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Pithy summary of the essentials
At the beginning of each chapter there is a
Key features pithy summary of the essential physics that

you need to know. Spend time in becoming

thoroughly familiar with the material in
these sections.

Real questions - real self check

* Each chapter contains real GCSE questions
with model answers. Carefully studying
these will help you to revise as well as

showing you how to set out your answers
in an examination.
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¢ At the end of the worked examples there
is a section called ‘Examination Questions'.
Do these questions without looking at the
answers provided. Make sure you really
grasp the principles and the basic physics
contained in these questions.

Look!

The very latest physics
microwave ovens
optical fibres
the greenhouse effect
the ozone layer
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Chapter breakdown
Shows you in detail

what is covered in
the chapters
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Syllabus analysis
Ensures you only do
the topics you need
- no more, no less




Check your syllabus

Make sure that your teacher has not missed
anything out from the syllabus and that your notes
are not incomplete because you were away and
have not copied them up. For effective revision
you need a complete set of notes. Set about
checking your notes against a recent copy of the
syllabus which may be obtained from the
addresses in the acknowledgements. Use a
friend’s notes or a textbook to fill in any of the

gaps.

Use the book and your notes
together

Use this book as a tool with your notes.

The book's aim is to help you pass the exam by
giving you practice in the way questions should
be answered. Although notes are included in each
chapter, these are only brief and are intended only
to jog your memory about the topic. You will
need to use this book in conjunction with your
notes and the textbook you use.

Revision tips

Pace yourself when revising. Most people make
the mistake of leaving their revision to the last
couple of weeks before the exam. It is a good idea
to prepare yourself a realistic revision timetable
and try to stick to it. The important thing is to
develop a routine.
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Short bursts

Short sessions of revision are much more
effective than a long stretch; try to do your
revision in a quiet room away from any
distractions.

Ask yourself questions

Be active in your revision. Ask yourself questions
all the time — for example, ‘Do [ know how to
perform the experiment to verify Hooke’s Law for
a spring?’ You can do this in any spare moment.
You could also ask friends or relatives to help
you.

Exam question practice

Study the worked examples, since these have
been designed to help you build up your
knowledge and give advice about how questions
should be answered.

Use this book by trying the examination questions
at your particular tier and then checking your
answer against the supplied one. Don’t worry that
your answer 1s different sometimes, because some
questions can have a wide range of possible
answers and the one supplied is only one of them.

Understanding better

People remember more if they write things down.
You can do this, but try to avoid copying out your
notes again.



Topic guide
1 _How to tackle different types of examination questionsA uniform plank of wood 3 m long is pivoted at its mid-
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or structured questions; Free response type questions; on one end. Where must John, who weighs 600 N, sit if the

Practical coursework]

A few important points

Some maths help

[Using mathematical equations; Graphs; Significant
figures; Powers of ten; Conversion of units; Solidus
and negative index notation]
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1 How to tackle different

types of examination
questions

Calculations

You will not obtain full marks for a calculation unless you
start by stating the physical principles involved and show
the steps by which you arrive at the answer. You will lose
marks in an examination if your answers to calculations
consist of numbers without any indication of the reasoning
by which you arrive at them. Remember it is a physics
examination and not an arithmetic examination! The
physics of the question must be clearly stated. Unless the
answer is a ratio it will have a unit, so you must always
remember to state the unit.

You may find it helpful before starting a calculation to
ask yourself:

1  What am I being asked to calculate?
2 Which principle, law or formula needs to be used?
3 What units am I going to use?

A further hint worth remembering is that an apparently
complex problem involving many items of data may often
be clarified using a simple diagram.

A numerical answer must not have more significant
figures than any number used in the calculation (see section
3 (page viii): ‘Significant figures’).

Example of a calculation

see-saw is to balance?

X 1.5 metres

A

Pivot

600 N 400 N

To answer this question first draw a diagram showing the
plank and the forces acting on it.

All the relevant information is shown on the diagram.
We need to calculate the distance x metres so that the see-
saw is balanced. The physical principle must first be stated,
i.e. for a body in equilibrium:

Anticlockwise moment about a point = clockwise moment
about the same point.

We now use this equation. Taking moments about the pivot
(600N X x) = (400N X 1.5m)

_ 400N X 15m
600 N

x=1m

John must sit 1 m from the mid-point on the opposite side
to Jean.

Always check your answer at the end to ensure that it is
physically reasonable. Had you got an answer to the above
question of 3 m, then you should at once realise that this is
unreasonable (John would be off the end of the see-saw!),
and look back to discover where you have made a mistake.
And don’t forget to put a unit after the answer.
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Multiple choice questions

Multiple choice questions are no longer part of most GCSE
physics examinations. Check with a recent copy of the
examination syllabuses to see if they form part of your
examination. If all the questions have to be attempted, do
not waste valuable time reading through the paper before
you start. Start at question 1 and work steadily through the
paper. If you come to a difficult question which you can’t
answer, miss it out and come back to it at the end. If you
spend a lot of time thinking about questions which you
don’t find particularly easy, you may find yourself short of
time to do some easier questions which are at the end of the
paper.

When possible it is helpful to try to answer the question
without first looking at the responses. This can reduce the
chance of ‘jumping to the wrong conclusions’. When you
have found the response you think is correct, if time allows,
check the other responses to see why they are incorrect.

When you have worked through the paper in this way,
return to the questions you found difficult the first time
through, but leave until the very end any questions about
which you have little or no idea. In the closing minutes of
the examination, if you still have not answered all the
questions, sprint to the finish by guessing, if necessary.

As examination boards do not deduct marks for wrong
answers it is essential that you answer every question. If
you are not sure which of the choices is the correct answer
try to eliminate one or two of the alternative answers, and,
if necessary, guess which of the remaining alternatives is
correct.

If you have to alter an answer, ensure that the previous
one has been completely rubbed out. Only one answer for
each question must appear on the answer sheet.

Example of a multiple choice question

600 mA
(a)-
\_/

_®_

12V

J .
-

In the circuit shown in the diagram the l}igh—resistance
voltmeter reads 12.0 V, and the ammeter reads 600 mA.
The value of the resistance marked R is

A 72000bm B 720hm C20O0hm D 7.2 Ohm
E 0.02 Ohm

Solution

[We use the equation in chapter 12, section 1, which defines
resistance, namely

potential difference across object (volts)

k= current through object (amperes)

The ammeter reading is 600 mA = 0.6 A

12V
R =—— =20 Ohm.]
0.6A

Answer C

Short answer or structured
questions

In this type of question most examining boards leave space
for the answer to be written on the question paper. The
amount of space left will be a guide to the length of answer
that is required, as will the number of marks indicated by
the question. It doesn’t follow that if you don’t fill all the
space up you haven’t answered the question correctly. But
if five lines are left for the answer, and you have only
written on one line, or if you can’t possibly get your answer
on five lines, then you certainly ought to have another think
about the answer.

Example of a short answer or structured
question

A system of pulleys is used to raise a load of 9 N through
2 m. The effort of 2 N needed to do this moves through
12 m. What is

(i) the potential energy gained by the load
(i) the work done by the effort
(iii) the efficiency of the system?

Solution

(i) Work done on load = force X distance =
INX2m=18J
Potential energy gained by load = 18]
(i) Work done by effort = force X distance
=2NX12m=24]

. work out 187 3
(iii) Efficiency = ——=——=—
work in 24 4

= 0.75 or 75%

(If you have problems understanding the answer,
refer to chapter 3.)

Free response type questions

These are likely to be met in the optional papers taken by
those seeking the highest grades. Make sure you attempt
the full number of questions you have to answer.
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If you are asked to describe an experiment you must

normally draw a diagram of the apparatus or the relevant
circuit diagram. A labelled diagram saves time, as
information shown on the diagram need not be repeated in
words. You should state clearly exactly what readings are
taken, remembering that readings should be repeated as a
check whenever possible. Finally mention any precautions
necessary to obtain an accurate result.

Avoid saying vaguely at the end ‘the result is calculated

from the readings’. You must state exactly how it is
calculated.

If the answer involves drawing a graph, be sure to label

the axes and choose a scale so that the graph covers most of
the paper.

Use the indicated mark scheme as a guide to the length

of answer required.

Example of a free response type question

(@)

Describe an experiment you would perform in order
to measure the average power a girl can develop over
a period of a few seconds.

(8 marks)

(b)

A car of weight 6000 N climbs a hill 1 km long which
raises the car a vertical distance of 50 m. The driver
maintains a constant speed of 25 m/s while he travels
up the hill.
(i) How long does it take him to reach the top of
the hill? (2 marks)
(i) What is the gain in gravitational potential
energy of the car when it reaches the top of the
hill? (4 marks)
(iii) Neglecting frictional forces, what is the power
developed by the car as it climbs the hill?
(2 marks)

(c) Outline the main energy changes which take place as
the car climbs the hill. (4 marks)

Solution

(a) Leg muscle power may be measured by running up a

flight of steps and measuring the time it takes with a
stopwatch. Start the watch as the girl starts to climb
the stairs and stop it when she reaches the top.
Suppose that the average of three runs is 6 s. Measure
the total vertical height of the stairs by using a ruler to
measure the average height of each step and multiply
by the number of steps to get the total vertical height.
If this height is 5 m and the weight of the person,
found by using bathroom scales, is 720 N, then

(b)

©

Work donein6s = 720N X 5m = 3600 ]

work done )
Power = time taken [see chapter 4, section 4]
3600J
= 600 W
6s

[The important thing in answering this question is to
state clearly what must be measured: (1) the weight of
the person, using bathroom scales; (2) the vertical
height of the staircase, using a metre rule; (3) the time
to climb the stairs, using a clock, taking the average
of a number of runs. You must also show how to
calculate her power.]
(i) The car travels 1 km (1000 m) at 25 m/s; hence
) 1000 m
Time taken = =40s
25 m/s
(i) Gravitational potential energy gained
= weight X vertical height raised
= 6000 N X 50 m = 300 0007J

work done

iii) Power = ————
(iii) time taken

300 000 J
= —— =7500W

40s
The chemical energy of the fuel becomes heat energy
in the engine cylinders, which eventually becomes
gravitational potential energy of the care together
with heat energy in the atmosphere as a result of
frictional forces.

Practical coursework

Some points to bear in mind are:

1

Follow any instructions carefully step by step. Read
each instruction twice to ensure that you have
understood it.

Take great care in reading an instrument. Record
each reading accurately, carefully, systematically and
clearly. When reading a horizontal scale with a
pointer above it, make sure your eye is vertically
above the pointer as you take the reading. Don’t
forget to put the unit. Whenever you read a scale,
make sure you have carefully thought through the
value of each of the small divisions on the scale.
Remember to correct for zero errors (for example,
make sure a spring balance reads zero before you
hang a weight from it). When reading multiscale
instruments, be careful to read the correct scale.
Present your readings clearly. Tabulate them neatly
(don’t forget the unit) and present them graphically
whenever possible. Choose a suitable scale for the
graph (i.e. 1 large square = 1 unit) and don’t forget
to label the axes. Take great care over plotting the
points. Don’t join them with short straight lines but
draw the best smooth curve or straight line through
them.
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4  Repeat all the readings and take the average. Be
particularly careful to check any unexpected reading.

5 If you have to take the temperature of a liquid which
is being heated, you must stir the liquid well before
taking the temperature.

6  Be aware of the accuracy of any readings. For
example, when reading a ruler marked in centimetres,
you can only read it to the nearest 0.1 cm.

7  Itis important to select the most appropriate
apparatus. For example, if you need to measure a
current of about 0.009 A (9 mA) and you have the
choice of two ammeters, one reading 0—10 mA and
the other 0-1 A, you should choose the 0—-10 mA
one.

8  You will need to know how to use, among other
things, a measuring cylinder, a balance for measuring
mass, a spring balance, a stopwatch, a thermometer, a
voltmeter, an ammeter and a CRO.

9  You will be required to:

(a) devise an investigation, select and set up suitable
apparatus;

(b) take precautions necessary for obtaining an
accurate result;

(c) show your skills at observation and
measurement;

(d) analyse and process data;

(e) draw conclusions from your observations and
readings.

10  Be prepared to criticise your own work. State your
conclusion clearly, and whenever possible state a
concise relationship between variables.

2 A few important points

1 _Read the question carefully before you write anything.
Make sure you know exactly what the question is
asking.

2 Answer the question precisely as asked. Note carefully
the phrase used in the question. For example,
‘explain’, ‘define’, ‘state’, ‘derive’ and ‘describe’ all
mean different things and are meant to be taken
literally.

3 Try to pace yourself during the exam. Your aim should
be to complete the paper with enough time to check
through at the end.

So keep an eye on the clock and make sure you do
not spend too much time on any one question. On the
other hand, do make sure that you don’t miss out the
last parts of an easy question, because you are anxious
to press on and finish the paper.

4  Set your work out neatly and clearly. Examiners are
human and if they have done many hours of marking,
they are likely to be far more sympathetic if your work
is well set out and easy to follow.

5 Make sure you are familiar with the style of question
set by your particular examining board and the length
of time allowed for each question (syllabuses and past

papers may be obtained from the addresses given in
the Acknowledgements).

6 Don’t spend a lot of time on a multiple choice question
or a short answer question with which you are having
difficulty. Leave that question and come back to it later
if you have time.

3 Some maths help
Using mathematical equations

Equations help us to relate certain quantities. The
usefulness of the equation is extended if it can be
rearranged. There are three helpful rules for rearranging an
equation.

The plus/minus rule

A symbol or number may be moved from one side of an
equation to the other provided the sign in front of the
symbol or number is changed. That is, a ‘plus’ item on one
side becomes a ‘minus’ item on the other side and vice
versa. For example:

X=Y+30
X—-Y=300orX—-30=Y

The diagonal rule

An item may be moved diagonally across an equals sign.
For example, if

A'\_/C

B N\D

then the arrows show possible moves, so that

A 1 A B D C
=—o0or—=—0r— = —

BXC D C D B A

The ‘do unto others’ rule

Whatever is done on one side of the equation must be done
to the other side. For example:

if A = B then A’ = B’ (both sides have been squared)

1 1
if C= D then < = D (both sides have been inverted)

1 1 1

Butif —=—+ —thenR# R, + R,
R 1 2

(# means ‘does not equal’)

The whole of each side must be inverted, i.e.

el _ 1 _ Rk
_i i_—RZ—FRl _R1+R2
R, R, RR,



Graphs

Choose easy scales, such as one large square to represent 1,
2 or 5 units (or multiples of 10 of these numbers). Avoid
scales where one large square is 3, 4, 6, 7, 8 or 9 units. If
each large square is, say, 3 units, then a small square is
0.3 units and this makes the plotting of the graph much
more difficult. Usually the spread of readings along the
two axes should be about the same and they should

cover most of the page. For example, on the graph shown
below on the horizontal scale 2 small squares represent 1
second, and on the vertical scale 1 small square represents
2 m/s.

Velocity/ I'sﬂ

H Time/s

It is important to remember to label the axes and to put a
title at the top of the page. In physics most relationships are
either straight lines or smooth curves, so it is not correct to
join adjacent points together by short straight lines. You
must decide whether the relationship is a straight line or a
curve, and then draw either the best straight line through
the points or a smooth curve.

Significant figures

A useful rule to remember is that you must never give more
significant figures in the answer than the number of
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significant figures given in the least precise piece of data.
For example, if a cube of side 2.0 cm has a mass of
71.213 g, then we may calculate the density by using the
equation

. mass .
Density = [see chapter 1 section 3]
volume

71213 ¢g
8.0 cm’

according to my calculator! But the side was only given to
two significant figures and we may not give the answer to
more than two significant figures, i.e. 8.9 g/cm® (we
certainly do not know the density to the nearest millionth of
a g/cm’!). The answer should be written 8.9 g/cm’.

A problem arises when the examiners use whole
numbers without a decimal point and expect you to take
them as exact. In the above calculation, if the side were
given as 2 cm we may only strictly give the answer to one
significant figure, i.e. 9 g/cm’. If you are in doubt in such a
calculation, work the calculation to, say, three significant
figures and then give the answer to one significant figure.

= 8.901 625 g/cm’

Powers of ten
100 may be written as 10° 1000 = 10’

1 . o 1 2 1 -3
— may be writtenas 10 — =10~ —— =10
10 100 1000

1
=10"°
100 000

Conversion of units

1 m’ = 100 cm X 100 cm = 10* cm’

s0 5 N/em’ = 5 X 10* N/m’* = 50 kN/m’

1m’=100cm X 100 cm X 100 cm = 10° cm’

so 1 g/em’ = 10° g/m’ = 1000 kg/m’

Therefore to convert g/cm’ to kg/m’ we multiply by 1000.

Solidus and negative index notation

Make sure you are familiar with the notation used by your
examination board. Most boards use the solidus for GCSE
examinations, i.e. m/s and kg/m’. But m/s may be written
ms” " and kg/m’ may be written kgm .



1 Board Addresses

For syllabuses and past papers contact the
Publications office at the following addresses:

Northern Examinations and Assessment Board
(NEAB)

12 Harter Street

MANCHESTER M1 6HL

Tel 0161 952 1170

Fax 0161 273 7572

Welsh Joint Education Committee (WJEC)

245 Western Avenue

Llandaff

CARDIFF CF5 2YX

Tel 01222 265112

Fax 01222 575987

(There is a shop at the above address and the
hours of opening are 9.30am to 5.30pm, Monday
to Friday.)

Midland Examining Group (MEG)
1 Hills Road

CAMBRIDGE CB1 2EU

Tel 0223 61111

Fax 0223 460278

University of London Examinations and
Assessment Council (ULEAC)

ULEAC Publications

River Park

Billet Lane

BERKHAMSTED

Herts HP4 1EL

Tel 01442 876701

Fax 01442 876809

Southern Examining Group (SEG)
Publications Department
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Tel 01483 302302

Fax 01483 300152

Northern Ireland Council for the Curriculum,
Examinations and Assessment (NICCEA)

29 Clarendon Road
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Tel 01232 261200

Fax 01232 261234

Scottish Examinations Board (SEB) [Use this
address for the ordering of syllabuses]
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DALKEITH

Midlothian EH22 1LE

Tel 0131 636 6601

or recent papers from the SEB's agent
Robert Gibson and Sons Ltd

17 Fitzroy Place

GLASGOW G3 75F

Tel 0141 248 5674

Remember to check your syllabus number with
your teacher!
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1 Sl units

These are the basic units in physics from which the other
ufits you come across may be defined. A table of them is
shown in table 1.1.

Table 1.1

Physical quantity Name of Symbol of
unit unit

Length metre m

Mass kilogram kg

Time second s

Current ampere A

Temperature kelvin

Prefixes

Some of the more commonly used prefixes are given in
table 1.2.

Table 1.2

Prefix Sub-multiple Symbol
centi- 107° C

milli- 10° m
micro- 10° M
nano- 10°° n

pico- 10" p

kilo- 10° k
mega- 10° M
giga- 10° G

2 Weight and mass

The.mass of a body (measured in kg) is constant wherever
thie body is situated in the universe. The weight of a body
(measured in N) is the pull of the force of gravity on the
body and this does depend on where the body is situated in
the Universe.

The Earth’s gravitational field strength is 10 N/kg, so
the weight of a mass of 1 kg is 10 N. The pull of the
Earth (weight) of an apple of average size is about 1 N.
In outer space it is possible for the gravitational field
strength to be zero and this gives rise to weightlessness.
Weight may be calculated from the mass using the
following formula:

2+Work out physics » density, pressure and Hooke’s Law

Weight (N) = Mass (kg) X gravitational field strength
(N/kg)

A beam balance compares masses, a spring balance
measures weight.

3 Density

Density is obtained using the formula:

mass

Density =
volume

If the mass is in kg and the volume in m’, then the density
is in kg/m’.
Density may also be measured in the units of g/cmj.
Density may be determined by measuring the mass of a
measured volume.

4 Pressure

normal force
area

Pressure =

If the force is measured in newtons and the area in (metre)z,
then the pressure is in Pascals (Pa). 1 Pa = 1 N/m’.
Pressure may also be measured in N/cm’.

Pressure in fluids

The pressure due to a column of liquid (a) acts equally in
all directions, (b) depends on the depth and the density of
the liquid. It may be calculated using the equation

Pressure (Pa) = 10 (N/kg) X depth (m) X density (kglms)
which may also be written as
Pressure (PA) = pgh

where p is the density in kg/m’, g the Earth’s gravitational
field strength (10 N/kg) and h the depth in metres.

Pressure may be measured using a U-tube manometer or
a Bourdon gauge. When any part of a confined liquid is
subject to a pfessure, the pressure is transmitted equally to
all parts of the vessel containing the liquid. This principle,
and the fact that liquids are virtually incompressible, are
made use of in hydraulic machines. Such machines are
useful force multipliers. Referring to the first illustration,
the pressure on the

. . 20N 2 s ,
small piston is 5 or 2 N/cm”. This pressure is
10 cm

transmitted to the large piston and the force on it is

N >
2—5 X 100cm” = 200 N
cm
The atmosphere above us exerts a pressure known as the
atmospheric pressure. If the air is withdrawn from a metal
can, the force due to atmospheric pressure acting on the
outside of the can will collapse the can. It is because of the
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20 N i == 200 N

The principle of hydraulic machines.

-«— Vacuum

Barometric height

Mercury

A mercury barometer. The atmosphere exerts a force on the
surface of the mercury in the trough and this pushes the mercury
up the tube. The atmospheric pressure balances the pressure due
to the weight of the mercury column.

Spnng Pointer / - g

Partially evacuated box Pivot

Hinge

An aneroid barometer. When the atmospheric pressure increases,
the centre of the partially evacuated box moves inwards and this
small movement is magnified by a system of levers. The chain
attached to the end lever moves the pointer. The large spring
prevents the box from collapsing.

decrease in atmospheric pressure with height that aircraft
cabins have to be pressurised. The atmospheric pressure
may be measured using a mercury barometer or an aneroid
barometer.

The pressure of a gas on a surface is caused by moving
molecules colliding with the surface.

5 Hooke’'s Law

Hooké's Law states that provided loads are not used which

would cause a spring or wire to exceed its elastic limit, the
extension is proportional to the applied load.

Until the elastic limit is reached a spring (or wire)
returns to its original length if the load is removed. (See
example 13.)

6 Floating and sinking

When an object floats, there are two forces acting; the
weight acting vertically down and an upward force called
the upthrust provided by the liquid. The size of the upthrust
depends on the amount of the object in the water. If an
object floats it means that the upthrust and the weight
balance. If a floating object is pushed down, an upward
force is felt because the upthrust is now bigger than the
weight. If an object is just pushed below the surface of the
water and the upthrust is not big enough to equal the
weight, then the object will sink.

Objects sink because their weight is greater than the
upthrust which can be produced by the water.

Metal sinks and boats are made of metal and still float.
The reason for this is that the metal is shaped so that it
contains a lot of air. This means that they are able to
displace (push aside) more water so their upthrust is greater
and can now balance the weight. -

If the object is solid, then if it has a density greater than
that of water, it will sink and if it has a density less than
water it will float.

The same situation applies to gases. Air expands when
heated and rises through the cooler, denser air and the
movement of hot air is called a convection current.

Worked examples
Example 1

A mass of 1 kg is secured to the hook of a spring balance
calibrated on the Earth. The spring balance reading is
observed when it is freely suspended at rest just above the
Earth’s surface, secondly inside a spaceship orbiting round
the Earth, and finally at rest on the Moon's surface.

If the acceleration due to free fall on the Earth is 10 m/s’
and acceleration due to free fall on the Moon is 1.6 mfsz,
the spring balance readings, in N, would be (table 1.3):

Table 1.3

Point above Inside a On the
Earth’s surface spaceship Moon
A 10 0 0.16

B 1.0 0.84 0.16

C 10.0 0 1.6

D 10.0 0.84 0.16

E 10.0 11.6 1.6
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Solution The pressure of the atmosphere is equal to that exerted by a
. column of mercury of length 76 cm. The pressure of the gas
[Weight on Earth = 1 kg X 10 N/kg = 10 N in the container is equal to that exerted by a column of
We}ght on Moon = 1kg ><.1.6 N/kg =16N mercury of length
Inside the spaceship the weight is zero.]
A 20cm B 58cm C 74cm D 78cm E 94cm
Answer C
Example 2 Solution
[The atmospheric pressure exerted on the open limb of the
% U-tube is greater than the gas pressure by 2 cm of mercury.
The gas pressure is therefore 76 cm — 2 cm = 74 cm.]
Answer C
Example 4
AN The diagrams show three steps in an experiment to measure
the density of a metal rod.
A student applies a force of 6 N to a helical spring and it 0} (ii) (i)
extends by 12 cm. He then hangs the spring in parallel with ‘°°JJ b
an 1de_nt1cal spring and attaches a l‘oad of 3 .N as shown. The s Measuring &l
resulting extension of the system, in cm, will be: cylinder
A3B4C6DI2E2M (AEB) Metal rod ] roadng o
\ &0 0
|4 T TTTITTTITFS
. Metal rod —-
Solution Digital » [T, 20 01
[Force acting on end of each spring = 1.5 N (the total -
upward force must equal the total downward force)
6 N extends the spring by 12 cm. Assuming Hooke’s Law
applies (section 5), . .
1 What is the density of the metal?
1.5 N extends the spring by (? X 1.5) cm = 3 cm.] A 03g/cm’ B 3.1 g/lem’ C 5.6g/cm’ D 7.0 g/em’
Answer A (LEAG)
Example 3 Solution
A U-tube containing mercury is used as a manometer to [Mass of rod = 280 g
measure the pressure of gas in a container. When the Volume of rod = 90 cm’ — 50 cm® = 40 cm®
manometer has been connected, and the tap opened, the 280
. . ) . mass g 3
mercury in the U-tube settles as shown in the diagram. Density = ——— = 7 =7.0g/cm’.]
volume  40cm
Answer D
Tap E——
Example 5
a1 The extension of a piece of copper wire was measured for
various loads placed on the end of the wire. A graph was

: asom plotted of extension against load. Which graph shows that
: \ the wire was loaded beyond its elastic limit?
(NEAB, Intermediate Tier)
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A B (iii) Explain how the results of this experiment
affect the design of the wall of a dam.
c c (1 mark)
S S
2 2 (b)
% % Drawing pin
0 0
Load Load v /] Board
C D . . 2
A flat-head drawing pin has an area of 1.2 cm” and
c c the point of the pin has an area of 0.0002 cm”. A force
) 2 of 10 N is needed to press the pin into the board.
o S (1) Calculate the pressure produced by the pin on
& & the board in N/cm’. (2 marks)

(ii)) Explain why the pressure on the flat-head of the
pin is very much less than the pressure

0 Load 0 Load calculated in (b)(i). (1 mark)

(WIJEC, Jun 95, Intermediate Tier, Q9)

Solution Solution

[Before the elastic limit is reached, the graph is a straight (a) @)
line through the origin. When the elastic limit is passed, the
extension increases more rapidly with an increase in the
load. See graph on page 9 but note that in that graph the
load axis is vertical.]

Answer D

Example 6

(a)

(i1) Pressure in a liquid increases with increasing
depth.

(iii) Since the water pressure at the bottom of the
dam is greater, it needs to be thicker at the
bottom than at the top.

Force (N)
Area (sz)

10N
= ——— = 50000 N/cm’

0.0002 cm
(i1) The flat-head has a much larger area so
although the force exerted is the same, the
pressure is much less on the head than on the
point.

(b) (i) Pressure (Pa) =

The diagram shows a tall cylinder which is kept filled
with water. The path of the water escaping through
hole B is also shown.
(i) Add to the diagram the path followed by the
water escaping through holes A and C.
(1 mark)
(i1) What do the results of this experiment tell you Exa mple 7
about the pressure in a liquid?
(1 mark) The diagram shows Jo using a hydraulic lift to raise her car.
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As she pumps oil into the cylinder, the piston moves up
with the car.

(a) The car has a weight of 8000 N. When the piston
exerts an upward force of 8400 N, the car moves up at
a steady speed.
(i) How large is the friction force between the
piston and the cylinder? (1 mark)
(ii) Draw an arrow on the diagram to show the
direction of the friction force. (1 mark)
(b) The area of the piston is 210 cm’.
(i) State the formula linking pressure, force and
area. (1 mark)
(ii) Calculate the oil needed to raise the car at
steady speed. (2 marks)
(c) Jo cannot raise the car without the hydraulic lift.
Explain how the lift helps (2 marks)
(MEG Salters’, Jun 95, Intermediate Tier, Q3)

Solution

(a) (i) Friction force = 8400 N — 8000 N = 400 N

Oil Cylinder

(ii) A on the diagram, an arrow should be drawn
pointing in the opposite direction to the push
exerted by Jo.

Force (N)
Area (cm’)

8400 N
> = 40 N/cm®

210 cm

(c) A small force on a small area is able to exert a large
force on a large area. Hence the person can effectively
lift the car.

(b) (i) Pressure (N/cm’) =

(ii) Pressure =

Example 8

A fitness enthusiast is using chest-expanders. The graph
shows how the extension of the chest-expanders changes
with the force pulling on them.

(a) What force would be required to stretch the chest
expanders by 0.2 m? (2 marks)

(b) There are four springs in the chest-expanders. What
force would be required to stretch just one of the

120

Force /N

0 Extension/m

0.3
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springs by 0.3 m? (1 mark)
(c) Use the graph or another method to calculate the
work the enthusiast does stretching the expanders by
0.3 m (3 marks)
(d) An energy transfer takes place when the enthusiast
stretches the expanders.
(1) Where does the energy come from? (1 mark)
(ii)) Where does the energy go to? (1 mark)
(e) His burly friend stretches the expanders by 0.6 m.
(i) What force is required to do this? (1 mark)
(ii) Explain why he does four times as much work.
(1 mark)
(MEG, Jun 95, Nuffield Intermediate Tier, Q10)

Solution

(a) 120 N extends expanders by 0.3 m so 40 N would
extend expanders by 0.1 m. Hence, 80 N would
extend expanders by 0.2 m.

(b) One spring would need one quarter of the force.
Force required = 20 N

(c) Work done is the area under the force-extension graph
(i.e. the area of a triangle)

= 05X 120N X 0.3m = 18]

(d) (i) Chemical energy in muscles.

(ii) Elastic potential energy stored in the springs.

(e) (i) 240 N.

(ii)) Work done = 0.5 X 240N X 0.6 m =727
(which is four times the answer for part (c)).

Example 9

Describe, briefly, an experiment to find the density of a
solid object, stating clearly:

(a) What measurements you would make; (1 mark)
(b) how you would make them,; (2 marks)
(c) how you would use them to calculate the
density. (1 mark)
(WIJEC, Jun 95, Intermediate Tier, Q18)
Solution

(@) The volume in cm’ and the mass in grams.

(b) The mass is found by placing the object on a top-pan
balance.
The volume of the object is found by displacement of
water. A measuring cylinder is partly filled with water
and the level is noted. The object is then immersed in
the water and the new reading noted. The difference
between the reading will equal the volume of the

object.

(c) The density is found by placing the numbers into the
formula:
Density = mass (&)

volume (cm’)

This gives the density in the units of g/cm’.

Example 10

The drawing shows a foot-pump which may be used to
pump air into car tyres. The diagram shows the internal
details of the pump.

to
Cylinder pushed tyre

to tyre
W\‘ down =

As the pedal is pressed down the cylinder is pushed and
moves down the outside of the piston. (This is equivalent to
pushing the piston into the cylinder.) This causes air to be
forced along the connecting tube to the tyre.

(a) If the area of the piston is 25 cm’ and the force
applied to the cylinder is 800 N, show that the
pressure exerted on the air by the piston is 320 kPa
(that is, 3.2 X 10° Pa). (3 marks)

(b) With the type of pump shown the force exerted by the
foot is not the same as the force exerted on the
cylinder. Why is this? (2 marks)

(c) Itis important that the area of the piston (and
cylinder) is not too large or too small.

(i) What problem would arise if the area of the
piston were too large? (1 mark)

(ii) What problem would arise if the area of the
piston were too small? (1 mark)

(d) A car rests on four wheels, and each tyre is in contact
with the ground over an area of 0.0075 m’. When the
pressure gauge (which reads the pressure difference
between the inside and outside of the tyre) is
connected to each tyre in turn, it reads 200 kPa.
Calculate the mass of the car. (g = 10 N/kg)(4 marks)

(e) The manufacturer’s handbook for this car says that
the tyre pressures should be increased when it is
heavily loaded. The owner thinks that this is
unnecessary because the extra weight will
automatically increase the pressure. What is wrong
with his reasoning? (3 marks)

(SEG, Intermediate Tier)

Solution
800N

25 X 10 *m’

force
(@) Pressure = =
area

= 320 000 Pa = 320 kPa
(b) The force is not applied directly to the cylinder.
The force is applied via a lever.

() (1) The force required to operate the system would
be very large, and thus difficult to apply by foot
pressure.

(i) The amount of air going into the tyre at each
depression of the foot pedal would be very
small.
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force
(d) Pressure =

area

Force = pressure X area

Force = 200 000 Pa X 0.0075 m’ = 1500 N

Total force on 4 tyres = 4 X 1500 N = 6000 N

The Earth’s gravitational field is 10 N/kg [see section
2], so mass of car is

6000N
10 N/kg

(e) The owner has forgotten to take into account the fact
that when the car is heavily loaded the area of tyre in
contact with the ground increases. The pressure will
not change much and since force = pressure X area,
the increased area of contact means that the upward
force has increased to balance the increased load. To
ensure that the same area of tyre is in contact with the
road, more air must be pumped into the tyre, thus
increasing the pressure as recommended by the
manufacturer.

00 kg

Example 11

(a) A block of stone measures 2 m X 2m X 1 m. It has a
mass of 8000 kg.
(i) What is its density? (3 marks)
(ii)) When it is standing on a bench what is the
maximum pressure it can exert on the
bench? (3 marks)
(b) A bath has some water in it and the depth of the water
at the shallow end is 0.2 m. At the plug hole end it is
0.3 m. What pressure does the water exert on the
plug?
(The Earth’s gravitational field is 10 N/kg and the
density of water is 1000 kg/m’.) (4 marks)

Solution
mass

(a) (i) Density [section 3]

volume

8000 kg 5
= ——— = 2000 kg/m
4m
(i) Maximum pressure occurs when the area of
contact is a minimum.
Minimum area in contact with bench = 2 m’.

Pressure = © [section 4]

area
80000 N

- 2m’

= 40 000 Pa = 40 kPa

N . .
(b) Pressure =10 P X depth X density [section 4]
g

10 N/kg X 0.3 m X 1000 kg/m’
3000 Pa

[The pressure on the plug depends on the vertical
height of the water above the plug.]

Example 12

A vehicle designed for carrying heavy loads across mud has
four wide low-pressure tyres, each of which is 120 cm
wide. When the vehicle and its load have a combined mass
of 12 000 kg each tyre flattens so that S0 cm of tyre is in
contact with the mud as shown in the diagram.

(a) Calculate
(i) the total area of contact of the vehicle tyres
with the mud
(ii) the pressure exerted on the mud.

(b) A car of mass 1000 kg is unable to travel across the
mud although it is much lighter than the loadcarrying
vehicle. Why is this? (6 marks)

@

Solution
(@) (i) Area=4 X (120 X 50) cm® = 24 000 cm’

.. force (12000 X 10) N
() Pressure = = 000 e
= 5 N/cm®

(b) The area of car tyre in contact with the road is much
less than that of the vehicle. The pressure exerted by
the car tyre on the mud is therefore greater than that
exerted by the vehicle, and the tyre sinks into the mud.

Example 13

(a) Describe how you would obtain, as accurately as
possible, a series of readings for the load and
corresponding extension of a spiral spring.

(6 marks)

(b) A student obtained the following readings:

Load/N 0 1 2 3 4 5 6
Lengthof 10.0 11.5 13.0 14.5 16.0 185 24.0
spring/cm

Using these results, plot a graph of load against
extension and estimate the load beyond which
Hooke’s Law is no longer obeyed. (7 marks)
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(c) The spring is at rest with a mass of 0.2 kg on its lower
end. It is then further extended by a finger exerting a
vertical force of 0.5 N. Draw a diagram showing the
forces acting on the mass in this position, giving the
values of the forces.

(3 marks)

(d) Describe the motion of the mass when the finger is
removed. Make your description as precise as
possible, by giving distances. State the position where
the kinetic energy of the mass will be greatest.

(4 marks)

Solution

(a) Clamp the top of the spring firmly to a support,
making sure that the support is also firm and cannot
move. Clamp a ruler alongside the spring and attach a
horizontal pointer to the bottom of the spring in such
a way that the pointer is close to the surface of the
ruler (this will help to avoid a parallax error when
taking the readings). Record the pointer reading.
Hang a known load on the end of the spring and again
record the pointer reading. Increase the load and
record the new pointer reading. Continue in this way,
thus obtaining a series of readings. The extension is
calculated for each load by subtracting the unloaded
pointer reading from the loaded pointer reading. A
check may be made by again recording the pointer
readings as the loads are removed one at a time (this
is also a means of checking that the elastic limit has
not been reached).

(b) [Graph below. Remember to label axes, choose
suitable scales, and when the line is no longer
straight, draw a smooth curve. You are asked to plot
extension against load, so the original length of the
spring, 10 cm, must be subtracted from each reading.]
Hooke’s Law is obeyed for loads up to 4 N but very
soon after this the graph begins to curve and Hooke’s
Law is no longer obeyed.

1 1 1
0 5 10 15

Extension/cm

©

Equilibrium 2.5 N (tension)

position

2.0 N (weight)

i 0.5 N (finger)

(d) The 0.2 kg mass (force 2 N) extends the spring 3 cm
to a position of equilibrium. A further force of 0.5 N
extends the spring 0.75 cm beyond this position.
When the 0.5 N force is removed the spring oscillates
about the original position of equilibrium. The
oscillations will gradually decrease from an
amplitude of 0.75 cm to zero. The spring will then be
at rest with an extension of 3 cm. The maximum
kinetic energy is when the spring passes through the
equilibrium position (extension 3 cm).

Example 14

The diagram shows a beam resting on two supports and
supporting a load.

Beam

Support —_ = Support

Load

(a) Name three factors which will affect how a beam will
bend when it is loaded. (3 marks)

(b) The following is an exaggerated diagram showing the
deflection of a beam which is supporting a load.

pad
- Hé

Add information to the diagram to show clearly
which part of the beam is being subjected to
(i) tension forces;
(ii) compression forces.
(c) Explain each of the following:

(4 marks)



(i) Steel is used to make the girders which form
the framework of many buildings.
(ii) Steel rods under tension reinforce the concrete
used to make many motorway bridges.
(6 marks)
(NEAB, Jun 95, Higher Tier, Q4)

Solution

(a) Any three from the following:
* Distance between the supports;
¢ Position of the load;
¢ Size of the load;
e Material from which the beam is made;
* Shape of the cross-section of the beam.

()

Compression

e
"-—.______ H I| ____,_.—-'
Tension

() (1) Steel is strong in both tension and compression
and since load-bearing beams have both of
these types of forces, this makes steel an ideal
choice. Steel is also cheap compared with other
materials of similar strength and is widely
available.

(ii)) Concrete is strong in compression but weak in
tension. If used as a beam it needs to be
reinforced by inserting a stretched steel bar in
the region where the tension forces are
experienced. The bar will try to contract and
therefore exert a compressive force part of the
beam which counteracts the tensile force.

Example 15

Crumple zones are parts of modern cars which are designed
to collapse in a collision. A student sets up the following
experiment to investigate crumple zones. Different test
materials are attached to the front of the trolley. For each
material the trolley is released from rest from the same
position each time.

Trolley

100g mass  Graph  Test
/ /]u]w/ material

S G-clamp

Height |
raised |

Ramp

Block
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(a) Describe the motion of the trolley as it moves down
the ramp. (1 mark)

(b) Explain why the 100 g mass continues to move when
the trolley strikes the block. (2 marks)

(c) Various test results are used in the experiment (table
1.4). The mass moves the following distances when
the trolley is stopped by the block.

Table 1.4

Material Appearance Movement
of 100 g
mass (cm)

Crumpled newspaper 10

Bubble pack 12

Plasticine (U-shape) 6

Solid plasticine 14

No absorber 16

How can these results be best explained?
(4 marks)
(ULEAC, Syll A, Jun 95, Higher Tier)

Solution

(a) The trolley accelerates down the ramp.

(b) According to Newton’s first law, the 100 g mass will
continue to move unless it is acted upon by an
external force which in this case is only the small
force of friction between the mass and the trolley. The
mass therefore moves along the graph paper.

(c) The longer the time to stop, the less force is needed as
registered by the smaller movement of the mass along
the graph paper. Easily compressible or deformable
materials like the U-shaped plasticine, crumpled
newspaper and the bubble pack, spread out the time
over which the force acts and this means the force is
much smaller and the better the material is at
absorbing the impact.
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Examination questions

(Numierical answers and hints on solutions will be found
at the end of the chapter.)

