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ENERGY

What is energy?
Energy is all around us and comes in many different forms. Although it cannot be
seen or touched you can be sure when anything happens energy is responsible.
Energy is often defined as the ability to make things happen e.g. we can give a golf
ball the energy to move by hitting it with a club as shown below.

Where does energy come from?
All energy ultimately comes from the sun: the food we eat, the petrol used in cars,
the hydrogen in rocket fuel. Some energy such as coal and oil was stored in the earth
many years ago, other energy is still reaching the earth today in the form of sunlight.
If we could capture only one hundredth of the solar energy falling on the earth we
would have more than sufficient power for all our needs.
When energy is used we say that work is being done. If a car is being driven along a
road then work is being done and energy is being used. If the car is driven further
more work is done and more energy is used. In the present day and age enormous
amounts of energy are used in the industrial world. The diagram below shows the
distribution of the way energy is used in the UK.
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Understanding Energy
Being able to understand energy is of fundamental interest to the technologist and
once it is understood you will be able to:
a)

recognise energy in various forms;

b)

quantify the main forms of energy;

c)

use rules to recognise when energy changes from one form to another - that is
when energy is transformed.

Higher Engineering Science - Energy

3

WORK AND ENERGY
Work Done
When a force is used to move an object, “Work” is said to be done.
Consider pushing a car along a road from position A to position B.

A

B

The amount of work you do will depend on how hard you have to push the car (the
size of the force) and on how far you have to push it (the distance).
The amount of work can be calculated using the formula: -

Work Done = Force applied x Distance moved
W=FxD

Force is normally measured in Newtons (N) and distance in metres (m).
The unit for measuring Work is therefore Newton metres (Nm).
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Worked Example: Work done
A winch raises a lift of mass 1000 kg to a height of 20 m. Calculate the minimum
amount of work that must be done by the winch.

Weight of lift

= mg

Weight of lift

= 1000 x 9.8
= 9800 N

Work

= Force x Distance
= 9800 x 20
= 196000 Nm

Higher Engineering Science - Energy

5

Assignments: Calculating work done

1) In lifting an engine out of a car, a mechanic uses a block and tackle. How much
work is done if a force of 500 N is used in pulling the rope a distance of 4 m?
2) During the loading process a fork lift truck lifts a pallet of bricks of mass 740 kg up
to a height of 2 m.

Calculate the minimum amount of work the truck must do during the lift.
Suggest why the actual work done during the lift will be greater than this.
3) A weight lifter “snatches” a dumbbell from the floor to arm’s length, a vertical
height of 1.2 m. Calculate the weight in kg of the dumbbell if the minimum work
done in lifting it is 1800 Nm (remember F=mg).
4) A mass of 50 kg is raised to a height of 5 m by a rope, which is wound around a
motor shaft of diameter of diameter 150 mm as shown.

Determine the amount of work done by the motor and the number of
revolutions made during the lift.

Higher Engineering Science - Energy

6

TYPES OF ENERGY
Energy is defined as the capacity of a body to make things happen (or to work). It is
measured in Joules (J). We know that to do more work we require more energy but
we can use various types of energy to do this work for us. Energy comes in several
different forms but the ones we shall deal with in this course are;
1)
2)
3)
4)
5)

Kinetic
Potential
Electrical
Strain
Thermal

1) Kinetic Energy (Ek)
Kinetic energy is the energy of movement. It is the name given to the energy a body
possesses due to its motion. The car in the diagram below can be described as having
kinetic energy because it is moving.

2) Potential Energy (Ep)
Potential energy can be best thought of as energy stored in a static object. It can be
due to how high the object is above a datum ( starting point ), or due to the fact that
work has already been done on the object and the energy is stored in it. The bucket
supported by the pulley in the diagram below contains potential energy.
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3) Electrical Energy (Ee)
Electrical energy is one of the most convenient and commonly used forms of energy
since it can be transported easily from place to place ( along electrical cables ) and
can be easily changed into other forms of energy.
Most electrical energy is generated in power stations where one type of energy is
converted into electrical energy.
The diagram below shows a simple fossil fuel power station. The fuel is burnt in a
boiler and the chemical energy in the fuel is converted into heat energy. This heat
energy is used to produce steam at very high pressure ( kinetic energy ). The highpressure steam is then used to turn turbine blades (rotational kinetic energy). The
turbine is in turn connected to an alternator, which converts the kinetic energy into
electricity. This electricity can now transported around the country along electrical
pylons and cables.

