m)

Example: J13/P1/Q14

8.2 MAJOR SOURCES OF ENERGY

Renewable and non-renewable energy sources
 An energy source is classified as renewable if it can supply energy without getting depleted (used up).
Example: solar energy, hydroelectric energy and wind energy
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 An energy source is classified as non-renewable if it can supply a limited amount of energy only (and
becomes used up after supplying a finite amount of energy).
Example: chemical energy and nuclear energy

1) Chemical/fuel energy
 Chemical or fuel energy is stored in the bonds between the atoms of fossil fuels.
 Examples: coal, petroleum and natural gas.
 When the fuels are burnt, there is a re-grouping of their atoms and the stored chemical energy is

released mainly as heat (and also as light and sound).
 The heat energy is then used to boil water and produce steam.
 The steam is then used to drive turbines and generators so as to produce electrical energy.
 Most internal combustion engines and thermal power stations use such type of energy.
 Advantage: Can be relatively cheaply exploited and used.
 Disadvantages: 1. Is non-renewable.

2. Causes atmospheric pollution by the release of toxic gases such as carbon dioxide
(that causes the greenhouse effect) and oxides of nitrogen and sulphur (that are
injurious to health).

2) Hydroelectric generation
 Hydroelectric energy arises from the
gravitational potential energy of water
stored at a high level.

 For example, water in a lake possesses
gravitational potential energy.

 As the water moves down to a lower
level, its gravitational potential energy
gets converted into kinetic energy. Fig. 8.2: hydro-electric energy

 The kinetic energy of fast moving water is used to drive turbines and generators so as to produce
electrical energy.

 Advantages: 1. Renewable
2. Cheap

 Disadvantages: 1. Use of hydroelectric power may cause hot water pollution that can harm aquatic
animals and plants in rivers.

2. Is not available in all regions.

3) Solar energy
 Solar energy arises due to the nuclear reaction (fusion) between nuclei of atoms in the sun.
 Solar energy is mostly available in the form of heat and light.
 Heat energy from the sun is collected using solar panels and is used to heat water in solar water heaters.
 Light energy from the sun is collected using solar cells (or photovoltaic cells) which convert it into

electrical energy. Solar cells are used to power calculators, watches and satellites in space.
 Advantage: 1. Renewable

2. Cheap
3. Does not cause any type of pollution

 Disadvantage: The technology for converting light energy from the sun into electricity is expensive.

4) Nuclear energy
 Nuclear energy refers mostly to the heat energy liberated from the decay of the nuclei of radioactive

substances.
 Examples of radioactive substances are uranium and plutonium.
 In a nuclear power station, heat energy is liberated from the nuclear fission of a radioactive substance.
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 The heat energy is then used to boil water and produce steam.
 The steam is then used to drive turbines and generators so as to generate electrical energy.
 Advantage: Can release huge amounts of energy.
 Disadvantages: 1. Nuclear fission leaves radioactive wastes that are harmful for the environment.

2. The technology required for exploiting nuclear energy is complex, expensive and
dangerous.

5) Geothermal energy
 Geothermal energy is the heat energy
produced by the decay of radioactive
elements stored deep in the earth.

 Geothermal energy is mostly available in
the form of hot water from springs or
geysers.

 Such energy can be economically exploited
in very few places on the earth. Fig. 8.3: geothermal energy

 Advantage: 1. Is freely available.
2. Renewable

 Disadvantages: 1. Not readily available in all regions.
2. The technology required for exploiting such energy is expensive.

6) Wind energy
 The uneven heating of the sun causes air to move as winds at different speeds over the earth’s surface.
 The kinetic energy of blowing wind can used to generate electricity by driving generators.
 Advantages: 1. Renewable

2. Cheap
3. Does not involve the release of harmful substances to the environment.

 Disadvantages: 1. May cause noise pollution.
2. Is not available in a sustained manner.

Nuclear fusion and fission
 During a nuclear reaction the nuclei of an element change into those of another element and a very large

amount of heat energy is liberated.
 The amount of heat energy released during a nuclear reaction is given by the formula:

2mcE  where: E = energy released, unit: J
m = difference in the mass the substances before and after the reaction, unit: kg
c = speed of light = 3 × 108 ms-1

 There are two types of nuclear reactions called nuclear fission and nuclear fusion.
Nuclear fission

 In nuclear fission large/heavy nuclei, like those of uranium and plutonium, split into two smaller/lighter
nuclei and a huge amount of energy is released in the form of heat and light.

 The end products of nuclear fission reactions are radioactive substances that are dangerous to the
environment.
Nuclear fusion

 In nuclear fusion two light nuclei of hydrogen fuse together at very high temperatures to form a (heavier)
nucleus of helium.

 The end products of nuclear fusion reactions are harmless substances like helium.
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Process of electricity generation
The main stages in producing electrical energy by burning fuels can be illustrated as follows:

Fig. 8.4: main stages of energy conversion in a power station

Environmental issues associated with power generation
 Production of electrical power involves the exploitation of energy sources from the environment and

produces adverse effects on it.
 Undesirable effects on the environment include pollution and depletion of certain energy sources.
 To ensure minimum harm to the environment, some important considerations are:
1) The exploitation of renewable energy sources must be favoured.
2) The technology energy must be a non-polluting one.

8.3 WORK
Work is said to be done when the point of application of a force moves.

Work = force × distance moved in the line of action of the force
Unit: joule, J
Example:

8.4 EFFICIENCY
Efficiency is the ratio of the useful energy output to the total input.

100 
inputenergy  total

form required  theoutput toenergy   Efficiency Percentage 

What should be the units of efficiency? ………………………………………………………

Efficiency of energy conversions in common use
When energy is converted from one form to another, some energy is always lost (for example, as heat and
sound). Therefore, the useful energy output is always less than the total energy input. Thus, efficiency is
always less than 100%.
Example: J04/P1/Q12

8.5 POWER
Power is defined as the rate of doing work.

 takentime
donework Power 

Unit: watt, W or Js-1
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Usefulness of energy output from a number of energy conversions
Too much dependence on a single source of energy is not good because:
1) the source may run out quickly
2) There may be scarcity/shortage in the supply/availability of that energy source and prices may rise
3) If the energy source is of polluting type then too much pollution would occur
Therefore, reliance on a single source must be reduced and energy must be obtained from different
alternative sources. Therefore, the use of renewable and non-polluting energy sources are preferable, for
example energy from the sun and wind energy.
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