Question 1

Your teacher gives you a piece of pure metal. This has an
irregular shape and size as shown below.

]
E--—— 3.5cm —==-

Piece of metal

Your teacher now asks you to try to find out from
which metallic element the piece of metal is made. You
decide to find out the density of the metal.

(a) What measuring device would you use to find the
mass of the piece of metal? (1 mark)

(b) Next you need to find the volume of the piece of
metal. Carefully describe how you would do this.
(You may find it helpful to draw a labelled diagram

of the apparatus you would use.) (4 marks)
(c) You obtain the following results:

Mass of metal = 87.0 g

Volume of metal = 32.0 cm’

Calculate the density of the metal. (3 marks)

(d) The density of some elements are listed on page 6 of
the Data Book in the ‘Properties of Elements’ table.
Which element do you think the piece of metal is made
from? Give a reason for your answer. (2 marks)

(NEAB, Jun 95, Tier Q)

Question 2

(a) Explain the following in terms of the pressure of the
atmosphere.
(i) When a rubber sucker is pushed onto a tiled
wall it sticks to it.

(ii) You are able to drink lemonade through a straw.

(iii) Aircraft which fly at a height of 10 000 m
must have pressurised cabins. (9 marks)

(b) The illustration shows the variation of pressure on a
diver with his depth in the sea.

60 117

111 o
Pressure - . =
on diver  5() .l T o
(Njem-) ! H HHH T
T - |
o .' =
4 4
30H HH 1 I
I
20 T 1
I T I
ok I
T I I
SSsssssEEEEmEES T
0 I L L Ll InmE
] 10 20 30 40 50
Depth below surface (m)

A deep sea-diver must have air in his suit and helmet at
the same pressure as the sea water around him. He is
lowered to a depth of 30 m.

(i) Use the graph to find the total pressure exerted
on the diver.
(ii) Calculate the area of the rectangular glass
window in the diver’s helmet.
(iii) Calculate the force exerted on the outside of the
diver’s window at a depth of 30 m.
(iv) Explain why there is a pressure of 10 N/cm” at
the surface of the sea. (7 marks)
(NEAB, Jun 94, Intermediate Tier)
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A suc

(a)

1. (a)

2. (a)

Question 3

tion cap is used to pick up boxes. The diagram

below shows how this is arranged.

Calculate the pressure difference which would be
needed between the suction cap and surrounding air
in order to just support the box. The area covered by
the suction cap is 0.05 m’ and the weight of the box
250 N. (4 marks)

A top-pan balance.

(b) A displacement can is placed on a level surface

and filled with water till it overflowed. After
allowing the excess water to drain away, the water
will be level with the spout. Thin cotton is tied to
the object and a measuring cylinder is placed
under the spout. The object is lowered into the can
until it is completely immersed and the water
collected in the measuring cylinder. The volume of
the water as measured in the cylinder will be the
same as the volume of the object.

(©) Density ( 3) Mass (g) 87.0¢g
ensi cm’) = =
€ v Volume (cm’) _ 32.0 cm’
=27 glcrn3
(d) By examination of a table of densities which are

supplied as a data booklet by this examination
board for use in the exams.

Metal is probably aluminium since it has a density
of 2.7 g/em’

(1) When the sucker is pushed against the
wall, some of the air is driven out of the
inside. A partial vacuum is produced on
the inside. The outside atmospheric
pressure is much larger than the inside
pressure and this forces the sucker against
the tile.

When you suck through the straw, the
pressure inside the straw is lowered and the
atmospheric pressure acting on the surface
of the drink pushes down and forces the
liquid up the straw.

(i)

Suction cap

(b)

(c)

(b)

Support

——— —== To vacuum pump

Rubber ring seal

250N +—— Box

If the atmospheric pressure is 100 000 Pa, calculate
the pressure of the air between the box and suction
cap. (2 marks)
What would need to be changed to lift heavier
boxes? Explain your answer. (2 marks)
(ULEAC, Syll A, Jun 95, Intermediate Tier, Q2)

Answers to examination questions

(iii) The air is less dense at this height and
therefore only exerts a small atmospheric
pressure. The human body is pressurised to
balance the normal atmospheric pressure at
the surface of the Earth. The low pressure
would therefore make the passengers ill so
the pressure inside the cabin is increased by
pumping air in.

(i) 40 N/cm’
(ii) Area = 15cm X 10cm = 150 cm’
Force
(11) Pressure =
Area
So, Force = Pressure X Area
= 40 N/cm’ X 150 cm’
= 6000 N
(iv) This is because at the surface, the

atmospheric pressure which is 10 N/cm” is
acting on the surface.

Force 250N
3. (a) Extra pressure needed = —— = 0.05 o2
= 5000 Pa

(b) Pressure = Atmospheric pressure —

pressure difference

= 100 000 Pa — 5000 Pa
= 95 000 Pa

(c) You could increase the area of the suction cap in

contact with the box. This keeps the pressure
difference the same since a larger force would be
divided by a larger area.
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1 Velocity and acceleration

displacement

Velocity = (unit: m/s)

time taken

(Remember that displacement is distance in a specific
direction)

distance travelled

Speed = (unit: m/s)

time taken

change in velocity

Acceleration (unit: m/s’)

time taken for change

2 Newton's laws of motion

1 _If a body is at rest, it will remain at rest; and if it is
moving, it will continue to move in a straight line with
constant velocity unless it is acted upon by an external
force.

2 The acceleration of a body is directly proportional to
the resultant force acting on it and inversely
proportional to the mass of the body.

3 If abody A exerts a force on a body B, then B exerts an
equal and opposite force on body A.

Newton’s second law may be verified using a trolley and
ticker timer as described in example 17. The second law
may be summarised by the equation

F =ma

where F is the force in newtons, m the mass in kilograms
and a the acceleration in metres per second per second.

3 Momentum

The greater the mass of an object and the greater its speed
in'a particular direction (i.e. the greater its velocity) then
the more momentum the object has in that direction.

Momentum, mass and velocity are related by the
following equation:

momentum (kg m/s) = mass (kg) X velocity (m/s)

There are two units for momentum which are equivalent:
kg m/s and Ns. Momentum is a vector quantity and
momentums to the right are usually taken to be positive and
those to the left are taken as negative.

Law of conservation of momentum

In any collision/explosion, the momentum after the
collision/explosion in a particular direction is the same as
the momentum in that direction before the
collision/explosion.

Elastic collisions

These are those collisions where kinetic energy is
conserved so the total kinetic energy before the collisions is

equal to the total kinetic energy after the collision. This can
also apply to explosions. It is rare to get completely elastic
collisions occurring.

Inelastic collisions

Here some of the kinetic energy is lost during the collision
as heat or sound so the kinetic energy is less after than
before. This equally applies to explosions.

If a body of mass m starts from rest and reaches a
velocity v in ¢ seconds as a result of a force F acting

..V
on it, then the acceleration is — and
t

F:maz_
t

my
where — is the rate of change of momentum.
t

4 Scalars and vectors

Scalar quantities have magnitude (size) only whereas vector
quantities have magnitude and direction (table 2.1).

Table 2.1

Scalar Vector quantities
(quantities)

Speed Velocity

Distance Displacement
Force Mass

Energy Momentum

Notice that speed is a scalar whereas velocity is a vector.
This means that an object moving with a constant speed
of 2 m/s in a circular path would have a changing velocity
(i.e. it will be accelerating) because its direction is
changing.

Vector quantities must be added by the rule for vector
addition. Forces of 3 N and 4 N acting at right angles have
a resultant force of 5 N.

5 Uniformly accelerated
motion

Graphs of motion

* The gradient of a distance-time graph represents the
speed.

¢ The gradient of a velocity—time graph represents the
acceleration.

¢ The area under a velocity—time graph between two
times represents the distance travelled during the time
period.
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Friction
Friction is a force which opposes motion and it acts when:

e an object moves through a fluid (a fluid is a liquid or a
gas);
¢ solid surfaces slide across each other.

Friction may be reduced by

* making the object travelling through the fluid more
streamlined;

* using a lubricant such as oil between two solid
surfaces.

Friction always acts in the direction which will oppose the
motion.

Friction causes objects to heat up and frequently causes
kinetic energy (movement energy) to be lost as heat. The
faster an object moves through a fluid, the greater will be
the force of friction which acts on it. This is because the
faster the object travels, the greater the volume of the fluid
it has to push out of the way.

Terminal velocity

When an object such as a steel ball bearing is released in a
fluid such as oil, the ball bearing is accelerated downward
owing to its weight but as it starts to speed up, the upward
frictional force starts to act. As the ball bearing moves
faster the upward frictional force increases until a point is
reached where the frictional force has grown to a size
where it is equal to the weight of the ball bearing. When
this happens, the two forces balance so no overall force acts
and the ball bearing starts to move with a constant velocity
called the terminal velocity.

The equations of motion

These are a set of equations which may be applied when a
body moves with uniform acceleration.
The equations of motion are:

vV =u-+at
v = u® + 2as
s = ut + 3af
(u + vt
s = -
2

Where the letters represent the following
u = initial velocity in m/s

v = final velocity in m/s

a = acceleration in m/s’

s = distance travelled in m

t = time taken in s

Advice on using the four equations of motion.

1  Write down the quantities you are given in the
question next to the letters used to represent them

T ' e
Fy &

making sure that you also include the units that they
are measured in.

2 You may need to convert some of the numbers to make
sure that they are in the correct units for placing in the
equations (e.g. a velocity in km/h would need to be
converted into m/s).

3 Select the equation of motion. You should know three
of the four quantities, the fourth quantity being the one
you are trying to find.

Circular motion

Even if an object travels in a circle with constant speed its
direction is constantly changing which means that its
velocity will also be changing. The changing velocity
means that there is an acceleration and this acceleration is
directed towards the centre of the circle. If there is an
acceleration there must also be a force acting and this is in
the same direction as the acceleration (i.e. towards the
centre of the circle). This force is called the centripetal
force and its size depends on the following:

* mass: the greater the mass, the greater the centripetal
force;

* velocity: the greater the velocity, the greater the
centripetal force;

* radius: the smaller the radius of the circle, the greater
the centripetal force.

6 Projectiles

ProjeCtiles are objects which are given an initial velocity
and are then acted upon by the force of gravity. They have
no propelling force of their own.

When dealing with projectiles you consider the vertical
components and horizontal components of the motion
separately. The fact that a ball has a horizontal velocity has
nothing to do with its downward motion. This means that a
ball projected horizontally from a height will take the same
time to fall as one just dropped vertically from the same
height.

When considering two such balls, remember the
following:

1  The downward acceleration of both balls will be the
same (i.e. equal to the acceleration of free fall which is
10 mJ/s?).

2 Because the acceleration only acts in the vertical
direction, the horizontal velocity remains unaltered.

The illustration overleaf shows the main points.
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Ball dropped Ball projected with a
vertically horizontal velocity of 5 m/s

The vertical velocity increases due to gravity.
For a given time, they will both have the same vertical velocity.

Worked examples
Example 1
Velocitv/'-:—‘
A

Path of projected
ball is a parabola

In a certain time
they both travel

the same distance in
a vertical direction

The horizontal velocity
stays at 5 m/s

C moving with increasing acceleration
D moving with constant velocity

Solution

[The increase in the velocity in a given time is always the
same, i.e. the gradient of the graph is constant, so the
acceleration is constant.]

Answer B

Example 2

A ticker timer makes 50 dots every second.

0

= Time/s - The tape shown above (drawn in actual size) is pulled
through this timer. What speed does the tape show?

The graph shows how the velocity of an object varies with A 10 cm/s

time. The object is B 50cm/s
A moving with decreasing acceleration C 100 cm/s
B moving with a constant acceleration D 250 cm/s

o —

5 10
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Solution

[The distance between successive dots is 2 cm. It travels the
distance in 0.02 s.

distance travelled 2 cm
Speed = T etaken 0025 Lo0cm/s]
Answer C
Example 3
14
V_elocity 12
inm/s 10
8
A
4
2

-3 2 -1 0 1 2 3 4
Timeins

The acceleration, in m/s’, of the body whose motion is
represented by the graph shown is

A15 B20 C35 D 60 E 140

Solution
. change in velocity

[Acceleration = time taken for change

= gradient of graph

4 m/s 2
= =2 m/s’]
2s

Answer B
Example 4

The diagram shows a parachutist who is falling with a
constant velocity. Which line shows possible values for
both the weight of the parachutist and the air resistance
acting on the parachute?

Weight of Air
parachutist resistance
A 70N 60 N
B 700N 600 N
C 700N 700 N
D 7000N 6000 N
Solution

[A body falls with a constant velocity when the resultant
force acting on it is zero. When the weight and the air
resistance are equal and opposite, the resultant force is
zero. See also section 5.]

Answer C

Example 5

The diagram shows the directions of three forces on a
moving lorry.

Air resistance

——— Forward thrust

Friction

The lorry is travelling at constant speed.
Which of these is correct?

Air resistance Friction Forward thrust
A 2000 N 1000 N 3000 N
B 2000 N 2000 N 5000 N
C 3000N 3000 N 3000 N
D 3000 N 4000 N 6000 N
Solution

[When a body is travelling at constant speed the net
(resultant) force on it is zero. If a resultant force is acting
on it then the body accelerates. In this question, (air
resistance) + (friction) = (forward thrust).]

Answer A

Examples 6 to 8

You are the officer in charge of a spaceship travelling from
our Galaxy to the Andromeda Galaxy. You are in deep
space where the gravitational field due to surrounding
galaxies is zero.

Androfneda

M‘"?V way Galaxy

Sun
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6. If your drive motors are off then you must be
A stationary
B decreasing in speed
C increasing in speed
D maintaining your present speed

7. To slow the ship you must fire the main rocket motor.
You are looking ahead, towards the Andromeda
Galaxy, then the direction you must fire the motor is
A forwards, towards Andromeda
B backwards, towards the Milky Way
C to the right of your path
D to the left of your path

8.  Your spaceship has a mass of 10° kg. If the rocket
produces a thrust of 10° N, what is your acceleration?
A 0.1ms
B 1m/s’
C 10mss’
D 11ms’

Solutions

6. [A body continues to move with constant velocity
unless it is acted upon by a force. You are in deep
space where there is no force on your spaceship.]

Answer D

7.  [When the motors are fired forwards a jet of burning
gases will escape towards the Andromeda. This will
result in a force acting on the rocket away from
Andromeda and the ship will slow down. This is an
example of Newton’s third law of motion (section 2).
The spaceship exerts a force on the burning gases and
the gases exert an equal and opposite force on the
spaceship.]

Answer A

8. [Use Force = mass X acceleration
1°N=10°Xa
Hence a = 0.1 m/s%.]

Answer A

Example 9

Three trolleys are pulled by the forces shown in the
diagrams. Friction and air resistance are negligible.

| -~ LN N
1kg __12 2kg | 2N 3kg _3’N
o o o N
Ny N\ N Ny
P Q R

Which statement about the ACCELERATION of the
trolleys is correct?
A P, Q and R all accelerate at the same rate
B P has the biggest acceleration
C Q has the biggest acceleration
D R has the biggest acceleration

Solution

Use Force = mass X acceleration or

force

acceleration =
mass

Applying this equation to each trolley we have

[To produce the same acceleration, twice the mass needs
twice the force. This is the argument you need to give if
you are asked to explain why all bodies fall vertically with
the same acceleration. The force of gravity on a 2 kg mass
is twice that on a 1 kg mass.]

Answer A

Example 10

Displacement/m
N w

» Time/s
0 2 4 6 8

The graph shows how the displacement of a body varies
with time.

(a) Describe the motion of the body (4 marks)
(b) What is the velocity of the body during the first 2 s?
(3 marks)
(c) How far does the body travel in the first 4 s?
(2 marks)

Solution

(a) The displacement at time ¢ = 0 s is zero. The body
then moves with a constant velocity until it has
moved 4 m, and this takes 2 s. From 2 s to 4 s the
body is stationary. It then returns to its original
position at a constant velocity, and this velocity is half
the original velocity.

distance travelled

1 —3 _— — = 2
(b) Velocity time taken 7% m/s

(c) The body travels 4 m in the first 2 s and is then
stationary for 2 s. Distance travelled is 4 m.
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Example 11

Velocity m
A s

8.0

6.0

4.0

2.0

= Time/s

20 3.0 4.0

The graph is a velocity—time graph for a trolley.

(a) What is the acceleration of the trolley during the first
2 s7(3 marks)

(b) What is the acceleration of the trolley between 2 s and
4 s7(1 mark)

(c) How far does the trolley travel in 4 s? (4 marks)

Solution
) change in velocity
(@)  Acceleration = time taken for change
[see section 1]
8.0 m/s )
= =4.0m/s
2.0s
(b) Zero. [The velocity is constant.]

(c) Distance travelled = area under graph

[see section 1]
= (area of triangle) + (area of rectangle)
(3 X2.0s X 80m/s) + (8.0m/s X 2.0s)

= 80m+ 160m=24.0m

Il

Example 12

A free-fall parachutist jumps from an aircraft on a calm
day. The figure shows a graph of his speed plotted against
his time of fall.

(a) (i) Name the force pulling the parachutist to the
ground.
(ii)) Name another force acting on the parachutist.
(iii) What happens to this other force as his speed
increases?
(b) Between 20 s and 40 s the speed is steady.
(i) How can you tell from the graph that the speed
is steady?
(i) Suggest why the speed is steady.
(iii) Calculate how far the parachutist falls between
the time of 20 s and the time of 40 s.

Speed :
(m/s) Hi+

(©

40 f;

30

20 F

0f

10 20 30 40 50 60

Time (s)

(1) What is happening to his speed between 40 s
and 43 s?

Explain why the speed is changing between
40 s and 43 s.

At what speed does the parachutist first touch
the ground?

(ii)
(iii)

Solution

(@

)

©

(i) Force of gravity.
(ii) Air resistance.
(iii) The force increases.
(i) The graph is horizontal.

(ii) the resultant force on the parachutist is zero
(the force due to air resistance is equal to the
force due to gravity).

He travels at 40 m/s for 20 s.
Distance = 40 m/s X 20 s = 800 m.
(1) It decreases from 40 m/s to 7.5 m/s.
(ii) He opens his parachute and the force due to air
resistance increases. Therefore he decelerates.
(iii) 7.5 m/s [in the 2 s after he touches the ground
his speed drops to zero].

(iii)

Example 13

This question is about a road accident involving a car and a
van in a head-on collision.
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The drawing shows the situation before the vehicle
crash. The car and the van were travelling in opposite
directions along a straight road where the speed limit is 60
miles per hour (26 m/s). They are involved in a head-on
crash which locks the vehicles together and brings them to
rest on the spot. The drivers were wearing seat belts and
no-one was seriously hurt.

The police have the job of working out what happened.

They know that the van (of mass 2000 kg) was travelling
at a speed of 15 m/s because this vehicle was fitted with a
tachometer. But they will have to do some calculations to
find the speed of the car (of mass 1000 kg).

(a) Calculate the momentum of the van (in kg m/s)
before the collision. (2 marks)
(b) Explain how you can use momentum to show that the
car must have been speeding and calculate the speed
of the car. (4 marks)
(c) Tachometers have to be accurate to within 10%.
Allowing for this, could the police prosecute either
driver for speeding? Explain your reasoning.
(3 marks)
(d) In the collision, the van comes to rest in 0.5 seconds.
(i) Calculate the deceleration of the van. (3 marks)
(i) Calculate the force on the van while it is

stopping. (3 marks)
Solution
(a) Momentum = mv [see section 3]
= 2000 kg X 15 m/s
= 30000 kg m/s
(b) Total momentum before collision = total momentum
after collision.
(1000 X v) — 30 000 = O (where v is the velocity of
the car).

[Remember that momentum is a vector quantity. This
means that the momentum of the van must be given a
negative sign because the van is travelling in the
opposite direction to the car. The final momentum is
zero because the vehicles are stationary.]

v =30 m/s.

[This is about 67 mph and it seems extremely
unlikely that the drivers would not be seriously hurt.]

1
(c) [Theerroris 10%, i.e. 0 of 30 m/s.]

The speed of the car was between (30 — 3) m/s and
(30 + 3) m/s, i.e. 27 m/s, i.e. 27 m/s and 33 m/s. It is
travelling faster than the speed limit. The van was
travelling below the speed limit. The police could
prosecute the driver of the car but as they could only

physleso motion, scalars and vectors

prove he was travelling 1 m/s above the speed limit
they would be unlikely to do so.

change in velocity

(d) @) Deceleration = time taken
[see section 1]
15 m/s )
= = 30 m/s
05s
(i) F = ma [see section 2]
F = 2000 kg X 30 m/s®
= 60000 N
Force on van = 60 000 N
Example 14

The diagram shows a raindrop of mass 0.0001 kg falling
freely in air.

Movement of raindrop
in air

w

(a) What is force W called?

(b) If the acceleration of free fall is 10 m/s’, calculate the
value of the downward force.

(c) Fis anupward force whose value varies according to
the speed of the raindrop. What is the maximum value
that this force may have?

(d) Initially, the raindrops’ velocity will increase to a
constant value. What is this velocity called?

(e) What do we know about the upward and downward
forces when this velocity is reached?

Solution

(a) Wis the weight of the drop.

(b) Weight = mass X acceleration of free
fall = 0.0001 kg X 10 m/s* = 0.001 N.

(c) F has its maximum value when it is equal to the
weight, i.e. 0.001 N.

(d) It’s terminal velocity.

(e) They are both equal in size but opposite in direction.

Example 15

The following diagram shows a hovercraft, which is
moving from left to right.



Drag > Thrust

]
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Four forces acting on a hovercraft are: DRAG, LIFT,
THRUST, WEIGHT.

(a)

(®

(©

(@

(e

®)

Two of the forces have been marked in for you.

Draw and label two arrows to show the other two
forces. (4 marks)
The mass of the hovercraft is 500 kg. Calculate its
weight. (2 marks)
State the size of the lift required to get the hovercraft
to just ‘hover’. (2 marks)

(b)

v

Weight

Weight = 500 kg X 10 N/kg = 5000 N
[The Earth’s gravitational field strength is 10 N/kg.]

The hovercraft is travelling with a constant velocity (c) S5000N
and at a constant height. Will the drag be more than, [The lift must just balance the weight.]
equal to, or less than the thrust? (d) The drag and the thrust will be equal.

(2 marks)
Ignoring the drag, calculate the force needed to
accelerate the hovercraft forward at 3 m/s’.

(e

[When a body is travelling at a constant velocity the
resultant force on it is zero.]
Force = mass X acceleration

(2 marks) = 500 kg X 3 m/s’
The drag on the hovercraft is actually 200 N. = 1500 N
What is the thrust needed to give an acceleration of (f) Thrust = 1700 N

3 m/s*? (2 marks)

Example 16

A war plane is travelling horizontally at constant speed.
The diagram shows the position of the plane after equal
time intervals. It releases a bomb at position A.

(@)

In the space provided, sketch the position of the bomb

A B

&;t:»

A7

E;.:»

Bomb ~—»o0

(b)

A

[The resultant force must be 1500 N.]

when the plane is at position B, C, D and E. (Neglect
the effects of air resistance on the bomb.) (4 marks)
Explain why the bomb follows the path that you have
shown above. (4 marks)
(WIJEC, Jun 95, Higher Tier Q8)

A A

Solution constant so the bomb will travel equal distances
horizontally in the time intervals. The vertical

(a) Onpage22. o ) component will accelerate due to gravity and will

(b)  Gravity acts in a vertical direction and will not travel increasing distances during each time interval.

therefore alter the horizontal motion. This means that
the horizontal component of the velocity remains

This is the reason for the parabolic shape shown.



22.W0rk out phy8ics * motion, scalars and vectors

S

Example 17

Tickertimer

(@)

Tickertape

Dynamics trolley

In order to investigate the relationship between force
and acceleration, an experiment was carried out using
a ticker tape attached to a trolley as shown in the
diagram. The tape was fed through a ticker timer
which made 50 dots on the tape every second. The
trolley was placed on a gently sloping inclined plane.
A force was applied by pulling on an elastic band
attached to the trolley.

(i) Explain why an inclined plane was used and
what experiment would have been conducted in
order to get the correct inclination of the plane.

(3 marks)
(i) How would the force applied to the trolley have
been kept constant? (1 mark)
(iii) How would a force which was twice the
magnitude of the original force have been
applied? (1 mark)

A L

(b) The diagram below shows two sections of one tape

obtained from such an experiment.

Dot 10 Dot 35

. EL. S .?

©

The first section shows dots 9, 10 and 11; the second
section dots 34, 35 and 36.

(i) Measure the distance between dots 9 and 11
and calculate the average velocity of the trolley
between dots 9 and 11. (3 marks)

(ii) Calculate the average velocity of the trolley
between dots 34 and 36. (2 marks)
(iii)) What time interval elapsed between dot 10 and
dot 35? (1 mark)
(iv) Calculate the acceleration of the trolley.
(3 marks)
The acceleration of the trolley was calculated for five
different forces.

(i) Sketch a graph which represents the results of
the above experiment. (2 marks)

(i) State the relationship between force and
acceleration. (2 marks)

Solution

(a)

(i) The inclined plane is to compensate for
friction. The plane is tilted until the component
of the gravitational force accelerating the
trolley is equal to the frictional force. This is
done by tilting the plane until the trolley moves
with a constant velocity when given a push.
When the correct tilt is obtained, a ticker tape



(b)

(c)
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attached to the trolley will have dots on it
equally spaced.

The rubber band must be kept stretched by the
same amount throughout the run.

Two identical rubber bands each stretched the
same amount as the original rubber band.

(i) Distance between dot 9 anddot 11 = 2 cm

(ii)
(iii)

Time between dot 9 and dot 11
2s

— =0.04s
50

. distance gone
Velocity = ———
time taken

= 50 cm/s

0.04 s

(ii) Distance between dot 34 and dot 36 = 5 cm
. Scm
Velocity = —— = 125 cm/s
0.04s

(iii) 0.5 s. [This is the time for 25 dots.]
change in velocity

iv) Acceleration = -
(@) time taken for change

_ 125 — 50 cr/s
0.5s

= 150 cn/s”.
6y
Acceleration

)
+ +
+
- Force

(ii) The acceleration is proportional to the resultant

force, provided the mass is kept constant.

[Or resultant force = mass X acceleration.]
[The relationship between mass and acceleration may
be investigated by keeping the force constant (band at
constant stretch) and varying the mass (add masses to
the trolley). The acceleration due to gravity, g, may be
measured if the ticker timer is arranged so that the
tape (with a mass on its end) falls vertically.]

Example 18

(a)
(b)

What do Newton’s laws tell us about the effect of a
force on a body? (3 marks)
A body of mass 5 kg is at rest when a horizontal force
is applied to it. The force varies with time as shown

on the graph below. Use the figures on the graph to
calculate how the velocity varies with time and plot a
graph of velocity against time for the first 30 s of its

motion. (11 marks)
(c) How far does it travel in the first 10 s? (3 marks)
Force/N
[
50 N
2% 30
0 L L ; Time/s
5 10 15 20
20N
Solution

(@)

(b)

When a resultant force acts on a body, the body
accelerates — that is, changes its velocity. The
acceleration is proportional to the force and inversely
proportional to the mass.
F = ma. During the first 10 s, SON = 5 kg X a;
hence, @ = 10 m/s. For the next 15 s no force acts
and the body continues with constant velocity. From
25 s to 30 s the body decelerates, and
—20N = 5kg X a; hence, a = —4 m/s’. Since

= at [see section 5], after 10 s
velocity = 10 m/s* X 10's = 100 m/s. From 10 s to
25 s the body continues at 100 m/s. Between 25 s and
30 s the change in velocity is 4 m/s” X 5 s = 20 m/s.
So, after 30 s the velocity is
(100 — 20) m/s = 80 m/s.

Velocity T

©)

T
B Time/s

Distance travelled = average

velocity X time = 50 X 10 = 500 m.

[This is also the area under the graph for the first
10s.]
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Examination questions

(Numerical answers and hints on solutions will be found Table 2.2

at the end of the chapter.) — -
Speed of  Speed of  Thinking  Braking
. car car distance distance
Question 1 (kmih) (mis) (m) (m)
A racing driver is driving his car along a straight and level
road as shown below. 32 8.9 6 6
48 133 9 14
Reaction force Reaction force 64 1 7-8 1 2 24
80 22.2 15 38
96 26.7 18 55
12 311 21 75
B (Push from road) 1h_,
(a) The arrows on the diagram show forces acting on constantly until the car stops. The car and driver
the car. Write down the names of the forces shown have a mass of 900 kg.
by the arrows A and C. (2 marks) (i) Calculate the change in kinetic energy (KE)
(b) (i) At first, force B is larger than force A. What of the car. (4 marks)

will happen to the speed of the car?
(ii) After a time, forces A and B are balanced.
What will happen to the speed of the car?
(iii) Explain why forces A and B eventually
balance. (4 marks)
(c) Each lap of the circuit is 4500 m. The racing car
takes 90 seconds to complete one lap. Calculate the

(ii) Use your answer to (b) (i) and the information
from table 2 to calculate the braking force
which acts on the car. (3 marks)

(MEG, Jun 95, Higher Tier)

average speed of the car. (4 marks) i

(d) During the race the amount of fuel in the car gets Question 3
less. Explain what effect this will have on the time (a) Define the newton. (4 marks)
taken to complete one lap. (2marks) () Describe, in detail, and with the help of a diagram,

(e) The racing car has a mass of 1250 kg. When the
brake pedal is pushed down, a constant braking
force of 10 000 N is exerted on the car. Calculate the
acceleration of the car. (5 marks)

(NEAB, Jun 95, Intermediate Tier)

an experiment to investigate how the mass of an
object is related to the acceleration of the object,
under the action of a constant force.

In your answer you should clearly state how the
accelerating force is produced, how frictional forces
are allowed for, what measurements are taken and
how they are used to show the relationship between
mass and acceleration.

Table 2.2 shows information about the stopping of a car (12 marks)
travelling at different speeds. (c) A hot air balloon is travelling vertically upwards at a
constant speed.

(i) Draw a circle to represent the balloon and

mark on the diagram the three forces acting
on the balloon, naming each and showing its

Question 2

The thinking distance is the distance the car travels whilst
the driver reacts and before the brakes begin to act. The
braking distance is the distance the car travels after the
brakes begin to act.

direction. (3 marks)
(a) (i) Describe the way in which the thinking (i) Write down an equation to show how these
distance changes as the speed of the car forces are related. (2 marks)
increases. (2 marks) (d) A caris moving along a level road with an
(ii) Why does it change in this way? (2 marks) acceleration of 0.5 m/s” when the engine is

(b) The car is travelling at 48 km/h. The driver brakes providing a forward driving force of 750 N.
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a = 0.5 m/s?

Driving force
750 N

S

The driver then increases the driving force of
1250 N and the acceleration becomes 1.0 m/s’.

Driving force
1250 N

Assuming that the total frictional force opposing
the motion of the car remains the same, calculate the
mass of the car and the size of the total frictional
force. Show clearly how you obtain your
answer. (11 marks)

(NICCEA, Jun 95, Higher Tier)

Question 4

(a) (i) In an attempt to measure the acceleration of
free fall, Margaret used a stopwatch to time
how long it took a ball, dropped from rest,
from a height of 50 m to reach the ground.
She measured this time as 3.3 s.

Calculate the average speed of the ball.
Show clearly how you would obtain your
answer. (4 marks)

(ii) Calculate the final speed of the ball as it hits
the ground. Remember the ball was released
from rest.

¢ Ball
A

50 m

Y Ground

Show clearly how you obtain your answer.

Do not assume a value for the
acceleration of free fall in this calculation.

(5 marks)
Using the measurements from this experiment,
calculate the acceleration of free fall.

Show clearly how you obtain your
answer. (4 marks)
The accepted value for the acceleration of free
fall is 9.8 m/s’. Give one reason why the value
calculated in part (iii) is less than this.

(1 mark)
(b) The diagram below shows train A just as it is
beginning to move out of a station. At this instant it is
passed by train B moving in the opposite direction.

(iii)

(iv)

..........

(i) The velocity of train A is plotted as a positive
quantity. Why is the velocity of train B plotted
as a negative quantity?

(1 mark)
(ii) Calculate the acceleration of train A for the
first 40 s.
Show clearly how you obtain your
answer. (4 marks)
(iii) Train B passes a series of equally spaced lamp
posts. Describe a simple test that a passenger,
with a stopwatch, could do to show that the
train is moving with a constant velocity.
(2 marks)
Use the velocity-time graphs of the two trains
to calculate the displacement of train A and
the displacement of train B from the station
after 80 seconds.
Show clearly how you obtain your answer.
(7 marks)
(v) How far apart are the two trains after 80
seconds.
Show clearly how you obtain your answer.
(2 marks)
(NICCEA, Jun 95, Higher Tier)

(iv)

Question S

(a) The following graph shows the speed of a car at
different times during a short journey.
Use the information from the graph to help you
answer the questions.
(i) What additional information would you need in
order to know the velocity of the car? (1 mark)
(ii) During part of its journey the car was
travelling at a steady speed.
Calculate the distance which the car has
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travelled during that part of its journey. car stops suddenly. You should include ideas about
Include in your answer the equation you are acceleration and force in your explanation.
going to use. Show clearly how you would (4 marks)
get to your final answer and give the (SEG, Jun 95, Science Double Award, Intermediate Tier)
unit. (4 marks)
(iii) During part of its journey the car was slowing
down.

Calculate the deceleration of the car during
that part of its journey. Include in your answer
the equation you are going to use. Show
clearly how you get to your final answer and
give the unit. (4 marks)

(b) Later the car accelerates at 2.5 metres per second
per second (m/s’).
The mass of the car is 800 kilograms (kg).
Calculate the force needed to accelerate the car.
Include in your answer the equation you are going
to use. Show clearly how you get your final answer
and give the unit. (3 marks)

7~ (M) N

©

SEG 1995

The car driver and passengers wear seatbelts.
Explain how a seatbelt reduces the risk of injury if a

a=

o)
e

(a) An astronaut is on the Moon. He drops a hammer
from a height of 3.2 m and it takes 2.0 s to hit the

lunar landscape.
What is the acceleration due to gravity on the
Moon? (4 marks)

(b) He now throws the hammer horizontally at a speed
of 10 m/s from the same height.
(i) How long does it take to hit the ground?
(1 mark)
(ii)) How far will it travel horizontally before it
hits the surface? (1 mark)
(MEG Nuffield, Jun 95, Higher Tier, Q11)




work out physics ¢ motion, scalars.afd Vect_qggi'i"i7

Answers to examination questions

1. (a) A = Drag (or total frictional forces) B = Weight.
(b) (i) The speed will increase. That is, the car will
accelerate.
(ii) The speed will stay constant since there is
no acceleration.

(iii) Force B is determined by the force delivered
by the engine. Force B depends on the speed
of the car and this force increases with
increasing speed. As the car goes faster,
eventually force B equals force A and there
is no overall force acting on the car, so the
cars move at constant speed.

distance travelled
(c) Average speed = fime taken
4500 m
= 908 50 m/s
(d) The force provided by the engine and the brakes is

constant for a particular car. As the race proceeds,
fuel is used up making the mass less. This means
that the acceleration and deceleration will increase
and this will make the time to complete one lap

less.

Force
Mass

Acceleration =

(e
2. (a) (i) The thinking distance is proportional to the
speed since a doubling in speed results in a
doubling of the thinking distance.
The reaction time will be the same at all
speeds since this is the time the brain
registers that the brakes need to be applied
and the time they are actually applied. The
distance travelled during this ‘thinking time’
will increase with increasing speed.

(i1)

= 4 X mass X \.l'clocity2
= 4 X 900 kg X (13.3 m/s)’

(b) Change in KE

= 80000
(ii) Change in KE = work done by braking
force

80000) = Braking
force X distance
travelled whilst braking
80000J] = Braking force X 14 m
Giving braking force = 5714 N

3. (a) One newton is the force required to give a mass of
1 kg an acceleration of 1 m/s.
(b) See the experiment in example 17.
(¢) (i) A circle should be drawn with three arrows.
One arrow points upward and should be

(d)

4. (a)

(b)

5. (a)

labelled as the lift and the other two arrows
point down and should be labelled the
weight and drag (or total frictional force).
(ii) Lift = Weight + Drag.

Accelerating force = Driving force — Frictional

force.

For the first situation we have

Mass X 0.5 m/s’ = 750 — Frictional force

For the second situation we have

Mass X 1.0 m/s’ = 1250 — Frictional force

Solving these two equations together (i.e.

simultaneously) gives

Mass = 1000 kg and Frictional force = 250 N

Distance travelled
Time taken

(i) Average speed =

50 m

=152m/
335 s

(ii) Using the equation of motion
s =%u + v)t withu = 0m/s
S0=4xvX33
Giving v = 30.4 m/s
(iii) Using the equation of motion
s = ut + $af’ with u = 0 m/s
50 = 4g 3.3
Giving g = 9.2 m/s’
(iv) Air resistance slows the ball down.

(i) Velocity is a vector quantity and since it is
moving backwards its velocity must be
negative.

15 m/s

(i) Acceleration = = 0.38 m/s’
He could time the intervals between each
lamp post. If the train is travelling at
constant velocity, these time intervals will be
the same.
Displacement of train A = Area under the
graph betweent=0sand¢r=80s
=4X40X 15+ 15X 40=900m
Displacement of train B = Area under the
graph betweens=0sandt=80s
= (—20) X 80 = —1600 m
Distance apart = 900 + 1600 m = 2500 m
[We add these because the displacements are
in opposite directions.]
(i) The direction. [Since velocity is a vector
quantity it has both size and direction.]
(ii) Distance whilst travelling at steady
speed = area under the graph between
t=20sandt=55s.
Area = 30m/s X 35s = 1050 m

(iii)

@iv)

{2
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(iii) Deceleration = gradient of the graph
betweent = 55sandt=65s

(b) Force (N) = Mass (kg) X Acceleration (m/s?)
= 800 kg X 2.5 m/s’
= 2000 N
(c) When the car stops suddenly the passengers
keep moving forward when they are not wearing
a seatbelt. The only force restraining them is
the small force of friction between them and the
seat. Using the seatbelts provides a large
restraining force which prevents them moving

6. (a)

(b)

forward and injuring themselves when they hit the
windscreen.

Using the equation of motion s = ut + 3ar’

with initial velocity, ¥ = 0 m/s, s = 3.2 m and
t = 2 s we have
32=4%ax2
Giving acceleration, a = 1.6 m/s’
@) 2s
(ii) [Speed stays the same horizontally because
it is unaffected by gravity which acts only in
the vertical direction.]
Distance = velocity X time
=10m/s X2s=20m
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1 The various forms of Heat
energy
Energy

Energy is the capacity to do work. When work is done, one
form of energy is changed into another. Energy and work
are measured in the same units of Joules (J).

The Principle of conservation of energy states that
energy cannot be created or destroyed, although it can be
changed from one form to another.

Heat

Heat energy is possessed by all objects to some extent. The
amount of heat energy a body has depends on the amount
of energy contained by its vibrating molecules.

Forms of energy

Chemical

Chemical energy is the energy trapped in certain substances
such as fuels (oil, gas and coal). Food is also a fuel which is
used by our bodies.

Sound
“l W I“

Sound energy is produced when a medium such as a solid,
liquid or gas starts to vibrate.

Light/Electromagnetic energy

¢

Nuclear

Light
Nuclear energy is the energy stored in the nuclei of certain
radioactive atoms of elements such as uranium or
plutonium. When the nuclei split up, this energy is released  All electromagnetic waves including light have energy
as a large amount of heat energy. associated with them.
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Electrical energy

POWERCELL

4
g

| [

This is the energy produced by a battery or a generator and
is the form of energy which is easiest to transfer into other
forms of energy.

Potential energy

This is the energy possessed by a body by virtue of its
position or the state that the body is in. If a body is lifted
vertically, then it gains gravitational potential energy. The
gain in gravitational potential energy may be calculated
from the equation.

Gravitational potential energy
gained = (weight) X (vertical height raised)

Examples of bodies possessing gravitational potential
energy (gpe) are shown below.

Other examples of bodies possessing potential energy are
shown below

Y -

44+ ++44

Kinetic energy

All moving objects have this form of energy. For a body
whose mass is in kg, velocity in m/s, the kinetic energy in J
is given by the equation:

Kinetic energy = % X mass X (velocity)

Often, there is an interchange between kinetic energy and
gravitational potential energy. The following equation may
be used provided that there is no energy lost from the
system as heat (due to friction) or sound.

Kinetic energy = Gravitational potential energy

1 X mass X (velocity)’ = mgh

2 Energy changes

Thedéiw of conservation of energy states that energy cannot
b€ created or destroyed, it may only be changed from one
form to another.
Energy changes are therefore extremely important in
physics. Take for example the following energy changes:




Chemical ————Electrical——Heat and light Energy changes in a coal-fired

A battery changes chemical energy to electrical energy.
The bulb lights and converts the electrical to heat and
light energy.
Light is the useful form of energy in this case.