COAL BURNING

ELECTRICAL
GENERATOR

TRANSFORMER

BOILER
STEAM

TURBINE
PYLON
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4) Strain Energy (Es)
Strain energy is the energy stored when a body is stretched or compressed. To store
strain energy you first have to do work, therefore a body that has strain energy also
has the ability to do work. The diagram below shows an elastic band, which has been
stretched and therefore contains strain energy.

5) Thermal Energy (Eh)
Thermal energy is the energy transferred to a body, which results in a change in the
body’s temperature. The diagram below shows a kettle boiling, therefore a certain
amount of thermal energy was required to raise the temperature of the water in the
kettle to boiling point.

Higher Engineering Science - Energy

9

Assignments: Identifying different forms of energy

1)

A heating element is used to make sure that the water temperature in the
pool is maintained at a suitable level. Copy and complete the simple systems
diagram below showing one energy input and one energy output for the
heating system that will solve this problem.

HEATING
ELEMENT

2)

Name four sources of energy that can be converted (directly or indirectly)
into electrical energy.

3)

The diagram below shows a representation of a hydroelectric power station.

A
DAM
WATER

B

C

D

TURBINE

GENERATOR

MOTOR

Name the energy output at each of the stages A, B, C and D.
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CALCULATIONS INVOLVING ENERGY
1) Calculating Kinetic energy
The kinetic energy of a moving object is dependent on two factors; the mass ( m ) in
kg of the object and its velocity ( v ) in m/s.
Kinetic energy is calculated using the formula:

EK  12 mv 2
Worked Example: Kinetic Energy
1) If a buggy of mass 90 kg travels at 40 m/s, how much kinetic energy does it
contain?
Ek = ½mv²
= ½ x 90 x 40²
= 72000 Joules
= 72 kJ

Higher Engineering Science - Energy

11

Assignments : Kinetic Energy
1)

During a sheet making process, 50 kg ingots of metal are passed along rollers at
a speed of 0.5 m/s.
Calculate the kinetic energy of each ingot.

2)

A racecar drives around a circuit at a speed of 50 m/s. If the car has a kinetic
energy of 500 kJ what is the mass of the car?

3)

A girl who weighs 50 kg is riding on her bicycle and has a kinetic energy of
2.5 kJ.

What speed is the girl moving at and what is the kinetic energy of the bicycle if it
weighs 30 kg?
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2) Calculating Potential energy
The most commonly used method to calculate Potential energy is :

EP  mgh
where m is the mass of the object, g is the force of gravity acting on the object and h
is the height the object above the ground or datum.

Worked example: Potential energy

1)

Metal piles are driven into the ground using a pile driver. This consists of a
500 kg driver which is raised by a winch to a height of 3 m above the pile and
then released.

DRIVER

PILE

Calculate the potential energy stored when the driver is lifted.
Ep

= mgh
= 500 x 9.8 x 3
= 14700 Joules
= 14.7 kJ
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Assignments : Potential energy
Baggage handlers at an airport, place suitcases onto a conveyor belt, which lifts
them up to the hold of the aeroplane as shown.

3.5m

1)

Calculate the potential energy stored when a 20 kg case is moved up the belt.
2)

At what height must a drum of mass 100 kg be suspended above the ground if it
possesses 4 kJ of potential energy?

3)

Calculate the potential energy available from a reservoir holding 1800 litres of
water at a height of 260 m. (1 litre of water = 1 kg )

4)

Metal piles are driven into the ground using a pile driver. This consists of a
driver being raised to a height of 5 m above the ground and then released.
Calculate the weight of the driver if the potential energy stored when it has
been lifted is 9,810 Joules.
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3) Calculating Electrical energy
Electrical energy can be calculated using the formula :

Ee  ItV
where V is the voltage of the circuit, I is the current flowing through the circuit and t
is the time that the circuit has been operating in seconds.

Worked Example: Electrical Energy
1)

Ee

An electric cooking ring has an operating voltage of 230 volts with a current of
5 amps. Calculate how much electrical energy has been used if the cooking ring
takes five minutes to heat a pot of soup.