Elastic potential energy ——» Kinetic energy

The elastic is stretched and stores elastic potential energy
and when released, the energy is converted into the kinetic
energy of the stone.

- Kinetic and heat

Chemical

Heat (body temperature)

Food supplies the chemical energy which are body uses to
convert into heat (to maintain body temperature) and
kinetic energy (energy of movement).

power station

T
]

»Heat — >

A

- Electrical

Kinetic

1  The chemical energy in coal is released as heat.

Heat is used to turn the water into steam.

3  Steam is passed into the turbine which rotates at high
speed.

4 The kinetic energy is then changed into electrical
energy by the generator (dynamo).

[

Energy changes in a hydro-electric
power station

Water with PE Water with KE

Generator
(changes KE to electrical energy)

1  Water at one side of the dam is higher and therefore
possesses gravitational potential energy.

2 Water is allowed to flow down the pipe thus changing
the potential energy into kinetic energy.

3 Turbine rotates and causes the generator to rotate and
change the kinetic energy to electrical energy.

3 Work

Work is energy transfer, and may be calculated from the
equation

Work = (force) X (distance moved in the direction of the
force) (unit: joule (J))

1 joule of work is done when a force of 1 N moves its point
of application through a distance of 1 m.
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4 Power

Powef is the rate at which work is done and is measured in
watts,

Power may also be considered at the rate at which one
form of energy is converted into another. For instance, a
100 W light bulb converts 100 J of electrical energy to heat
and light energy every second.

Power may be calculated using the formula:

work done (J)

Power = m and this gives the power in

watts.
Electrical power may be calculated using the formula
Power (W) = Current (A) X Voltage (V)

Large amounts of power are measured in kilowatts (kW)
with 1000 W = 1 kW or megawatts with
1000 kW = 1 MW (so, 1 000 000 W = 1 MW)

5 Efficiency

Motefs are used to change one form of energy into kinetic

eiiergy. For example petrol engines convert the chemical

energy in petrol into mainly kinetic energy and heat energy
and electric motors converts electrical energy to kinetic and
heat energy.

All the energy input to a motor is not changed into
kinetic energy since a large amount of the energy is
converted to unwanted heat energy by friction.

Petrol engines like all engines are not very efficient and
for every 100 J input only about 25 J is available as kinetic
energy.

To compare the energy input with that output we
calculate a quantity called the efficiency using the formula:

work output
Efficiency =

work input
Since the work out is always less than the work put in, the
efficiency will always be a number less than one. Efficiency
may also be expressed as a percentage and to do this the
number for the efficiency is multiplied by one hundred.
Efficiency may also be expressed in terms of the powers
using the following formula:

Power output
Efficiency =

Power input
Worked examples

(Wheh needed, take the Earth’s gravitational field strength
as 10 N/kg.)

Example 1

Energy may be defined as
A producing power
B causing motion

C ability to do work
D ability to exert a force

Solution

Answer C [see section 1]

Example 2

The diagram shows a hydro-electric generation system.

~4— Dam

Water

‘4 — Generator

Which of the following gives the correct order of the
energy changes that occur?

A kinetic — electric — potential

B  kinetic — potential — electric

C potential — electric — kinetic

D potential — kinetic — electric

Solution

[The water behind the dam has potential energy. When it
flows through the generator it has kinetic energy. Electrical
energy is produced by the generator. See section 2.]

Answer D

Example 3

A coconut is falling from a palm tree.




Which of these is correct?

Velocity of Gravitational potential
coconut energy of coconut

A decreasing decreasing

B increasing decreasing

C increasing increasing

D decreasing increasing

Solution

[Potential energy increases as work is done in raising an
object and decreases when the body falls.]

Answer B
Example 4
Q
R P

4m

A weight of 5 N is moved up a frictionless inclined plane
from R to Q as shown. What is the work done in joules?
A15 B20 C35 D 60

Solution
[Work done = weight X vertical height raised (see
section 1)
= SNX3m
= 151]]
Answer A
Example 5

A person who has a mass of 50 kg runs up some stairs in
9 s. The stairs are 8 m high. His power output is

50X 8 50 X9 50 X 10 X 8
A W B w W
9 8 9
50X 10 X9
D—W
8

Solution

[The Earth’s gravitational field strength is 10 N/kg and the
weight of the man is therefore

= (50kg) (10N/kg) = (50 X 10) N

= force X distance [see section 3]

= (50 X 1I0N) (8 m) = (50 X 10 X 81J)

Work done

34 work outphysics.» energy, work and power

work done (50X 10X 8)J
Power = time taken 9s
(50 X 10 X 8)
= Vv

Hence C is the correct answer.]

Answer C

Example 6

A man does 10 press-ups in 30 seconds. His weight is

600 N and each time he lifts his body a distance of 0.5 m.

(a) What gravitational potential energy does he gain with
each lift?

(b) What amount of work does he do altogether?

(c) What is his power in watts?

(d) Working at the power in part (c), how long would it
take for him to climb a flight of stairs 10 m high?

(Gravitational field strength = 10 N/kg.)

Solution

(@) PE = Mass (kg) X gravitational field strength
(N/kg) X height (m)
= Weight (N) X height (m)
= 600 X 0.5
3007
(b) Work done (J) =300J X 10 = 3000J

Work done (J) 3007

() Power (W) = Time taken (s) T 30s

100W

Work done (J)
(d) Power (W) = Time taken (s)
(600 N) X (10 m)
100 W =
t
t=60s
Example 7

—00000(

Mas

wn

A spring is fixed to a support at one end and a mass is hung
on the other end. The mass is raised until the spring just
goes slack. It is then released. From the moment the mass is
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released until it reaches its lowest point describe the
changes that take place in
(i) the kinetic energy of the mass (3 marks)
(ii) the gravitational potential energy of the mass
(2 marks)

(iii) the energy stored in the spring. (2 marks)

Solution

(1) The kinetic energy is initially zero. [Remember
that kinetic energy is energy possessed by a
moving body.] The kinetic energy increases until
the spring passes through its equilibrium
position, when the kinetic energy is a maximum,
and then the kinetic energy decreases until it
reaches zero when the spring is at its lowest
position.

(i1) The gravitational potential energy is a maximum
and it gradually decreases until the spring
reaches its lowest position.

This is initially zero and increases until it is a
maximum when the spring is at its greatest
extension.

(iii)

Example 8

(a) What power is produced by a machine which lifts a
mass of 2 kg through a vertical height of 10 m in 2 s?

(b) A mass of 3 kg is thrown vertically upwards with a
kinetic energy of 600 J. To what height will it rise?

(6 marks)
Solution
(a) Force needed to lift 2 kg = 20 N
work done 20 X 10
Power= ——— =——J/s =100 W
time taken 2

(b) 6001J = mgh. [See section 1, ‘Kinetic energy’.]
= 600J=3kg) (I0N/kg)h

=h=20m
Height = 20 m
Example 9
ﬂ\
/I m
/ /l For,
(‘E%N /
Load (mass 180 kg) /
im 1

N

The diagram shows a ramp being used to get a load, which
has a mass of 180 kg, onto a lorry. The ramp is 4 m long
and the end of the lorry is 1 m above the ground. A force of
600 N is needed to pull the load up the ramp.

(a) Calculate
(i) The gravitational potential energy gained by the
load as it goes from the bottom to the top of the

ramp; (3 marks)
(ii) the work done by the 600 N force in pulling the
load up the ramp; (2 marks)
(iii) the efficiency of the system (2 marks)

(b) As the lorry starts, the load topples off and falls to the
ground. What is the kinetic energy of the load just
before it hits the ground? (2 marks)
(Take the Earth’s gravitational field strength as
10 N/kg.)

Solution

()] (1) Gravitational potential energy gained = mgh
[see section 1]
(180 kg) (10 N/kg) (1 m) = 1800 J
[This is equal to the force in Newtons
multiplied by the vertical height raised, see
section 1 potential energy.]

(ii) Work done = force X distance [see section 3]

=600N X 4m = 24007

. work out .
(iii) Efficiency = ———— [see section 5]
work in
18007 3
2400 4

[The gravitational potential energy gained is
equal to the work done against gravity, and a
force of 1800 N is lifted vertically through 1 m,
so 1800 J of work are done, and this is the work
got out of the machine.]
(b) Just before the load hits the ground all the
gravitational potential energy will have turned into
kinetic energy. Kinetic energy = 1800 J.

Example 10

Pumped-storage power stations are used by electricity
boards to produce electricity during periods of peak
demand. Water is stored in one reservoir and allowed to
flow through a pipe to another reservoir at a lower level.
The rush of water is used to turn turbines which are
connected to generators.

(a) Why are pumped-storage power stations used to
produce electricity in short bursts and not for the
continuous generation of electricity? (1 mark)

(b) Inone such power station 400 kg of water passes
through the turbines every second after falling
through a vertical height of 500 m. (g = 10 m/s’)
Assuming that no energy is wasted, calculate

(i) the decrease in gravitational potential energy of
400 kg of water when it falls 500 m; (3 marks)

(i1) the power delivered to the turbines by the
water; (1 mark)
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(iii) the power output of the generator;
(iv) the current produced by the generator if the
output voltage is 20 000 V.

be used again.
(i) Why is this done at night?
(i) Why is more energy needed to pump the
water back than is released when it falls?

(1 mark)

Solution

(a) There is only sufficient water stored in the reservoir to

produce short bursts at peak times.
(b) (i) Potential energy = mgh [see section 1]

= 400 kg X 10 m/s* X 500 m

=2X10°J
=2MJ
(ii) 2 MJ per second = 2 MW

[1J/s = 1 W. Note that the answer assumes that

the water has no kinetic energy after it has
passed through the turbines.]

(iii) 2 MW. [No energy is wasted, so the output is
the same at the input.]

(iv) Power = voltage X current
2 X 10° W = 20 000 volt X current

2 x 10°
Current =
20 000
= 100 A
(c) (i) Demand for electricity is low and electrical

power can be used for pumping the water up to

the reservoir.

(ii) Heat energy is produced because of friction and

other inefficiencies of the system.

Example 11

50 m

A wind-powered

N

- ~

generator

Blades

(1 mark)

(3 marks)
(c) At night the water is pumped back to the reservoir to

(1 mark)

A large wind-powered generator has blades which sweep
out a circular area of diameter 50 metres. It faces head-on
into a wind of average speed 10 m/s. Calculations show that
in 1 second approximately 25 000 kg of air passes through
the area swept out by the blades.

(a) Calculate the total kinetic energy of all the air that
passes in 1 second through the area swept out by the
blades when the wind speed is 10 m/s. (3 marks)

(b) The generator has an efficiency of 10% in converting
the kinetic energy of the wind to electrical energy.
Calculate the power output of the generator.

(2 marks)

(c) If the wind speed doubles, what mass of air now
passes in 1 second through the area swept out by the
blades? (1 mark)

(d) If the wind speed doubles, how many times bigger
will the power output of the generator be? (2 marks)

(e) The power output of a modern coal-fired power
station may be 1000 MW (1 X 10° W). Use the
figures in this question to discuss whether or not
wind-powered generators are a practical alternative.

(3 marks)

Solution

(a) Kinetic = ¥’ [see section 1]
G X 25000 X 107 J)
1250000) =1.25MJ

b) —1—(—)— X 1.25MJ/s = 0.125 MW
100

(c) 50000kg

(d) Kinetic energy = imv*. m and v both double
(doubling the velocity quadruples v*). Therefore the
kinetic energy is 8 times bigger and the output of the
generator is 8 times bigger. [This part is difficult and
only grade A candidates got it correct.]

(e) Power output of the wind-powered generator when
wind velocity is 20 m/s is
(0.125 X 8) MW = 1 MW. 1000 wind-powered
generators would be needed to produce the same
power as one coal-fired power station. The space
required would be very large and they would only
work when the wind was blowing. The power
available would be totally dependent on the wind.
They could never replace coal-fired power stations but
can be useful for generating small quantities of
electrical power on windy days especially in remote
locations.
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questions

(Numerical answers and hints on solutions will be found
at the end of the chapter.)

Question 1

(a) In an oil-fired power station the burning of oil is
used to heat water to produce steam. The steam
drives a turbine which turns generators to produce

electrical energy. The block diagram shows three
parts of the system described above.

(1) Block'A 18 the wsismiinns i
(ii) Block B is the ...

(1) ‘The energy trom CIS.naannimunnnssag
(2 marks)

Potential and
- A
kinetic energy of steam

Steam
produced

Electrical
B ——
energy

oy

(b)

Power output /KW 00

250 4+

200

50 4+

0 2 4 6 8 10 12
Wind speed /m/s

The graph shows how the power output from a wind
generator changes with the speed of the wind.
Use the graph to find
(i) the maximum power output, (1 mark)
(ii) the wind speed that produces a power output
of 75 kW, (1 mark)
(iii) the power output produced by a wind speed of
6 m/s. (1 mark)
(c) State one advantage wind power has over oil-fired
power stations. (1 mark)
(WIEC, Jun 95, Intermediate Tier)

Question 2

The diagram shows a car travelling at 30 m/s on a level
road. At this speed the car has to overcome a total force
opposing motion of 600 N.

(a) How far does the car go in 10 seconds? (1 mark)

(b) How much work does the car engine do in this time?
(2 marks)
(c) What is the power? (2 marks)

(d) Burning petrol supplies 60 kJ (60 000 J) of energy
to the engine every second. Why is your answer to
(¢) smaller than this value? (2 marks)
(e) Explain why the car uses more fuel per second to go
uphill at the same speed. (2 marks)

(MEG Nuffield, Jun 95, Intermediate Tier, Q6)

Question 3

(a) State the type of energy stored in the stretched bow.
(1 mark)




(b) An arrow of mass 25 g is fired from the bow with a
speed of 50 m/s.
(i) Calculate the kinetic energy of the arrow.
(i) How much energy was stored in the stretched
bow? Assume that the energy transfer to the

arrow was 60% efficient.

(5 marks)

(c) The arrow is fired at a block of wood of mass 175 g
which is floating on water a few metres away. The
arrow hits and attaches itself to the block of wood as
shown below.

i—_

\ < 6t 5 Wood

T e

Calculate the velocit-y.'" of the block and arrow jﬁst
before impact. (5 marks)
(ULEAC, Syll B, Jun 95, Higher Tier, Q6)

Question 4

The diagram shows a toy car race set.

-

(a)

(b)

(©)

(@

(i) State the formula linking the change in
gravitational potential energy, mass,
gravitational field strength and change of
height. (1 mark)

(ii) The mass of car A is 0.10 kg. Calculate the
change in gravitational potential energy as it
moves from X to Y. (g = 10 N/kg)

(2 marks)
All of the gravitational potential energy at X
becomes kinetic energy at Y.

(i) State the formula linking kinetic energy, mass

and speed. (1 mark)

(ii) Calculate the speed of the car A at point Y.
(2 marks)
Car A goes on to collide with car B. The mass of car
B is 0.20 kg. The two cars stick together when they
collide.
(i) State the formula linking momentum, mass
and speed. (1 mark)
(ii) Calculate the momentum of car A at Y.
(1 mark)
(iii) Calculate the speed of both cars just after the
collision. (2 marks)
Sketch a graph on Fig. 3.26 to show how the speed
of car A changes with time from the moment of
release until after it collides with car B.

A toy car A was released at the top of the track. The car
follows the track down and eventually collides with car B
which is at rest.

1. (a) Turbine
Generator (dynamo)
Kinetic energy.
225 kW
(i) 3 m/s
(iii) 150 kW
(c) No greenhouse or polluting gases are produced.

(1)
(i1)
(iii)

b O

2. (a) 30m/s X 10s =300 m
(b) Work done (J) Force (N) X Distance travelled
in direction of force (m)
600 N X 300 m
= 180000]J

Il

Answers to examination questions

(c)

(d)

(e)

A 4

(MEG Salters’, Jun 95, Higher Tier, Q9)

Work done (J)
Time taken (s)
180 0001J

10s
Most of this energy is wasted as heat in the
cooling system or in the exhaust gases. Some heat
is also lost due to friction between the moving
parts in the engine.
When going up a hill, the car gains gravitational
potential energy so the fuel will need to provide
this additional energy as well as the energy to keep
the speed at 30 m/s.

Power =

=18 000 W
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3. (a)
()

©

4. (a)

(®)

Elastic potential energy.
(i) KE =3 X mass X velocity’
=$X 0.025kg X (50 m/s)’ = 31.25]

Energy output 60
) YW =—
Energy input 100

. 31.25
So, energy input = 06 =5211]

By conservation of momentum.

Momentum of arrow = Momentum of

arrow + block after collision

[The block has no momentum before collision
because it is not moving.]

Hence, 0.025 X 50 = (0.025 X 0.175) X velocity
giving velocity = 6.25 m/s

(i) Changein gpe = Mass (kg) X
gravitational strength (N/kg) X
change in height (m)
(ii) =0.10kg X 10 N/kg X 1.0 m
=1]
(i) KE =} X mass (kg) X velocity (m/s)’
(ii) [We assume that all the gpe has been

© O
(i1)
(iii)

(@

45

converted into kinetic energy and that this is
the only energy transfer.]
1J=%4X0.10kg X v’

Giving velocity, v = 4.5 m/s
Momentum (kg m/s) = mass (kg) X
velocity (m/s)

Momentum (kg m/s) = 0.10 kg X
4.5 m/s = 0.45 kg m/s

Momentum before collision

= momentum after collision
045=(0.1+02)Xv

giving velocity of both cars after
collision = 1.5 m/s

/

3.0

Speed

Time at

_/ Time
which collision

takes place
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1 Equilibrium and the
principle of moments

When a body is in equilibrium, the resultant force on its is
zero and the sum of the clockwise moments about a point is
equal to the sum of the anticlockwise moments about the
same point. In the diagram a beam is balanced at its centre
point. Using the measurements shown in the diagram,

4m 6m

JAY

3N 2N

Clockwise moments = Anticlockwise moments = 12 Nm
Clockwise moment = 2N X 6 m = 12 Nm
Anticlockwise moment = 3N X 4m = 12 Nm

The clockwise moment equals the anticlockwise moment
and the beam is in equilibrium. In an experiment the forces
are usually applied by hanging weights on the beam.

Bending of beams

Beams bend when placed under stress. In the figure below
the top of the beam is in compression and the underside is
in tension. A force that causes stretching is called a tensile
force. All parts of a stressed beam are in equilibrium under
the action of the internal forces between neighbouring
atoms. The greater the cross-sectional area of the beam, the
greater the resistance to bending under stress.

Whenever a body changes shape by bending or
stretching or compressing, it is said to be elastic if it returns
to its original shape or length when the stress is removed. It
is said to be plastic if it stays in its new shape or if it stays
in its stretched position.

Nl

\/i//\

Weight (W) In tension

A man of weight W standing on the middle of a plank. The plank
sags because the plank is not perfectly stiff. The top of it will
shorten and is in compression. The underside will get longer and
so is in tension.
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2 Stability
Centre of gravity (centre of mass)

The centre of gravity of a body is the point through which
its whole weight may be considered to act.

For a flat sheet (e.g. a protractor), its position may be
determined by suspending the lamina from three points
well spread around its edge and hanging a plumb-line from
each point. The centre of gravity is the point on the sheet
where the verticals from each point cross.

Types of equilibrium

A body is said to be in stable equilibrium if when given a
small displacement and then released it returns to its
original position.

A body is said to be in unstable equilibrium if when
given a small displacement and then released it moves
further from its original position.

A body is said to be in neutral equilibrium if when given
a small displacement and then released it stays in its new
position.

Referring to the illustration below, the equilibrium is
stable in (a), unstable in (b) and neutral in (c).

(a) (b) (c)

(a) Stable equilibrium (b) Unstable equilibrium (c) Neutral
equilibrium

For a body in stable equilibrium, the stability is
increased by having a large base area and/or a low centre of
gravity. The object in (a) will return to its original position
flat on the table when released, but in the situation shown in
(b) the object will fall when released. The stance adopted in
karate ensures a strong position: the position of the feet
gives in effect a large base area and the bending of the
knees lowers the centre of gravity.

(@) CG, (b)
CG,

X

Weight Weight

In (a) the moment about X of the weight tends to turn the body
anticlockwise. In (b) the moment about X tends to turn the body
clockwise and the body falls over.
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3 Machines Effort

. o . (force to move
Efficiency of a machine object up)the
plane

work got out of a machine

Efficiency = : .
work put into a machine

_ power output
power input

Efficiency is a ratio and has no units. It is sometimes
expressed as a percentage, but in the above equation it is *
always a fraction. Load

(weight of object = mg)
Pul |eyS An inclined plane.

For the machine shown below, the work got out of the .
machine is equal to the potential energy gained by the load Heat engines

and the work put into the machine is the work done by the  1p 4 petrol engine the mixture of petrol and air is ignited
effort. If the load rises 1 m then each of the strings A, Band  apq heat energy is produced. The force of the resulting

C must shorten by 1 m and the effort moves 3 m. explosion gives the piston kinetic energy. The burnt gases
are discharged at a lower temperature. Thus, chemical
energy produces heat energy which is turned into kinetic
energy of the piston.

Worked examples

Example 1
X Y Z
‘ T T T A T ‘ T 1
6N 2N

The diagram illustrates a uniform beam pivoted at its
centre. The marks on the beam show equal distances each
of 1 m in length. Loads of 6 N and 2 N are hung from the

A simple pulley system. positions shown. Which of the following additional loads
would keep the beam in equilibrium.
A 20NatX
. . B 6NatY
The inclined plane C 7NatY
- . . D 4NatZ
When the effort is lifted a vertical height % (see the next
diagram) and the effort moves along the plane
work got out Solution
Efficiency = —————
work put in [Total anticlockwise moment about
_ energy gained by the load pivot = 6 N X 4 m = 24 Nm. Thus, total clockwise
~  work done on the load moment must be 24 Nm.
The 2 N force provides a clockwise moment of
weight X vertical height raised 2N X 2m = 4 Nm, so the additional load must provide a

= - moment of (24 — 4) Nm = 20 Nm.
LB b The additional moments are:
mgh A 20N X 1m =20Nm
effort X d B 6NX3m=18Nm

) ) C 7N X3m=21Nm
[Remember that the gravitational potential energy gained D 4N X4m=16Nm]

by the load is the weight (mg) multiplied by the vertical
height raised.] Answer A
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Example 2
~ 0~ 0O /Q\
1 2 3

Ball on a saucer Ball on a table Ball on a bump

The diagrams show a ball resting on different-shaped
surfaces. They represent three different types of
equilibrium, which are

1 2 3
A Stable Unstable  Neutral
B Unstable Neutral Stable
C Stable Neutral Unstable
D Neutral Stable Unstable
E Unstable Stable Neutral
Solution

[Use the summary in section 2, ‘Types of equilibrium’.]

Answer C

Example 3

A wheelbarrow is shown in the diagram below. Five lifting
positions are shown on the handle.

GﬁfoceA

U

At which one is it easiest to lift the wheelbarrow?
(NICCEA, Jun 95, Intermediate Tier Q1)

>

Solution

[The wheel acts at the pivot and the weight acts at the
centre of mass which will be situated at about the centre of
the container. The moment of the weight about the wheel
(pivot) will exert a clockwise moment. To lift the barrow
you have to exert an anticlockwise moment. Since
moment = force X distance, the force can be smaller
provided that the distance is increased. Hence it will be
easiest to lift the wheelbarrow at A.]

Answer A

Example 4

Leslie found that his 30 cm rule balanced at its mid-point.
When he put one large coin on the right 12 cm from the
pivot, and three small coins on the left 8 cm from the pivot,
the rule balanced again.

! | ]

:———- 8 cm —‘:'—— 12ecm —=1

Leslie’s experiment shows that the large coin weighs the
same as
A  six small coins
B four small coins
C three small coins
D two small coins
(ULEAC, Syll B, Jun 95, Intermediate Tier)

Solution

[Let the small coin weigh x grams and the large coin weigh
y grams. Using the principle of moments we have
24x = 12y (anticlockwise moments = clockwise moments)

(%)
Soy=|—Jx=2x]

Answer D

Example 5

A painter stands on a horizontal platform which has a mass
of 20 kg and is 5.0 m long. The platform is suspended by
two vertical ropes, one attached to each end of the platform.
The mass of the painter is 70 kg. If he is standing 2.0 m
from the centre of the platform, calculate the tension in
each of the ropes.

T1 TZ
A )

5.0m

ft————25M— -2 O M—>

200 N 700 N

The diagram shows the forces acting on the platform. The
platform is in equilibrium, so, taking moments about X,
Anticlockwise moments = clockwise moments

T, X 5m = (200 X 2.5) Nm + (700 X 4.5) Nm

5Sm X T, = 500 Nm + 3150 Nm

3650 Nm
Sm

T,= 730N

2



A work.oufphysics.» moments and machines

Since the platform is in equilibrium, the total force upwards [There are two unknowns in this problem, namely 7, and

must equal the total force downwards; hence, T,. To obtain an equation with only one unknown, choose a
200N + 700N =730N + T, point about which to take moments so that the moment of
T,=170N one of the forces is zero. In this case the moment of T

The tensions are 730 N in the rope nearest the painter, and about X is zero. T, could have been calculated by taking
170 N in the rope furthest from the painter. moments about the other end of the platform.]

(Numeérical answers and hints on solutions will be found (iv) Complete the energy flow diagram below to

at the end of the chapter.) show the energy changes that occur as the
load is being raised.

Question 1 Energy lost as

(a) Diagram 1 below shows a simple machine which >
uses pulleys to liftaload. | eiiaaan,
The forces acting on the load can be represented
by diagram 2. You can ignore the weight of the rope
and pulley, and assume that the machine is

frictionless.
“Energy in the g D
Diagram 1 Diagram 2 workman's body Energy of the load
TT

T T Energy of the load
Load (4 marks)

(b) A crowbar can be used to raise a heavy object such

as a large stone, as shown below.
(i) The crowbar is an example of a simple
600 N machine. What name is given to this type of

machine? (2 marks)

(i) The tension forces in each part of the rope are Stone

equal and marked T. The load is at rest.
Calculate the tension force T in the rope.
(6 marks)
(ii) A workman holds the rope at rest at the point
P.
What is the least force that the workman must
use? (3 marks)
(iii) In practice this type of machine is not
frictionless.
When raising the load a workman uses (ii) On the diagram above, mark clearly, the pivot,
600 J of energy and the load gains 400 J of the place where the effort should be applied
energy. and its direction, the place where the load
Calculate the efficiency of this pulley force acts and its direction.
system. (4 marks) (5 marks)

Crowbar

/
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(iii) The large stone cannot be moved by the largest
force the person can apply to the crowbar.

A different crowbar could make this task
easier. What feature of this new crowbar
would make the task easier?

Explain your answer.

Question 2
(@

The diagram shows a spanner round a nut.

Spanner

)

Nut

A force is applied to the spanner to turn the nut.
On what does the turning effect of the force

depend? (2 marks)
(b) The diagram shows two hands on the steering wheel
of a car.

(6 marks)
(©) (i) What is meant by the centre of mass of an
object? (3 marks)
A uniform plank of wood weighs 120 N
and is 5 m long. It is placed on a pivot as
shown below.
—Im (i) The steering wheel is turned in an
Al 7Y anticlockwise direction. To do this, two
Pivot forces are applied to the steering wheel by the
driver.
(ii) Where is the centre of mass of the plank? On the diagram, draw two arrows to show
(1 mark) these forces. (2 marks)
(iii) Ian stands on the plank so that it is balanced (i) A larger turning effect can be produced by the
horizontally. Ian weighs 480 N. How far from same force.
the end marked A does he stand when the How can the design of the steering wheel
plank is balanced horizontally? (5 marks) be changed to do this? (1 mark)
(d) A ball of mass 200 g is held 50 m above the ground. (MEG, Jun 94, Intermediate Tier)

? Ball

S0m

!

(i) The weight of a 1 kg mass is 10 N.
Calculate the weight of the ball. (2 marks)
The ball is released from rest and hits the
ground 3.5 s later.
Calculate the weight of the ball. (5 marks)
Calculate the final speed of the ball as it hits
the ground.

Remember the ball was released from rest.
Do not assume a value for the acceleration of

(i)

(iii)

free fall. (4 marks)
(iv) Calculate the rate of change of speed of the
ball as it falls. (5 marks)

(NICCEA, Jun 95, Intermediate Tier)

Question 3

(a)

A gymnast of mass 40 kg is using a vaulting box as
shown below.

—
/ J—
T7777777777777777777777/ 7777777777777 77777

The graph gives a simple description of her motion
from starting the run until reaching the springboard.

Speed/ w‘ll.‘_i___.l mn
Sesgabesa]tisns sygnitasey ped basas g oa ) bnms ypRN 1 sapnl HE0s:
6 e bt “ _]__', b4 SHEES Saass RRTNA Thi

N SRR (05a 1 PR aoddd B haa o
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(i) What was her initial acceleration? Question 4
(ii) Calculate the size of the force which produces

this acceleration. (5 marks)

(b) Inasecond event, a uniform beam of length 6.0 m is
supported 0.5 m from each end. The mass of the
beam is 120 kg.

(i) Label the centre of mass of the beam with the
letter M.

(ii)) The gymnast weighs 400 N and stands on the
beam 2.0 m from support A.
Calculate the moment of the weight of the
gymnast about support A.

(iii) Calculate, showing all your working, the
forces exerted by the supports on the beam
when the gymnast is standing on it. Draw a
diagram of the beam in the space below if you
wish.

(Gravitational field strength = 10 N/kg.)
(11 marks)
(ULEAC, Syll B, Jun 95, Higher Tier, Q4)

A child’s toy clown can be pushed over but quickly
returns to the upright position. Its base is circular with
centre C. The centre of mass is at M. Explain why the

clown returns to the vertical position. (2 marks)
(WIEC, Jun 95, Higher Tier, Q12)

Answers to examination questions

1. (@) (i) Considering the bottom pulley and the N.B. The boxes for kinetic and potential
forces acting on it. energy can be the other way around.
Forces up = Forces down (b) (i) Lever
2T = 600N (ii)
T = 300N
(ii)) 300N
) work out 400
(iii) Efficiency = workin 600 0.67
@iv) Energy lost as
....... HEAT ...
Effort
Energyinthe [ [ " |...... KMﬂC_ ...... Pivot Load
workman’s body Energy of the load

(iii)) The longer length of the lever means that the
effort can be applied at a greater distance

(6RVITATIOMA) from the pivot thus producing a greater
_..Po®vTIAL moment which means that the force can be

Energy of the load

less.
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(c) (i) This is the point through which all the
weight appears to act. It is also the point at
which it would balance.

(i) At the centre which is 2.5 m from either end.
(iii)
25m

X Pivot ¥

Point where 120N

lan must stand
Ian must stand between A and the pivot in
order to provide an anticlockwise moment to
balance the clockwise moment set up by the
weight of the plank.
Let his distance to the point = x
Clockwise moments = Anticlockwise
moments
(120 N)(1.5 m) = (480 N)x
Giving x = 0.375 m
Distance from end
A=1-0375=0.625m
d () 200g=0.2kg
Weight =02 X 10 =2N
distance travelled

(i) Average speed =

time taken
50 m
= = 14.3 m/s
35s

(iii) Average speed
Initial speed + Final speed
2

0 + Final speed
2

Giving final speed = 28.6 m/s

143 =

(iv) Rate of change of speed

change in velocity

= acceleration = »
time taken

28.6 — 0
3.5
= 8.2 m/s’

2. (a) The size of the force and the distance between the
force and the pivot (the pivot is the nut in this case).

® ®

(ii) The steering wheel may be made with a
larger diameter which makes the same
forces exert a larger turning effect.

3. (@ (i) Initial acceleration = gradient

10 m/s R

08s 12.5 m/s

(i1)) Force (N) = mass (kg) X acceleration
(m/s%)
= 40kg X 12.5m/s* = 500 N
® ©®
6.0m —
M
| [ 1

force X distance
400N X 2 m
= 800 Nm

(il)) Moment

I

(iii)
3.0m -
~ 20m Qosm
L - A ]
T 4 I
B

A 1200 N

Taking moments about A [this eliminates the
normal reaction acting at A because it has no
moment about the point A owing to its zero
distance to this point] gives:

Clockwise moments = Anticlockwise

moments

400 X 2 + 1200 X 2.5 =R, X5
800 + 3000 = 5R,

R, = 760N

Taking moments about B
Clockwise moments = Anticlockwise

moments
SR, = 400 X 3 + 1200 X 2.5
SR, = 4200
R, = 840N

[Notice that the total upward forces, 1600 N,
equals the total downward forces, 1600 N.]

4. The weight of the clown acts vertically down
through the centre of mass. The point on the base
of the clown in contact with the ground, acts as the
pivot. When weight acts through the pivot there is
no moment so the clown stays at rest. When
displaced to one side, the pivot and the line of
action of the weight are separated by a distance
setting up a moment. This moves the clown back
to its upright position.
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1 Evidence for the kinetic
theory (Brownian motion and
diffusion)

Brownian motion (see examples 1
and 9)

This provides evidence for the kinetic theory of matter.
Brownian motion may be observed by using a microscope
to view illuminated smoke particles in a smoke cell. The
specks of light (the light reflected and scattered by the
smoke particles) jostle about in a random irregular manner
as they are bombarded by the invisible moving air
molecules.

Diffusion (see example 8)

This also provides evidence for the motion of molecules.

. [A

L4 L] .

—<—°-°—>-Glass disc

(]
o

o
o

(o]
o]
o
o

O 0O o O©

o
o

/0%

The denser gas in B is separated from the gas in A by a glass disc.

The diagram represents molecules of two different gases in
two gas jars separated by a glass disc. The gas in jar B is
denser than the gas in jar A. When the glass disc is
removed, the gases gradually mix. The next diagram
represents the situation some time later. The process is
known as diffusion.

2 Atoms and molecules

All matter consists of tiny particles called atoms or
molecules. A molecule consists of two or more atoms
chemically bonded together.

Solids

The particles in a solid are close together and in fixed
positions and are held together by strong forces of
attraction which means that the solid has a fixed shape. The

e O®0 o
v

(o]

o (o] .
e O° .OOOO
e Oe

[5

\ B

The glass disc has been removed and diffusion has occurred.

particles vibrate about a mean position but are unable to
move from place to place.

Liquids
The particles in a liquid are still close together but now they
are able to move independently since the forces of

attraction are not as great as in a solid. Liquids do not have
a fixed shape but they have a fixed volume.

Gases

These particles are widely spaced and have little or no force
of attraction between their particles. Gases have no fixed
shape or volume and will take up any space which is
offered to them.

3 Using the kinetic theory to
explain properties of matter
(expansion, melting,
evaporation and boiling)

The molecules of a solid vibrate about fixed positions.
When heat is supplied to a solid, the molecules vibrate
faster and through greater distances than before. The
molecules are pushed further apart and the solid expands. If
sufficient heat energy is supplied, the solid melts; the
molecules are still close together and the resulting change
in volume is small. In a liquid the molecules no longer
vibrate about fixed positions but move among one another.
The forces between the molecules are enough to give a
definite volume but not a definite shape. As more heat
energy is supplied, the molecules move faster and gain



50 wark odt '[::_nhysit;'s * kinetic theory and gas laws

enough energy to break right away from one another and
move independently. The liquid has started to boil and
changes to a gas. In the gaseous state, the molecules are a
long way apart and are in random motion, with varying
velocities. They are continually colliding with one another
and with the walls of the container, causing a pressure on
the walls of the containing vessel. If the temperature is
increased, the molecules move faster and hit the walls more
often and harder, causing the pressure to increase. At the
absolute zero of temperature (0 k or —273 °C) the
molecules have their lowest possible kinetic energy.

If a gas is compressed at constant temperature, the
average distance between the molecules decreases. There
are more collisions with the walls every second and the
pressure increases.

Evaporation is the escape of the faster-moving
molecules from the surface of a liquid, and this takes
place at all temperatures. The average kinetic energy of
the remaining molecules has decreased and so the
temperature has fallen. The rate of evaporation may be
increased by (i) increasing the surface area of the liquid, (ii)
blowing air over the surface or (iii) increasing the
temperature of the liquid. Boiling occurs when bubbles of
vapour form in the body of the liquid, and rise and escape
from the surface of the liquid. Boiling takes place at a
particular temperature.

Evaporation of water from the skin reduces the body
temperature.

If the body is exposed to cold windy weather, the risk of
hypothermia (the cooling of the body to a low temperature)
will be increased if moisture evaporates from the surface of
the skin. The drop in body temperature can be reduced by
wearing clothing made from materials which contain
trapped air and are poor conductors of heat.

4 The behaviour of gases

For affixed mass of gas at constant temperature,

1
PV, =PV, px = (Boyle’s Law). When the
temperature, T, of a gas is raised, either the pressure, P, or

the volume, V, or both increase. They are related by the
equation

where the suffix 1 represents the initial state of the gas and
the suffix 2 represents the final state. Remember that T must
be in kelvin — that is (°C + 273).

For a fixed mass of gas at constant volume, P x« T (the
pressure law).

For a fixed mass of gas at constant pressure, V o« T
(Charles’ Law).

Following is a graph of pressure (P) against temperature
(T), the volume being kept constant. The dotted part of the
line is what we might expect to happen if we went on
cooling the gas and it never liquefied. The absolute zero of

Pressure/Pa
| /
15x 105 |- /(+
¥
L7
1.0x 105 |- pad
”
s
’I
0.5x 105 |- ’,’
,/ Temperature/K
”
< | 1 | [
0 100 200 300 400

Graph of pressure against temperature for a fixed mass of gas at
constant volume. A graph of volume against temperature (pressure
constant) is the same shape and goes through O K.

temperature is the temperature at which the pressure would
become zero.

Worked examples
Example 1

Brownian motion 1S observed by observing smoke particles

under a microscope. Which of the following statements is

correct?

A The smoke particles move about with uniform velocity

B The motion is caused by the air molecules colliding
with the smoke particles

C If larger smoke particles were used, the Brownian
motion would be more rapid

D The experiment would work just as well in a vacuum

Solution

[A is incorrect and B is correct. Larger smoke particles
would show less rapid motion. They are more massive than
smaller particles and are therefore accelerated less for a
given force. In a vacuum there would be no air particles to
bombard the smoke particles.]

Answer B

Example 2

Which one of the following graphs correctly represents the
variation of pressure with absolute temperature for a fixed
mass of an ideal gas at constant volume?
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A B C
P Pk "K
o TO TO T

D E

o o

Solution

[The pressure is directly proportional to the kelvin
(absolute) temperature. Direct proportion is represented by
a straight line through the origin.]

Answer E

Example 3

When a kettle is boiling, the water in it is turning to steam,
what is happening to the water molecules?

A They are losing energy

B They are beginning to vibrate
C They are expanding

D They are getting lighter

E They are moving further apart
Solution

[The molecules gain energy and move further apart. See
section 3.]

Answer E

Example 4

(a) The diagrams below show a simple model of the
arrangement of the molecules of a substance in its
solid and liquid states.

XXX X X J

Solid

Liquid Gas

(i) Complete the diagram to show the arrangement
of the molecules when the substance is in its
gaseous state. (1 mark)

(i) The boiling point of the substance is 56 °C and
its melting point is 5 °C. In what state will the
substance be at room temperature? Explain
your answer. (2 marks)

(b) The diagram below shows a method of opening and
closing a valve which depends on the temperature of
the surrounding water.

Top plate

| Bellows containing air

Water /

MFixed base

When the surrounding water is cold, the top plate
closes the valve. When the temperature increases, the
top plate moves up and opens the valve.
(i) Explain, in terms of molecules, how the air in
the bellows is able to exert a pressure.
(2 marks)
(i) Explain why the top plate is pushed up when
the temperature of the surrounding water is
increased. (2 marks)
(iii) State TWO properties which the material of the
bellows should have if the valve is to respond
to small changes in temperature. Give a reason
in each case. (4 marks)
(c) When the bellows are surrounded by water at 20 °C,
the pressure of the air in them is 100 000 Pa.
Calculate the new pressure when the temperature is
increased to 50 °C. You can assume that the volume
of air remains constant.
(ULEAC, Syll A, Jun 95, Intermediate Tier)

Solution

(a) (i) There should be few molecules drawn
separated by a large distance.

(ii) Liquid because room temperature is between
the melting point and the boiling point of the
substance which means it will have melted but
not boiled.

The molecules are moving randomly and are
repeatedly colliding with the walls thus exerting
a force on the wall during each collision. This
force exerts a pressure on the container.

(i) The temperature increase causes the molecules to
move faster and therefore make more frequent
and harder collisions with the walls. The pressure
increases and causes the bellows to expand.

It must be thin so that the heat gets through
quickly and it can respond rapidly to
temperature changes.

It should be flexible so that it is easy to move.

® O

(iii)
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(c) [Since the volume is constant, the volume terms may
be left out of the equation.]