= ItV
= 5 x 300 ( sec. ) x 230
= 345000 Joules
= 345 kJ
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Assignments : Electrical Energy
1)

A hot air hand drier is activated for 30 seconds when the switch is pressed.

The drier operates from a 230 V supply and draws a current of 12 A. Calculate
the amount of electrical energy used when the drier is operating.
2)

If the amount of electrical energy used by a 110 V, 30 A dc motor is 1.98 MJ.
How long has the motor been in operation for ?

3)

A 3 Amp turbine is used to drive a 110 V electrical generator.
How much electrical energy does the generator produce in one hour ?
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4) Calculating Strain energy
Strain energy can be calculated using the formula:

ES  12 Fx
where F is the force applied to the object in Newton’s and x is the change from the
original length of the object ( extension or compression ) in metres.

Worked Example: Strain energy
1)

A spring with stiffness 10 N/mm is stretched by 30 mm. Determine the strain
energy store in the spring.

BEFORE

AFTER

Force on spring = stiffness x extension = 10 x 30 = 300N
Es

= ½Fx
= ½ x 300 x 0.03
= 4.5 Joules
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Assignments: Strain energy
1)

When a diver of mass 80 kg jumps on the end of a springboard, the board is
stretched by 2mm in length as it bends downwards. Calculate the strain energy
stored in the spring board.

2)

Calculate the amount of strain energy stored in a spring if a force of 20 N
stretches the spring from a length of 100 mm to 160 mm.

3)

How far must an elastic band be stretched by with a force of 100 N to give it a
strain energy of 10 Joules?
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5) Calculating Thermal energy
Thermal energy can be calculated using the formula:

Eh  mcT
where m is the mass of the material in kg, T is the change in temperature in degrees
( Celsius or Kelvin ), and c is the specific heat capacity of the material being heated.
The specific heat capacity of a substance is the amount of energy required to raise
the temperature of the material by 1ºK.
The values for the specific heat capacity of important materials are given in your data
booklet.

Worked Example: Thermal energy
1)

A hot water tank contains 200 litres of water at 18C.
Calculate how much energy is required to raise the temperature of the water to
50C ? (1 litre of water = 1 kg).
The specific heat capacity of aluminium = 4200 kJ/kgK

Eh

= mcT
= 200 x 4200 x 32
= 26.88 kJ
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Assignments: Thermal energy
1)

Calculate the heat energy required to heat 2 kg of water from a temperature of
20ºC until it begins to boil.

2)

A hall has dimensions of 8m x 30m x 10m. Assuming no heat losses, calculate
the amount of heat energy required to raise the temperature of the air in the
hall from 10C to 20C.
The density of air is approximately 1.3 kg/m³ and the specific heat capacity is
850 J/kgK.

3)

57 kJ of thermal energy are supplied to 1.7 kg of oil having a specific heat
capacity of 2.7 kJ/kgK.
If the initial temperature of the oil is 3C, what will be its final temperature ?
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5) Calculating Power
Power can be calculated using the formula

E
P
t
Where E is the energy in the system in joules and t is the time in seconds.
Power is simply a measure of how fast energy is used or transferred. The energy
used in this equation can be in any form, from work done (J), kinetic (J), electrical (J)
or indeed any type of energy - providing it is measured in joules.
Power in measured in joules per second or watts (W)

Worked Example: Power
1)

A large tanker is stuck on a mud bank. If a tug engine develops 10 MW of power
and takes 35 min to move the ship 3 m, calculate the average force exterted by
the tug.

Energy
time
E  Power  time
P

E  10  10 6  2.1  10 3
E  21  10 9 J

Energy  Force  dis tan ce
Energy  F  s
Energy
F
s
21  10 9
F
3
F  7  10 9 N
The average force exerted by the tug is 7x109 N
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Assignments: Power

1. A portable crane is used to lay sections of a sewage drain in an excavation 4 m
deep. Each section has a mass of 800 kg. If the average time taken to lay one
section is 3 min, calculate the power developed if the crane must raise the section
2 m prior to lowering it into the excavation.
2. A press used to punch a tunnel section into position is to operate by oil pressure
and is to exert a force of 2 MN. Calculate the power developed if the ram of the
press is to operate once every 40 min and moves 240 mm in this time.
If
the diameter of the press ram is 150 mm, calculate the oil pressure needed to
exert the 2 MN force.