P, P,

T, T,

100 000 Pa P,
293K 323K

Giving P, = 110239 Pa

Example 5

Scale to read volume

/ of air
2

Trapped air

il
/ Bourdon gauge

registers pressure
of air

Tap

To pump

Qil reservoir

The diagram shows an apparatus for investigating Boyle’s
Law. Air is trapped in the vertical tube by the oil. The tap is
opened and a car pump is used to pump the oil up the tube,
decreasing the volume of the gas. The volume of air is read
on the scale behind the vertical tube and the Bourdon gauge
registers the pressure. By opening and closing the tap a
series of readings of volume and pressure may be obtained.

(i) Each time the oil is lowered, a short time must be
allowed to elapse before the reading of the
volume is taken. Why is this? (1 mark)

(i) The Bourdon gauge registers the pressure. What
are the units of pressure? (1 mark)
(iii) Sketch the graph you would obtain by plotting
the pressure of the air against 1/volume.
(2 marks)

Solution

(i) To allow the oil on the sides of the tube to run
down and for the air in the tube to return to room
temperature.

(i) N/m’
(iii) I:

<|=

Example 6

Miriam and Myo used the apparatus below to investigate
the changes in pressure in a gas as the temperature is
varied.

To vary the temperature of the air in the flask the water
bucket was used. The temperature inside the bucket could
be raised by adding boiling water.

Thermometer,
Rubber
tubing,
Pressure
gauge
Flask
Water bucket

They obtained the results in table 5.1:

Table 5.1
Temperature Pressure
in °C in kPa
0 95
15 100
30 105
45 1M1
60 116
75 122
90 127

(@) How do you think the girls obtained the starting
temperature of 0 °C in the bucket? (2 marks)
(b) What precautions would they have taken to ensure
that the temperature of the air inside the flask is the
same as that shown on the thermometer in the bucket?
(2 marks)
(c) Their results are plotted on the graph below.

Temperature /°C
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(i) On the graph draw the line of best fit.
(ii) Miriam suggests that their results showed that
the pressure is proportional to temperature.
Myo did not agree, saying ‘If that were true
then doubling the temperature should double
the pressure. Our results don’t show that!’
Do you agree with Miriam or Myo? Discuss.
(2 marks)
(iii) Use your graph to predict the temperature of
the air when the pressure drops to zero.
(Assume that the air behaves as an ideal gas.)
(2 marks)
The kinetic theory is based on the assumption that
gases consist of millions of tiny molecules in
continual random motion.
Use the theory to explain:
(i) the change in pressure as the temperature of the
flask is increased. (4 marks)
(ii) the significance of the answer you got in
(c)(iii). (2 marks)

Solution

(a)
(b)
()

-300

(@

Putting ice in the bucket and stirring it until the
temperature reached 0 °C.

Stir the water in the bucket. Wait for some time
before taking the temperature.

@
150
i PressurerkPa
250 -200 150 100 50 0 50 100
Temperature/“C
(i) Myo is right. For direct proportion a straight
line graph goes through (0,0). The pressure is
proportional to the kelvin temperature (by this
experiment —260 °C (taken as 0 K)).
(iii)) —260 °C.
(i) As the temperature of the flask rises the

temperature of the air in it rises. The average
velocity of the molecules increases. The
collisions of the molecules with the sides of the
container are harder and more frequent. The
resultant force on each unit area of the sides has
increased, i.e. the pressure has increased.

(i) When the maximum possible energy has been
extracted from the air, the kinetic energy of the
molecules is zero and the pressure has dropped
to zero.

Example 7

(a)

(b)

When air in a bicycle pump is compressed by moving
the piston, the temperature of the air in the pump
increases. Explain this temperature rise in terms of
the kinetic theory of gases. (2 marks)
Describe what happens to the gas molecules as a gas
at constant volume is cooled and indicate how this
results in a reduction of pressure.
(2 marks)
(SEG, Higher Tier, Part Question)

Solution

(@)

(b)

As the moving molecules strike the moving piston,
they rebound with increased velocity. The average
kinetic energy of the molecules has increased, and
therefore the temperature has increased. [Or, a force
has been applied to the piston in order to move it and
so compress the gas (which due to its pressure exerts
a force on the piston). The work done

(force X distance) in compressing the gas increases
the average kinetic energy of the molecules and hence
increases the temperature of the gas.]

As the gas is cooled the average kinetic energy of the
gas molecules decreases, so the average velocity of
the molecules falls. The impacts on the side of the
vessel are not so hard and are less frequent, so the
pressure falls.

Example 8

(@)

et Glass tube

T_a p

Rubber tube with
bromine capsule

The diagram shows a glass tube. The rubber tube on
the side contains a bromine capsule. The end of the
tubing is sealed with a glass rod. The bromine capsule
is broken by squeezing the rubber tubing with a pair
of pliers and the tap is opened.
(i) What will be observed in the vertical glass
tube? (1 mark)
(ii) Explain this observation. (2 marks)
(iii) What would be observed if the air had been
withdrawn from the vertical glass tube before
the tap was opened? (1 mark)
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(b)

- Water
Copper
— sulphate
solution
Strong
~ -4 sugar
solution

The diagram shows the result of pouring a strong
sugar solution into a gas jar. A strong copper sulphate
solution was then poured very slowly and very
carefully on top of the sugar solution. Finally, water
was carefully poured on top of the copper sulphate
solution. The result was a fairly sharp dividing line
between the layers.

(1) What will be observed in the gas jar after it has

been left standing for some time?
(2 marks)
(i) (2 marks)

Explain the observation.

Solution

(@

()

(1) The dark colour of the bromine vapour will
move (diffuse) slowly up the tube.

The moving molecules of bromine continually
collide with the air molecules in the tube and
their progress up the tube is impeded.

The dark brown colour of the bromine vapour
would immediately fill the tube. [There are no
air molecules to impede the movement of the
bromine molecules. The bromine molecules are
moving very fast and the moment the tap is
opened the tube is filled with bromine
molecules.]

(i) The blue copper sulphate will be observed to
diffuse upwards into the water and downwards
into the sugar solution.

When two liquids are in contact with one
another, the continuous movement of the
molecules means that the molecules pass across
the boundary between the liquids. Some will
collide almost immediately with molecules of
the other liquid, others will move a little further
into the spaces between the molecules before
colliding with another molecule. In this way the
molecules of copper sulphate gradually move
into the water and sugar solution.

@i1)

(iii)

(i)

Example 9

Microscope

_Thin glass cover
e Light source
g

=

Glass rod

Small cell containing
air and smoke

The diagram shows one form of apparatus used to observe
the Brownian motion of smoke particles in air. A student
looking through the microscope sees tiny bright specks
which he describes as ‘dancing about’.
(a) What are the bright specks?
(b) Why are the specks ‘dancing about’?
(c) What is the purpose of the thin glass cover?

(5 marks)

L)

Solution

(a) The bright specks are light which is reflected and
scattered by the smoke particles.

(b) The smoke particles are being bombarded by the air
molecules which are in rapid random motion.

(c) To reduce air (convection) currents and to stop the
smoke escaping.

Example 10

Use the kinetic theory to explain
(a) why the air in a car tyre which is kept at constant
temperature and constant volume exerts a constant

pressure; (4 marks)
(b) why heat energy must be supplied to turn water into
steam; (4 marks)
(c) the existence of an absolute zero of temperature.
(4 marks)
Solution

(a) The molecules of air are in rapid motion with a large
range of speeds. Large numbers strike the walls of the
tyre every second. The average speed of the
molecules is constant (because the temperature is
constant), so the average force due to the
bombardment is constant. The pressure is the force
per unit area, so the pressure is constant.

(b) Intermolecular forces maintain the shape of the
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liquid. When heat energy is supplied, the molecules (c) As heat is withdrawn from a substance, the energy of
gain kinetic energy and eventually break away from the molecules becomes less and their average
the attractive forces which exist between them when velocity, and hence the temperature, decreases.
they are in the liquid state. They break free, and so Eventually there comes a time when no more energy
the water becomes steam. Energy is also used to push can be withdrawn and we have reached the absolute
back the air molecules above the liquid. zero of temperature..
Examination questions
(Numierical answers and hints on solutions will be found Table 2
at the end of the chapter.) .
- Forms Forces Spacing
of matter  of attraction
Question 1
) ) Solid
In terms of the forces of attraction between the particles,
the particle spacing and their motion. Liquid Strong Close
(a) describe and explain the difference in density Gas
between liquids and gases (4 marks)
®) t:.xpl‘am why gases diffuse more quickly thal; ks (ii) Using the idea of particles, explain why gases
hquld_s . . . (4 marks) are easier to compress than liquids. (8 marks)
(c) describe %qu":x[g::n the dli;tfzrcnc(ei mn (b) A smoke cell is illuminated with a lamp and viewed
compressibility between solids and gases o 2 MICroScoDe.
(6 marks) using pe

(d)

describe and explain the change in volume that
occurs on boiling. (5 marks)
(NEAB, Jun 94, Intermediate Tier)

Question 2

(a)

The particles that make up solids, liquids and gases
have different spacing and forces of attraction.

(i) Complete table 2:

<¢— Microscope

Smoke cell

Lamp—-—b@ D |Sm0ke

(i) Explain why you see bright specks of light.
(1) Describe the motion of the specks.
(iii) This is called Brownian motion.
The observed motion is caused by

convection of the air O
random impacts of the air molecules with the
smoke particles O
smoke particles being pushed by the heat of
the lamp. (]
Tick one box only
(5 marks)

Bright specks
of light

View through the microscope
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(c) A soluble deep purple crystal is placed carefully at
the bottom of a beaker of water as shown in the
diagram.

Clear water ===

Crystal >

After a few days, the purple colour has spread
through the water.

(i) What is this process called?
(i) Using the ideas from part (b), explain why
this happens. (3 marks)
(NEAB, Jun 92, Intermediate Tier)

Question 3

(a) Here are some statements each describing either a
solid, liquid or gas. Read the statements then write
the correct word, solid, liquid or gas, next to each
one.

(i) The particles are close together but slip
against each other in all directions.

The particles continually hit each other and

their container.

The particles are arranged in a regular pattern.

The particles spread out to fill all the spaces

available. (4 marks)

Explain in terms of molecules the following

observations.

(i) Bromine molecules travel at about 200 m/s in
a vacuum Yyet it takes many minutes for the
bromine to travel 50 cm inside a tube of air.

(3 marks)

(i)

(iii)
@iv)

)

(ii) Before having an injection the doctor wipes
some ethanol onto your arm. As the ethanol
evaporates your arm feels cold.

(3 marks)
(SEG, Spec, Intermediate Tier)

Question 4

(a) A mass of oxygen occupies a volume of 0.01 m’ata
pressure of 100 000 Pa and a temperature of 0°C. If
the pressure is increased to 5 000 000 Pa and the
temperature is increased to 25°C, what volume will
the gas now occupy?

A student investigates the relationship between the
temperature and the pressure of a fixed mass of gas
using the apparatus shown in the figure below.

(b)

Pressure

/ gauge

/

/

Thermometer

i
I
t
|
i \ Water bath

The water bath is heated continuously using a
Bunsen burner and the temperature and the pressure
are recorded every minute.
(i) State two ways in which the experiment may
be improved.

(i1) When the results are obtained from the
improved experiment, how could the
relationship between the pressure and the
temperature on the Kelvin scale be found?
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Answers to examination questions

1. (a)

(b)

()

(d)

2. (a)

The particles in a liquid are close together and are
almost touching whereas gas particles are widely
spaced. If the same volume of a liquid and a gas
are taken, then there will be more particles in the
liquid since they are closer together. This means
that the mass in this volume is greater for a liquid
and its density is greater.

Particles in liquids and gases are free to move
individually; however in a gas there is virtually no
force between particles whereas in a liquid there
are still quite strong forces. There are large spaces
between molecules in gases whereas liquids are
closely packed and this enables gas particles to
easily move between each other. The speed of the
particles in a gas are therefore higher and the
molecules diffuse more quickly.

Solids consist of particles almost touching each
other whereas gas particles are widely spaced so
gases may be compressed more easily. Another
reason is the fact that there are large forces
between particles in a solid so this also makes
them harder to compress compared to the small
(almost zero) forces between gas particles.

When boiling occurs the liquid particles gain
enough energy to escape the attraction of the other
particles to break through the surface and become
a gas. On becoming a gas, the particles move apart
and the force of attraction between particles
decreases considerably. Both these factors mean
that the volume increases considerably.

@

Table 2

Forms Forces Spacing
of matter of attraction

Solid Strong Close
Liquid Strong Close
Gas Weak Far apart

(b)

(c)

3. (a)
(b)

4 (a)

(b)

(i1) Liquid particles are close together and there
are strong forces between them. There is
little room to push them closer and the force
required to do this is large. Gases however
have large distances between molecules and
only very small forces of attraction between
the molecules which makes it easier to push
the molecules closer together.
These bright dots are the light reflected off
the smoke particles.
The specks move randomly (with different
speeds and directions).
Caused by random impact of the air
molecules with the smoke particles.
[The other two options would mean that all
the smoke particles would move in the same
direction.]
Diffusion
The purple substance when dissolved has
particles which move randomly and the
water also has randomly moving particles.
These particles collide with each other and
sometimes manage to move past each other
which means that they eventually mix and
give a uniform purple colour throughout.
liquid (ii) gas (iii) solid (iv) gas
There are collisions between the bromine
and the air molecules.
The bromine molecules change directions
more often due to the collisions.
The upward speed is therefore reduced.
The alcohol will evaporate, which means the
faster moving molecules will escape the
surface and turn into a gas. Those molecules
left behind will have their average speed
lowered which means the temperature will fall.
Using the equation P,V,/T, = P,V,/T,
we have 100 000 X 0.01/273 = 5 000 000 X V,/298
giving V, = 0.00022 m’

(i) Use a stirrer to ensure that all of the water

(and hence the air in the flask) will be at the
same temperature.

(1)
(ii)
(iii)

(1)
(i)

@
@

(i)
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(i)

Not all of the air in the flask will be at the
same temperature as the water since part of
the flask rises above the water level so the
flask needs to be moved down.

All the temperature measurements obtained
from the thermometer in °C will need to
have 273 added to them to convert them to

temperatures in the Kelvin scale. A graph of
pressure plotted on the y-axis is plotted
against the Kelvin temperature on the x-axis
and the graph should be a straight line which
passes through the origin which proves that
the pressure is proportional to the absolute
temperature.
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1 Heat and temperature

Heatis a form of energy and is measured in joules.

Temperature is a measure of the amount of kinetic
energy (movement energy) that each molecule has whereas
heat depends on the mass of the object.

Temperature is the degree of hotness and is measured in
either °C or K. It is possible for an object to be at a very
high temperature yet possess very little heat energy. Take
for example a spark falling on your hand from a sparkler.
The piece of metal may be white hot but since its mass is so
small the heat it possesses is very small and therefore it
does not burn your hand.

2 Effect of impurities and the
pressure on boiling and
melting points

If salt is added to water it raises the boiling point and
lowers the freezing point. Salted water for cooking
vegetables therefore boils above 100 °C and salt put on
roads in cold weather lowers the freezing point of water,
and any ice or snow on the roads melts. Increase in pressure
raises the boiling point and lowers the freezing peint. In
pressure cookers the water boils at a temperature above

100 °C. Snowballs do not *bind’ on a very cold day because
the increase in pressure on squeezing does not lower the
freezing point below that of the snow, so the snow does not
melt. Usually on squeezing, the snow melts and refreezes
when the pressure is removed, so the snowball *binds’.

3 Refrigerators

A compressor compresses a very volatile vapour (the
refrigerant) and it liquefies. The refrigerant expands
through a valve into tubes which are in the ice
compartment. As it expands it again becomes a vapour. The
energy needed to convert the liquid to a vapour is drawn
from the ice compartment, which is therefore cooled. The
vapour is compressed outside the refrigerator, where it
gives out its latent heat (see example 7).

4 Specific heat capacity

The specific heat capacity of a substance is the heat energy
required to raise 1 kg of it through 1 K or 1 °C. Its units are
J/kg K) or J/(kg °C).

It follows that if a mass m of a substance of specific heat
capacity c is raised through a temperature T, then

Heat required, Q = mass X specific heat capacity
X temperature change or, using symbols, Q@ = mcT.

To measure ¢, heat may be applied to a known mass, m, of
substance by an immersion heater connected to the power
supply via a joulemeter (which measures the energy
supplied, Q). The rise in temperature, T, is measured, and
the equation above is used to calculate ¢ (see example 6). If

the substance is a solid, a hole is drilled in a block of it so
that the immersion heater may be inserted. The
thermometer is inserted into a second hole in the block.

Water has a high specific heat capacity compared with
other liquids. Hence, for a given mass and a given quantity
of heat, the temperature rise is comparatively small.
Climate is therefore more temperate near large expanses of
water, and fruit growing districts are often near large lakes.

Heating and cooling systems which use liquids work
better the greater the mass of liquid used and the greater the
specific heat capacity of the liquid.

5 Specific latent heat

The specific latent heat is the quantity of heat required to
change the state of | kg of substance without a change in
temperature. [ts units are J/kg (you might meet kJ or MJ;
1kJ = 10 J and 1 MJ = 10°J). If the change is from liquid
to vapour, then it is the specific latent heat of vaporisation
(note the spelling!), and if the change is from solid to
liquid, then it is the specific latent heat of fusion. It follows
that to change the state of a mass m of a substance of
specific latent heat L

Heat required, Q = mass X specific latent heat capacity or
in symbols, Q = mL

The specific latent heat of vaporisation of water is a large
value (over 2 MJ), and much more heat is needed to boil
away 1 kg of water than to raise its temperature from 0 °C
to 100 °C.

Worked examples

Example 1
e Q
r—._.____._/\/\
Ice box i
S
LL
w T
Cooling fins

The diagram shows the essential parts of a compressor
refrigerator which uses Freon as refrigerant.
In which region does the Freon evaporate?

A PQ
B RS

C TW
D WwpP
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Solution

[Evaporation takes place in the ice box. For evaporation to
take place heat energy must be supplied. This heat energy
comes from the ice box and the temperature of the ice box
falls.]

Answer A

Example 2

5632 joules of heat energy raise the temperature of 0.4 kg
of aluminium from 20 °C to 36 °C. The specific heat
capacity of aluminium, in J/(kg K), is given by

A 5632X04X16

5632
B Oaxie
5632 X 16
C R E—
5632 X 0.4
D T
04 X 16
£ TS
Solution
[O = mcT (see section 4)
= 5632)
=04kg X cX16K
5632
c = 04x<16 J/kg K).]
Answer B
Example 3

The graph shows the change in temperature when heat is
applied at 20 000 joule/minute to 1 kilogram of a
substance.

Temperature/°C

140 1
Vapour

120 —- —_— e

: T

i

] I

T

|

|

T

|

100
|
1 i
80 - T
Y !
& T
|
|
40 _‘.__,r .
Lo
2 T : T . :
Solid i I | ;
| | 1 1 1 T
1 2 3 4 5 6 7 8 9 10

The specific latent heat of fusion of the substance in
joule/kilogram is

A 2000
B 10000
C 20000
D 40000
E 80000
Solution

[It takes 1 min for the solid to melt and become a liquid.
Heat supplied in 1 min = 20 000 J.]

Answer C

Example 4

If the specific latent heat of steam at 100 °C is
2.26 X 10° J/kg the heat, in J, required to evaporate 2 g of
water at 100 °C is

A 200X 10
B 1.13X10°
C 452x%10
D 1.13Xx10°
E 452x%10°
Solution

[Heat supplied = mL (see section 5)
= (0.002 kg) (2.26 X 10° J/kg)
=452%1071]

Answer C

Example 5

A 50 W immersion heater is switched on and immersed in
some water which is at 0 °C. The graph below shows the
temperature rise plotted against the time.

‘Tempemure/ °c

100

80 Ve

60

40 /
20

- Ti
200 800 Time/s

(i) How much energy is supplied by the heater in

400 s? (3 marks)
(ii)) What is the rise in temperature during the first
200 s? (1 mark)

(iii) Complete table 6.1 (over page) showing the energy
supplied by the heater and the rise in temperature.



Table 6.1
Timels 0 200 400 600
Energy supplied 0
by heater/k)
Temperature rise/K 0
(5 marks)

(iv) Why is the temperature rise during the first 200 s
greater than the rise in temperature during the
last 200 s? (3 marks)

Solution

(1) [5S0Wis 501J/s.]
Energy supplied = (50 J/s) (400 s) = 20000]J
(i) 60 °C
(iii)

Table 6.1

Timel/s 0 200 400 600

Energy supplied 0 10 20 30
by heater/kJ

Temperature rise/K 0 60 90 100

(iv) More heat is escaping into the atmosphere
because the body is at a higher temperature, so
more heat must be supplied by the heater to
obtain the same temperature rise. Also, the
higher the temperature, the faster the water is
evaporating and more heat is supplied to change
the state of the water.

Example 6

(a) (i) A 25 W immersion heater was placed in 100 g
of a liquid and the temperature of the liquid
rose by 20 °C in 4 min. Calculate the specific
heat capacity of the liquid. (3 marks)

(i) Assuming the figures given above are accurate,
why is the result only an approximate one?
(2 marks)

State two precautions necessary in doing this

experiment in order to obtain an accurate result.

(2 marks)
(b) In a domestic oil-fired boiler central heating system,
0.5 kg of water flows through the boiler every second.
The water enters the boiler at a temperature of 30 °C
and leaves at a temperature of 70 °C, re-entering the
boiler after flowing round the radiators at
30 °C. 3.0 X 10’ J of heat is given to the water by
each kilogram of oil burnt. The specific heat capacity
of water is 4200 J/(kg K).

(iii)
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Using this information to calculate
(i) the energy absorbed by the water every second
as it passes through the boiler, (3 marks)
(ii) the mass of oil which would need to be burnt in
order to provide this energy. (2 marks)
(c) If the owner of the above central heating system
wished to reduce his fuel bill, suggest three ways he

could do it. (3 marks)
Solution
(a (i) Heat supplied by immersion heater in 4 min
=(2517/s) (4 X 60) s
= 6000J

Assume that all the heat supplied by the heater
goes into the liquid

Q = mcT [see section 4]

6000J =0.1kg X ¢ X 20K

[Don’t forget that the mass must be in kg, and
an interval of 1 °C is the same as an interval of
1K]

6000 J
c= m = 3000 J/(kg K)
The specific heat capacity of the liquid is
3000 J/(kg K)

(i) The liquid must be in a container, and we have
neglected the heat taken up by the container
and also the heat lost to the atmosphere.

(iii) Lag the container to reduce the heat lost to the
atmosphere and stir the liquid before taking the

temperature.
(b) ® Q = mcT
= (0.50 ke/s) (4200 J/(kg K)) (40 K)
= 84000 J/s
) 84 000 J
(i) Mass = =0 7 ke

Il

0.0028 kg = 2.8 g

(c) He could insulate his loft with fibre glass, double
glaze his windows and put draught-proof material at
the bottom of his doors.

[Alternatively, you could mention filling the walls
with insulating material.]

Example 7

The diagram shows the basic components of a refrigerator
system which contains a volatile liquid known as the
refrigerant.

(i) Explain how the action of the circulating
refrigerant as it passes through the freezer unit
reduces the temperature of its contents.

(4 marks)
(ii) What is the purpose of the pump? (2 marks)
(iii) Explain why the external metal fins become
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R Solution

(i) The tubes in the freezer unit are on the low
pressure side of the pump. The liquid entering
: Erisier il : this low pressure region evaporates and takes up
e a b its latent heat. This heat is supplied from the
= refrigerator compartment, which consequently
cools.
(i) The pump circulates the refrigerant. It reduces
the pressure on the freezer side of the system so
that the refrigerant evaporates, becoming a
1 Metal fins vapour. On the high pressure side it compresses
— -~ the vapour so that it liquefies.
\_/ = # (iii) The vapour liquefies in the part of the tubes
g e l )J attached to the fins. As it liquefies it gives out its
i latent heat. The metal tube and fins are good
conductors of heat and are warmed up by the
heat from the condensing refrigerant.
Heat is continually being withdrawn from the
freezing compartment but because the latent heat
of fusion of ice is large a lot of heat has to be
withdrawn before all the water present has
frozen. The heat that must be withdrawn to cool
the water from 15 °C to 0 °C is about one-sixth
of that needed to freeze the water at 0 °C.
Ice is a poor conductor of heat, so the rate of
energy transfer slows down as the ice thickens.

warm while the refrigerator is in operation. What )

is the source of this heat energy? (3 marks) @iv)
(iv) When a tray of water is placed in the freezer unit

the temperature of the water falls from room

temperature (15 °C) to freezing point in

approximately 15 minutes. However, it is

necessary to wait a further 13 hours before the ice

becomes completely frozen. Explain why it is

quite usual to wait such a long time for

completely solid ice to form in the refrigerator.

(4 marks)

Examination questions

(Numerical answers and hints on solutions will be found (b) For safety, the mains plug has a fuse. This breaks
at the end of the chapter.) the circuit when the current is too large. Explain
why it is in series with the kettle element.
(2 marks)
Question 1 (c) The metal kettle heats 2 kg of water from 10 °C to
100 °C. How much energy is transferred to the
water? [The specific heat capacity of water is
Metal kettle Plastic jug kettle 4200 J/kg °C.]
(d) (i) The kettle has an element rated at 3 kW
(3000 W) and takes 5 minutes to boil. How
much energy is transferred from the electrical
supply in this time? (2 marks)
(ii) The kettle is boiled six times a day. Show that
the amount of energy transferred in a day is
5.4 M1J (5 400 000 J). (2 marks)
(iti) 1 MJ (1 000 000 J) of electrical energy costs
2p. How much does it cost to use the kettle in
(a) Give one advantage of the plastic kettle over the this way for a day? (1 mark)
metal one. (1 mark) (MEG Nuffield, Jun 95, Intermediate Tier, Q3)

Here are two common types of kettle.
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A joulemeter is connected to an electric heater to measure
the energy supplied to the heater. The heater is being used
to raise the temperature of an insulated metal block.

At the start the reading on the joulemeter was
3.020 kJ and, after 40 s, the reading was 6.620 kJ.

(a) Calculate
(1) the number of kJ supplied to the heater
(1 mark)
(ii) the number of joules supplied to the heater
(1 mark)
(iii) the number of joules supplied to the heater in
one second. (1 mark)

(b) If the mass of the metal block is 0.5 kg and its
specific heat capacity is 450 J/kg °C, calculate the
temperature rise of the block after heating. Write
down the formula that you use and show your
working. (3 marks)

(WIJEC, Jun 95, Intermediate Tier, Q3)

Question 3

The diagram shows part of a heat exchange system used
in offices. Waste heat from stale air is extracted and used
to heat cool fresh air entering the building. Each hour
625 kg of air is drawn into the building using an electric
fan.

Outside wall
(@) On a particular day the air was drawn into the
exchanger at 12 °C and blown into the room at
18 °C.
(i) Calculate the energy added each hour to the
incoming air. The specific heat capacity of air
180 J/kg K.
(i) The input power of the electric fan is 12 W.
How much does this fan use in 1 hour?
(iii) Does this system ‘save’ energy? Explain your
answer. (7 marks)
The fan works on a 240 V mains supply. Calculate
the current in the fan. (3 marks)
(ULEAGC, Syll B, Jun 95, Higher Tier, Q2)

()

Question 4

(a) Alcohol and mercury are used as thermometric

liquids.

Give the reason why
(i) alcohol, rather than mercury, is used to

measure a temperature of —60 °C.
(i) mercury, rather than alcohol, is used to
measure a temperature of 200 °C. (4 marks)

Liquid in glass thermometers are not suitable for

measuring very high temperatures.

State which type of thermometer you would use
for each of the following, giving a reason for your
answer.

(i) A steady temperature of 1000 °C

(i) The temperature at a point in a flame.
(iii) Changing temperatures around 1000 °C.

A coil of metal wire is placed in pure melting ice.
Its resistance is measured and found to be 1.76 ().
The coil is then placed in a beaker of boiling

liquid.

Its resistance is then 2.14 ().

The temperature coefficient of resistance (o) of
the metal used for the coil is 0.004/°C.

Calculate the boiling point of the liquid.

(NEAB, Jun 95, Higher Tier, Q6)

()
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Answers to examination questions

1. (a) Plastic is a poor conductor of heat so the outside @) 12W=12J/s

will be cooler and therefore less likely to burn you In 1 hour there are 60 X 60 = 3600 s

if you touch it. Energy used by fan in
(b) All the current has to flow through the fuse and the 1hr= 12 X 3600 = 43200]

current passing through the element and the fuse (iii) No, because you have to supply energy to

are the same size. work the fan and this is not recoverable.
(¢) Q= mcT =2kg X 4200J/kg°C X 90°C Also, the heat exchange will not be 100%

= 7560001 efficient and will therefore not be able to

Energy (J) convert the heat from the warm stale air to
(d) (i) Power (W)= TiTe(si_ the cold fresh air.
(b) Power = Current X voltage
12W = [X240V

So, Energy (J) = Power (W) X Time (s)

= 3000 X (5 X 60s) Current, / = 0.05 A

=900000J 4. (a) (i) At —60 °C, mercury would be solid but
(ii) Energy used = 6 X 900 000 J since the freezing point of alcohol is below
= 5400000 J (5.4 MJ) —60 °C the alcohol would still be liquid.
400 00 (ii) Alcohol boils below 200 °C whereas
(iii) Number of MJ used = 1000000 5.4 mercury would still be liquid.
(b) (i) A resistance thermometer or thermocouple
Cost = 5.4 X 2 = 10.8p because they have high melting points and

other thermometers would not be able to
measure this high temperature.
(ii) A thermocouple can be made with a small

2. (@ (1) 6.020kJ —3.020kJ = 3KkJ
(i) 3kJ =3 X 1000J = 3000J

30001J Hene : ; g
(iii) Number of Joules per second = junction which will fit into the flame.
=1751/s 40s (iii) A thermocouple. It is quick to respond to
changing temperatures.
() @ =mcT () R=R,(1+ an
3000) = 0.5kg X 450J/kg °C X T
Giving T = 13.3°C 2.14 = 1.76 (1 + 0.004r)
3.(a () Q = mcT Giving t = 54 °C

= 625kg X 180J/kgK X6 K
= 675000]
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1 Heat transfer

Heat-€nergy may be transferred from one place to another
by conduction, convection and radiation.

2 Conduction

Conduction is the flow of heat energy through a body
which is not at uniform temperature, from places of higher
temperature to places of lower temperature, without the
body as a whole moving.

If a metal rod is placed on a tripod and one end heated
with a Bunsen burner, then heat flows down the rod by the
process of conduction and the other end begins to warm up.
The energy is passed down the rod by the free electrons in
the metal and also by the vibrating atoms passing on their
energy to adjacent atoms.

Bad conductors are used to insulate roofs, water pipes
and storage tanks, and for the handles of saucepans and
teapots. Air is a poor conductor of heat, and cellular
blankets, string vests, fibre glass and fur coats depend for
their insulating properties on the air which is trapped in
them. Good conductors (e.g. metals) are used as bases for
saucepans and for cooling fins in air cooled engines.

The rate of conduction of heat through a material
depends on (a) its nature, (b) its thickness, (c) its area and
(d) the temperature difference across its thickness.

3 Convection

Conyeéction is the transfer of heat energy by the circulation
of a fluid (a liquid or a gas) due to a temperature difference
within it.

The essential difference between convection and
conduction is that in convection the less dense hot body
rises and takes its heat with it, and in conduction heat flows
through the body, which does not move. Hot water systems,
coastal breezes from land to sea at night and the hot air
rising above radiators and up chimneys are examples of
convection.

4 Radiation

Radiation is the transfer of heat energy from one place to
another by means of electromagnetic waves. The amount of
heat energy radiated per second by a body increases rapidly
as its temperature rises.

Heat energy from the Sun reaches us by electromagnetic
waves. Radiation is the only means of heat transfer which
can take place in a vacuum. Black surfaces are good
absorbers and good radiators. Shiny surfaces are poor
radiators and poor absorbers (they reflect well).

5 The thermos flask

A thefmos (vacuum) flask is designed to reduce heat flow
by convection, conduction and radiation. The vacuum
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A vacuum flask.

prevents heat flow by conduction and convection. With a
hot liquid in the flask the shiny surface on the liquid side of
the vacuum (A) is a poor radiator and reduces heat loss by
radiation. The shiny surface on the far side (B) reflects back
the small amount of radiation that does take place. The
main loss of heat is by conduction up the sides and through
the cork at the top.

6 House insulation

Insulating materials, such as glass wool or rock wool, in the
walls and roofs of houses considerably reduce heat loss by
conduction and also by convection. Not only does double
glazing produce another layer of poorly conducting glass,
but also the air trapped between the glass surfaces is a bad
conductor of heat. Plastic strips, coated with shiny
aluminium, fitted behind radiators reflect the infra-red
radiation back into the room. The loss of heat energy is also
reduced if draught proofing material is fitted round doors.

Worked examples
Example 1

Which of the following statements about heat transfer is

correct?

A Conduction takes place both in liquids and in a
vacuum

B  Convection takes place in both liquids and solids

C The amount of heat energy radiated every second by a
body increases slowly as its temperature rises

D Radiation is the only way heat transfer can take place
in a vacuum

Solution

[Convection and conduction both need a medium and
cannot take place in a vacuum. Convection requires that the
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warmer, less dense part of the medium can rise and take its
heat with it, so it can take place only in fluids. See sections
2, 3 and 4. Very little radiation takes place at low
temperatures, but the amount of heat radiated from a body
does increase very rapidly as the temperature rises.]

Answer D

Example 2

The windows of many modern buildings are ‘double-

glazed’ (i.e. have two thicknesses of glass with a small air

space in between) to reduce heat losses to the outside. This

is mainly because

A evaporation of moisture from the outside of the
windows is reduced

B convection currents cannot pass through the extra layer
of glass

C radiated heat is not transmitted through the air space

D airis a very bad conductor of heat

E glassis a very bad conductor of heat

Solution

[The air trapped between the sheets of glass is a bad
conductor of heat and this reduces the heat loss from the
house. It is also true that glass is a bad conductor and this
fact also reduces the heat loss, but the main reason is the
poor conductivity of air. A thick sheet of glass would be
expensive and not so effective.]

Answer D

Example 3

In cold weather the metal blade of a knife feels colder than
the wooden handle because the

metal is at a lower temperature than the wood

metal is a better conductor of heat than the wood
metal has a smaller specific heat capacity than the
wood

metal has a brighter surface than the wood

molecules in the metal are vibrating more vigorously
than those in the wood

BT Q%W

Solution

[Because the metal is a good conductor of heat, when it
comes into contact with skin the heat from the skin can
easily pass through the metal blade. Wood is not such a
good conductor and the heat cannot easily pass from the
hand to the wood.]

Answer B

Example 4

Fred put a layer of aluminium cooking foil against the floor
in his loft.

Loft Foil

Bedroom

Dining room

This keeps Fred’s house warmer in winter because the foil
A is a good heat insulator

B is a good heat reflector

C prevents convection in the loft

D is a good heat conductor

Solution
[Shiny foil reflects radiation (see section 4).]

Answer B

Example 5

A person sitting on a beach on a calm hot summer’s day is
aware of a cool breeze blowing from the sea.

Explain why there is a breeze. (6 marks)

Solution

The land has a lower specific heat capacity than the sea
and in daytime the land is hotter than the sea. The air
above the land is warmer and less dense than the air over
the sea, and it rises, the cold air from the sea coming in to
take its place.

Example 6

The diagram shows some of the main energy losses from a
house.

25% through roof

[[]:Lb 10% through

windows

I—L%DB% in draughts

15% through floor

Cavity
wall




(a) Energy is also lost through the cavity walls.
(i) What percentage is this of the total energy loss?
(1 mark)
(i) How can the energy loss through the cavity
walls be made less? (1 mark)
(b) The owner decides to improve the insulation of the
house by fitting double glazing or insulating the roof.
Which of these two methods saves more in heating
costs?
Explain your answer. (2 marks)
(c) Explain how each of the following reduces energy
loss.
(i) fitting aluminium foil behind radiators.
(1 mark)
(ii) blocking off unused fire places and their
chimneys. (1 mark)
(MEG, Jun 88, Intermediate Tier)

Solution

(a) (1) 35% [The total energy losses shown in the
diagram are 65%. The rest is lost through the
cavity walls.]

(i) Fill the cavity with a good insulator [see section
6].

(b) Insulating the roof. 25% of the heat loss is through

the roof. Only 10% is lost through the windows.

(c) (i) The shiny aluminium foil is a good reflector of
radiant heat. Heat energy which would
otherwise escape is reflected back into the room
[see section 4].

(ii) This reduces the heat loss by convection
currents flowing up the chimney [see section 3].

Example 7
DOUBLE GLAZING SAVES HEAT!

&; Wooden frame v

\

|
i Glass <

]
l
Air il

Single

glazed window glazed window

The diagrams compare single and double glazed windows
of the same area. Heat losses through the single glazed unit
are far greater than those through the double glazed unit.
(a) (i) CONDUCTION is one process by which heat

work out physics » tfansfer of heat” 69

can be transferred from a hot place to a cold
place.
Give two others (2 marks)
(i) Explain how the double glazing reduces heat
loss. (4 marks)
(b) Plastic and wooden frames result in less loss of heat
than aluminium frames. Why is this?
(2 marks)
(c) A friend suggests that it would be just as good to use
single glazing but using glass sheets of double the
thickness. Do you agree? Give reasons. (2 marks)

Solution

(a) (i) Convection. Radiation.

(ii) Auir is a very bad conductor of heat. The air
between the two sheets of glass greatly reduces
the heat loss by conduction. Glass is also a poor
conductor of heat and the extra sheet of glass
will further reduce the heat loss by conduction.

(b) Plastic and wood are bad conductors of heat.
Aluminium is a good conductor of heat [see section
2].

(¢) No. Air is a worse conductor of heat than glass. The
thick sheet of glass would be heavy and expensive to
produce.

Example 8

(a) Heat energy may be transferred by conduction,
convection and radiation. Describe three experiments,
one for each process, to illustrate the methods of heat
transfer. (12 marks)

(b) Some electrical devices, such as power transistors,
can become so hot that they do not function properly.
In order to prevent this they are fastened in good
thermal contact with a ‘heat sink’, such as a piece of
aluminium sheet with aluminium fins as shown in the
diagram.

N
(i) What is meant by ‘good thermal contact’?

(ii) Explain how the heat is carried away from the
electrical device to the air outside it.

Why does the heat sink have fins?

Discuss whether the heat sink would operate
better if it were placed with its fins horizontal,

rather than vertical as shown in the diagram.
(8 marks)

(iii)
@iv)
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Solution

(a) A metal rod is placed on a tripod. The rod should be
long enough to ensure both ends are well clear of the

tripod. A Bunsen burner is placed under one end.
Very soon the other end becomes warm; its
temperature rises. This can be detected simply by

feeling the end of the rod. Heat has been passed down

the rod by conduction.
Convection may be demonstrated using the
apparatus shown in the diagram. The box has two

chimneys as shown. A lighted candle is placed under
one of the chimneys and the glass front closed. Very
soon smoke from the smouldering rope will be seen
passing through the box and out of the chimney above

the candle. Convection currents of air are passing
through the box.

Smouldering rope

Candle

Sit in front of an electric fire which has a shiny
reflector behind it. You will feel the radiation

reflected on to your body. The heat has not arrived by

conduction because air is a bad conductor. Hot air
convection currents will rise above the element and

circulate around the room but this is not how most of
the heat reaches your body. Most of it has arrived as a
result of radiation from the heating element falling on

your body.

(b) (i) Contact so that heat can flow from one body to

the other. Some air between the two bodies
would prevent good thermal contact.
(ii)) Heat is conducted from the device along the

aluminium sheet and through the fins. The air
in contact with the aluminium and fins becomes

warm and the less dense warm air rises,
carrying its heat with it. Denser colder air
replaces the warm air and the process

continues. At low temperatures very little heat

is lost by radiation.

(iii) The fins increase the area of surface in contact
with the air, thus increasing the heat loss from

the metal surfaces.
It operates better if placed vertically because
the convection currents can flow more freely.

@iv)

Example 9

Overflow

(a)

)

So
(a)

Inlet
——

/

To taps

Cistern

Storage tank

Boiler

The diagram shows part of a household hot water
system.
(i) Why is pipe A connected between the top of the
boiler and the top of the storage tank? (3 marks)
(ii) Why is pipe B connected between the bottom
of the boiler and the bottom of the storage
tank? (3 marks)
(iii) What is the function of pipe C? (2 marks)
(iv) Suggest, with reasons, what might be added to
the hot water system above to make it more
efficient. (3 marks)
The temperature of the water inside an aquarium can
be controlled by a thermostat which switches an
electric heater on and off. Draw a diagram showing
how this may be done using a bimetallic strip. (Your
diagram must clearly show the construction of the
bimetallic strip.)
How may different constant temperatures be
achieved using your arrangement? (5 marks)

lution

(i) and (ii)

The hot, less dense water in the boiler rises and
goes via the pipe A to the top of the storage
tank. The denser, colder water from the bottom
of the storage tank passes into the boiler. The
pipe A is connected to the top of both tanks
because hot water is less dense than cold water,
and pipe B is connected to the bottom of both
tanks because cold water is more dense than
hot water.