3. 20 containers of average weight 180 kN per container is to be loaded on to a bulk
carrier. Each container has to be raised 15 m by the loading crane, move over the
ship and lowered 18 m. Calculate:
a) The total work done in loading the bulk carrier.
b) The power developed by the crane if the total time taken to load one
container is 5 min.

Higher Engineering Science - Energy

22

Energy conservation
In everyday usage the term energy conservation has come to mean conserving
energy in the sense that less of it is used to do the same amount of work. Examples
include improving the heat insulation of houses and other buildings, improvements in
the efficiency of lighting and other electrical devices, making cars which use fuel
more efficiently etc.
Fig.1 shows the insulating jacket around a hot water tank, which is used to reduce
heat loss.

In technology and science “ Conservation of energy ” has an older and different
meaning. It is looked upon as a rule.
The rule states that energy cannot be created or destroyed but can only are changed
from one form to another (“ transformed ” or “ converted ”). This rule is also
termed a natural law.
The Law of Conservation of Energy
This asserts that for a closed system, where no energy goes in or out, the total energy
within the system must always be the same, although its form may change. On the
other hand, in an open system such as a power station this rule leads to the
conclusion that the total energy input to the system must be exactly equal to the
total energy output. The converse must also be true.
The extent to which the output energy is able to do useful work, that is, of the
desired type, is called the efficiency of the system. We calculate this by comparing
the useful output from the system with its energy input.
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Energy conversion
How energy can be converted is of prime importance to the technologist. Some
forms of energy are directly interchangeable (e.g. potential and kinetic) but others
need to go through several changes to arrive at the final desired form (e.g. chemical heat - kinetic - electrical).
The following system diagrams show some very simple energy transformations:

A light bulb converts electrical energy into light energy.

ELECTRIC

LIGHT BULB

ENERGY

LIGHT
ENERGY

An electric motor converts electrical energy into kinetic energy or movement.

ELECTRIC
ENERGY

ELECTRIC
MOTOR

KINETIC
ENERGY

An electric generator converts kinetic energy into electrical energy.

KINETIC

GENERATOR

ENERGY
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Assignments: Simple energy conversions
Copy and complete the following system diagrams showing the energy conversions
taking place.
1) A stretched elastic band

ELASTIC
BAND

2) Electric kettle

ELECTRIC
KETTLE

3) A wind-up toy car

WIND-UP
TOY CAR

4) Water passing over a waterfall

WATERFALL
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Assignments: Complex energy conversions

A hydroelectric power station is shown in fig.10a as an outline diagram.

WATER LEVEL

DAM
RESERVOIR

PENSTOCK

A

GENERATOR

B

C

OUTPUT
NOZZLE

D

1) State the form of energy at each of the points A, B, C and D.
2) Complete the following statement to describe, using appropriate terminology,
the energy changes, which take place between stages A and E.

At A the water has .................. energy, but as the water flows down the penstock ...
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3) Identify the form of energy at each of the points A, B, C, D, E, F, G and H indicated
belwo.

A

MASS
ELECTRIC MOTOR

B
ELECTROLYTIC CELL
(WATER)

H
EXPANSION
CYLINDER

G

-

+

D
MICROPHONE

F
SOLAR CELL
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LOUD SPEAKER

E
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4) A diagrammatic representation of a simplified Thermal Power Station is shown
below.

MECHANICAL LINK

STEAM INLET

M

A

MOTOR
B

C

OUTPUT
VOLTAGE

a) List the energy changes that take place between the input and the output of the
Power Station.
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Energy “losses” during conversions
Although we have stated that energy cannot be destroyed and that the energy
output from a system is equal to the energy input to the system, not all the energy in
the system is used efficiently.
When an energy conversion takes place there is always an energy change that we do
not desire - usually a loss in the form of heat, sound or friction from moving parts of a
mechanism.
If we look at the simple energy conversions from earlier we can expand the system
diagrams to also show the waste energy or energy losses.

Example 1:

A light bulb converts electrical energy to light energy but it also produces heat
energy.

ELECTRIC

BULB

ENERGY

LIGHT ENERGY
HEAT ENERGY

Example 2:

An electric motor converts electrical energy to produce kinetic energy along with
sound energy and heat energy.

KINETIC ENERGY
ELECTRIC
ENERGY

ELECTRIC
MOTOR

SOUND ENERGY
HEAT ENERGY
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Assignments : Energy losses in a system
A windmill used for generating electricity can have the generator in either of two
positions. It can be as shown in fig. 14a, located at the top connected directly to the
rotating vanes. Alternatively, it can be at ground level connected by shafts and gears
to the rotating vanes as shown in fig. 14b.

fig.14a

1) List the energy conversions, which take place when a windmill is operating.

fig.14b

2) The system shown in figure 14b does not produce as much electricity as the
system in figure 14a. Describe any energy losses in the system.
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3) Figure 14c shows sub-systems of a power station
KEY

CLEAN
GASES

FUEL OIL
COLD WATER
HOT WATER
WET STEAM
DRY STEAM

FILTER
A
CONDENSER

HEAT
EXCHANGERS
B

E

C

BOILER PLANT

TURBINES

D

OUTPUT

fig.14c
a) Use the key to identify the fluid at points A, B, C, D, and E.
b) Describe how the power station operates.
c) What is the purpose of the heat exchangers?
d) From the information given below, calculate the overall efficiency of the power
station. Efficiency = Electrical Energy / Fuel Energy x 100%

FUEL ENERGY
100 UNITS

POWER
STATION

WASTE ENERGY
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4) The diagram below shows a method of using the energy from wind.
a) Identify the forms of energy at points A ( wind vane ), B ( generator ), C ( pump ),
D (water tank ), E ( water wheel ) and F ( generator ).

A

D

E
F

C

B

b) Describe the energy changes taking place within the system.

c) Identify and describe any energy losses within the system at points A, B, C, D, E
and F.

Higher Engineering Science - Energy

10

Energy transfers
Energy can neither be created nor destroyed, but when used it is changed
( or transferred ) into other forms of energy. e.g. A light bulb will transfer or change
electrical energy into light and also heat energy.

LIGHT ENERGY

ELECTRICAL
ENERGY

BULB
HEAT ENERGY

No machine however, can completely transfer all the available energy into useful
work. In other words, no machine is 100% perfect. Friction exists in every moving
system, and the effect of friction is to convert mechanical energy into heat energy,
which is usually lost to the surrounding air.
It has already been stated that energy cannot be created or destroyed, it can only be
made to change form.
During an energy transformation therefore, the total energy contained within any
closed system must remain constant.
Knowing the total amount of energy at the start ( or end ) of any energy
transformation
tells us the total energy at any given time during the transformation.
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Example : Energy transfer
Consider a ball that is released from a high building.
EP1

EP2
EK1

EK2

E.Int2.O3.fig.2
When the ball is at the top of the building, it has gravitational potential energy (Ep 1 ).
The total energy E = Ep1
When the ball is released, it falls and some of the potential energy (Ep2) is converted
into kinetic energy Ek1. The total amount of energy ( E ) the ball possesses at this
time is equal to the potential energy plus the kinetic energy.
Total energy E = (Ep2 + Ek1 ) = Ep1
Just as the ball hits the ground, it no longer has Ep, all the potential energy Ep1 has
been converted into kinetic energy Ek2. The total amount of energy is just due to the
Ek.
Total energy E = Ek2 = (Ep2 + Ek1 ) = Ep1
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Worked Example : conversion of energy ( potential to kinetic )
A body of mass 30 kg falls freely from a height of 20 metres. Find its final velocity and
kinetic energy at impact.
Firstly calculate the initial Potential energy.
Ep

= mgh
= 30 x 9.81 x 20
= 5.9 kJ

This Potential energy is converted or transferred into kinetic energy, which means
that the kinetic energy at impact is equal to 5.9 kJ.
To calculate the final velocity of the body we begin by taking Ek = 5.9 kJ.