C is an expansion pipe. It is a safety precaution
to allow steam to escape should the water boil.

(iii)



)

It also allows any dissolved air which is
released from the heated water to escape, thus
helping to prevent air locks.

Lagging should be added round all the hot
pipes and round the hot water tank. This will
reduce the heat lost to the atmosphere and
make the system more efficient.

If the screw is screwed down the thermostat will
switch off at a higher temperature.

@v)

Screw for adjusting
temperature of switch-off

J

Top strip has
greatest
expansivity

Fixed end

2

[ ]
D YA/ ASSSASSS SIS S SIS SIS SIS S S S S S S S

A Direction of
movement
Bimetallic strip when heated
Power
supply
L Current flow to -

heating element

[A similar thermostat has many uses — i.e. in domestic
boilers and ovens. It is now common practice to heat
the domestic hot water supply indirectly using a heat
exchanger coil (see diagram below). The dotted pipe
inside the tank is the heat exchanger. This ensures

=
To taps

Heat
exchanger

=
l To radiators
Return from
radiators

-

that stagnant water from the radiators cannot enter the
domestic supply and that drawing off a large quantity

of hot water does not seriously affect the temperature

of the radiators.]
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Example 10

(@
(b)

©

Copper pipe
painted black -

How would you demonstrate that water is a poor
conductor of heat? (4 marks)
Explain how energy is transferred from the heating
element throughout the water in an electric kettle.

(4 marks)

Glass
Metal plate

Small air space painted black

Construction of the panel

The diagram shows the essential features of a solar
heating panel. A small electric pump circulates a
liquid through the pipes. State briefly why
(i) the pipes and back plate are blackened
(i1) there is a mineral fibre backing to the panel
(iii) the glass sheet increases the energy collected
by the panel by a large factor. (5 marks)

Solution

(a)

(b)

(©

Put some ice wrapped in a metal gauze (so that it
sinks) in a test tube which is nearly full of water.
Carefully heat the water at the top of the tube until it
boils. The water and ice at the bottom of the tube
remain cold because the water (and of course the
glass) are poor conductors of heat.

The water in contact with the heating element gets
hotter. Hot water is less dense than cold water, so the
hot water rises. The denser surrounding cold water
flows in to take its place. These circulating convection
currents gradually transfer the heat throughout the
water in the kettle.

(i) Black surfaces are better absorbers of heat than
shiny or light-coloured surfaces. The solar
panel works better if as much heat as possible
is absorbed from the Sun’s rays.

The mineral fibre is a poor conductor and this
reduces the heat escaping from the copper
pipes.

The electromagnetic waves emitted by the
copper pipes are of much longer wavelength
than the rays arriving from the Sun. They are
not transmitted by the glass.

@i1)

(iii)
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n questions

and hints on solutions will be found

end of the chapter.)

Question 1

(a) To reduce heat loss through the wall, some people
place shiny metal foil on the wall behind the central
heating radiators.

......
.....

.".‘::::l‘ /‘- Shiny metal foil

......
.....

Wall

.....
.....
......

xxxxx
T

.....
......

Radiator

A

In what way does this reduce heat loss through the
wall?

(b) Mineral wool is frequently used as roof space or loft
insulation.

Minc? wool

e ;1‘ 2 *AibE s
.:fxf:.:?l.ﬂ:-.’fz

o

TS

Ceiling e

What property of the mineral wool makes it suitable
as an insulator?
(NICCEA, Jun 95, Intermediate Tier, Q24)

Question 2

The diagram shows part of a hot water system. An electric
immersion heater is to be fitted in the hot water cylinder.

(a) Jane thinks that the heater should be near the top of
the cylinder.
Chris thinks it should be near the bottom.
Discuss the advantages and disadvantages of each
position.
(1) Heater near the top

(ii) Heater near the bottom (4 marks)

fioat
cold water supply
cold water tank
hot water
cylinder

N

(b) Describe how the water level in the cold tank is

controlled. (2 marks)

(c) The circuit below is used to control the electric
water heater. It keeps the temperature of the water at
50 °C.

When the temperature of the thermistor is above

50 °C, input A is logic 1. Describe what happens in

the circuit when the temperature of the thermistor

falls. (3 marks)
(MEG, Jun 95, Intermediate Tier)

Question 3

Susan’s Granddad has a greenhouse.

74

— ||

(a) Complete table 7.1 to show which heating is
involved in the energy transfers described.




work out physics ¢ tra;r OE

Choose from: conduction convection
evaporation radiation

Table 7.1

Energy transfer Heating process

Energy is transferred to
the greenhouse
directly from the Sun

Energy is transferred
through the metal
doors of the greenhouse

Energy is transferred by
air moving through the
vents of the greenhouse

(3 marks)

(b) In winter Susan’s Granddad fixes sheets of clear
plastic bubble-wrap to the glass roof and walls of
his greenhouse.

bubble of trapped air

Explain how the sheets of bubble-wrap reduce
energy loss from the greenhouse in winter.
(2 marks)
(c) On asunny day the vents open to allow energy to
escape, but they close at night if it is cool. Explain
why it would be difficult to re-use the day-time
‘escaped energy’ to keep the greenhouse warm at
night. (2 marks)
(MEG Nuffield, Jun 95, Higher Tier)

Question 4
Explain the following:

(a) The handle of a saucepan is made of wood.
(1 mark)

(b) The base of the saucepan is made of copper.
(1 mark)
(c) Dust marks appear on the wall above a hot radiator.
(1 mark)

(e) A duvet (eiderdown) keeps you warmer than several
blankets. (1 mark)

avavvival
-
S

— N

\
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1. (a)

(®)

2. (a)

(b)

(c)

3. (a)

Reflects the infra-red radiated heat away from the
wall and back into the room. Reduces the amount
of heat loss through the wall near the radiator.

It contains pockets of trapped air which prevent
heat loss by conduction/convection.

(i) Advantages: The water at the top will get
hot quickly and will use less energy if only a
small amount of water is needed.
Disadvantages: Because hot water rises by
convection the water lower down would
have to be heated by conduction and this
would take a long time.

Advantages: Water rises from the bottom to
the top by convection so all the water is
eventually heated.

Disadvantages: Wastes energy if only a
small volume of hot water is needed.

As the hot water is run off using the taps the cold
water replaces it in the cylinder. The level in the
cold water tank drops, the float falls the valve
opens allowing cold water from the mains to enter.
As the water in the tank rises, the valve shuts off
the water at a certain level.

When the water cools and reaches 50 °C the input
at A is logic level 0. The output from the NOT-gate
is logic level 1 so a current flows which turns the
relay on which closes the switch turning the heater
on. When the temperature falls below 50 °C, it
returns logic level 1 and tumns the heater off.

(ii)

Table 7.1

Energy transfer

Heating process

Energy is transferred to
the greenhouse directly
from the Sun

radiation

Energy is transferred
through the metal
doors of the greenhouse

conduction

Energy is transferred by air
moving through the vents of
the greenhouse

convection

Answers to examination questions

(b)

(c)

4. (a)
(b)
(c)

GV

(e)

This prevents conduction of heat through the glass
to the outside. The air in the bubbles is a poor
conductor and because the air is not free to move,
convection of the heat from one side of the bubble-
wrap to the other will not occur.

This heat energy is spread out over the whole area
of the greenhouse so it would be practically
difficult to transfer and store it. The device used
would cost more than the cost of the heat saving
making it uneconomic.

Wood is a good insulator so it will not heat up as
much.

Copper is a good conductor of heat so the heat will
be efficiently transferred to the water.

Air in contact with the radiator heats up, expands,
and rises, carrying the particles of dust with it. The
dust settles on the wall near the radiator.

Cool air is denser so it falls and warmer air
replaces it. This means the whole fridge will be
cooled.

A duvet is much lighter and therefore contains
more trapped air. The air is an insulator and
reduces heat losses.
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1 Non-renewable resources

Mostof the energy we use in Britain comes from fossil
fuels which include coal, natural gas and oil. Non-
renewable resources are resources which are not replaced
when we use them and they will eventually run out if used
at their present rate.

Fossil fuels

All fossil fuels were originally formed from trees, plants
and animals which died and were then buried and
compressed under rocks. The illustration shows how these
fuels were produced.

Fossil fuels take millions of years to form and are
therefore impossible to replace. Fossil fuels are a non-
renewable resource and because of this, new, alternative
sources of energy need to be found. About 90% of the
world’s energy comes from fossil fuels, so finding a
replacement is not easy.

Problems with using fossil fuels

¢ Fossil fuels produce carbon dioxide when burned,
which adds to the ‘greenhouse effect’ and causes global
warming.

¢ Fossil fuels contain small amounts of sulphur which is
released as sulphur dioxide when burned. This gas
dissolves in rain to form acid rain which kills plants
and trees.

* They may be used to make plastics and
pharmaceuticals so it is a shame to burn them.

The greenhouse effect and the
ozone layer

The shorter wavelength infra-red radiation and visible light
from the Sun pass through the glass of a greenhouse and
are absorbed by the soil and the plants, raising the
temperature. The infra-red radiation emitted by the soil and
plants is of much longer wavelength than the infra-red

radiation emitted by the Sun (the higher the temperature,
the shorter is the wavelength of the radiation emitted). The
longer wavelength infra-red radiation does not pass through
the glass and so energy is not lost from the greenhouse; it is
trapped in the greenhouse and the greenhouse temperature
rises.

Between 10 km and 15 km above the Earth’s surface
there is a layer of gases which act like the glass of a
greenhouse. The Sun’s rays penetrate this layer but the heat
radiated back from the Earth does not easily penetrate it.
Instead of being lost in space, much of heat radiated back
from the Earth is trapped. This layer of gases is increasing
and the temperature of the Earth is gradually rising. If the
rise in temperature continues this could have disastrous
consequences for the Earth. For example, the water in the
Earth’s oceans would be heated up causing it to expand and
cause the sea level to rise, flooding many lower level areas.
The melting of the Polar ice would have a similar effect but
not to the same extent.

The accumulating layer of gases results from the burning
of fossil fuels (e.g. coal, oil and natural gas). Fossil-fuelled
power stations, factories and cars are continually producing
gases which result in the greenhouse effect.

Above this layer of gases is the ozone layer. This is
formed and maintained by the action of ultra-violet light
from the Sun on oxygen molecules in the atmosphere. It
shields the Earth from the harmful ultra-violet light (too
much ultra-violet light is one of the causes of skin cancer).
Chemicals which escape into the atmosphere are destroying
this protective layer of ozone. One of the most damaging
types of gas are the chlorofluorocarbons (CFCs) which are
used in aerosols, but CFC-free aerosols are now available.
The CFCs are also very effective greenhouse gases.

Uranium (nuclear fuel)

Uranium is the name of the fuel used in many nuclear
power stations. Although the uranium ore is dug up from
the ground, it is not a fossil fuel and is classed as non-
renewable because once it is used up, no more will be
made. Plutonium, which is man-made, may also be used as
a nuclear fuel.

Compressed trees from ancient
forests produce coal seams

Gas

Qil

Animal and plant remains under the
sea produce oil and natural gas



Problems with nuclear power

*  Although nuclear fuel is cheap, the cost of building and
operating the reactor is high.

* Nuclear power is ‘clean’ because it does not produce
any polluting or greenhouse gases but the spent fuel
and plant is radioactive and needs to be disposed of
carefully.

* There have been leaks of radiation in the past and no
one wants such a plant on their doorstep.

* The cost of getting rid of radioactive waste and that of
decommissioning (closing down) power stations is
high.

2 Renewable resources

Renewable resources are those sources of energy which are
iniexhaustible, which means that they can never be used up
because they are constantly being replaced. Wind, waves,
solar, biomass, tidal, geothermal and hydroelectric are all
examples of renewable energy resources.

Solar power

Believe it or not, in Britain we receive enough solar energy
to satisfy all our energy needs. However, harnessing the
Sun’s rays to produce either hot water for heating or to
produce electricity is both difficult and expensive.

Solar power may be used to produce electricity using
solar cells to power calculators, watches, satellites etc. or to
heat up water using a solar panel.

Solar panels

Solar panel

| / Glass cover
Water out yf(// ;/
1]}

Water pipe

Polystyrene '/ / [
insulation

Water in

7!

Plan view

Blackened
copper
pipe
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The main features of a solar panel are:

* The long bent tube, which is painted matt black to
absorb the Sun’s rays. The tube is long so that there is a
greater surface area exposed to the Sun.

* The glass cover lets the Sun’s rays in but won’t let them
back out again. This trapping of heat is commonly
called the ‘greenhouse effect’.

¢ A polystyrene board insulates the back of the panel to
prevent heat loss.

e Water travels around the tube by convection, although a
pump is often added.

* The hot water is stored in a storage tank which also has
an immersion heater in it so that the water may be
heated when there is no Sun or when there is a high
demand for hot water.

Problems with solar power

e The amount of current produced by solar cells is
usually too small to power devices that need large
amounts of electricity such as heaters.

* Using solar panels to heat water will produce the
hottest water on the hot days when it is least needed.

*  Solar panels are usually mounted on the roof of the
house which means that the house really needs to point
in a certain direction in order to make maximum use of
the Sun’s rays.

Geothermal energy

Originally the Earth was a fireball and although the outside
has now cooled down, the Earth’s centre is still at a high
temperature. The heat energy to keep the core at this
temperature comes from nuclear reactions which take place
in the core. This means that the nearer you get to the centre
of the Earth the hotter it gets. In some areas, where the
Earth’s crust is thin, water reaches the hot rocks and
changes into steam and this steam finds its way to the
surface where it is released as steam jets called geysers.
The illustration shows how geysers are produced.

s

d - ]

%l ,:3’ ’
Féld "

.’. { ,A-F--— Geyser (jet of steam)
l‘

&7
ny

[ Seeping water

Hot rocks




78 aWOrk out’physies,» sources of energy

This high pressure steam can be used to drive a turbine
which powers a generator to produce electricity. Steam may
also be produced for driving turbines by pumping water
down boreholes where it comes back up as steam. Energy
produced from the Earth’s hot interior is called geothermal
energy. Geothermal energy is only important in countries
such as Iceland and New Zealand where the Earth’s crust is
thin and only contributes about 0.1% to the total energy
consumption of the world.

Tidal power

Tides are due to the gravitational attraction of water to the
Moon and to some extent the Sun. In other words, the tides
are due to the Moon trying to pull the water in the oceans
towards it.

How big a tide is depends mainly on the relative
positions of the Earth and the Moon. As the tide comes in
the level of water in an estuary rises, sometimes quite
considerably. A huge volume of water flows up and down
the estuary at high and low tides. If a dam, called a barrage,
is built across the mouth of an estuary then it is possible to
make the fast flowing water pass through turbines which in
turn drive generators during high and low tides. More and
more tidal schemes are being used and this is likely to
become a significant renewable energy resource. In France
there is a tidal power plant across the River Rance, where
the level of the water in the estuary rises and falls a distance
of 13.5 m (44 feet) during high and low tides and this
contains twenty-four 10 MW turbines.

Problems with tidal power

e The barrier across the estuary has an adverse visual
impact.

* The estuary is flooded for a longer period and this
prevents wading birds from feeding.

e Large areas of land are needed.

Wind power

It is possible to generate electricity using huge windmills.

In remote and exposed parts of the country it is common
to see many windmills grouped together in what is called a
wind farm. Although wind power will never make a
significant contribution to electricity generation in Britain,
it may become important in remote areas and offshore
islands. One advantage with wind power is that peak
demand for electricity usually corresponds with high winds.
So windmills produce the most power when it is most
needed. Like sunlight, wind is not always with us and so
wind power needs to be linked with another, more reliable
source of power.

Problems with wind power

*  Rows of windmills look unattractive.
e They produce a humming sound which is annoying.

Wave power

Wave power makes use of the bobbing motion of a float on
the surface of the sea. The up and down motion of the float
is converted into rotation which is then used to drive a
generator to produce electricity.

Problems with wave power

¢ During storms, the floats become damaged and need
repair or replacement.
¢ Waves depend on wind so no wind means no power.

Hydro-electric power (HEP)

In hydro-electric schemes, rivers are dammed to form large
lakes. The water is allowed to flow through pipes to the
bottom of the dam and is used to power turbines which
drive generators and produce electricity.

Because the water is higher on one side of the dam than
the other, it possesses gravitational potential energy. When
the water rushes down the pipes, the potential energy of the
water decreases and is changed into kinetic energy. The
water then rushes through a turbine which it spins at high
speed which is used to power a generator to produce
electricity.

Problems with hydro-electric power

*  Although hydro-electric schemes are clean in the sense
that they do not give off any pollution causing waste
products, large areas of countryside need to be flooded
and this can have serious effects on the balance of
nature.

*  Only really suitable for mountainous regions.

Biomass

In some countries, plants are grown to trap the Sun’s
energy. The plants are then burned to produce heat directly
or they are used to produce other chemicals which may
also be burned. Growing trees for wood which is then
burned is classed as biomass. Sugar cane is grown in Brazil
and then fermented to produce alcohol which is then used
as fuel to power cars and tractors. Biomass is classed as a
renewable energy source because more plants may be
planted to replace those used. One problem is that over-use
of the land in this way can lead to the land becoming
infertile. Rotting vegetable waste from rubbish dumps or
sewage give off a gas called methane which may be burned
and used as a fuel.



Problems with biomass

¢ Growing plants quickly soon renders the soil infertile.
e Large areas of land are needed.

3 The origins of the Earth’'s

Most of the Earth’s energy comes
from the Sun

Most of the energy we use on the Earth originally came
from the Sun. The Sun was responsible for the following
list: wind, wave, hydro-electric, solar and biomass. Here’s
how:

Solar Power: This uses the infra-red heat in the Sun’s rays
directly.

Wind: The Sun heats air up and changes its density, causing
it to move and produce wind.

Hydro-electric: The Sun heats up water and causes it to
evaporate. This water falls as rain and fills the dammed
reservoir up with water.

Water waves: These are caused by wind which is produced
from the heat from the Sun.

Biomass: The Sun is needed to make the plants grow.
Fossil fuels: These were at one time living plants and
animals and so the Sun was needed to enable them to live.

Some energy sources not produced
by the Sun

Geothermal: the heat produced by the nuclear reactions
which take place in the core of the Earth.

Tidal: this source of energy is mainly produced by the
Moon, although the Sun does play a minor part.

4 Storing energy
Pumped storage schemes

For any power station to work efficiently it is necessary for
the electrical energy to be produced 24 hours per day. The
demand for the electricity is not as great during the night as
during the day so this electricity is wasted. A pumped
storage scheme uses the night time electricity to pump
water from a lower reservoir to a higher one. During the
day, when the demand for electricity is higher, the water is
allowed to flow back down the mountain and drive a turbine
to power a generator and produce electricity.

Batteries

These provide transportable electrical energy. Rechargeable
batteries are more expensive than non-rechargeable ones,
but because they can be recharged they are cheaper in the
long run. Their internal resistance (the electrical resistance
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of the chemicals inside them) is small and they are rapidly
discharged and damaged if short-circuited. Their low

internal resistance means that less energy is lost as heat in
driving currents through the chemicals in the battery. They
last less time before running down than ordinary batteries.

Worked examples
Example 1

(@) (i) The diagram shows four stages in the
production of electricity at a coal-fired power
station. Use words from the list below to
complete the labelling of the boxes. One has
already been done for you.

boiler generator moderator reactor
transformer turbine

Coal
Y
1
Y
Steam
\
2
Y
3 GENERATOR
Y
4

"

Electrical energy
to National Grid

(ii) Write down the energy which takes place in the

generator.
........ energy is transferred to ........ energy.
(5 marks)
(b) Coal is a fossil fuel.
Describe how fossil fuels were formed. (2 marks)

(c) Coal is a non-renewable energy resource.
Explain what is meant by a non-renewable energy
resource. (1 mark)
(d) Some energy resources are renewable
(i) Write down one renewable energy resource.
(ii) Describe how this renewable energy resource
may be used to produce electricity. (4 marks)
(NEAB, Jun 95, Intermediate Tier)
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Solution

(@ @ Coal

v

Boiler

\

Steam
Y

Turbine

5

GENERATOR

Y

Transformer

7

Electrical energy
to National Grid

3

(ii) Kinetic is transferred to electrical
(b) Formed millions of years ago from the remains of
ancient forests which have decayed and been
subjected to high pressures from the layers above.

(c) Once they have been used they cannot be replaced.
(d) (i) [Could have any one of the following: wave,
tidal, geothermal, wind, solar, hydroelectric and
biomass (biofuels such as wood).]
(ii) [If wind were chosen in (d)(i) then we could
have:]
The moving air causes the blades of the turbine
to rotate and drive a generator which is used to
convert the kinetic energy of the wind to
electrical energy.

Example 2

(a) Electricity companies try to encourage people to use
more electricity at night and less during the day. They
do this by charging a cheaper price for electricity
used at night. They call this scheme ‘Economy 7°.

The diagram below is taken from an electricity
company leaflet. It shows a special hot water tank
designed to use electricity on the ‘Economy 7’
scheme.

(1) Suggest and explain one reason why the outlet
to the hot taps is at the top of the cylinder.
(3 marks)
(ii) How does the insulation ‘make sure that the
water remains hot all day’? (1 mark)

Economy 7

hot water
tank

Cold water inlet

Qutlet

To hot taps

=]

Economy 7 controller

© C
] \weatomcwmt

switches on lower
immersion heater
during cheap night
period but allows one
hour boosts of upper
heater as required
during the day

Top heater heats about
40 litres of water if
store runs out




(b) Power stations are designed to produce large Solution
quantities of electrical energy. The diagram below . .
shows a coal-fired power station. (a) (i) The water will be hottest there because the hot

water rises because of convection.
(i) The insulation reduces heat losses due to
convection and radiation.
(b) (i) Chemical, Heat, Kinetic.
Electrical energy (i) The Sun enabled plant life to grow. The energy
output of in the Sun enabled the plant material to be

Cooling towers

Fuel giving an

energy output 280 MJ
of 1000 MJ = produced by photosynthesis. When the plants
died, they were compressed to form coal.
(i) Choose the words from the list in the box ) Power out
lf)elllow which will complete the sentenc;;s wh;(cl; (iii) [A]Efficiency = Power in % 100
ollow. marks
Chemical Electrical Gravitational Potential — M
1 e X 100
Heat Light Kinetic Nuclear Sound (1000 MJ)
In the power station .......... energy in the coal is = 289
changed into .......... energy. This energy turns v

[B] Heat energy
[C] Warms up the surrounding air and so is
effectively lost.
(©) (i) 34%
(ii)) [A] Hydro-electric
[B] A renewable energy source will never run
out since it is available all the time
[C] Fossil fuels will soon run out so alternatives

water into steam. The steam turns turbines and
these turn generators. Generators change ..........
energy into electrical energy.
(i) Explain where the energy in coal originally
came from. (2 marks)
(iii) [A] Calculate how efficient the power station is
at changing the energy in the coal into electrical

energy. (3 marks)

[B] In what form is most energy lost from this need to be found.

power station? (1 mark)

[C] What eventually happens to this ‘lost’ Exam ple 3

energy? (1 mark)

(c) The chart below shows the major sources of energy An isolated house generates its own electricity by damming

used to produce electricity in one country. Just over a small river to make a lake. The water is used to drive a
one-third of this energy comes from coal. turbine and generator.

g — ] _— Dam

35% Coal

1% Hydro-electric
24% power
Natural gas 6% Nuclear
(a) State two main energy transformations in this

(i) Calculate the percentage (%) of electrical process. (1 mark)
energy supplied by oil. (1 mark) (b) The height of the dam above the turbine is 5 m. Every

(i) [A] Name one energy source shown in the chart second 0.5 m’ of water flows through the turbine. The
which is ‘renewable’. (1 mark) density of water is 1000 kg/m’.
[B] Explain what is meant by describing an (i) Use this data to show that the maximum power
energy source as being ‘renewable’. output is 25 kW. (2 marks)

(2 marks) (ii)) Do you think that an output of 25 kW would be

[C] Why is it important that we should be using suitable for a house? Justify your answer by
renewable sources of energy to provide our estimating the typical power requirements of
electricity? (1 mark) items that may be used in the house. (3 marks)

(SEG, Spec, Intermediate Tier) (MEG, Jun 94, Intermediate Tier)
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Solution

(a) gravitational potential kinetic electrical
(any two of these)

(b) (1) Mass of water travelling through turbines per
second
= volume per sec X density of water
= 0.5 m’/s X 1000 kg/m’ = 500 kg/s
GPE lost by water per sec = gravitational field
strength X height
= 500 kg/s X 10 N/kg X 5m
=250001J/s =25kW

(i) Suppose an average house has 10 rooms. Each

could be heated by a 1 kW electric fire and lit
with a 100 W bulb. This would give a power
consumption of 11 kW. In addition there could
be an immersion heater to supply hot water, a
cooker and various appliances such as irons,
kettles, toasters, etc. These are unlikely to be
switched on all at the same time and might
have a total power of 6 kW. So a total power of
17 kW might be required. In practice the power
requirements might be lower than this because
some houses use gas heating and gas cookers so
25 kW would be adequate for most houses.

Example 4

The map below shows an industrial region (shaded).

—— ;
==—~__. Bean Mountains

Motorway

Prevailin
wind

The prevailing wind is from the west. There is a nearby
mountainous area, from which a river flows through the
region. The major road and rail links are shown.

A power station is to be built to supply electrical energy
to the region. The energy will be for a range of domestic
and industrial uses.

The choice is between a coal fired power station, wind
turbines and a hydroelectric scheme.

Three local groups each support a different option.
Choose which option you would support and justify your
choice by making reference to the financial, social and
environmental implications of your choice compared with
those of the alternative systems.

(8 marks)
(NEAB, Jun 94, Science Double Coord, Higher Tier)

Solution

In this answer all three schemes are looked at but to answer
the question you would have to consider the best scheme
(as far as you are concerned) and compare it with the
others.

Hydro-electric scheme

¢ Renewable source of energy which does not cause

pollution.

e High capital costs of constructing the dam and flooding
the valley.

¢ Once constructed only a few people need to be
employed.

* Flooding valley kills wildlife and destroys their
habitat.

¢ May not be enough water from the mountain to make
the scheme economically viable.

Wind turbines

Renewable source of energy which does not produce
polluting gases although there is some noise and a
detrimental visual impact.

e Wind would need to blow all the time to make the
scheme viable.

¢ No employment prospects with this scheme.

e Can give quite cheap electricity although some form of
backup would be required.

Coal-fired power station

¢ Coal when burned produces a lot of heat energy which
may be turned into electrical energy. Most coal now
comes from abroad but since there are rail links and the
site could be placed on the waste land near the sea,
transport of the raw material would not be a problem.

¢ More people are employed in this power station.

*  When coal is burned carbon dioxide and sulphur
dioxide are produced. The former adds to the
greenhouse effect and causes global warming and the
latter when dissolved in rain falls as acid rain which
kills plants and trees. Smuts from the chimneys could
get on local residents’ washing.

Example 5

A large wind-powered generator has blades which sweep
out a circular area of diameter 50 metres. It faces head-on
into a wind of average speed 10 m/s. Calculations show that
in 1 second approximately 25 000 kg of air passes through
the area swept out by the blades.
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station may be 1000 MW (1 X 10° W). Use the

- 20m — figures in this question to discuss whether or not
wind-powered generators are a practical alternative.
— A wind-powered
e ™~ generator
/ N Solution
(a) Kinetic

Blades

(@)

(b)

©

(d
O]

Calculate the total kinetic energy of all the air that
passes in 1 second through the area swept out by the
blades when the wind speed is 10 m/s.

The generator has an efficiency of 10% in converting
the kinetic energy of the wind to electrical energy.
Calculate the power output of the generator.

If the wind speed doubles, what mass of air now
passes in 1 second through the area swept out by the
blades?

If the wind speed doubles, how many times bigger
will the power output of the generator be?

The power output of a modern coal-fired power

energy = smv’ = (3 X 25000 X 10°J) = 1250 000 J
= 1.25MJ

10
— X 1.25 MJ/s = 0.125 MW

b

® 100

(c) 50000¢g

(d) Kinetic energy = mv’. m and v both double

O]

(doubling quadruples v*). Therefore the kinetic energy
is 8 times bigger and the output of the generator is 8
times bigger. [This part is difficult and only grade A*
and A grade candidates got it right.]

Power output of the wind-powered generator when
wind velocity is 20 m/s is

(0.125 X 8) MW = 1 MW. 1000 wind-powered
generators would be needed to produce the same
power as one coal-fired power station. The space
required would be very large and they would work
only when the wind was blowing. The power
available would be totally dependent on the wind.
They could never replace coal-fired power stations but
could be useful for generating small quantities of
electrical power on windy days, especially in remote
locations.

Examination questions

The diagram above shows a hydro-electric power station.
Water is stored in a reservoir beyond the dam. Some of
this water flows down the hill through large pipes to the
power station.

(Numérical answers and hints on solutions will be found
at the end of the chapter.)

Question 1

(i) Name the type of energy possessed by the
water in the reservoir at A.

(ii) Name the main type of energy possessed by
water flowing down the hill at B.

Name the machinery contained within the
power station building.

(iii)

Name the type of energy supplied at C.
(Intermediate Tier)

(iv)

Question 2

(a) It has been estimated that the Earth receives from




the Sun 10" joules of energy per second and that on
average 10" joules per second are being used on the
Earth, most of which comes from the burning of
fossil fuels. If the Earth is receiving 1000 times as
much energy as we use, and it is free, why do we
not make use of this energy rather than burn so
much fossil fuel?

Solar panel Plan view
. Glass cover Blackened —
! N\ ackene
:/ /-.... — copper
Water out */ / Water pipe  P'P¢
Polystyrene
insulation

Water in / / i/

The diagram above shows, in simplified form, one
method of heating a house using solar energy. It
consists of a roof-mounted heat absorbing panel
filled with water.
(b) (i) Explain how the system works, clearly stating
the main energy change that takes place.

(ii)) Why is the absorbing panel usually painted
black?

(iii) Suggest ONE reason why the transparent cover
increases the efficiency of the system.

(iv) Explain the purpose of the expanded
polystyrene board.

(v) Give TWO reasons why this system cannot be
used as the sole supply of domestic heat in
Britain.

(Intermediate Tier)

Question 3
The list below gives some sources of energy.

Coal Oil Natural gas Nuclear
Hydro (water) Wind Wave Solar
Geothermal Tidal

(@) (i) Name two of these sources which are used to
generate electricity on a large scale in the
United Kingdom.

(i) When electricity is generated in power stations
much of the input energy is ‘wasted’. State one
reason why electrical energy is so useful that
we accept this energy ‘loss’. (3 marks)

(b) Coalis a fossil fuel.
(i) Give one disadvantage of coal.

(i) Name one other fossil fuel in the list above.

(2 marks)
(c) Solar energy is a renewable source of energy.
(i) Explain what is meant by the term renewable
energy.

(i) Name one other renewable energy source in
the list above.

(iii) Explain why solar energy is not likely to be
used to generate electricity on a large scale in
the United Kingdom. (3 marks)

(d (i) Whatis geothermal energy?

(ii)) Explain briefly how geothermal energy can be

extracted. (3 marks)
(NEAB, Syll B, Jun 94, Foundation Tier)

Question 4

(a) The pie chart shows five sources of energy used by a
country.

Coal 30%

Water
power 7%
Natural Nuclear 3%
gas 20%

Oil 40%

Table 8.1 shows the proportional use and estimated
reserves of coal, oil and natural gas.

Table 8.1
Relative estimated Relative quantity
reserves used/year

Coal 500 1.25

Oil 100 3

Natural gas 90 1.5

(i) Explain why it is always difficult to make
accurate predictions of how long reserves will
last. (4 marks)

(ii)) Why will the pie chart be likely to be different
in about 20 years’ time? (2 marks)
Explain the economic, environmental and
social benefits of using nuclear energy as the
main source of providing electrical power.

(4 marks)

(iii)

(b) Pumped storage power stations are used to produce
electricity during periods of peak demand. Water is
stored in one reservoir and allowed to flow through
a pipe to another reservoir at a lower level. The
falling water is used to turn turbines which are
linked to generators.

In one such station 400 kg of water passes through the
turbines every second after falling through 500 m. The
gravitational field strength is 10 N/kg.

Assume that no energy is wasted.
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_ Surge tunnel

Upper reservoir

~

Flow of water ——=

(i) What is the weight of 400 kg of water?
(2 marks)
(i) Calculate the decrease in gravitational energy
when 400 kg of water falls 500 m.
(2 marks)
What is the power delivered to the turbines by
this falling water? (2 marks)
If the generator is perfectly efficient, calculate
the current it produces if the output voltage is
20 000 V. (3 marks)
(v) Why are pumped storage power stations used
to produce electricity for a few hours and not
for continuous generation of electricity?
(2 marks)
(SEG, Spec, Higher Tier)

(iii)
(iv)

Question S5

The kinetic energy of the wind comes originally from the
Sun, which heats the Earth’s atmosphere unevenly.

(a) (i) How is the Sun’s energy transmitted from the
Sun to the Earth? (1 mark)
(i) Suggest why the Earth’s surface is heated
unevenly by the Sun. (1 mark)
(iii) Explain how this causes winds on a global
scale. (2 marks)

Windmills make use of the wind’s energy to produce
electricity.

One form of windmill is shown in the diagram. The
blades rotate about a horizontal axis and sweep out a
circle of diameter 60 m. The energy which can be
obtained from the passing air by the blades, depends on
the total area swept out by the blades.

YA '_l--T"
l“_‘::f' :f } ‘“—--—_._

~Combined pump
and turbine house

Lower reservoir

Blade 2"
% \
Wind speed / 05 \
10 m/s | © !
—_— y
/
/

(b) When the wind speed is 10 m/s, calculate

(i) the volume of air passing through a circle of

diameter 60 m each second. (3 marks)

(ii) the mass of this air (density of
air = 1.25 kg/m’) (2 marks)
(iii) the kinetic energy of this air (2 marks)

(iv)

the power available if all this kinetic energy
can be used.

In the general case where A = area of blades, d = density
of the air and v = wind speed, the power available is
1AdvV.

(c) (i) Explain why this formula involves the cube of
V. (2 marks)
(ii) By what factor does the power available
increase if the wind speed doubles?
(1 mark)
() (i) Explain why it is not advisable for the power
to exceed a certain maximum. (2 marks)

Atmosphere
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(e

®)

(@)

(b

(i1) Suggest how the power from the windmill
could be controlled. (1 mark)
(iii) Give two reasons why all the available wind
power is not converted to electrical power.
You should state why the loss occurs and how
it could be reduced. (4 marks)
Calculations based on another windmill lead to a
theoretical maximum power of 500 kW. In practice,
such a windmill would have a maximum efficiency
of 40%.
(i) Explain the meaning of ‘a maximum
efficiency of 40%’. (1 mark)
(i) What is the maximum electrical power which
can be produced by this windmill? (2 marks)
State two advantages and two disadvantages of
using wind power to produce electricity. (4 marks)
(MEG, Jun 94, Higher Tier)

Question 6

Explain as fully as you can, the reasons which
scientists have suggested for the rise in the amount
of ‘greenhouse gases’ in the atmosphere. (4 marks)

The cuttings represent some viewpoints on the use
of nuclear power.

(1) Gravitational potential energy
(i1) Kinetic energy
(111) Turbine, generator (dynamo)
(iv) Electrical energy.

2. (a) The solar energy is spread over the whole surface

of the Earth and since most of the Earth’s surface
is covered with water it makes the majority of it
impossible to collect.

Solar cells and panels are expensive.

The demand for energy is greatest when the Sun’s
rays are at their weakest.

Need a back-up source of energy when the Sun’s
rays are not shining.

(b) (i) Infra-red radiation from the Sun enters the

panel through the glass where it is absorbed
by the pipe causing the water inside to heat
up. The solar energy from the Sun is
therefore changed into heat energy.

(i) Black is a good absorber of infra-red
radiation.

(iii) Infra-red radiation is able to pass from the
outside to the inside of the panel but not the

e\\'¢ he Greeny
G‘““mg.‘ \p“.\v :hg ed by Nucleg,
‘“‘:\". W".“‘\\ ‘duﬂw.ﬂ:."‘"“mm,..,
we ?‘. ““‘ ""d'ncy
¢ . o
“\\c\‘ﬂ'«.\ﬁ"‘w\n‘ e
rﬁu«;‘;ﬁ«v‘“"gw o

_

he The major risks

associated with nuclear power

~ the radioactive waste problem
and the dangers of catastrophic
accidents — would also be
increased by nuclear expansion.

Read all the extracts then evaluate the claim made
by BNFL ‘In Britain, we could do the same. And
we must.’ In your evaluation you should refer to all
five extracts, explaining the scientific reasons behind
each ‘claim’. (10 marks)
(NEAB, Jun 94, Science Double Coord, Higher Tier)

Answers to examination questions

other way owing to the greenhouse effect.
This keeps the heat inside the panel.

(iv) The expanded polystyrene board is a good
insulator and this stops the heat from being
lost from the inside to the outside by
conduction and convection.

(v) We can have days (even weeks) without any
Sun.
The Sun’s rays are weak compared with
hotter countries.

3. (@ (i) Coal and oil (nuclear is still quite small).

(ii) Electrical energy may be easily moved from
place to place using wires. It is also very
easy to change into other forms of energy.

(b) (i) Coalis bulky and therefore difficult to

transport.
Only really suitable for heating.
(i) Could have either oil or natural gas.

(¢) (1) Energy source which will never run out

since it is constantly being produced.
(i) Any one of the following: hydro (water),
wind, wave, solar, geothermal or tidal.
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(iii) The Sun is not strong enough. It could not
be the only source of power because the Sun
does not always shine.
Heat from the nuclear reactions which occur
in the Earth’s core.
(ii) Boreholes are sunk into the hot rocks. Water
is pumped down and it comes back up as
steam. The steam is used to drive turbines
and generate electricity.
Reserves are only estimated. New reserves
of oil for example are found all the time.
Nuclear power is likely to become more
significant so this will make oil used only as
a portable supply of energy.
More schemes involving renewable sources
of energy will be developed.
Reserves become depleted so alternatives
need to be found.
(ii)) Due to pollution from the burning of fossil
fuels, the water and nuclear power will
supply a greater percentage of the power.
Other sources of power will probably be
developed, such as wind, wave, solar and
tidal.
Although the cost of building is high the
cost of the electricity produced is low.
No carbon dioxide produced to add to the
greenhouse effect and no sulphur dioxide to
produce acid rain.
No smoke and ash are produced.
Cheaper electricity benefits the community.
Highly skilled jobs available, usually in
areas of high unemployment.
(b) (i) Weight = mass in kg X gravitational field
strength in N/kg
= 400 kg X 10 N/kg = 4000 N
(ii) Decrease in GPE = force X distance
= (4000 N) X (500 m)
=2000000J =2MJ
(iii) Power = 2 MJ/s = 2 MW
(iv) Watts = Volts X Amps

@ O

4. @ (@)

(iii)

Watts
Volts

Hence, Amps =

2 000 000
= ——— =100A

20 000
(v) More power is needed to pump the water up to the
top than that released when it falls back down. So
it is uneconomic.
(i) Radiation (remember only radiation is able
to travel through a vacuum).

(ii) The Earth is tilted (by 22°) so the Southern
Hemisphere gets more Sun than the
Northern Hemisphere. Also, points on the
Equator are the nearest to the Sun.

(i) Uneven heating of the air owing to (ii) above
means that the air will have different

5. (a)

® O

©

@ @

O]

®

densities and this makes the air move and
cause wind.
In each second, a cylinder of air 10 m long
and having diameter 60 m will pass through
the windmill.
Volume of a cylinder = wrh
=m X (30m)* X (10 m)
=28274m’

So, volume of air passing per second

= 28274 m’s

(ii) Mass of the above volume of

air = volume X density

= 28274 m’ X 1.25 kg/m’

= 35343 kg/s
(iii) KE = } X mass X (velocity)”

= 1 X 35343 kg X (10 m/s)’

1767 1501
Answer to (iii) is the KE per second so since
(1J/s = 1 W) this will be the power.
Power available = 1 767 150 W

= 1.8 MW (n.b. 1 MW = 1 000 000 W)

(i) KE = ¥mv’ but m, the mass passing through
the windmill also depends on v, the velocity
of the wind. This means that the KE depends
on the cube of the wind’s velocity.

(ii)) Doubling v will mean that the KE will go up
according to 2°. Hence the KE will increase
by a factor of eight.

An increase in power would result in an
increase in electrical power and this could
damage appliances connected in the circuit.
Large stresses could be set up on the blades
and the tower and this could be dangerous if
either of these were to snap.

(i) The angle of the blades could be altered
which would reduce the area on which the
wind could act.

Friction converts some of the kinetic energy
of the windmill into heat energy which is
lost from the system. The use of ball
bearings can help reduce this.

The wind power available is not captured by
the blades because the blades do not reduce
the wind to zero behind the windmill.
Careful aerodynamic design of the blades
will help reduce this.

(i) This means that only 40% of the input
power is available as useful electrical power
s0 60% is lost.

(ii)) Maximum electrical
power = 40% X 500 kW
= 200 kW
Advantages:

Il

(iv)

(iii)

Renewable source of energy
No greenhouse or other
polluting gases produced
Unsightly (disfigures the
landscape)

Can produce an annoying hum.

Disadvantages:
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Energy efficiency is important but new sources of
energy still need to be developed to replaced fossil

fuels which will run out over the next 15 to 20 years.

Greater quantities of fossil fuels are being
burned owing to more cars on the road and a
greater demand for electricity is resulting in
greater air pollution. Acid rain and global
warming caused by the greenhouse effect. As
forests are destroyed the trees and plants are no
longer able to cope with the carbon dioxide
produced so its concentration has built up in the
air. CFCs from aerosols also add to the
concentration of greenhouse gases.

All this is in addition to the smoke and ash
produced from a fossil fuel burning power
station.

Nuclear power does not produce greenhouse
gases or acid rain and although the original
building costs are high, the electricity costs are
quite low.

There have been problems with power stations
(mainly in older reactors) regarding escapes of
radiation but with careful monitoring these have
been reduced. Many people have been killed in
coal mines or on oil rigs so there are major risks
associated with fossil fuels.
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1 The law of reflection

The angle of incidence is equal to the angle of reflection.
(A normal is a line at right angles to the surface.)

Reflected
ray

Incident

|
ray Normal

The angle of incidence i is equal to the angle of reflection r.

The image formed by a plane mirror lies on the normal
from the object to the mirror and is as far behind the mirror
as the object is in front. The image is virtual, laterally
inverted and the same size as the object.

A simple periscope may be constructed using two
reflecting prisms or two plane mirrors (see example 6).

Plane mirrors are often placed behind a scale over which a
pointer passes. By aligning the eye with the pointer and its

image the error due to parallax in reading the scale is avoided.

Eye

The image lies on the perpendicular bisector of the mirror and is
as far behind the mirror as the object is in front.

3 Refraction

When light (or any other wave motion) crosses a boundary
bétween two different media, it is refracted. Refraction
results from the change in speed of the wave as it crosses
the boundary. The greater the change in the speed, the
greater is the refraction of the light.

The next illustration shows a ray of light incident on an
air/glass boundary. Some of the light is reflected at the
boundary. The light passing into the glass is bent towards
the normal. If an object under water or under a glass block
is viewed vertically from above then the apparent depth is
less than the real depth (see example 12).

When a ray of white light falls on a prism, the different

Normal

Incident Reflected
ray ray
Air
Glass
Refracted
ray

A ray of light passing from air to glass is bent towards the
normal.

colours composing the white light are each refracted a
different amount and a spectrum is formed. The shorter the
wavelength of the light, the greater is the refraction (blue light
is refracted more than red light). The greater the amplitude of
the waves, the greater is the brightness of the light.

4 Critical angle, prisms,
optical fibres

The critical angle for any medium is the angle of incidence

of light on the boundary such that the angle of refraction is
90°. If the angle of incidence is greater than the critical
angle, total internal reflection occurs. Total internal
reflection can only occur when light is passing from an
optically denser to an optically less dense medium (i.e.
from glass to air).

Isosceles totally internally reflecting prisms are often
used instead of plane mirrors because (i) they do not form
multiple images (see example 11), and (ii) there is no
silvering to wear off. Optical fibres make use of total
internal reflection. The outside ‘cladding’ is less dense than
the core, and electromagnetic waves travelling along the
fibre are continually being totally internally reflected (in a
similar way to the light in a plastic tube: see example 13).

|
|
|
|
|

Air
—

| .
| Medium
|

|
I
:
|
I
I
n

A ray of light incident at the critical angle.



Optical fibres are now being used instead of wires for

telephone cables. The fibres can carry more messages and it

is less easy to interfere with the transmission, because it
travels down the centre of the tube. Security is therefore
greater. Signals in optical fibres (usually infra-red laser

light) stay strong over larger distances and so ‘boosters’ can

be a long way apart. Doctors use thin flexible fibres with
light passing through them to examine the throat and other
parts of the body. Optical fibres are also used behind motor
car dashboards to distribute light from one bulb to a
number of different instrument panel indicators.

5 Lenses

The principal terms used to describe the action of a lens are

shown in the diagram opposite. Parallel rays converge to a
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The following formula may be used in lens calculations:

1 1

1 —
v u f
where u is the object distance to the lens, v is the image
distance to the lens and f is the focal length of the lens.
When using this formula it is important to note the
following: Converging (convex) lenses have positive focal

Converging Focal
plane

lens
|
|

A_M'
|
- - IE
‘__m

point in the focal plane. The distance from the focal plane focus
to the lens is the focal length of the lens. If a lens is used to
focus a distant object on a screen, then the distance from |:z§ilh
the lens to the screen is the focal length.
All objects which are a long way from the lens form Focal
inverted real images close to the focal plane, and this fact is plane
made use of in the camera. I
If the object is close to the principal focus but outside it, |
the image formed is inverted, real and magnified. A lens is > [LF
used in this way in a slide projector. ‘\\]\I
If the object is at a distance from the lens which is less Y ! —
than the focal length of the lens, then a virtual, magnified, |
erect image is formed. When used in this way, the lens acts !
as a magnifying glass. Focal
These facts are summarised in the table below. length
height of image image distance o ) ) )
Magnification = - - = - - Parallel rays arriving from a distant object and passing through a
height of object object distance converging lens.
Object position Image position Use
At infinity, or a At F, or very | Focal plane
vgry large close to F N i
distance
Image
Camera
Outside F but Quite large -=—Large distance—=
close to it distance from }
lens Slide F  notto scale
Image
Slide projector
Inside F Same side of FS<-—
lens as object A m
but further from Image N\
lens b
Magnifying glass Eye

Images formed by a converging lens.
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lengths and diverging (concave) lenses have negative focal
lengths. Real image and object distances are positive and
virtual image and object distances are negative. [See
examples 20 and 21.]

6 The eye, the camera, the
slide projector and the
astronomical telescope

The eye and the camera both have a converging lens which
forms a real, diminished, inverted image of the object on a
light sensitive area (the retina in the eye, the filmin a
camera). A slide projector has a converging projection lens
which forms a real, inverted, magnified image on a screen.

The astronomical telescope consists of two convex
lenses separated by a distance. The eyepiece lens has a
short focal length whereas the other lens, called the
objective lens, has a longer focal length. The object
(heavenly bodies usually) is so distant that the light rays
coming from it arrive at the objective lens almost parallel to
each other. They are focused by the objective lens and
produce a real inverted image which is then viewed as the
object by the eyepiece lens which produces a magnified
virtual image of the object.

7 Curved mirrors

Parallel beams of light incident on a concave mirror are
focused at the principal focus (see the illustration below).
This property of concave mirrors is made use of in micro-
wave dishes and radio telescopes: the waves from distant
sources are brought to a focus. In headlamp reflectors the
source is placed at the principal focus and a parallel beam is
produced. Electric fires also make use of curved reflectors.

/A -
F
The curved reflector brings parallel rays to a focus at F. On the
other hand, if a source is placed at F, a parallel beam results.

Worked examples
Example 1

Which one of the following is not a property of the image
of an object placed 12 cm in front of a plane mirror?

A It is behind the mirror

B Itis 12 cm from the mirror

C Itis laterally inverted

D Itisreal
E A line joining the top of the object to the top of the
image is perpendicular to the plane of the mirror

Solution

[No light travels from the object to points behind the
mirror. The rays of light reflected at the mirror appear to
come from a point behind the mirror. The image is virtual.]

Answer D

Example 2

Lamp Mirror

- 2m 2m -

A girl is sitting on a chair 2 m in front of a plane mirror.
There is a lamp 2 m behind her. She sees the image of the
lamp in the mirror.

What is the distance between the girl and the image of
the lamp?
A2m B4m C6m D 8m

Solution

[The image of the lamp is 4 m behind the mirror. The girl is
2 m in front of the mirror. The distance between the girl
and the image of the lampis4m + 2m = 6 m.]

Answer C

Example 3

The diagram shows the image of a watch-face in a plane
mirror.

AN
)
N

14—

What is the time shown on the watch-face?
A 3:55 B 4:05 C 4:55 D 8:.05 E 8:55

Solution

[If you find this difficult, hold a watch in front of a mirror.
Remember that the image is laterally inverted. In the



diagram below the dotted lines show the true watch-face
time.]

Answer B

Example 4

Which of the following shows what happens to a ray of
light when it travels from air into glass?

A Arr B Air
Glass " Glass
' ‘
) |
| |
I |
1 |
| |
| |
| |
| I
C Air | D Air I
Glass ;\\ Glass
|
|
|
|

Solution

[When a ray of light passes from air to glass it is bent
towards the normal but it does not reach it. See section 3.]

Answer B

Example 5

Which one of the diagrams correctly shows the path of the
ray through the glass block?

/ |
1 U
/

J
</
/
/oo

D E

Solution

[When light passes from air to glass it is bent towards the
normal. It is bent away from the normal when it passes
from glass to air. It emerges parallel to the incident ray.]

Answer E

Example 6

Which of the five diagrams below best represents the path
of a ray of light through a periscope?

| 1

i

Solution

[Prisms are used to reflect light by making use of total
internal reflection (see section 4).]

Answer C

Example 7
The diagrams show a ray of light incident on a glass prism.

A B

90° EG
3

30° W
D

90° 90°

00
%

V 30°
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Which diagram shows the subsequent path of the ray
through the glass prism correctly?

Solution

[The ray is incident normally on the block (i.e. the angle of
incidence is 0°). It therefore passes into the block
undeviated. When it reaches the glass—air interface, it is
bent away from the normal, as shown in B. It is not totally
internally reflected, as the angle of incidence at the
glass—air interface is less than the critical angle (the critical
angle for glass is about 42°).]

Answer B

Example 8

The diagrams below show rays of light leaving a point. The
point is on an illuminated slide which is in a slide projector.
The rays are shown passing through the projection lens and
forming an image on a screen. In which diagram will the
image on the screen be a clear one? (The diagrams are not
drawn to scale.)

Lens Screen

< —

Lens Screen
B

Lens Screen
c <

Lens Screen

Screen

Lens

L <
~U

Solution

[For an image to be in focus on a screen the rays of light
leaving a point on the object must all pass through a point
on the screen.]

Answer C

Example 9

(i) A girl stands at a distance of 2 m in front of a
plane mirror, and a boy stands at a distance of
3 m in front of the same mirror. How far from the
boy is the girl’s image in the mirror? (3 marks)

(ii) The girl stands still and the mirror is moved
away from her at 3 m/s. At one instant the girl
and her image are 6 m apart. How far apart will
they be 2 s later? (5 marks)

Solution

(1) The girl’s image is 2 m behind the mirror. The
boy is 3 m in front of the mirror. Therefore the
girl’s image is 5 m from the boy.

(i) When they are 6 m apart the girl is 3 m in front
of the mirror and her image is 3 m behind the
mirror. 2 s later she is 9 m in front of the mirror
and her image is 9 m behind the mirror. They are
18 m apart.

Example 10

(a) A pinis placed in front of a plane mirror. Describe an
experiment you would do to locate the position of the

pin’s image. (9 marks)
()
Mirror
H N
E
F

(Not drawn to scale)
The diagram shows a girl standing in front of a plane
mirror. H is the top of her head, E her eyes and F her
feet. The girl is 140 cm high and her eyes are 10 cm
below the top of her head. Draw a ray diagram (which
need not be to scale) showing
(i) aray of light which travels from the top of her
head to her eyes and
(ii) aray of light which travels from her feet to her
eyes. On your diagram the girl may be shown
as a straight line with H, E and F shown as dots
on the line.
(c) What is the minimum length of the mirror that would
be required in order to enable her to see a full length
image of herself in the mirror? (11 marks)

Solution

(a) The plane mirror is placed on a sheet of paper with its
surface vertical and the object pin O placed in front of
the mirror. With the eye at A two pins A, and A, are



C

YAN:

placed so that they are in line with the image 1. The
procedure is repeated with the eye at B and C. The
mirror is removed and the lines A,A,, BB, and C,C,
are drawn. They intersect at the position of the image
L

(b)

10cm

Minimum length
of mirror

65 cm

130 cm

(c) Asshown in the diagram the minimum length of the
mirror is 70 cm.

Example 11

An object is placed in front of a thick sheet of glass.

Thick glass

Object
L]

Eye A, ;

(a) Animage, [,, is formed by reflection from the front
surface of the glass.
(i) Mark and label the exact position of I;.
(ii) Draw a ray diagram to show how this image is
seen by the eye.
(b) A second image, I,, will also be seen by the same
observer.
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(i) What causes the formation of this second

image?
(i) Mark on the diagram the position of this second
image, I,. (4 marks)
Solution

(a) [On the scale of the diagram O is 2.2 cm in front of
near surface of glass, so I, is 2.2 cm behind the near
surface of glass. Draw lines from either side of the
pupil directed towards 1,. When they hit the near
surface they go to the object. Don’t forget to dot the
virtual rays and to put arrows on light rays from the
object going into the eye.]

Thick glass
Object (0) B I, I,
[ )
|~ ///
- s
P
Eye E

(b) (i) Reflection at the rear surface of the glass of
light refracted at the first interface.

(i) [The object is 3 cm in front of this rear surface
and the image I, is nearly 3 cm behind it. It
would be exactly 3 cm if there were no
refraction at the front surface of the glass.]

Example 12

(a) When you look vertically down into a pond, the pond
appears to be shallower than it really is. Draw a ray
diagram to illustrate this phenomenon. Mark clearly
on your diagram the position of the bottom of the
pond and where the bottom appears to be. (5 marks)

(b) The diagrams show a ray of light incident on a glass
prism. In each case complete the diagrams, showing
the subsequent path of the ray. (5 marks)

2 \
=\

45°

%



Solution
(@)
Eye
Air
\\\ // Water
(Apparent position
of bottom)
O (Bottom of pond)
(b)
45°
30°
45°

[For (b), in the first diagram the ray is incident on the
glass—air interface at an angle greater than the critical
angle and is totally internally reflected. In the second
diagram the angle of incidence on the glass—air
interface is much less than the critical angle (the
critical angle is about 42° for glass) and the ray
passes into the air, being bent away from the normal.
Some light will be reflected.]

Example 13

Air

Water

(a) The diagram shows a ray of light in water incident on

a water—air boundary. Draw sketches to show what
would happen to the ray of light when the angle of
incidence is
(i) about 15°
(ii) about 60°.

’N

(b) The diagram shows a light beam incident on a curved

transparent plastic tube. Explain why the light will
stay in the tube and come out at the other end. (4
marks)

(5 marks)

Solution

// Air Air
/’ \\ Water /ﬂwater
\

(a) [When the angle of incidence is 15° the light passes
into the air, being refracted away from the normal.
Some light will be reflected. At an angle of incidence
of 60°, total internal reflection occurs and no light
passes into the air. Total internal reflection occurs
whenever the angle of incidence in the glass exceeds
42°]

AN

(b) The diagram shows the path of the ray. Each time it is
incident on the plastic—air surface the angle of
incidence is greater than the critical angle and it is
totally internally reflected.

Example 14

(i) Draw a diagram showing how a ray of white
light entering a 60° glass prism is refracted and
dispersed. (4 marks)

(ii) Beyond the red end of the spectrum there is some
invisible radiation. How would you detect this
radiation? (5 marks)

(iii) State, putting them in order of increasing
wavelength, five regions of the electromagnetic

spectrum. (4 marks)
Solution
®
Red Orange
Yellow
Wnite Blue Green

Violer '"digo

(ii) Infra-red radiation may be detected by using a
phototransistor [a semiconductor device]
connected in series with a battery and a
milliammeter. The reading on the milliammeter
is a measure of the infra-red radiation falling on
the phototransistor. The phototransistor is moved



through the spectrum and into the region beyond
the red end. In this position the reading on the
milliammeter increases.

(iii) Gamma rays, X-rays, ultra-violet light, infra-red
light and radio waves (see section 3).

Example 15
Light source producing parallel
source of light
. Wires to guidance
Light system
beam v
- Light-activated
switch
Perspex -
bar
\ |

~—— Fuel tank Fuel tank ————

The diagram shows a design for an ‘optical fuel gauge’
suitable for use in a rocket fuel tank. When the tank runs
low, the light-activated switch is triggered.

Air is less ‘optically dense’ than perspex. Perspex is less
‘optically dense’ than rocket fuel.

(i) Complete the diagram showing the paths of the
light rays when the tank is (a) FULL; (b)
EMPTY; Label the rays you draw (a) and (b).

(5 marks)
(ii) Why is the term ‘CRITICAL ANGLE’ of
importance in this application? (3 marks)
(iii) What is the term given to the process by which
light changes direction in order to reach the
light-activated switch? (1 mark)

Solution

(1) See the illustration at the top of the next column.

(i) When the light passes from a denser to a less
dense medium and the angle of incidence in the
denser medium is greater than the critical angle,
the ray is totally internally reflected as shown
above, and the light-activated switch is triggered.
[When there is fuel round the perspex the light is
passing into a denser medium and is bent
towards the normal as shown in (a) above.]

(ii1) Total internal reflection.
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Example 16

(a) The diagram shows an object OO' placed in front of a
converging lens. The image is formed on the line XY.

(0]
M f
L |

X

(i) Draw three rays leaving O (the arrow head at
the top of the object) and passing through the
lens. Show clearly the position of the image.

(6 marks)
(ii) Show the path of two rays leaving M (the mid-
point of O0"), which pass through the lens and
travel to the image. (3 marks)
(b) Suppose the lens were dropped and broken into two
approximately equal pieces. What effect, if any,
would this have on the brightness and size of the

image formed in (a)(i)? (3 marks)
Solution
(@) (i) and (ii)
X
(0]
m |
OI M L
- —_—
v - » =
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[The ray through the centre of the lens passes through
undeviated. Where this meets the line XY is the
position of the image. Once this position is fixed any
other ray leaving O goes through this same point on
the image. All rays leaving M go through the mid-
point of the image.]

(b) The rays of light passing through the remaining half
will travel the same path as when the whole of the
lens was present. The image will therefore be the
same size. Since only half the light will reach the
image, the image will be less bright.

Example 17

The diagram shows a point object X on the principal axis of
a converging lens. The image is formed at X'

(i) Draw three rays from Y, another point on the
principal axis of the lens, and show a possible
path for each of these rays after they pass
through the lens. Mark the position of the image
Y. (4 marks)

(i1)) Draw another diagram showing the paths of rays
coming from a distant object and passing
through the lens. (3 marks)

Solution
@)

() o A

Y

[As the object distance increases, the image
distance decreases. When the object is a long
way from the lens, the rays arrive at the lens
nearly parallel. They pass through the principal
focus, which is closer to the lens than Y'.]

Example 18

A camera has a lens of focal length 50 mm.

(a) When one takes a photograph of a distant object,
where should the film be placed? (2 marks)

(b) What adjustments can be made to adapt the camera to
take photographs in bright sunlight? (4 marks)

Solution

(a) Rays from a distant object are brought to a focus in
the focal plane of the lens and the film must therefore
be placed at the focal plane of the lens, i.e. 50 mm
from the lens.

(b) The amount of light entering the camera can be
reduced. This may be done by (i) decreasing the
aperture or (ii) decreasing the exposure time. Another
way is to use a film of lower sensitivity.

Example 19

(a) State one similarity and one difference in the images
formed by a slide projector and a camera. (2 marks)
(b) The diagram shows a camera being used to
photograph a distant object. Complete the diagram
by continuing the rays to show how the image is

formed. (2 marks)

Film

O

(¢) The same camera is now used to photograph an object
which is about 3 m from the lens. What adjustment
must be made to the lens in order that a sharp image
is formed on the film? (2 marks)

Solution

(a) Both images are inverted. [Remember that the slide is
put in the projector upside down.] The slide projector
image is magnified. The camera image is diminished.

C

(b)

O




(c) The lens must be moved further from the film. [If the
lens were left in the same position, the image would
be formed behind the film, so the rays reaching the
film would not be focused and a blurred image would
be formed on the film.]

Example 20

An object is positioned 10 cm from the centre of a convex
(converging lens) of focal length 20 cm. Calculate the
position of the image.

Solution

Using the lens equation with ¥ = +10 cm (real object) and
f= 120 cm (converging lens):

1 1 1

Y+ —=_

v u f

1 1 1

—_ — =

v 10 20

Giving image distance to the lens, v = —20 cm. [Note that
the negative sign indicates that the image is virtual and on
the same side as the object. The lens is being used as a
magnifying glass since the object is placed inside the focal
length of the lens.]

Example 21

An object is positioned 12 cm from the centre of a concave
lens of focal length 18 cm. Find the position and nature of
the image produced by this lens.

Solution

Using the lens equation with f = —18 cm [negative because
the lens is concave (diverging)] and u = 12 cm gives

1 1 1

—_t — =

v u f

1 1

v 12 18

Solving this gives image distance, v = —7.2 cm

Hence, a virtual image [we know this because of the
negative image distance] is formed 7.2 cm from the lens on
the same side as the object. Image is upright and
diminished. [To determine this you would need to either
remember or be able to construct a ray diagram.]

Example 22

The next illustration shows how a human eye focuses light
from a near object.
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Retina

Near
object

(a) Describe how the eye adjusts to focus light from a
more distant object. (2 marks)

Some people, who can see objects clearly, have an eye defect
which stops them focusing rays from distant objects correctly.
(b) Name this defect. (1 mark)
() On the diagram below, show how an eye with this
defect would focus the rays from a distant object.
(1 mark)

Retina

\

v

(d) On the diagram below, show how a suitable lens“can
be used to correct this defect. (4 marks)

@/Retina

(MEG, Jun 95, Intermediate Tier)

\ 4

Y

Solution

(a) Light from a distant object does not need to be turned
through as great an angle by the lens, so the lens does
not need to be as fat. The ciliary muscles make the
lens thinner thereby increasing the focal length of the
lens.

(b) Short sight

(©

Retina

@ Retina
‘Nj@
Al

A 4

Y



questions

d hints on solutions will be found
r.)

Question 1

The diagram shows a section through the human eye.

IS

(a) (i) Complete the labelling in the diagram
above.
(ii)) Complete table 1.

Table 1

Part of the eye Description

Sensitive to light

Carries signal to brain

Alters the size of the pupil

(7 marks)
(b) The diagram shows one type of eye defect.

Near
point -

(i) Name this defect.
(ii) What effect does this defect have on the
person’s eyesight?
(iti) What can cause this defect?
(iv) What type of lens is needed to correct this
defect? (4 marks)

(c) A normal eye is able to produce sharp images of
objects at different distances. Describe and explain
how it does this. (4 marks)

(NEAB, Jun 95, Intermediate Tier)

Question 2

(a) Complete the path of a ray of light as it passes

through and comes out of the glass block shown
below. (3 marks)

Ray of light

Normal

Glass block

(b) Explain why the light changes direction when it
enters the block. (1 mark)
(WIJEC, Jun 95, Intermediate Tier, Q15)

Question 3

(a) The diagram below shows wavefronts of light in air
arriving at a glass block.

Direction of
movement

Wavefront

Air-

(i) State what happens to the speed of the
wavefront as it enters the glass block.
(1 mark)
(ii) Complete the diagram to show the direction
of the wavefronts once they have entered the
glass. (1 mark)
(iii) Explain what causes the wavefront to change
direction as it enters the glass. (2 marks)
(b) The diagram below shows a simple camera which
has been focused on a distant object.

(i) Continue the rays entering the lens to show
how an image is produced on the film.
(2 marks)
(i) What changes need to be made to the camera
to take a picture of a close object? Explain
your answer. (3 marks)
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Film
// !
Light from a >
distant object —
Lens

A camera is being used to take a photograph of a
passing car which is moving at a steady speed of
20 m/s. To take the photograph, the shutter on the
camera is opened for 0.05 s. The car is then 10 m
from the lens in the camera and the film is 5.0 cm
behind the lens.
(i) Calculate the distance the car travels during
the time the shutter is open. (2 marks)
(i1)) Explain how this causes a blurred image to be
produced on the film. (2 marks)
(ULEAC, Syll A, Jun 95, Intermediate Tier, Q4)

(©)

Question 4

(a) The working of a slide projector was investigated by
a student using the arrangement below.
Projector
lens Screen

The distance u, between the slide and the lens was
varied. For each value of u the screen was moved
until a sharp image of the slide was produced on the
screen. Each time the distance v, between the lens
and the screen was measured and also the height of
the image was measured. The values obtained are
shown in table 2.

Table 2

Height of image in cm

(iii) Using the graph complete table 3.

Table 3
vincm Height of image in cm
5
10
10

(b)

(3 marks)

The focal length of the lens used in this slide
projector was 10 cm.
(iv) Use the graph to find the height of the image
when it is 20 cm from the lens. (1 mark)
(v) What is the height of the slide used in this
investigation? (2 marks)
The full scale diagram below shows an object in
front of a converging lens. A sharp image is formed
on the screen. (6 marks)

t T
‘Converging lens —

vincm 15 25 30 33 40

Height of imageincm 1.0 3.0 40 4.6 6.0

(1) What type of lens is used in the projector?
(1 mark)
(ii)) On the grid below plot a graph to show how
the height of image (y-axis) depends on the
distance v (x-axis), between the lens and the
screen. (6 marks)

(i) Complete the diagram by drawing two rays
from the top of the object to show how the
image is formed.

(i) On the diagram mark and label the principal
focus. (2 marks)




(iii) Mark and measure the focal length of the lens.
(3 marks)

(iv) What two changes would you make to show
the formation of a more magnified image of
the same object using the same lens?(2 marks)

(¢) A magnifying glass also uses a converging lens, but
it works in a different way.

Describe the differences in terms of:
(i) the position of the object (1 mark)
(ii) the position of the image. (1 mark)
(iii) Could this type of image be produced on a
screen?
Explain your answer. (2 marks)
(NICCEA, Jun 95, Higher Tier P1, Q3)

Answers to examination questions

1. (@ (i) Working around the diagram from the top
- leftinaclockwise direction we have: Pupil,

Retina, Optic nerve and Iris.
(b) (i) Long sight.

(ii) The eye cannot see near objects clearly.

They can only see distant objects clearly.
Any one of: the eye is too short, the muscles
have lost their elasticity or the eye lens is too
thin,
A converging (convex) lens.
The ciliary muscles alter the shape of the
lens and therefore the focal length. The eye
lens is fat when near objects are viewed and
thin when distant objects are viewed.

(iii)

(iv)
() ()

(ii)
Table 1
Part of the eye Description
Retina Sensitive to light
Optic nerve Carries signal to brain
Iris Alters the size of the pupil
2. (a) Ray of light

Normal
Glass block

(b) Light travels slower in glass than in air and this
causes the light to bend towards the normal as it
enters the block. On leaving the other side of the
block the light bends away from the normal and is
therefore parallel to the incident ray.

3. (@) (i) The speed decreases.
(ii)
Direction of
movement
Wavefront
Air—

(iii) Light travels slower in glass than in air and
this means that one end of the wavefront is
slowed before the other which causes the
light to travel a smaller distance in the glass
compared with the air. The effect is to bend
the light.

the rays on the diagram should come
together and meet on the film.

(ii) The lens is moved so that it is further away
from the film. The divergence of the rays for
a near object are greater so that more room
is needed between the lens and the film for
the rays to converge.

Distance = Speed X Time = 20 m/s X
005s=1m

(ii)) For a 1 m movement in the object, there will

b ©

) O




be a 0.5 cm movement in the image which
means the light will be spread over this
distance, thus causing blurring.

(iv) 2cm
(V) 2cm
(b) (i) and (ii)
i et e e T
I 1 T = S mmm: t = T It
- Screen
: - e — —H =
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4. (a) (1) A converging (convex) lens.
(i)
A
101 . ot :
=
E = _' {J “i; JJ’:, —{_'_F_ l__u
g 6F st :
3 = S =
24 St :
- 1 Iﬁ ‘- 1
2 st ’f - 4
0 rd | ’
0 10 2 30 40 50
(iii)
Table 3
vincm Height of image in cm
35 5
60 10
10 0

©

(iii)
(iv)
@

(i)
(iii)

Focal length of lens = 2 cm

Move the object closer to the lens and move
the screen further from the lens to regain
focus.

The object is placed within the focal length
of the lens.

On the same side of the lens as the object.
No, because the image produced is virtual.
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1 Wave motion

Energy, speed, frequency and
wavelength

In all wave motion, a disturbance (energy) travels through a
medium without the medium moving bodily with it. The
wave transmits energy from the source to the receiver.

The amplitude of the waves is their biggest displacement
from the undisturbed level (see example 6), and is a
measure of the energy of the waves. In light a greater
amplitude results in greater brightness, and in sound a
greater amplitude results in a louder note. The frequency is
the number of oscillations or cycles of the wave motion
occurring every second (unit: hertz (Hz)). The wavelength
is the distance between successive crests or successive
troughs (see example 6).

The speed, v, of any wave is related to the frequency, f,
and the wavelength, \, by the equation v = f\. The speed
of a wave depends on the medium in which it is travelling.
All electromagnetic waves (e.g. radio, light and X-rays)
travel at the same speed in a vacuum — namely,

3 X 10° m/s.

Longitudinal and transverse waves

In a transverse wave, oscillations are perpendicular to the
direction of propagation of the wave (water waves and
electromagnetic waves are transverse). In a longitudinal
wave the medium oscillates along the direction in which the
wave travels (sound waves are longitudinal).

Reflection and refraction

Waves can be reflected and refracted. Refraction results
from a change in speed as the wave crosses a boundary
between two different media; the wavelength of the wave
also changes, but the frequency does not change (see
examples 7 and 8 and question 5).

2 Sound and its properties

Every source of sound has some part which is vibrating.
Sound needs a medium in which to travel and cannot travel
through a vacuum. Sound waves consist of a series of
alternate compressions and rarefactions travelling away
from the source. The pitch of a note depends on its
frequencys; if the frequency increases, the pitch of the note
goes up. The harder you strike a drum, the greater is the
amplitude of vibration and the louder is the note heard.

The human ear is sensitive to sounds with frequencies
ranging from about 20 Hz to 20 000 Hz.

Resonance

Any object, or part of an object, has its own frequency of
vibration, called its natural frequency which it would like to
vibrate with.
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These objects or their parts may be forced to vibrate by
other vibrations. For instance:

* A bridge can be forced to vibrate by vibrations due to
the wind.

e A glass vibrates due to the note received from an opera
singer’s voice.

* Aloose fitting on a car is forced to vibrate due to
vibrations from the engine.

If the frequency of the forcing vibrations is the same as the
natural frequency of the object, then the amplitude of
vibrations of the object can eventually become large
enough to damage the object. This is called resonance and
the following can occur due to resonance:

* A bridge can fall down when the frequency of
vibrations due to the wind is equal to the natural
frequency of the bridge.

* A glass can break if the vibration of the note from the
singer is equal to the natural frequency of the bridge.

* Parts of a car work loose and eventually fall off if not
secure.

Noise

Noise is really unwanted sound and there are laws which
protect people from noisy neighbours, aircraft noise, noise
from machinery and road noise.

Noise has many effects, the main ones being:

e Itincreases stress and can make people ill.

¢ It can cause damage to hearing and can cause deafness.

e Itis distracting and makes it difficult to concentrate,
and this can lead to accidents.

Hard surfaces reflect sound and can make the noise inside
buildings worse, so soft furnishings (carpets, curtains, etc.)
are used to absorb the sound.

3 The electromagnetic
spectrum

Electromagnetic waves are characterised by oscillating
electric and magnetic fields. In a vacuum they all travel at
the speed of light. They are transverse waves. The spectrum
of these waves includes y-rays (gamma rays), X-rays, ultra-
violet rays, visible light, infra-red rays, microwaves, and
radio waves. The list is in order of increasing wavelength
(decreasing frequency), y-rays having the shortest
wavelength (largest frequency). The main features of
electromagnetic waves are summarised in table 10.1 on the
next page.
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Table 10.1
Name and approximate Source Detection Properties and uses
wavelength in continuous
spectrum
y-rays A=10"""m G-M tube Very penetrating

Cobalt 60 o
.=EM
Radioactive '\x\

isotope

Photographic film

Used in treatment of
cancer and for sterilisation
Can be harmful

X-rays A=10""m

X-ray tube @

Photographic film
Fluorescent screen

X-ray photography

X-rays pass through skin
and are stopped by bone
Study of crystal structure

Ultra-violet A=10"8m U-Vlamp Photographic film Absorbed by glass
Photo cells Helps tanning of skin but
Fluorescent chemicals causes sunbum (too much
damages body cells)
Sun
Visible light A=0.4 x 107%to Sun Eye Focused by the eye
0.7x107%m Photographic film Essential to photosynthesis
and plant growth

Lamps
Infra-red A=10"%m Sun Skin Makes skin feel warm
Semiconductor devices Used in photography, when
(e.g. phototransistor) dark
Detected by instruments
Fires and hot objects that ‘see’ in the dark
Microwaves A=10"2m Microwave ovens £ =~] | Microwave receiving dish Absorbed by water
' molecules
= Microwave communication
Microwave transmitters
Radio A=10°m TV and radio ((( ») Aerials and radio or TV sets | Radio
transmitters TV
Radar

Communications systems

Links between satellites and ground stations usually use
microwaves, and telephone systems use infra-red laser light

passing through optical fibres.

Microwave ovens

In these, the microwaves penetrate the food and are

Security systems

The breaking of an invisible infra-red beam can be used to

trigger an alarm system.

4 Diffraction and

interference

absorbed by the water molecules in the food, thus heating
the food from within. They are therefore faster and more
economical than conventional ovens. The heat energy
spreads through the food by radiation (the microwaves) and
by conduction. Microwaves pass through air, glass and
plastic without causing any heating and are reflected by
metals. The steel walls of a microwave oven reflect the
microwaves back into the food and also prevent the
microwaves escaping from the oven.

If a plane wave passes through a small gap, it spreads out
round the edges of the gap. The effect is known as
diffraction (see example 15).

Young’s slits was a classic experiment which
demonstrated the constructive and destructive interference
of light from a double slit. It was an important experiment
in the establishment of the wave theory of light.

A similar experiment with sound waves uses two
loudspeakers connected to the same signal generator and
placed about 50 cm apart. The variation in intensity
resulting from the interference of the waves from the two
sources may be heard by walking along a line parallel to



the line joining the two speakers. There are some places
where a loud note is heard. These are where compressions
from the two sources arrive together, and rarefactions arrive
together. Where a compression arrives with a rarefaction,
no sound is heard (see example 15 and question 6).

5 Polarisation

Onlyfransverse waves may be polarised. Transverse waves
such as light often consist of frequency oscillations in many
directions as shown below.

Polarisation involves restricting the directions of
oscillations to just one, when the wave is said to be plane
polarised. A Polaroid is a material which when light passes
through it produces plane polarised light. In restricting the
light to vibrations in a single plane, light in other planes is
not allowed through and this lowers the intensity of the
light. This is why Polaroid materials are used in sunglasses.

Worked examples
Example 1

‘Which one of the following statements, concerning the

vibrations of a string on a violin which is being played, is

true?

A A longitudinal wave is set up on the string.

B A transverse wave is set up on the string.

C The frequency of the note produced is higher the
longer the vibrating length of the string.

D The velocity of the sound waves in the air depends on
the tension of the string.

Solution

[The wave travels along the string and the particles of the
string vibrate from side to side, i.e. perpendicular to the

e
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A wave restricted to a single
direction of oscillation is said to
be plane polarised.

Some of the many directions of
oscillations an electromagnetic wave
may have.

direction of travel of the wave. Therefore the wave must be
a transverse wave. See section 1, ‘Longitudinal and
transverse waves’.]

Answer B

Example 2

\"
i L
s i

Radio | Infra-red | i g | Ultra-violet | X-rays Gamma
b h rays
It
e

The diagram illustrates the electromagnetic spectrum.
Reading from left to right, the quantity which is
increasing is

A amplitude
B frequency
C velocity

D wavelength
Solution

[All electromagnetic waves have the same speed in a
vacuum. The amplitude determines the intensity of the
wave. Radio waves have long wavelengths and gamma-
rays short wavelengths. Therefore the frequency is
increasing from left to right in the diagram. See also
sections 1 and 3.]

Answer B
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Example 3

Which one of the following pairs of waves contains one
example of a longitudinal wave and one example of a
transverse wave?

A radio and X-rays

B infra-red and ultra-violet

C sound and radio

D waves on aripple tank and light
Solution

[All electromagnetic waves are transverse waves. Water
waves are transverse waves. So all the waves in the
question are transverse except sound.]

Answer C

Example 4

The diagram (not drawn to scale) shows the crests of waves
spreading out from a point source.

6 cm

The wavelength of the waves is
A2cm B3cm C4cm D 6cm E 12cm

Solution

[The wavelength is the distance between successive crests.
Two crests are 6 cm apart. The wavelength is 3 cm.]

Answer B

Example 5

825m

Cliff

Lighthouse

When the foghorn on the lighthouse in the diagram
sounded a short blast, the echo was heard at the lighthouse
5 seconds later. The speed of sound was

A 165m/s B 330m/s C 825m/s D 4125 m/s

Solution

[The sound travels to the cliff and back. The distance
travelled in 5 s is (825 m) X 2 = 1650 m.

distance travelled 1650 m
Speed = time taken 55 330 m/s)
Answer B
Example 6
(a) Draw a labelled diagram to illustrate the meaning of
the words wavelength and amplitude. (3 marks)
(b) What is meant by frequency? (2 marks)

(c) Water waves are made by a dipper moving up and
down 3 times every second. If the velocity of the
waves is 12 cm/s, what is the wavelength of the
waves? (3 marks)

Solution

/N /N
vV \V

(b) Frequency is the number of complete oscillations (or
cycles) in one second.

() v =fN\[seesection 1]
12cm/s =3 Hz X A\

12
=—=4cm
3

a is the amplitude

Example 7

Reflecting surface

N

Source

(@) The diagram shows waves spreading out from a point
source O and travelling towards a plane reflecting
surface. Complete the diagram, showing what
happens to the waves as they arrive at, and leave, the
reflecting surface. Show the position of the image of
the source on your diagram. (5 marks)



(b) Plane waves in a ripple tank have a frequency of (b) The frequency remains constant. The speed and

6 Hz. If the wave crests are 1.5 cm apart, what is the wavelength increase.
speed of the waves across the tank? (3 marks)
Example 9
Solution . . . . .
This question is about cooking food in a microwave cooker
(a) and in a conventional electrical one.

=== Rellected waves icentred on image)

Conventional oven

Obyect distance (x) = image distance (v)

‘ (image) Microwave oven @ o

0
o L&A

(a) The microwave cooker uses electromagnetic waves of
wavelength 0.12 m.
(1) Underline the part of the electromagnetic

(Obrect] spectrum which includes this wavelength:
gamma rays ultra-violet visible infra-red
(b) v = S\ [see section 1] radio. (1 mark)
v=6Hz X 0.015m = 0.09 m/s (ii)) Complete the following sentence about the

conventional cooker:
The radiation from the heating elements comes
Exam ple 8 mainly from the .................... part of the

(a) Draw two diagrams showing plane waves crossing a electromagnetic spegtrum. . (1 mark)
(iii) If the speed of the microwaves is

straight boundary and passing into a medium in 300 000 000 m/s (3 X 10° m/s), find their
which their speed is greater, (i) when the wavefronts
.. frequency. (3 marks)
of the incident wave are paralle] to the boundary and .
.. . (b) The following table compares the performance of the
(ii) when the wavefronts make an angle with the . . .
ovens when cooking a chicken. The conventional

boundary. (5 marks) . . . .
.. .. oven is first warmed up before putting the chicken in.
(b) What change occurs in (i) the frequency, (ii) the speed (i) Complete table 10.2 on the next page to find

a‘nd (iii) the .wavelengtl.l, as a result of refracpon when the total energy used by each cooker to cook a
light passes into an optically less dense medium. .
chicken.
(3 marks)

Solution

(@

Direction of travel

_—
e

Direction of travel

Direction of travel

Boundary
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Table 10.2

Microwave Conventional

Time to warm

up/hours 0 0.5
Input power whilst 0 1.2
warming up/kW
Energy to warm
up/kWh 0
Input power whilst 1.5 0.6 (average)
cooking/kW
Time to cook
chicken/hours 0.4 2.0
Energy used whilst
cooking/kWh
Total energy used/kWh
(4 marks)
(i) The energy absorbed by each chicken is
0.2 kWh.
Find the efficiencies of the cookers:
MUCTOWAVE ...eevvrenereneeereniieneensenseesesseensesssesseenses
conventional (3 marks)

(©) (i) Why could a shiny inside surface reduce energy
loss from the microwave cooker?
(ii) How do you think energy loss from the
conventional cooker is minimised?
(3 marks)

(ULEAC, Intermediate Tier)

Solution

(a) (1) radio
(ii) infra-red

>iii)) v = fA [section 1] = 3 X 10® m/s =fX0.12m
3 % 10° 0
=f= Hz =2.5 X 10" Hz
0.12
Frequency = 2.5 X 10° Hz.
® O
Table 10.2

Microwave Conventional

Time to warm

up/hours 0 0.5

Input power whilst 0 1.2

warming up/kW

Energy to warm
up/kWh 0

Input power whilst 1.5 0.6 (average)
cooking/kW

Time to cook

chicken/hours 0.4 2.0

Energy used whilst 0.6 1.2
cooking/kWh

Total energy

used/kWh 0.6 1.8

[Energy to warm up conventional

oven = power X time = 1.2kW X 0.5h = 0.6
kWh. Whilst cooking the microwave oven uses
1.5kW X 0.4 h = 0.6 kWh. The conventional
oven uses 0.6 kW X 2.0 h = 1.2 kWh. The
total energy is found by adding the energy to
warm up to the energy used whilst cooking.]
power output

(ii) Efficiency = -
power input

For microwave oven,

02kWh 1

efficiency = ——— =

_ 1,
06kwh 3 (©0r3%%)

For conventional oven,
0.2 kWh

efficiency = 18KkWh

=9 (or 113%)
(c) (1) Shiny surfaces reflect the microwaves travelling
towards the sides of the cooker back towards
the food.