Ek

= ½mv²

5.9 x 10³

= ½ x 30 x v²

v²

= 393.3

v

= 19.8 m/s

This type of calculation can be completed for any type of energy conversion,
knowing the total energy at any given time ( start, end, middle, etc. ) tells us the
total amount of energy at all other given times.
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Assignments : Transfer of Energy
1)

A 5 kg mass is raised steadily through a height of 2 m. What work is done and
what is the body’s potential energy relative to the start?

2)

A body of mass 30 kg is projected vertically upwards with an initial velocity of
20 m/s. What is it’s initial kinetic energy and to what height will it rise?

3)

A mass of 20 kg is allowed to fall freely from a certain height above a datum.
When the body is 16 m above the datum, it possesses a total energy of 3531 J.
What is the starting height of the object?

4)

In a stamping machine, the die has a mass of 35 kg and falls through a height of
2 m onto a metal block.
If the depth of indentation is 10 mm, find the average stamping force. Assume
no rebound.

5)

A car manufacturer carries out a safety test on the bumper system of a new
model as shown in fig. 3. The test involves propelling the car at a constant
speed of
8 km/hour towards a vertical wall. The resistance to motion of the car is 600 N
and the mass of the car is 800 kg.
Four life sized dummies are placed in the car to allow additional data to be
recorded. Each dummy has a mass of 70 kg.
The bumper system is designed to absorb all the energy at impact. During the
test, the bumper was found to have compressed by 30 mm before returning to
its original shape.

E.Int.2.O3.fig.3
Determine :
a)

the kinetic energy of the car before it hits the wall.

b)

the maximum force exerted on the bumper during impact.
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6)

A derrick is used to lower containers into the hold of a ship as shown in fig. 4.
The speed at which the containers are lowered is controlled by a brake pad
pushing against the side of a brake drum.
The derrick is used to lower 1 tonne containers at a steady speed.

BRAKE PAD
BRAKE DRUM

E.Int.2.O3.fig.4
a)

Calculate the potential energy lost by the containers as they are lowered.

b)

Assuming all this energy is converted into heat energy at the brake drum, use
the following data to calculate the change in temperature of the drum.
Specific heat capacity of drum = 400 J/kgK
Mass of brake drum = 20 kg
When the containers are lifted out of the hold using a petrol driven hoist, 0.03 kg
of petrol is used.

c)

Calculate the amount of fuel energy supplied if the specific energy of petrol is
20 M J/kg

7)

A spring has a length of 500 mm when no external forces are present. When a
force of 600 N is applied to the spring it doubles its length.

a)

Calculate the spring stiffness in N/mm.

b)

What size of force is required to increase the length to 600 mm.

c)

Calculate the Work done in stretching the spring from 600 mm to 800 mm.
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8)

The spring in an air rifle has a stiffness of 5 N/mm and a free length of 120 mm.
The spring is compressed half the distance just before a slug of mass
1.0 gram is fired from the rifle.

a)

Calculate the energy stored in the spring when the slug is inserted.

b)

What is the velocity of the slug immediately after it has been fired?

9)

Cars are designed with a safety cage, which surrounds the passengers, and a
crumple zone front and back to absorb any energy on impact.
During a test run, a car of mass 800 kg is driven at 12 m/s into a solid wall. The
crumple zone deforms but the safety cage remains intact thus protecting the
passengers.
The crumple zone deforms 500 mm on impact.

a)

Calculate the kinetic energy of the car just before impact.

b)

What will be the average stopping force (work) acting on the car during
impact?

10)

A piece of brass of mass 5 kg is dropped onto a hard surface without
rebounding, resulting in a temperature rise of 2 C.
The specific heat capacity of brass is 370 J/kgK
Calculate the speed with which the brass hits the surface.
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Tasks : Transfer of Energy
Task 1
1) Build a simple windlass system like the one shown in fig. 5 to raise a small load.

MOTOR & GEARBOX

WINDLASS

LOAD
E.Int.2.O3.fig.5
Set the load to 0.1 kg and raise the load through a distance of 0.5 metres.
Connect an ammeter and a voltmeter to record readings from the motor as shown in
fig. 6.

E.Int.2.O3.fig.6
Record the time it takes to raise the load through the set distance.
Now calculate the following :
a)

the electrical energy used to raise the load ;

b)

the speed of the load ( distance / time ) ;
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c)

The kinetic energy of the load ;

d)

the potential energy of the load ;

e)

the efficiency of the windlass system.
Efficiency = Ep/Ee x 100%
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Task 2
Use a 12 V heating element to heat a container of water from 20 C to 30 C.

12V

E.Int.2.O3.fig.7
Use an ammeter to measure the current used by the heating element and also record
the time it takes to raise the water to the set temperature.
Find the weight of the water by weighing the container before you add the water and
then re-weighing it with the water.
Calculate :
a)

the electrical energy used to raise the temperature of the water by 10 C
;

b)

the heat energy of the water ;

c)

the efficiency of the heater.
Efficiency = Eh/Ee x 100%

Repeat your readings and calculations for temperatures of 40 C, 50 C and every 10
degrees up to boiling point.
d)

Plot a graph of your results for temperature against efficiency.
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EFFICIENCY

%

O

O

TEMPERATURE

C

E.Int.2.O3.fig.8
e)

Describe what your graph shows ( mention energy losses ).
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Task 3
Fix an elastic band at both ends and use a spring balance to safely stretch the middle
backwards a set distance e.g. 50 to 100 mm.

E.Int.2.O3.fig.10
Record the reading on the spring balance.
a)

calculate the strain energy of the elastic band.

Build a very simple buggy, which will be able to be propelled from the elastic band
along a flat surface.
Record the time it takes for the buggy to travel a set distance e.g. 0.5 m to 1 m.
Calculate :
b)

the average speed of the buggy ( speed = distance / time ).

c)

the kinetic energy of the buggy.

d)

the efficiency of the propulsion system.
Efficiency = kinetic energy / strain energy x 100%
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OUTCOME 4
Carry out calculations relating to an energy audit for a system.
When you have completed this unit you should be able to:
•

Correctly calculate energy inputs to a system from data.

•

Correctly calculate energy outputs from a system from data.

•

Correctly calculate/estimate energy losses for a system from data.

•

Correctly calculate the overall efficiency of a system.

Before you start this unit you should have a basic understanding of:
Outcome 1.
Outcome 2.
Outcome 3.
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Outcome 4 - Carry out an energy audit for a simple system
Efficiency
The efficiency of an energy transformation is a measure of how much of the input
energy appears as useful output energy.
The efficiency of any system can be calculated using the equation :

Efficiency =
=

Useful energy Output
Total energy Input
E out
E in

N.B.  is the ratio of output: input energy. This can never be greater than 1. In order
to convert  to a percentage efficiency,  is multiplied by 100.
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Worked Example : Efficiency
An electric lift rated at 110 V, 30 A raises a 700 kg load a height of 20 m in 2 minutes.

E.Int.2.O4.fig.1
By considering the electrical energy input and the potential energy gained by the
mass, determine the percentage efficiency of this energy transformation.
Energy into the system is Electrical
Ee

= ItV
= 30 x 120 x 110
= 396 kJ

Potential energy gained is calculated by ;
Ep

= mgh
= 700 x 9.81 x 20
= 137.3 kJ

% Efficiency =

Useful Energy Out x 100
Total Energy Input

=

137.3 x 100
396

=

34.7 %
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Assignments : Efficiency
1) An electric kettle is rated at 240 V, 10 A. When switched on it takes 3 minutes to
raise the temperature of 0.5 kg of water from 20 C to 100 C.
Determine :
a)

the electrical energy supplied in the three minutes ;

b)

the heat energy required to raise the temperature of the water ;

c)

The efficiency of the kettle.

2)

In a Hydroelectric electricity generating stations, water is allowed to flow
downhill through a turbine, which is connected to a generator.

UPPER RESERVOIR

GENERATOR
TURBINE

E.Int.2.O4.fig.2
The water falls through a vertical height of 500 m at a rate of 5,000 kg/s. If the
energy transfer is 65% efficient, determine the amount of electrical energy
produced per second.
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E.Int.2.O4.fig.3
3)

Boxes in a factory are transferred from one floor to another using a chute
system as shown in fig. 3.
The boxes start from rest at the top of the chute and during the decent there
is a 40% loss of energy. The boxes weigh 10 kg each.

a)

Calculate the velocity of the boxes at the bottom of the chute.

b)

What is the distance “d” that each box will travel along the bottom floor
before coming to rest if the frictional force opposing the motion of each
package is 25% of its weight?
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Energy Audits
It has already been stated that energy cannot be created or destroyed, it can only be
made to change form.
During an energy transformation, all the energy going IN to the system must come
OUT and appear as other forms. We cannot “ lose ” energy, it must go somewhere !
Unfortunately, not all of the energy being put into a system appears as useful energy
at the output, e.g. a generator is designed to convert kinetic energy into electrical
energy however due to the frictional forces, some heat energy will also be produced.