(i) Lagging the sides. Preventing hot air escaping
into the atmosphere by ensuring that the oven
door is well sealed (gas expansion is allowed
for by letting cooler air at the bottom of the
oven flow out through a ventilator). A
thermostat limits the use of energy to that
which is needed to maintain the oven’s cooking
temperature.

Example 10

A girl stands 100 metres from a large vertical wall. She
claps her hands at a steady rate and adjusts the rate until the
echo from the wall returns at the same time as the next clap.
When this is achieved, a friend times her clapping and finds
that she makes 50 claps in 30 s. Use these figures to
calculate the speed of sound in air. (3 marks)

Solution

. 30
Time between claps = —s



In this time the sound travels to the wall and back,
i.e. 200 m.

200 m
Speed of sound =
30/50 s
= 333 m/s
Example 11

A sonar device at the bottom of a ship emits a very short

pulse of sound. The pulse travels vertically downwards.

The echo is received back after 0.5 s.

(a) How is the echo produced?

(b) How far does the sound pulse travel in 0.5 s? [The
speed of sound in sea water is 1500 m/s.]

(c) How deep is the sea under the ship?

Solution

(a) By reflection at the sea bed.
(b) Distance travelled = 1500 m/s X 0.5 s = 750 m

¢ 375m
[The sound travels to the bottom of sea and back
again.]

Example 12

Table 10.3 gives the speed of water waves in metres per
second for various wavelengths and for four different
depths of water.

Table 10.3
Wavelength/m
0.0010.01 0.1 1 10 100
Depth/m 0.1 0.67 0.25 0.40 0.93 0.99 0.99

1 0.67 0.25 0.40 1.25 2.95 3.13
10 0.67 0.25 0.40 1.25 3.95 9.33
100 0.67 0.25 0.40 1.25 3.95 125

(a) What is the speed of a wave of wavelength 0.1 m at a
(1 mark)

depth of 10 m?
(b) For a wavelength of 0.1 m or less, what is the

relationship between speed and depth? (2 marks)
(c) Describe, in general terms, how the speed varies with
the depth, for a wavelength of 100 m. (2 marks)
(d) Describe, in general terms, how the speed varies with
the wavelength, for a depth of 100 m. (2 marks)

(e) What is the frequency of a wave of wavelength 10 m

at a depth of 10 m? (3 marks)
Solution
(a) 0.40 m/s.

(b) The speed is independent of the depth. [For example,
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at wavelength 0.1 m at every depth the speed is
0.4 m/s.]

(c) As the depth increases, the speed increases.

(d) The speed increases as the wavelength increases,
increasing very rapidly at large wavelengths.

(e) v =fN\[seesection 1].
[At a wavelength of 10 m and a depth of 10 m the
speed is 3.95 m/s.]
395m/s =fX 10m

_ 395 m/s
10m

=0.395Hz

Example 13

(a) The diagram shows an electric trembler bell
suspended inside a bell jar from which the air can be
removed. When the lowest pressure has been reached,
only a very faint ringing can be heard.

To battery

Bell jar —a={ \

Electric bell-

-/

To vacuum pump

(i) What does the experiment illustrate about the
transmission of sound? (1 mark)

(i) ‘Why is a faint ringing heard? (2 marks)
(iii) Why is the Moon sometimes referred to as ‘the
silent planet’? (2 marks)

Solution

(a) (i) Sound cannot travel in a vacuum.

(i1) Vibrations travel up the wires suspending the
bell. These vibrations can be heard as a faint
ringing.

(b) The Moon has no atmosphere and there is therefore
no gas through which the sound can travel. The only
way sound can travel is by vibration on the surface.

Example 14

(a) A microphone is connected, via an amplifier, to a
cathode ray oscilloscope. Three different sounds are
made, one after the other, near the microphone. The
traces produced on the screen are shown in the
diagrams below. During the experiment the controls
of the oscilloscope were not altered.
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(b)

Fig 1 Fig 2

Fig 3

(i) Which trace results from the sound having the

highest frequency? (2 marks)
(i) Which trace results from the loudest sound?
(2 marks)

If in Fig. 1 the time base on the oscilloscope is set at
1 ms/cm and the lines on the grid on the screen are
1 cm apart, what is the frequency of the note which
emits the sound giving the trace shown in Fig. 1?
(4 marks)

Solution

(a)

(b)

(i) Fig. 3. [In Fig. 1 and Fig. 2 a whole cycle takes
four grid squares. In Fig. 3 a whole cycle only
takes two grid squares.]

(i) Fig. 2. [The amplitude is greatest in Fig. 2.]
[There is one complete cycle on the screen.
1

_—sz—s]
1000 250

4 ms
The time for 1 cycle is 4 ms.
1
= It takes —— s for 1 cycle
250

= There are 250 cycles every second

Frequency = 250 Hz

Example 15

(a)

Draw diagrams to illustrate what happens when plane
waves are incident on a slit,
(i) when the width of the slit is large compared
with the wavelength of the waves. (3 marks)

()

(i) when the width of the slit is small compared

with the wavelength of the waves. (3 marks)
A student set up a demonstration using two
loudspeakers connected to the same oscillator, which
was producing a note of fixed frequency. The
loudspeakers were placed at A and B and they emitted
waves which were in phase. An observer walked
along the line PORS. A loud note was heard at Q and
a faint note at R.

| Signal
generator P

¢ O

(a)

(b)

—

(i) On the same axes sketch two graphs showing
how the displacement of the vibrating air
molecules varies with the time for the
disturbance at Q, one for the waves from A and
one for the waves from B. On the same axes
sketch a third graph showing the displacement
at Q for both sets of waves arriving together.

(4 marks)
Repeat (i) for waves arriving at R. What is the
relationship between the distances AR and BR?

(5 marks)

Q
R

S

(ii)

(i) (i)

(i)

Displacement

i

Resultant

= Time

Waves arriving from A and B in phase



(ii) Polaroid sunglasses are often sold with a small piece
Displacement of Polaroid film attached to them. The purpose of the
A Polaroid film is to enable people to test whether the

sunglasses are made of genuine Polaroid.
From A The test is carried out by putting the sunglasses on
X N /‘\ and holding the Polaroid film in front of them.
}—= Time The film is turned through 360°, keeping it parallel
/

7
" 1
/ \
N/ \j\\ //'\_/ \_/ to the lepses. ‘ ‘ '
Nt s N Describe what you will see during the test if the

From B sunglasses are
(i) Polaroid
N (ii) not Polaroid (5 marks)
AR — BR = —. [When the path (e) Explain the observations seen during the test when
2 the sunglasses are Polaroid. (3 marks)
(NEAB, Jun 95, Higher Tier, Q7)

Resultant is zero

. . A
difference is —2— then the waves arrive

at R 180° out of phase, i.e. in anti-phase.] Solution

(a) (i) One of radio waves, infra-red or microwaves.
(i) One of ultra-violet, X-rays or gamma rays.

Exam ple 16 (b) In order working down the table: microwaves, infra-
Light is a type of electromagnetic radiation. red, X-rays.
(a) Write down one type of electromagnetic radiation Uses of gamma rays could be: sterilising equipment,
with a wavelength treatment of cancer, detecting welding flaws in pipes
(i) longer than that of light. and detecting leaks in underground pipes.
(ii) shorter than that of light. © (i) Microwaves are absorbed by the water in the
(b) Complete table 10.4 to show the name and use of cells causing them to vibrate with greater
some types of electromagnetic radiation. amplitude and therefore heat up. Conduction
heats up the rest of the cells which are not at
the surface of the food.
Table 10.4 (i) Microwaves could escape and damage human
Type of radiation  Use cells by causing the water in the cells to heat
up. The heat will then be released into the body
Sending information to and and this will cause damage.
from satellites (d) (i) The intensity of the light changes. There will be
two positions 180° apart where there will be no
Making toast light let through and mid-way between these
A ) will be positions where there will be maximum
Producing shadow pictures of brightness. Between the maximum brightness
bones and minimum brightness there will be an angle
of 90°.
Gamma rays (i) The light intensity will be reduced (because the
small piece will not allow as much light
(2 marks) through) but now the intensity will not vary
(c) Microwaves are used for cooking vegetables. with the angle of rotation.
(1) Explain, in terms of their effect on the plant (e) Polaroids only allow light through them if the light’s
cells, how microwaves can be used for cooking. vibrations are in the same plane as the orientation of
(ii) Explain why the door of a microwave oven the Polaroid. When the Polaroids have directions
must have a good seal. (4 marks) parallel to each other, then light is transmitted but
(d) The diagram below shows some Polaroid sunglasses. when one of them is rotated through 90° no light is

able to nass through.

Polaroid

+~— film
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Examination questions

(Numerical answers and hints on solutions will be found
at the end of the chapter.)

Question 1

A ship is using ultrasound waves to check the depth of the
sea.

A short pulse of ultrasonic waves is emitted by a
transmitter under the ship.

(a) What are ultrasonic waves? (2 marks)

(b) Why does the pulse return to the ship? (2 marks)

(c) The pulses emitted by the ship are shown on a chart
as traces X. The return pulses are also displayed on
the chart as traces Y which follow each emitted
pulse X.

First
emitted _| X X X X

pulse
Y Y Y time/s

0 02040608 10121416 1820

What is the time interval between the emitted

pulses? (1 mark)
(d) What is the time between a pulse leaving the ship

and returning to it? (1 mark)
(e) Use the equation to calculate the distance a pulse

travels between leaving the ship and returning to it.

The speed of ultrasonic waves in sea water is

1500 m/s.

distance = speed X time (2 marks)
(f) How deep is the water under the ship? (1 mark)

(MEG, Jun 94, Intermediate Tier)

Question 2

(a) The diagram shows the structure of the human ear.

Complete the sentences below:

Sounds entering the ear cause a thin sheet of skin
called the ............... to vibrate. These vibrations pass
through three small bones called ..............., which
increase the strength of the vibration. The vibrations
are converted to electrical impulses in the
seeeesnennenne Lhese electrical impulses pass through
the ............... to the brain. The function of the
semicircular canals is ................ (5 marks)

(b) In a flute, a column of air is made to vibrate at
its natural frequency so that a loud note is
produced.

(i) What name is given to this effect?

(ii) A column of air in a flute produces a note of
wavelength 64 cm. The speed of sound in air
is 330 m/s. Calculate the frequency of the
note produced. (5 marks)

(ULEAG, Syll B, Jun 95, Intermediate Tier P2, Q5)

Question 3

(a) (i) The diagram below shows part of a telephone.

Earpiece
(loudspeaker)

Choose the words from the list below which
complete the sentence which follows.
marks)

chemical electrical gravitational heat
light nuclear sound

The microphone in the mouthpiece changes
creresrerereers ENETZY INLO oo, energy.

(ii) The earpiece contains a loudspeaker. The
diagram below shows a sectional view of a
loudspeaker.

[A] When an electric current flows through
the wire of the coil the cardboard cone
vibrates. Explain why. (3 marks)
[B] Explain how the sound produced by the
loudspeaker reaches the ear of a listener.

(3 marks)




work out physics * wave motion 115

Coil of wire
wrapped around
cardboard tube

Flexible edge

Magnet
9 Cardboard cone

Cardboard tube

(b) Sound waves patterns can be shown as traces on the
screen of an oscilloscope. The diagrams below show

traces for two sound waves, A and B.

(i) Which sound wave has the highest pitch?
Give a reason for your answer. (2 marks)
Which sound wave is the loudest? Give a
reason for your answer. (3 marks)
What equation should be used to find the
speed of a wave from its frequency and
wavelength? (1 mark)
A sound wave has a wavelength of 0.25
metres (m). Use your equation to calculate its
frequency. The speed of sound is 330 metres
per second (m/s). (4 marks)
Sounds above 20 000 Hz are known as ultrasound.
Some singers who can sing notes of very high

(i)
© O
(i)

d

v

/]

N

compounds. Doctors in some hospitals are trying to
break kidney stones using beams of ultrasound
focused at the stones. Explain why the ultrasound
beam could cause the break up of the kidney stones.
(3 marks)

frequencies are supposed to be able to break wine (¢) Smoke alarms are designed to produce a sound
glasses when they make these high notes. People signal when smoke is detected. The graph below
suffer great pain if ‘kidney stones’ grow in their shows the different hearing abilities of a person
kidneys. These stones are formed from calcium aged 13 and a person aged 65.
Very loud }
How loud 13 year dld pefson \
the notes
seem / \
Loud \
[T~ )
\
Medium S
/ 65[year ¢ld pdrson T~
Quiet ~
I/ ~
/I
Cannot
be heard >
0 2000 4000 6000 8000 10000 12000

Frequency of signal measured in hertz (Hz)
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Table 10.5
Number of engine
revolutions per
second in Hz 10 20 30 40 50 6.0 80 100 12.0 140
Amplitude of
vibrationinmm 10 35 60 35 10 05 05 05 05 0.5
(i) Use the information in the graph to suggest 30 000 hertz (Hz) and a speed of 300 metres per
the best frequency for the signal produced by second (m/s).
the smoke alarm. Give the reason for your What is the wavelength of this wave?
choice. (2 marks) (1 mark)
(ii) Most smoke alarms set off a sound signal (SEG, Jun 95, Science Double Award, Higher Tier)
rather than a visual one, such as a flashing
light. i
[A] Give four different advantages of sound Question 5
signals rather than visual ones. (4 marks)  (3) The wing mirror of a lorry vibrates when the engine
[B] Explain why an alarm with both sound is running.
and visual signals is sometimes necessary. An investigation of how the amplitude of this
(2 ma.r.ks) vibration varied with the number of engine
(SEG, Spec, Intermediate Tier) revolutions per second (frequency) was carried out.
The measurements taken are shown in table 5.
Question 4 (1) On the grid below plot a graph of amplitude
(a) Resonance usually occurs when a child is pushed on of v1ll)r§t10n (y-axis) a;d the n umber of engine
a swing. Explain how this happens and what the revolutions per second (x-axis).
result is. You may add to the drawing to help you -
with your answer. (3 marks)
e I 4t - 4 e
E H H
(b) A modern bridge is designed to have its natural (ii) What is the characteristic (natural) frequency
frequency of vibration outside the range of any of vibration of the wing mirror?
vibrations which could affect the bridge. Why did you choose this value? (2 marks)
(i) Explain why a modern bridge is designed in (iii) th:n the 10“3_’ is moving, the pumber of
this way. (3 marks) engine revolutions per second is never less
(i) Give two examples of a possible cause of $an 1112 Hz. ]'?le')la;n why it is 1mportgnt that
vibrations which could affect a bridge. ? ¢ a}'actenstlc requency of the wing
mirror is much less than 12 Hz. (4 marks)
(2 marks) . .
(iv) Give one other example of resonance.
(c) (i) What is the equation which links frequency, (2 marks)
speed and wavelength? (1 mark) (b) (i) State two features that electromagnetic waves
(i) An ultrasonic wave has a frequency of have in common. (2 marks)
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(ii)) Complete table 10.6 by stating a different
effect each of the electromagnetic waves
listed, has on the human body. The first one
has been done for you.

Table 10.6

Electromagnetic wave  Effect on the human
body

Visible light stimulates nerves in the
retina

Gamma rays

Infra-red

Ultra-violet

(3 marks)

(iii) Write the waves shown in part (ii) in order of
increasing wavelength. (2 marks)
(iv) Calculate the frequency of infra-red waves of
wavelength 1.0 X 10™° m. The speed of infra-
red wave is 3 X 10° m/s. Show clearly how
you obtain your answer. (3 marks)
Distances can be measured using ultrasound waves.
The principle of the method used in each case is
illustrated below.

©

L~ .
Transmitter ——» Object
N
- d >
L~
Detector ——»
N

(i) What quantity has to be measured?

What quantity has to be known?

Write down the formula that is used to
calculate the distance d. (3 marks)
This method can be used with ultrasound and
electromagnetic waves to measure the
distances shown in the table 10.7. For each
distance state the type of wave used and give
a reason for its use.

(i)

Table 10.7

Distance Wave used Reason

Airport
to plane

Length of
aroom

Earth to
the Moon

(3 marks)
(NICCEA, Jun 95, Higher Tier)

Question 6

(a)

Both diagrams below show water waves
approaching the sea shore.

A
Waves
Harbour
wall
Sea Shore

Fig 1

B
Deep water

C Shallow water

W%

Sea shore
Fig 2

(1) On the figures, mark carefully the direction of
the waves at the points A, B and C. (3 marks)
Complete Fig. 1 by drawing the waves inside
the harbour. What name is given to this
effect?

(i1)

(3 marks)
What name is given to the change in direction
of the waves shown in Fig. 2?

(iii)

(1 mark)
State a possible cause of this change in
direction. (2 marks)
What is meant by a polarised wave? (2 marks)
Complete the diagram below by adding the
piece of apparatus needed so that the light
reaching the eye is polarised. (1 mark)

(@iv)

® O
(i)

P>

(iii) Describe how you would show that the light
then reaching the eye was polarised. (4 marks)
(i) State two properties of X-rays that enable
them to be used in hospitals to diagnose a
broken bone. (4 marks)
In the 1950s many shoe shops used X-rays
to help customers see how well their feet

©




118 rk out phySics * ywave mption

(d

fitted the shoes they were thinking of buying.
The diagram shows some of the features of
one of these machines.

Fluorescent screen

The fluorescent screen glows when X-rays
strike it. The more X-rays striking the screen

the brighter it glows.
(ii) Explain why the bones of the feet showed on
the screen. (3 marks)

(iii) From your knowledge of the affects of X-rays
state why this use of X-rays was not a good
idea. (3 marks)

(i) Diagrams (a) and (b) below show a ray of light
travelling from glass into air. When the angle
of incidence of the ray, in the glass, is greater
than 42° total internal reflection takes place.

Complete the two diagrams to show what

happens to the rays of light shown.

(a)

(ii) Cars and bicycles are fitted, at the rear, with
plastic reflectors. These are shaped as shown
below. They use total internal reflection so
that drivers, following behind, see the car or
bicycle in front.

Complete the diagram below to show the
paths taken by the rays of light shown.
(2 marks)

Rays of light
rom car
behind

Red plastic
reflector

(NICCEA, Jun 95, Higher Tier)

Question 7

The diagram shows a loudspeaker that provides sound for
aTV.
Coil
Cone

l . Cone
Magnet Magnet/ ‘5‘\

(a) Explain how sounds are produced when an
alternating current flows through the wire coil.
(3 marks)
(b) The diagram shows a sound wave produced by the
loudspeaker.

A\ A\

It takes 1/100 (0.01) of a second for the trace to be
produced. What is the frequency of the sound from
the loudspeaker? (3 marks)
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(c) When the loudspeaker produces loud sounds of a (ii) What is the colour of the bright bands?
particular frequency the casing of the TV vibrates. (1 mark)
(i) What is this effect called? (1 mark) (iii) [A] What is the name of the effect which
(i) Explain why it happens. (2 marks) causes the formation of a bright band?
(iii) Suggest how these vibrations could be (1 mark)
reduced without reducing the volume. [B] Explain how a bright band is formed.
(1 mark) Draw one or more diagrams if this will help
(d) (i) The electromagnetic waves which carry the you explain. (2 marks)
signal to your home are polarised. (iv) [A] What is the name of the effect which
What do you understand by this? (2 marks) causes the formation of a dark band?
The diagram shows how the picture quality depends (1 mark)
on the orientation of the receiving aerial. [B] Explain how a dark band is formed. Draw
one or more diagrams if this will help you to

explain. (2 marks)
(v) The distance from one bright band to the next
is called the band separation. In this
Vertical experiment it was 1 millimetre (mm).
In the following equation all the lengths are

i measured in metres (m). Use the equation to
calculate the wavelength of red light.
band separation =
= :
e

wavelength X distance from slits to screen

Horizontal

(ii) Suggest what this tells you about the distance between slits
orientation of the transmitting aerial.
(1 mark) Show clearly how you get to your answer.
(MEG Nuffield, Jun 95, Higher Tier, Q4) (4 marks)

(b) A special light source produces a beam of vertically
polarised light waves. The beam then passes through
a polarised filter which has a vertical plane of

(a) The following diagram shows an experiment. The polarisation.
lamp gives out red light of a single wavelength.

Question 8

Some of the light passes through two narrow slits S, (1) ghhat arilpl? laﬁseqf\ivaves? the fil (:hrrnarkl)l
and S,. A series of alternate bright and dark bands is (i) at will happen if you turn the filter throug
an angle of 90°? (1 mark)

produced on the screen.

The diagram is not to scale (iii) What will happen if your turn the filter

through an additional angle of 180°? (1 mark)

(i) What is the name of the effect which occurs at (iv) Give two uses for a polarised filter. (2 marks)
each of the slits? (1 mark) (SEG, Jun 95, Science Double Award, Higher Tier)
54
@ 0.35 millimetres (mm)
Lamp s,
50 centimetres (cm)
< -
Screen
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1. (a)
(b)

(c)
(d)
(e)

High frequency sound waves.

The ultrasound is reflected off the hard surface of
the sea bed.

05s

0.2s

Distance = speed X time = 1500 m/s X
0.2s=300m

[Answer in (e) is the distance to the sea bed and
back.]

Depth of water under the

ship = 0.5 X 300 m = 150 m

()

2. (a) The words to be placed in the spaces, in order, are:
Ear Drum, Ossicles (Hammer, anvil and stirrup),
cochlea, auditory nerve.
The function of the semicircular canals is to detect
the speed of movement of the head.
(b) (i) Resonance.

Velocity

(i) Frequency = wavelength N

330 m/s
0.64 m

=516 Hz

3. (@) (i) Sound, electrical.

(ii) [A] When the current goes through the coil
it becomes an electromagnet and the
interaction (repulsion and attraction) of the
magnetic field with the magnetic field of the
permanent magnet causes the coil to move
and make the cardboard cone vibrate.

[B] The vibration of the speaker cone causes
the air particles to vibrate and pass energy
from one particular to the next as they
collide. High pressure regions where the
particles are close together are called
compressions and low pressure regions
where the particles are further apart are
called rarefactions.

Sound wave B because there are more
wavelengths in the same space.

Sound wave B because it has the largest
amplitude. [The distance from the central
horizontal line to either a peak or a trough. ]
(i) Speed = frequency X wavelength.

Speed
wavelength
330 m/s

0.25m

(iii)

®) ®

(ii)

(c)

(ii) Frequency =

= 1320 Hz

(d) The kidney stones will have their own natural
frequency which is the frequency that they would
like to vibrate with. When ultrasound with same

(e)

4. (a)

(b)

(c)

5. (a)

(b)

frequency as the natural frequency of the stones is
directed at the stones, resonance occurs and they
vibrate and build up their amplitude. Eventually the
vibrations become so large that the stone breaks up.
(i) 2000 Hz because this frequency is the
loudest for both ages.

(i) [A] Sounds will wake you up when asleep.
Sounds can be heard all around the
house no matter which room you are in.
During a fire, sounds can be heard
whereas a light may not be able to be
seen.

Sounds may be heard by someone who
is blind.

Some people may be deaf and not hear
the sound.

They may be wearing headphones and
not hear the sound so a visual signal
can still be seen.

(B]

The swing has its own natural frequency of
vibration and when someone provides pushes with
the same frequency resonance occurs and the
amplitude of vibration of the swing starts to build
up and the swing goes higher and higher.

(i) Vibrations, such as those produced by wind,
could be the same as the natural frequency of
the bridge and resonance could occur and the
amplitude could build up causing the bridge to
collapse. By making sure that the bridge has a
natural frequency away from other forcing
frequencies the above can never occur.

Wind.
Vibrations from vehicles passing across it.
Speed = frequency X wavelength.

(i)

speed
Wavelength= — =
frequency

(ii)
300 m/s

300000 ~ o0Im

(i)

(i1)

See figure opposite.

3 Hz since this is the frequency which
produces the largest amplitude of vibration.
This stops resonance occurring which could
have caused the wing mirror to vibrate with
such a large amplitude of vibration that it
could break.

Breaking up kidney stones in the body using
ultrasound.

They all travel at the same speed in a vacuum.
They travel in straight lines. [You could also
have: they may be refracted, reflected,
polarised and so on.]

(iii)

(iv)




Amplitude
inmm
7

Table 10.6

Electromagnetic wave
body

Effect on the human

Visible light

stimulates nerves in the
retina

Gamma rays

kill cells (both good and
cancerous)

Infra-red heats the skin and
relieves backache
Ultra-violet produces a suntan

(iii) Shortest

Gamma rays

Ultra-violet

Visible light
Longest  Infra-red
| speed
() Frequency = o -
3 X 10° m/s

T 1X10°%m

=3 X 10" Hz

Frequency
in Hz

(¢) (1) Time and speed of sound.

speed X time

Distance =
2
(i)

Distance Wave used  Reason

Airport Radio Able to travel long

to plane distances and still give
a strong signal

Length of  Ultrasound Need a slower wave

aroom in order to be able to
measure the time
accurately

Earth to Radio Needs to be able to

the Moon travel through a

vacuum and be
detected as a strong
signal




A
Waves
b (d
Harbour
wall
- Sea Shore |
Fig 1
(ii)
B
Deep water l
—

¢ Shallow water

Sl S e S sea shore i r Mt B D

Fig 2

Diffraction.
(iii) Refraction.
(iv) The change in depth.
(b) (i) A wave which has had its vibrations
restricted to a single plane.
(ii) A sheet of Polaroid needs to be added to the
diagram between the light and the eye. -
(iii) Use a second sheet of Polaroid and rotate it.
The intensity changes with two dark and two
bright positions when rotated through 360°.
(¢c) (i) Can travel easily through tissue but are (b)
stopped by bone.
They travel in straight lines and produce an
image on photographic film.
(ii) X-rays are absorbed by the bones and
therefore will show up as dark areas on the
screen. Soft tissues allow X-rays through and
these will be the bright areas on the screen.

7. (a)

Red plastic
reflector

(iii) X-rays are harmful since they can cause
cancer. Doses should therefore be restricted
to essential uses.

(i) In diagram (a) the light is reflected at 48° to
the normal back into the glass.
In diagram (b), the ray is refracted and
moves away from the normal when it comes
out of the glass.
(ii)

A}

Rays of light
from car
behind

\

A

Alternating current produces a changing magnetic
field in the coil and this field interacts with the
magnetic field produced by the permanent magnet
causing the coil to move backwards and forwards
each time the current in the coil changes direction.
The vibrations of the coil cause the speaker cone
to vibrate and this gives rise to a sound wave with
the same frequency as the alternating current.

[From the graph we can see that there are two
complete wavelengths in 0.01 s so the time for one
wavelength (called the period of the wave)

. 001s

= 0.005 s].
is > ]
Frequency = —— = — - = 200H
feqUENCY = Period  0.005 5 a
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8. (a)

)
(i1)

(iii)

®

(ii)

@
(ii)
(iii)

(v)

Resonance.

Vibrations from the speaker cone have the
same frequency as the natural frequency of
the casing, causing it to vibrate in unison.
Make the casing so that it has a natural
frequency away from those frequencies
likely to be produced by the speaker.

The waves have their directions of
oscillation restricted to a single plane.
The waves are plane polarised in a
horizontal direction so for a clear picture,
the aerial needs to be orientated in this
direction.

Diffraction.

Red (because the source is red).

[A] Constructive interference.

[B] The waves from the two slits arrive in
phase so their peaks and troughs coincide.
The mixing of the two waves gives a larger
wave and this produces the bright band.

[A] Destructive interference.

[B] The waves arrive out of phase with each

(®)

)

(ii)
(iii)
(iv)

other so when one wave has a peak, the
other wave has a trough. The effect is to
cancel the waves out. A dark band is
produced.

Rearranging the equation gives

wavelength =

band separation X distance between slits

distance from slits to screen

(11X 107 m) X (0.35 X 10’ m)
0.5m

=7x10"m

Polarised waves are waves where the
vibrations have been restricted to a single
plane.

No waves will be transmitted through the
filter.

Again no waves will be allowed through the
filter.

Sunglasses and for looking at stress in
plastics.

s T T = E
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1 Charge and charge flow

There are two sorts of charge, positive and negative. A
polythene rod rubbed with wool becomes negatively
charged, and a cellulose acetate rod rubbed with wool
becomes positively charged. Like charges repel and unlike
charges attract.

A negatively charged polythene rod attracts an
uncharged piece of paper, because the near side of the
paper becomes positively charged, owing to the presence of
the rod. This positive charge is attracted by the negative
charge on the rod.

The magnitude of the force between charges decreases
rapidly as the distance between them is increased.

One way of removing pollution in the form of smoke
(dust particles) from the atmosphere is by electrostatic
precipitation. The smoke is passed through a strong electric
field, which produces ions (an atom that has gained or lost
one or more electrons, and is therefore a charged atom)
which adhere to the dust particles, giving them a charge.
The charged particles are attracted towards an earthed plate
and collect on it. They are periodically removed by striking
the plate with a mechanical hammer. The dust particles fall
into collectors for disposal.

Petroleum fuel pipes should be earthed to avoid the build
up of static charge and the consequent danger of a spark
igniting the fuel.

2 Conductors and insulators

Materials which allow electricity to pass through them are
called conductors whilst those which don't are called
insulators. Both conductors and insulators may be charged
with static electricity, but a conductor must be insulated

Front panel of cathode ray oscilloscope

T 1 t\ (T —— On/Off/Brilliance
=t -
i 1| O_Facus
; |
O—— xshift

@ |

A
\ \ﬁmebase

\\\ \ on/off

Terminals to
Y-plates

Y-shift

Timebase
Fine
Adjustment

CRO traces

work ou1ic@tatl!a ;

from the ground. For this reason, a piece of metal held in
the hand cannot be charged. Metals, such as copper, solder,
aluminium and silver, are the best conductors whilst PVC,
rubber and porcelain are the best insulators. Some
materials, called semiconductors, only conduct electricity
under certain circumstances. Semiconductor materials
include silicon and germanium.

3 The cathode ray
oscilloscope

A cathode ray oscilloscope (CRO) has a heated metal
cathode that emits electrons from its surface (thermionic
emission). A beam of electrons is produced by positioning
a positively charged anode with a small hole in it, close to
the filament. The beam is passed through X-plates which
produce an electric field that deflects the beam horizontally
and Y-plates which produce an electric field that deflects it
vertically. The input terminals connect the

Electron gun

Vertical (Y)
deflaction

P ——

fast-mowing

Power supply
[high voltage) electrons

Diagram showing the essential features of a cathode ray tube. The
heated cathode emits electrons which are attracted by the positive
anode. Some pass through a hole in the anode, producing a beam
of electrons.

(T /\/I

Battery connected
to Y-plates

Same a.c. signal
- timebase decreased

a.c. signal with
timebase switched Off

a.c. signal

Battery with positive a.c. rectified to d.c.
terminal connected to

Earth of Y-inputs

Diagram of the front panel of a cathode ray oscilloscope and showing some CRO traces.
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applied potential difference across the Y-plates. When the
beam strikes the fluorescent screen at the end of the tube a
spot of light is produced. When an alternating current is
connected across the Y-plates, a vertical line appears on the
screen. The waveform is displayed if the timebase (which is
connected across the X-plates and which moves the spot
across the screen horizontally) is then switched on.

In a TV tube an electron beam ‘scans’ the screen — that
is, moves across the screen in a series of lines from left to
right. The greater the number of electrons that strike any
one spot on the screen, the brighter the picture at that point.

Worked examples
Example 1

An oscilloscope screen appears as shown below.

In order to change the appearance to that shown below,
which one of the following alterations must be made?

A Apply d.c. to the Y-plates.
B Switch on the timebase.
C Apply a.c. to the Y-plates.
D Apply a.c. to the X-plates.
Solution

[The spot is moving up and down vertically very fast. For
this to happen an alternating current must be connected
across the Y-plates. For further help with this question see
section 2.]

Answer C

Example 2

The diagram shows the trace on an oscilloscope screen
resulting from a coil rotating at a steady speed in the field
of an electromagnet.

The strength of the magnetic field is increased. The
speed of rotation of the coil and the settings on the
oscilloscope are unchanged. Which of the diagrams below
shows the new trace observed on the screen?

Solution

[The coil is rotated at the same speed and therefore the
frequency remains the same. So one complete cycle must
still take up two complete grid squares. The strength of the
magnetic field is increased and hence the rate of change of
flux is increased. This results in an increased e.m.f.
(electromotive force) and hence an increase in the peak
value on the oscilloscope.]

Answer B

Example 3

Richard holds a vibrating tuning fork in front of a
microphone connected to the input terminals of an
oscilloscope. He observes the trace shown.



AVAVA

Which of these traces would represent the trace

produced by a fork of higher frequency providing a louder

note? Assume that the adjustments of the oscilloscope
remain unchanged.

A 8

/\%

(ULEAC, Intermediate Tier)

Solution

[A louder note will produce a greater peak value. A note of
higher frequency will produce more complete cycles in the
same time, i.e. more complete cycles in the time the spot

takes to travel across the screen.]

Answer B

Example 4
(@

Negatively
charged

balloon Woollen cloth

(b)
©)

Solution

(a)

(b

(©)
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A balloon, after rubbing with a woollen cloth, is found
to be negatively charged and is attracted to the cloth.

Explain

®
(i)

why the balloon becomes negatively charged
when it is rubbed. (2 marks)
why the balloon is attracted to the cloth.

(1 mark)

Name one practical use of static electricity. (1 mark)

@
(i1)

@

(i)

State one situation where static electricity is
dangerous. (1 mark)
Explain what precautions can be taken to
reduce the danger. (1 mark)
(WIJEC, Jun 95, Intermediate Tier, Q4)

Friction causes electrons to be transferred from
the woollen cloth to the balloon leaving the
cloth deficient in electrons and therefore having
a positive charge whilst the balloon is left with
a negative charge.

The cloth and the balloon have opposite
charges and opposite charges attract.

Paint or insecticide spraying, laser printing or
photocopying, electrostatic precipitators to remove
smuts in smoke in power station chimneys (any one
of these).

)
(i)

When discharging oil from a supertanker.
Make sure that the oiltanker and the storage
tanks are earthed so that no spark can jump
between them and cause an explosion.

Example 5

(@)

()
©

I

@) o
A B

Two small balls coated with metallic paint are
suspended by insulating threads as shown in the
diagram. Describe what you would observe if both
balls were given a positive charge. How does the

effect depend on the distance AB?

(3 marks)

Draw a diagram showing all the forces acting on one

of the balls.

(3 marks)

In order to reduce the noise level of his machinery a
manufacturer of nylon thread put rubber matting on
the floor underneath his machinery. Small bits of fluff
were found to stick to the nylon thread. Explain the
reason for this. Someone suggested that the problem
could be overcome by installing a humidifier to keep
the air moist. Explain whether you think this was a

reasonable suggestion.

(5 marks)
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Solution

(a)

(d)

©

The balls would repel each other and both threads
would be at an angle to the vertical. The smaller the
distance between the threads the greater is the angle
the threads make with the vertical.

%

Tension in
string

Force due to
charges

Weight

Friction during the manufacture of the thread will
cause the thread to become charged. The mat prevents
charge accumulating on the machine flowing to earth.
If the charge on the thread is negative bits of fluff
close to it will have a positive charge induced on the
side nearest to the thread. The unlike charges attract
and the fluff sticks to the thread.

Dry air is a good insulator but damp air is quite a
good conductor. Moist air in contact with the thread
would enable the charge to leak away, so the
suggestion is a reasonable one.

Example 6

The diagram shows a waveform displayed on the screen of
a cathode ray oscilloscope when an a.c. voltage is
connected across the Y-plates. The Y gain is set at 2 V/cm
and the timebase at 5 ms/cm. The graticule has a 1 cm grid.

(a)
(©)

- 8 cm -

What is the peak voltage of the waveform?
What is the frequency of the a.c. voltage?
Sketch on the graticule below the trace that would be
seen on the screen if
(i) the timebase setting were changed to 10 ms/cm;
label your trace A.
(ii) the timebase setting were left at 5 ms/cm but
the frequency of the applied voltage were
halved; label your trace B.

Solution

@ 2ViemX4cm=8V
(b) One cycle traces out 8 cm on the graticule and, hence,
it takes
40 1

s:_

1000 25

Sms/cm X 8 cm = 40 ms =

1
If each cycle takes % s, then it happens 25

times every second.

Frequency = 25 Hz

(c) [If the timebase takes 10 ms instead of 5 ms to go
1 cm, it is travelling at half the speed. Twice as many
cycles will appear on the screen. If the timebase is left
at 5 ms/cm and the frequency is halved, then in the
time it takes the spot to cross the screen there will be
half a cycle on the screen.]

B

Example 7

Sketch the pictures seen on the screen of a cathode ray
oscilloscope when the oscilloscope is adjusted so that the
spot is in the middle of the screen and
(a) abattery is connected across the Y-plates. (2 marks)
(b) the output terminals from a transformer connected to
the mains are connected across the Y-plates.
(2 marks)
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(c) the transformer is left connected to the Y-plates and Solution
the timebase is switched on. (2 marks) . . .
(d) Asin (c) but the speed of the timebase is doubled. [In (b) the spot will be moving up and down many times a

(2 marks) second, so the trace will appear as a straight line. In (d) the
timebase is moving twice as fast, so that the oscillation will
only have time to go through half the number of
oscillations.]

m@ @ (C) (d)

Examination questions

(Numerical answers and hints on solutions will be found What can Michael conclude about the type of charge

at the end of the chapter.) on each ball? (3 marks)
NICCEA, Jun 95, Intermediate Tier)

Question 1

i i i ; : ti 2
Michael’s teacher explains to him that rubbing a plastic RUmELIOn

rod with a cloth leaves the plastic rod with a pesitive Electrostatic paint spraying is widely used in the motor
charge. industry. The fine needle tip of a spray gun gives a
negative charge to all the small droplets of paint sprayed
out from the gun. This spray of paint falls on the car body
which must be given a positive charge during spraying.

This method provides an even coat of paint and also
allows difficult areas to be painted easily.

(a) Explain why the car body has to be given a positive
charge during spraying. (1 mark)
Duster  (b) Suggest one reason why this method is a better way
of painting a car than painting with a brush.
(1 mark)
(WIEC, Jun 94, Intermediate Tier)

Plastic rod

(a) Explain, in terms of the movement of electrons, how Question 3

the plastic rod becomes positively charged. A lightning conductor helps protect tall buildings from
(b) Michael carries out an experiment with two light, being struck by lightning. The lightning conductor is a
charged balls which hang from a pin b3f silk threads. very thick strip of copper which connects some sharp
When the balls come close together, Michael metal points above the top of the building to a metal plate
observes that they repel each other. buried in the ground.
Pin Thunderclouds are electrically charged. A large

negatively charged thundercloud will cause free electrons
to move in the lightning conductor to produce a large
charge, opposite to that of the thundercloud, at the sharp
metal points. This large charge, at the metal points,
P produces positively and negatively charged air atoms

Silk thread

R, e . A00
Pujs;,, n ?_w\ﬁS‘
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(a)

(b

(©

(a)
(b)
©

(a)

which are called ions. These ions, depending on their
charge, will either be attracted to the thundercloud, or the
lightning conductor. Those attracted to the lightning
conductor will cancel out some of the charge in the cloud
making a lightning strike less likely.