KINETIC
ENERGY

GENERATOR

ELECTRICAL ENERGY
HEAT ENERGY

E.Int.2.O4.fig.4

Since this heat energy is “ useless ” in terms of generating electricity, it is sometimes
referred to as “ waste ” energy or (confusingly) as “ lost ” energy.
Even systems that are designed to produce heat will have some energy losses. e.g.
the element of a kettle is designed to heat up water, but not all of the energy will go
into heating up the water, some of the energy is used to heat up the kettle, some
heat will be “ lost ” to the room etc.
Since we know however that the total energy in any closed system must be constant,
we can still carry out meaningful calculations if we remember to take all types of
input and output energy into account.
In the generator example above :
the input energy is in the form of kinetic energy ( Ek );
the total output energy will be electrical energy plus the heat energy (Ee + Eh );
hence, through conservation of energy Ek = Ee + Eh
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Energy Audits cont.
In order to ensure that we have taken all energies into account, it is useful to carry
out an energy audit.
An energy audit is a list of all the energies coming IN and going OUT of a system.
The total for the energies IN must be the same as the totals for the energies OUT.
Worked Example
In order to estimate the efficiency of an electric light bulb, the bulb is immersed into
a beaker of water as shown.

E.Int.2.O4.fig.5
Assuming all the heat energy generated by the bulb is transferred to the water, use
the data provided to calculate the efficiency of the light bulb as a light energy
producer and also the amount of waste energy.
Data

Power Supply = 12 V
Current drawn by bulb = 5 A
Volume of water in beaker = 0.5 litres
Initial temperature of water = 18C
Temperature of water after 10 minutes =
30C

Energy IN to the system is electrical (Ee)
Ee

= ItV
= 5 x 600 x 12
= 36000 J

Higher Engineering Science - Energy

7

= 36 kJ
Energy OUT of the system is light ( El ) and heat ( Eh ).
Eh

= mcT
= 0.5 x 4200 x 12
= 25200 J
= 25.2 kJ

Energy OUT = Energy IN
Energy In = 36 kJ
Energy OUT = Eh + El = 25.2 kJ + El
Therefore 25.2 + El = 36
El = 36 - 25.2 = 10.8 kJ
Efficiency =

Energy Out
Energy In

=

10.8
36

=

30%

x 100%

Waste energy = 70% of input = heat energy = 25.2 kJ
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Assignments - Energy Audits
1)

A deep fat frier uses 2 kJ of electrical energy per second. It can raise the
temperature of 1.5 kg of cooking oil from 20C to 80C in 6 minutes.
If the specific heat capacity of the oil is 2400 J/kgK, calculate the heat energy
taken in by the oil every second and hence the efficiency of the frier.

2)

When full, a container of water holds 1.5 litres of water. The initial temperature
of the cold water is 20C. A heater operates from a 240 V supply, draws a
current of 8 A and has an efficiency of 75%.
Determine how long it will take to heat the container of water to 90C.

3)

A lift is used to raise a mass of 200 kg to a height of 10 m in 2 minutes. If the lift
motor produces 12 MJ of energy in one hour, how efficient is the lift?

Pop
Fizzy
Kolah

Juice
Ginger

Yuk

E.Int.2.O4.fig.6
4)

A vending machine, which dispenses hot drinks, heats one cupful of water
(0.15kg) from 30C to 90C.
The heating element operates from a 240 volt supply and has a resistance of
12 ohms.

a)

Calculate the current drawn by the heating element.

b)

Calculate the heat energy transferred to the water.

c)

Calculate the time taken to heat the water if the system is 100% efficient.

d)

Calculate the percentage of energy lost if it actually takes 10 seconds to heat
the water.

e)

Draw a systems diagram showing the input and outputs to the system. Include
the percentages.
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