State

(i) the sign of the charge produced at the metal
points by the thundercloud described in the
passage.

(i) how this charge is produced. (1 mark)

Explain why the positive ions are attracted to the
thundercloud. (1 mark)

Give one reason why the lightning conductor is

connected to the earth plate by a very thick strip of

a good conductor such as copper. (1 mark)
(WIJEC, Jun 92, Higher Tier)

Question 4

You wash and dry your hair.

You then comb it with a plastic comb.

As you move the comb away from your head some hairs
are attracted to the comb.

What has happened to the comb to make it attract

the hairs? (1 mark)
If the comb is now held above some small pieces of
dry tissue paper what is likely to happen? (1 mark)
If you rub your hands all over the comb it will no

longer attract your hair.
Explain why. (1 mark)
(NEAB, Jun 95, Intermediate Tier, Q3)

Question 5

The diagram below shows the construction of a
simple cathode ray tube.

Electron gun
Heater

(®)

©

@

In the electron gun, electrons from the heater
filament are accelerated by the potential difference
between C and A.

(i) What form of energy does the electron gain as
it moves from C to A? (1 mark)
State the principal energy transfer taking
place when an electron strikes the fluorescent
screen. (2 marks)
State TWO ways in which the brightness of
the image on the fluorescent screen could be
altered. (2 marks)
(i) The potential difference between C and A is
5000 V. Calculate the energy gained by an
electron of charge —1.6 X 10™" coulomb
when it reaches A. (2 marks)
What is then the speed of the electron, given
that the mass of an electron is 9.1 X 10~ kg?

(3 marks)
When a potential difference of 200 V is placed
across the Y-plates, the vertical deflection of the dot
in the screen is 10 mm.
(i) What would be the deflection if the potential
difference across the Y-plates were changed to
350 v? (2 marks)
(ii) State what the X-deflection plates are

normally used for in an oscilloscope. (1 mark)
The diagram below shows the path followed by the
electron beam when a steady potential difference is
applied across the Y-plates.

(i)

(iii)

(i)

(i) What is the shape of the path followed by the
electron beam called? (1 mark)
(ii) Describe and explain how the path changes

Vacuum

filament (
N,
Heater J_—

supply T

=

- +
d.c. supply

Deflecting

plates

Electron
beam
Fluorescent
screen
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Answers to examination questions

1. (a)

(b)

2. (a)

(b)

3. (a)

(b)

(c)

4. (a)

(b)
(c)

when the potential difference between C and A is
reduced from 5000 V to 4000 V. (2 marks)
When the same steady potential difference is
applied across the Y- and X-plates at the same time,
the deflection seen on the screen is as shown below.

Friction transfers some of the electrons from the

rod to the duster. The duster gains electrons and

becomes negatively charged whereas the duster is

deficient in electrons and is therefore positively

charged.

He can only say that the signs of the charges on

the balls are the same so they could be both

positively or both negatively charged since like

charges attract.

So that the negatively charged paint particles are

attracted to it. [Opposite charges attract.]

Since the fine paint droplets are repelled because

they all have the same charge, they produce a

more even coating on the surface.

(i) Positive
(ii) The negatively charged thundercloud repels

the electrons in the wire down to the ground
leaving the top of the lightning conductor
with a positive charge.

Unlike charges attract each other.

When the lightning strikes the conductor a very

large current needs to flow to ground and if the

conductor were thin, the wire would burn out and

no longer protect the building. The wire needs to

be thick and therefore have a low resistance.

Friction transfers electrons so the hairs and the

comb become charged with static electricity. They

are charged oppositely so like charges attract.

Small uncharged objects, like tissue paper are

attracted.

The charge will have been earthed and this

removes the charge.

Explain why there is a difference in the horizontal
and vertical displacements of the beam, even though
the plates are identical and have the same potential
difference across them. (Assume that the dot was
originally in the centre of the screen.) (2 marks)

(ULEAC, Syll A, Jun 95, Higher Tier, Q2)

5. (a) (i) Kinetic energy.

(ii) Kinetic energy to light energy.

(iii) By increasing the number of electrons (i.e.
by increasing the current).
By increasing the velocity of the electrons
(i.e. by increasing the p.d. between C and
A).

(b) (i) Energy gained = Electronic charge

X Voltage = eV
=(1.6%x107"0C)
(5000 V) =8 X 107°J
(i1) Energy gained = Kinetic energy
8 X 107'® = } X mass X velocity’
8X 107 =4x9.1x107" %’
v=42X 10" m/s

(¢) (i) 200V deflects 10 mm so 50 V deflects

2.5 mm.
Hence 350 V will deflect
7 X 2.5mm = 17.5 mm.

(ii) To produce a timebase which will move the
electron beam horizontally at a steady pre-
determined speed across the screen from left
to right.

(d) (i) Parabolic

(i) The electrons will move slower so they will
spend more time between the Y-plates so the
deflection in the screen will be greater.

(e) The X-plates are nearer to the screen so although

there will be the same displacement between the
plates there will be less displacement on the
screen.
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1 Basic units

Whefi an ammeter reads 1 ampere (A), then 1 coulomb (C)
of charge is flowing every second.
I A = 1C/s. If a current [ passes for a time ¢, then the
charge, O, which flows is given by Q = It.
The potential difference (in volts) between two points is
the work done in joules in moving 1 coulomb of charge

between them:
work done

Potential difference = ————————
charge moved
1v=1IJ/IC

The e.m.f. (electromotive force) is the total energy
supplied by a source to each coulomb of charge that passes
through it, including any energy that may be lost as heat in
the source itself as a result of the source’s internal
resistance. It is measured in J/C i.e. volt.

Both e.m.f. and potential difference are sometimes
referred to as voltage.

The potential difference in volts across the terminals of a
cell or generator is the energy which is delivered to the
external circuit by each coulomb of charge.

Resistance (ohms)
potential difference across the object (volts)

current through the object (amperes)
OorR=—
I
You must learn to write the above equation as V = IR
and ] = —.
R

An object has a resistance of 1 ohm if a potential
difference across it of 1 volt results in a current of 1 ampere
passing through it. Most metal conductors have a fixed
resistance if their temperature is kept constant. Doubling
the length of a conductor doubles its resistance; doubling
the cross-sectional area halves its resistance.

2 Laws for circuits

If the'total e.m.f. of a ¢ircuit is E volts, then

E = [ X (total resistance of circuit)

Ohm's Law

Ohm’s Law states that the current in a conductor is
proportional to the potential difference across it provided
the temperature is kept constant.

If a conductor obeys Ohm’s Law, a graph of potential
difference against current is a straight line through the
origin. The gradient of the graph is the resistance of the
conductor (see the first diagram). An example of a non-
ohmic conductor is a diode (the symbol is shown in the
next diagram). A graph of current against voltage for a
diode is shown in the third diagram.

work out physi€s  electrical circuifs__'_‘fi33
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A graph of current plotted against voltage for a component that
obeys Ohm’s Law.

N

(D)
N

N ~N
7 7

Current can only pass when it is in the direction of the arrows.

AT

R — =\

<«——Reverse bias—— | —Forward bias ——s

A graph of current plotted against voltage for a diode. A diode has
a low forward resistance and a very high reverse resistance.

Laws for series circuits

(i) The same current passes through each part of the
circuit.

(i) The applied potential difference is equal to the
sum of the potential difference across the
separate resistors: V=V, + V, + V,.

(iii) The total resistance is equal to the sum of the
separate resistances: R = R, + R, + R,.

/
—

Resistors in series. V=V, + V, + V,.

Laws for parallel circuits

(i) The potential difference across each resistor is
the same.
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(i) The total current is equal to the sum of the
currents in the separate resistors:

I=1+1L+I.
b —
g S
/ [}

\
|

Resistors in parallel. =1, + I, + I,

(iii) The combined, or total, resistance of a number of
resistors in parallel is less than the value of any

of the separate resistors and is given by

1 1 1 1

1 1+1 R R X R,
—=—+—orR= ,
R R, R, R, tR,
product
ie R= ——
sum

3 Potential divider

See thie illustration opposite. If a p.d. of V,, is applied
across two resistors R, and R, in series,

Vi

then current in R, and R, = m
1 2

Vin
p.d. across R, =V, = ( P u— ) X R,

By adjusting the values of R, and R,, V,, can be made to
vary between 0 and V.

A potential divider. If the resistance of R, is increased, then V,,,
increases. If the resistance of R, is twice the resistance of R,, then
the p.d. across R, is twice the p.d. across R,.

4 Ring main and lighting
circuits

The mains supply is delivered to a house by means of two
wires called the live and the neutral (see the illustration
below). Every appliance is connected in parallel with the
supply. Lighting circuits usually have a 5 A fuse. In the ring

Earth connection
:_ _7'—‘;1 Lamps
i ! Lighting
LT circuit
- { {
|
0
1RR
Lp—4 ai
ing
13: o main -
sockets |[] [” : 0 ; 5 A fuse
ol il
L.__D_ o} L] [] |
Neutral wire
{ ] —o0
" " —
Live wire
v 30A
fuse Meter

Neutral wire -————]

Live wire

In both lighting and ring main power circuits, the appliances are connected in parallel across the supply. A third wire (not shown) joins

all the earth sockets of the ring main.



main, the live, the neutral and the earth wires run in a
complete ring round the house.

5 Conductors, semiconductors
and insulators

An insulator (e.g. rubber or plastic) is a substance which
will not conduct electricity. Conductors (e.g. copper) are
good conductors of electricity. In between are the
semiconductors (e.g. germanium), which are neither good
conductors nor good insulators.

6 Electrical power and
energy

Power (watts) = potential difference (volts) X current
(amperes) or Power P = (V X I) joule/second

Substituting, using the definition of resistance given above,
namely

Potential difference (V) = current (/) X resistance (R)
we have Power = (I’ X R) joule/second

Thus, the energy dissipated in a resistor is I° X R
joule/second. Hence, the total energy dissipated in ¢
seconds is given by

Energy dissipated = I’ X R X t joule

A meter supplied by the electricity company records the
energy consumption in kilowatt-hours. One kilowatt-hour
(kWh) is the total amount of energy supplied to a 1 kW
appliance when it is connected to the supply for 1 h. Asa

1 kW appliance is supplied with energy at a rate of

1000 J/s, a total of 3.6 X 10° J of energy will be supplied in
1 h (3600 s); thus

1 kWh = 3.6 X 10° joule

The cost of running an electrical appliance may be
calculated from the equation

Cost = (number of kilowatts) X (hours) X (cost of a
kilowatt-hour).

7 Safety: earthing and wiring

Appliances with metal casing have an earthed wire
connected to the metal casing. This is a safety device. For
example, if the element in an electric fire breaks and the
live end touches the metal case, the connection to earth has
a very low resistance, and the current surges to a large
value. The fuse in the circuit is designed to melt and break
the circuit when the current reaches a predetermined value.
The large current that results when the live wire touches the
case melts the fuse, the circuit is broken and is thus safe. In
many modern circuits the fuse is replaced by a circuit-
breaker. ‘Double insulated’ appliances have their metal
parts surrounded by thick plastic, making it impossible for

s s
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the user to touch a metal part. When wiring double
insulated appliances, no earth lead is necessary. Damp
surroundings can be dangerous as moisture greatly reduces
the resistance of the skin. In a three-pin plug, the earth wire
is yellow and green, the live wire is brown and the neutral
wire is blue (see question 2).

A residual current device (RCD), also called an earth
leakage circuit-breaker (ELCB), is a main switch
automatically operated by a small current passing (leaking)
to earth. An important characteristic of an RCD is that only
a very small earth current is needed to operate it. It is easily
reset and, unlike a fuse, no replacement is needed. RCDs
should always be used as a safety precaution when
electrical equipment used out of doors, especially in damp
conditions. It protects the user from possible electrocution
if the cable is cut or if a breakdown occurs in the insulation.

Worked examples

Example 1
1
¢D
= Fo }—
* y [
<

An electrical circuit is connected as shown in the diagram.
At which point, A, B, C or D is the current smallest?

Solution

[The current at A and D is the same. On arriving at the
junction the current through A divides and most of it passes
through the lower resistor. The smallest current passes
through the higher resistor, i.e. through B.]

Answer B

Example 2

In the following circuit the lamps P and Q are identical. A,
and A, are ammeters.
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The ammeter A, reads 0.30 A. What does the ammeter A, The value of the resistance R is
read? A 040hm B 250hm C 3.00hm D 10.0 Ohm
A OA BO15A CO030A DO060A E 090A

Solution
Solution

14 . 5V
[The lamps are identical and the same current passes (R = 7 (see section 1) = 2A 2.5 Ohm]

through each. The 0.60 A divides and 0.30 A passes

through each lamp.] Answer B
Answer D
Example 5
Example 3 2V 19
b— 3
The graphs show the potential difference across a N

component plotted against the current in the component.
Which of the graphs would be obtained for a coil of copper
wire? 2Q 3Q

{ —

Solution The potential difference, in V, across the 3 Ohm resistor, is
v Vv A B3 C1DE¢E?2
Solution
[The total resistance is 6 Ohm. V= IR = 2 V = [ X 6 Ohm,
o) / (o) ! where I is the current in the circuit. Hence, I =  A. For the
A B 3 Ohm resistor V; gy = I X 30hm = 3 X 3)V=1V]
Answer C
Vi VA
Example 6

-
(0] / o} ]

C D

[A coil of copper wire obeys Ohm’s Law and the current is
proportional to the potential difference. Hence, the graph is
a straight line through the origin.]

Answer B The diagram shows two resistors connected in parallel.
Which of the following statements is correct?
A IL=L-1
Example 4 B I,=L-1,
C 5L =13L
In the circuit that follows, the ammeter reads 2 A and the D 3L=>5I
voltmeter reads 5 V.
Ji1]s Soluti
1 — olution

[In a parallel circuit the potential difference across each
R resistor is the same; therefore I, X 3 Ohm = I; X 5 Ohm.

—‘@_*’_‘: The current divides in the same ratio as that between the
2A resistances, the larger current passing through the smaller

/\/\ resistance.]
N

5V Answer D



Example 7

Three resistors, each of resistance 4 Ohm, are to be used to
make a 6 Ohm combination. Which arrangement will
achieve this?

A
o — I { — }—0
49 aQ 4Q

5 _
) SR |
49
o———9 0
49 aQ
¢ { } 1 I
4Q 49
o— r—0
| —
[ S |
49
D | —
| I
4Q
—t — +—
aQ
I 1
| SO |
49
E 1
_J
49
—
O — I -0
49
4Q
Solution

[When answering this type of question, don’t waste time
calculating the effective resistance of every combination.
Glance at the various answers and see if you can spot the
correct one, then check it by calculation. In this case a
glance at D will tell you that this is the correct answer. The
two 4 Ohms in parallel have an effective resistance of

2 Ohm. This 2 Ohm is connected in series with 4 Ohm and
hence the total resistance is 6 Ohm.]

Answer D

Example 8

An electricity board charges 6p per kilowatt/hour (kWh) of
electrical energy supplied. what is the total cost of
operating 4 light bulbs, each rated at 100 W, for 5 hours?

i

work out physi€s ¢ electrical circui,&-f"‘lB?

A 3p

B 6p

C 12p
D 120p
Solution

[4 bulbs = 400 W = 0.4 kW. Energy used
0.4kW X 5h = 2.0 kWh. Cost = 2.0 kWh X 6p = 12p
(see section 6).]

Answer C
Example 9
nLanaees Lo
4 R L I R L
| 1 l | 12 l
5V 8V o

The circuit shows a battery connected to two resistors, R,
and R,, in series. There are potential differences of 5 V
across R, and 8 V across R,.

What is the potential difference across the battery?
A -3V

B 3V
C 13V
D 40V
(ULEAC, Intermediate Tier)
Solution

[When resistors are in series the sum of the separate
potential differences is equal to the applied potential
difference (see section 2, ‘Laws for series circuits’).]

Answer C

Examples 10 and 11

Gary has made a circuit with three 6 V lamps and two

diodes.
X % Y ! V4

i
|
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10. He connectsa 6V a.c. supply to S and 7.
Which lamp or lamps will be lit?
A All three
B Zonly
C Xand Zonly
D YandZonly

11. He replaces the a.c. supply with a 6 V battery. He
connects the positive to S and the negative to 7.
Which lamp or lamps would now be lit?

All three

Z only

X and Z only

Y and Z only

TCaw»

(ULEAC, Intermediate Tier)

Solution 10

[Diodes only pass current in one direction. Current will
pass through X and Y when it is in the direction of the arrow
on the diode symbol.]

Answer A

Solution 11

[S is positive so the current will pass through X but not
through Y.]

Answer C

Example 12

(i) The diagram shows a potential divider circuit.
The e.m.f. of the cell is 12 V and it has
negligible internal resistance.

em.f.=12V

il

I L
| S

2Q

A

What happens to the potential difference across
the 2 Ohm resistor as the resistance of the
variable resistor is increased?
Explain your answer.
(i1) When the variable resistor is set at 4 Ohm, what
is
(a) the current in the 2 Ohm resistor?
(b) the potential difference across the 2 Ohm
resistor?
(ULEAC, Intermediate Tier)

Solution

(i) The potential difference across the 2 Ohm
resistor decreases. The current passing through it

will decrease because the circuit resistance has
increased, and hence the p.d. across it, which is
given by V = IR, will decrease.
(ii) (a) Total resistance of circuit
= (2 Ohm + 4 Ohm)
= 6 Ohm.

Vv
Current flowing = R [see section 1]

12V
6 Ohm

=2A

[In a series circuit the current is the same
everywhere. The current in every part of the
circuitis 2 A.]

(b) Potential difference across 2 Ohm is given
by
V = IR [see section 1]
V=2AX20hm =4V
[Notice that the p.d. across the 4 Ohm
resistor is 8 V and that the ratio of the p.d.s
is equal to the ratio of the resistors.]

Example 13

A 12V battery is used, together with a potential divider, to
provide a variable voltage across a 12 V car bulb. Sketch
the circuit you would use to measure the current in the
lamp for various voltages across it. Sketch the graph you
would expect to obtain. (8 marks)

Solution

®
)

Current/A

A

0.1




[As the slider is moved from the right-hand end of the
variable resistor to the left-hand end, the voltage across the
bulb varies from 12 V to 0 V (this arrangement is known as
a potential divider). Remember that voltmeters are
connected across appliances and ammeters in series.]

Example 14

This question is about paying for electricity.

(a) Athome the Webb family use electricity for heating
and lighting only. They have three heaters rated at
2kW, 1.6 kW and 1 kW. They have five lights: three
are rated at 100 W, one at 60 W and one at 40 W.

(1) What is the total power of the three heaters?
(1 mark)
(ii) What is the total power (in watts) of the five
lights? (1 mark)
What is the total power of the five lights in
kilowatts? (1 mark)

(b) They use all the lighting and heating for 6 hours each
day.

(i) How much electrical energy (in kWh) does the
family use in one day? (2 marks)
(i) The bill is for 90 days. How much electrical

energy should the bill charge for? (1 mark)
(c) This is the family’s electricity bill.
SEEG. Py
SOUTHERN ELECTRICITY GROUP
21496
TWEBB
GREENWOOD ROAD
NEWTOWN
METER READING AMOUNT
£
PREVIOUS | PRESENT
TARIFF D1 - DOMESTIC SUPPLY
STANDING CHARGE 6.40
34210 36910 UNITS .o AT6.0p 162.00
DATE OF READING TOTAL AMOUNT
21496 NOW DUE FOR
PAYMENT £ 168.40

(i) Use the meter readings to calculate the number
of units charged. (1 mark)
(i) Is the bill correct? Give your reasoning.
(1 mark)
(iii) Would you expect the Webb’s next electricity
bill to be larger, smaller or much the same?
Give your reasoning. (2 marks)
(d) Give one piece of advice to the Webb family to help
them reduce the cost of keeping their house warm.
(1 mark)

Solution
@) (i) 4.6kW [2kW + 1.6kW + 1 kW]

(b)

©)

(@
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(i) 400 W [(100 W X 3) + 60 W + 40 W]
1 kW = 1000 W = 400 W = 0.4 kW
(i) Electrical energy usedinaday = SkW X 6 h
= 30 kWh.
(i) 30kWh X 90 = 2700 kWh
(i) 2700 units [36 910 — 34 210]
(ii)) Cost = 2700 X 6p = 16 200p = £162
The bill is correct.
Smaller. This bill is for the months before
April, i.e. in winter. The next one will cover the
summer months.
Reduce the heat loss (one way would be to insulate
the roof).

(iii)

Example 15

(i) A current of 2 A is passing through a circuit.
How much charge flows past any point in 5 s?
(2 marks)
(i) 1207 of work is done when 10 C passes through
a bulb. What is the p.d. across the bulb?
(2 marks)
(i) A 60 W 240 V lamp is connected to a 240 V
mains.
(a) What current does it take? (2 marks)
(b) What is its resistance? (2 marks)
(c) How much does it cost to keep it on for 50
hours if the cost of a kWh is 6p? (3 marks)

Solution

(i) Q = It [see section 1. Remember that
1A=1C/s]
Q=@2CI)(5s)=10C

- work done

(i) pd. = charge moved

[see section 1; remember that p.d. is energy per

coulomb]

(iii) (a) = (V X ) [see section 6]

=240V XI
60 W

——=025A
240V

vV .
—1— [see section 1]

240V

——— = 960 Ohm

0.25A

(c) Cost = (number of
kilowatts) X (hours) X (cost of kilowatt-
hour) [see section 6]

60
= | ——kW |(50 h)(6p/kWh) = 18
<1000 )( )(6p/kWh) p
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Example 16

(i) Why is a three-pin mains plug fitted with a fuse?
(2 marks)
(i) What fuse would you put in a plug if the plug is
connected to an appliance labelled 1 kW 250 V?
(3 marks)

Solution

(1) The fuse is a safety device. If the current exceeds
a certain value, the fuse will melt, breaking the
circuit and disconnecting the appliance from the
supply.

(ii)) Power = (V X I) [see section 6]
1000W = 250V X I

_1000W

© 250V
A 5 A fuse would be fitted. [Fuses fitted to
household appliances are usually 3 A, 5 A or
13A]

Example 17

A 3V battery of negligible internal resistance is connected
in series with a 3 Ohm resistor and an ammeter as shown in
the diagram.

3Q

1
| S |

(a) What does the ammeter read? (2 marks)
(b) A 6 Ohm resistor is connected across the 3 Ohm
resistor. What is the new reading on the ammeter?
(4 marks)

Solution
%4 3V

(a) =_=_"__=1A
R 3 Ohm

(b) For resistances in parallel,

product

sum

[see section 2: ‘Laws for parallel circuits’]
3X6
3+6
V —

18
Ohm=—9—0hm=20hm

3V
I = —=———=15A
R 20hm

[Notice that when a resistance is added in parallel, the
resistance of the circuit decreases and the current
increases.]

Example 18

72\
|/

]
3V

(a) The diagram shows an incomplete circuit for an
experiment to investigate how the resistance of a
torch bulb varies with the current flowing through it.

(1) Add to the circuit diagram an ammeter for
measuring the current through the bulb and a
voltmeter for measuring the p.d. across the
bulb.

(ii) State clearly how you would obtain the
readings needed to carry out the investigation.
How would you calculate the resistance of the
bulb?

If the bulb is 2.5 V and takes 0.25 A at its

working temperature, calculate the resistance of

the bulb at the working temperature.

(v) The resistance of the bulb when the filament is
cold is 5 Ohm. Sketch the graph you would
expect to obtain if you plotted resistance
against current for the bulb.

(b) The diagram shows an electrical circuit containing a
3 V battery, an ammeter of negligible internal
resistance and three resistors with resistances shown.

(iii)
@iv)

30

1ils

-

3V

What is (i) the resistance of the parallel combination,

(ii) the reading on the ammeter and (iii) the potential
difference across the 3 Ohm resistor?

Solution

@ @

A
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(i) The resistance R is set at its highest value and [The same circuit is used to investigate the
the readings on the ammeter and the voltmeter

. . voltage
are recorded. The value of the resistance R is

relationship for other components

decreased and the reading on each meter again current
recorded. continuing in this way a series of such as a resistor or a diode.]
readings are obtained. The readings are product
continued until the bulb is burning brightly. (b) i) R =
(iii) The resistance for each pair of readings is sum
calculated by using the equation R = V/I, that [see section 2: ‘Laws for parallel circuits’]
is by dividing the voltmeter reading by the 3% 6
ammeter reading. = Ohm = ﬁ Ohm = 2 Ohm
3+6 9
R= Vv 25V _ 10 Oh
() R= T 025A m i) 1 V  voltage of cell
i) I=—=——7—
) R total
Resistance/2 resistance = =025A
12 Ohm
' (iii) p.d. across 3 Ohm and
60hm =R =0.25A X20hm =05V
10F
5
! -
0 01 02 03 = Current/A

Examination questions

(Numérical answers and hints on solutions will be found house. The circuit is protected by a 5 A fuse. There is a

at the end of the chapter.) current of 0.4 A in each lamp when it is turned on.
(a) (i) How are the lamps wired in the circuit?
Question 1 (1 mark)
. o . (i) What is the current at P when ALL the lamps
The diagram below shows part of a lighting circuit in a e on? (2 marks)

S VD S S

P

5A

E D C B A F
L Mains

supply

Q
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(iii) Is the 5 A fuse suitable for this circuit?
Explain your answer. (2 marks)
(iv) What is the purpose of the fuse? (1 mark)
(b) The diagram below shows a way of switching a
lamp on and off using a pair of two-way switches.

Switch 1 Switch 2

_Mains
" supply

(i) If switch 1 connects to S and T, how could
the lamp be turned on using switch 2?
(1 mark)
(ii) How could the lamp then be switched off
using switch 1? (1 mark)
(iii) Where would this switching arrangement for
the lamp be useful in the house? (1 mark)
(ULEAC, Syll A, Jun 95, Intermediate Tier)

Question 2

The diagram shows the inside of a three-pin plug.

X N

(a) (i) Choose words from the box to label the parts
Xand Y.

black, blue, brown, cable grip, conductor, copper,
earth pin, fuse, green and yellow, insulator, live
pin, neutral pin, plastic, red, steel, wire

(i) Complete the following sentences using
words from the box.

In a mains plug the colour of the wire
attached to the neutral terminal is ...............
The fuse is always connected to the ...............
terminal. The wires are covered in ...............
which is a good ................ (6 marks)

(b) In adiscussion at school Sue said her hairdryer had
only two wires to connect to the plug. Sam said this
was unsafe and all electrical equipment needed three
wires to connect to the plug.

(i) Was Sam correct?
(i) Explain your answer.
(iii) Which wire was missing from Sue’s
hairdryer?
(4 marks)

(c) The label on the hairdryer is shown below.

Type 4473
240 V a.c./50 Hz, 650 W

Do not take into
bathroom

(1) What is the power rating of the hairdryer?

(ii)) What rating of fuse should Sue fit into the
plug? (2 marks)
(ULEAC, Syll B, Jun 95, Intermediate Tier)

Question 3

Here is a circuit installed in the boot of Joe’s car.

7

(a) (i) The light bulb comes on when the boot is
opened. Complete table 12.1 with the words
OPEN and CLOSED.

Table 12.1

State of boot State of switch

Open
Closed
(2 marks)
(i1) Joe decides to test the bulb by including an

ammeter in the circuit. Redraw the circuit in
the space below, with the ammeter measuring
the current in the bulb. (2 marks)

(b) The variable resistor has a knob on it. When Joe
rotates the knob clockwise, he notices that the
ammeter reading goes up.

(i) What happens to the brightness of the bulb?
(1 mark)
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. Fuse
—
Live o £ } )
Heater Case
Neutral o
—_ Earth

(ii) What happens to the resistance of the variable

resistor? (1 mark)
(iii)) What happens to the voltage across the bulb?
(1 mark)

(MEG Salters’, Jun 95, Intermediate Tier, Q1)

Question 4

The illustration above shows the mains wiring to an
electric heater.

(a) The heater shown in Fig. 12.30 has an earth wire
attached to the case.
If the live wire accidentally touches the case of the
heater, the earth wire makes the heater electrically
safe. Explain how this happens. (3 marks)
(b) The heater is marked ‘240 V 2.5 kW’. 1 kWh of
electrical energy costs 8p.
For how long can the heater be run for £10? (3 marks)
(c) When the heater is working correctly the current in
the live wire is equal to the current in the neutral
wire. Explain this. (1 mark)
(d) A residual current device can be put into electrical
circuits as a safety device to prevent people
receiving shocks. It compares the currents in the live
and neutral wires. If these currents are not equal
then a fault is present.
The illustration below shows a residual current
device connected in a circuit to a heater.

times round an iron core, like the primary winding
in a transformer. The neutral wire is wound the same
number of times round the same core. The coils are
wound in such a way that if the currents in the wires
are equal then the magnetic fields they create in the
iron core cancel one another out.

A third coil is wound on the iron core and this is
connected to a relay. The relay contacts are closed at
first. When they are open, they stay open.

(i) Explain what happens in the third coil if the
alternating currents in the live and neutral
wires are not equal.

(ii) Hence explain how the circuit is made safe.
(iii) The illustration below includes a switch
labelled Test button. Explain what happens
when this switch is pressed. (2 marks)
(MEG, Jun 95, Higher Tier)

Question 5
A lamp is marked ‘3.0 V,0.2 A’.

(a) Writing down the formula that you use in each part
and showing your working, calculate

(i) its resistance when it is working at its normal
brightness, (3 marks)
(i) its power, (3 marks)
(iii) the charge passing through it in 10 minutes,

This is how it works. The live wire is wound several (3 marks)
Relay contact
Live o— ‘9\! 1
Relay
coil / Third Iron Heater Case
l—- coil core —
Neutral o ——1
Relay contact
o O {1 —=Earth

Test button




(iv) the energy it transfers in 10 minutes.(3 marks) purchase. The shop assistance tells her that types of
(b) The only power supply available is a 12 V car cable are available as shown in table 12.2.
battery with negligible internal resistance.
(i) Describe and explain what would happen if Table 12.2
the battery were connected directly to the
lamp. (2 marks) Type Maximum current Cost per metre
(ii) The lamp will work at normal brightness if a of cable in this cable in A in pence
resistor R is connected in series with it.
12V Class 1 3.0 79
Il'""{l Class 2 5.0 99
! Class3  13.0 149
0.2AYy
The larger the current a cable can carry, the more
expensive it is. Mrs Murphy naturally wants to keep
costs to a minimum.
R 3V,0.2A (iv) What type of cable should Mrs Murphy buy?
— 72\ (2 marks)
N\ (v) Mrs Murphy notices that the conductor of
(I) Calculate the total resistance of the circuit. each cable is made of coppet, but t.he cables
(1 mark) themselves are all of a different thickness.
(II) State a suitable value for R. (2 marks) Which one of the three types of cable i

(WIJEC, Jun 95, Higher Tier, Q9)

Question 6

(a)

Mrs Murphy has just bought three lamps for use outside
in the garden. Each lamp will be at normal brightness
when the voltage across its terminals is 12 V.

Each lamp is to be wired so that it can be
switched on and off independently of the others. A
fourth switch, called the master control switch, will
allow Mrs Murphy to switch off all the lamps at
once if a fault occurs.

(i) Draw a circuit diagram to show how the
lamps are to be wired up to the switches and
the power supply unit. The symbol for the
power supply unit is shown for you. (7 marks)

Power supply
unit

(i) Each lamp is marked 10 W, 12 V.

Calculate the current flowing in each lamp

when it is at its normal brightness.

Show clearly how you obtain your answer.

Calculate the resistance of the filament of one

of the lamps and hence find the combined

resistance of all three lamps in the circuit

drawn in (a)(i).

Show clearly how you obtain your answers.
(7 marks)

(iii)

Mrs Murphy must now decide on what cable to

(b)

thickest? (1 mark)
Pat carries out an investigation on the current
flowing through a torch bulb when different voltages
are applied across its ends. She obtains the results in
table 12.3.

Table 12.3

VoltageV  0.50 1.00 2.00 3.00 4.00
in volts

Current / 0.07 0.10 0.14 0.17 0.20
in amperes

(i) Plot the graph of V (y-axis) against / (x-axis)

on the graph paper below. (3 marks)
A T 1 —_
sH—H H t
HE HHEHHH
._,:-._. B = t l;
= H
T T =
Tt 1 1
-+ 1 - 1
2
t'H :
=
& .
2 e
— t T i
S ThHHE i
e wEnE
: =
HT -~ i
g T H >
0.05 0.10 0.15 0.20

Current in amperes
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(ii) Find the resistance of the filament when the
current is 0.09 A.
Show clearly how you obtain your answer.
(2 marks)

The resistance of this filament changes as the
current through it changes.
This is because the temperature of the
filament is not constant.

Sketch below the voltage—current graph for a
metallic conductor at constant temperature.

(iii)

(2 marks)
(NICCEA, Jun 95, Higher Tier)

Voltage

Answers to examination questions

1. (@) (i) In parallel.

(i) (0D4A) X5=20A

() Yes since the maximum current in the circuit
is less than 5 A. However, a 3 A fuse would
be more suitable.

(iv) It protects the lighting circuit by switching it
off if the current gets too big. A large current
could overload the wire and start a fire.

(b) (i) Connect Z to X.
(ii) Connect S to R.
(iii) At the top and bottom of the stairs.
2. (a) (i) blue, live, plastic, insulator.
(ii) X = earth pin Y = fuse.
(b) (i) No.

(ii) There is no way the casing can become live
even if the wire were to touch since the
casing is made from plastic and plastic is an
electrical insulator.

(iii) The earth wire.

(¢c) (i) [For this you need to find out the current in
the circuit]
Power = current X voltage
power
Rearranging gives current = voltage
650 W
= a0y D 2TA
(i) A 3 A fuse should be fitted.
3.@ O
Table 12.1

State of boot

State of switch

Open

Closed

Closed

Open

to—

12V

(i)

(b)

4. (a)

(®

(c)

(@

)
&

(i) Goes up.
(i) Decreases.
(iii) Increases.

The current travelling through the case passes to
earth through the low resistance wire. Because the
current takes the low resistance path, it rises and
then blows the fuse which switches off the heater.

10
Number of kWh for £10 = —— = 125
0.08

Heater uses 5.5 kW each hour, so number of
125

hours = —— = 50 hours
2.5

The fuse and heater are in series with each other so
there are no other paths for the current to follow. The
current is the same all the way around a series circuit.
(i) [There is an important point to be made here.
It would be easy to answer this and find that
you have also answered some of the other
parts of the question. To prevent this, you are
always advised to read the complete question
before starting your answer.] The magnetic
fields due to the currents in the coils in the
live and neutral circuits no longer cancel out.
This residual magnetic field induces a current
in the third coil causing the relay coil to be
energised and thus attract the switch.
The current in the third coil energises the
relay coil and this opens the relay contacts in
the live wire and this cuts off the current in
the heater circuit which prevents the user
from getting a shock.

(i)
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(iii) When the switch is pressed, most of the . Voltage
current by-passes the bottom coil and the (iii) Resistance of one bulb = Current
heater. The magnetic fields will not now
cancel out so a magnetic field will not link 12V
the third coil and cause an induced voltage T 083A 144 Q
which makes a current flow. This current
will cause the relay to trip (open) and switch Bulbs are in parallel, so the total resistance
off the heater. This enables a check to be of the circuit, R is given by
made to see if the circuit breaker is working. 1 1 1 1

Voltage (V) R R TR TR
5. (a) (i) Resistance () = m
1 1 1
= + +
_ 30V 150 144 144 14.4
0.2A Giving R = 4.8 O
(ii) Power (W) = Current (A) X Voltage (iv) Largestcurrent =3 X 0.83 A =249 A
(V)=30VX02A=06W Use Class 2

(iii) Charge (C) = Current (A) X Time (v) Class 3
(s)=02A X (60 X 10s) = 120C &) @

(iv) Energy = Power X Time i ] P

= 0.6 W X (10 X 60 s) s e SELIIIi H T
= 3601J ] R H , »:
(b) (i) The current would be too great and would S . : = ’,:1'
cause the bulb to blow. +HE = ; mar i
- ‘ Supply voltage : jsssessss A
(ii)) () Total resistance = T Cument ) R : + ,.v;;.n_ . l
:é 3 : T I = JI’J 1 1
12V s H A
=" -600 5 , .
0.2A % - aEmEs E: HT mr =
(I) The total resistance is the sum of the > e SEISEe SIEREELe :
resistance of the bulb and the resistance A HHHH
of resistor R. I S Ig’— —
Hence 60 = R + 15 o S mas SEEE  adn s
So, the value of R needs to be about : ==
PP NEELEEEEEEE S S
0.05 0.10 0.15 0.20
6. () () Powirnsit:pply Current in amperes
(ii) From the graph, when 7 = 0.09 A,
V=08V
A ) voltage
Master Resistance =
control \ current
switch
08V
= oA 00

—O/ (iii)
Voltage

—o/o_@_ !
. Power 10W >
(ii) Current = = =083A 0
Voltage 12V Current
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1 Transducers

Light“dependent resistors (LDRs), light-emitting diodes
(ZEDs) and thermistors are all examples of transducers (i.e.
they convert energy or information from one form to
another). The resistance of a light-dependent resistor
decreases as the intensity of the light falling on it increases.
(LDRs are sometimes used in light meters. Selenium cells
are also used in light meters. When light falls on the cell, a
small p.d. results from the movement of the electrons.)
LEDs are semiconductor diodes which convert electrical
energy into light energy. To avoid damage by large
currents, a protective resistor is usually connected in series
with the LED. The diagram opposite shows a circuit with
an LDR and an LED in it. When light shines on the LDR,
the LED switches off.

The resistance of most thermistors decreases as their
temperature increases. The next diagram shows the symbol
for a thermistor.

2 Gates

The symbols and truth tables of a number of gates are
shown below.

The circuit shown opposite illustrates the use of an LDR
and a NOT gate to switch on an LED when it gets dark. If a
thermistor replaced the LDR, then the light would come on
as the temperature fell.

\\\ —O0 6V

LDR

R (protective
resistance)

7

—o 0V

LED

When light shines on the LDR, its resistance goes down and the
voltage at X goes up. The output from the NOT gate goes from
high to low and the LED switches off. The reverse happens when it
gets dark.

The symbol for a thermistor.

Name of gate Symbol Truth table Description of gate
A ‘ A B_| OP
AND D_ or o 0 0 The output is high if both

8 — 0 1 0 A AND B are high
1 0 0
1 1 1

—_ 1
NAND 2 :}»— or. g ? ; Opposite of AND gate
1 0 1
1 1 0
OR A j:>__ 0P, 0 0 0 The output is highif A OR

8 0 L L B OR both are high
1 0 1
1 1 1

NOR A ___Do— o 0 0 1 Opposite of OR gate.

8 0 1 0 Output high if neither A
1 0 0 NOR Bis high
1 1 0

NOT A —-{>o-—o.9_ A O.P. Aninverter
0 1
1 0




3 The bistable

A bistible has two stable states, namely Q at logic 1 and 0
atflogic 0, or vice versa. Two NAND gates may be
combined as shown below to form a bistable. Suppose Q is

A Q

F R Q

Two NAND gates connected together to make a bistable.

at logic 0 and Q is at logic 1, and A and B are both high
(logic 1). If A is momentarily made low (logic 0), then Q
goes high (logic 1). If B is then momentarily made low, Q
resets to a low. If inputs A and B remain high, the circuit
remains in one of its two stable states, depending on which
of the AB inputs was last at a low voltage (see example 12).
With slight modifications the bistable may be switched
from one state to the other every time a pulse is fed to the
input. The bistable forms the basis of memory circuits and,
with additional logic, binary counters. Two NOR gates
connected in the same way (i.e. cross-coupled) as shown
below also form a bistable. If both inputs are 0, Q will be

Q

R
Two NOR gates connected to make a bistable.
either O or 1 depending upon which of the two inputs was

last raised to logic 1. If S is 1 (or was last raised to 1), then
Qisland QisO.

_circuit shown &mxl diagram it is used to produce a
"time delay. When the switch S is closed, the output from the
NOT gate is high and the lamp is off. When the switch § is

opened, the capacitor charges up through the resistor R.
When the voltage at A is high enough, the output from the
NOT gate goes low and the lamp lights. Increasing the value
of the capacitor or the resistor will increase the time delay.

P T

W'ﬂductor device. It is considered to

_ little current passes through the
“collector circuit and ‘on’ when a much larger current passes

through in the collector circuit. The transistor stays ‘off’

6V
R
NOT GATE
A
-] T C
' ov

A capacitor being used to produce a time delay.

unless the base voltage and, hence, the base current, rise
above a certain minimum value. When the base current
rises above this minimum value, a much larger current
passes through the collector circuit. The large current in the
collector circuit is therefore controlled by the small base
current, which can be used to switch the transistor ‘on’ and
‘off’. See examples 5, 6 and 8.

Large
collector
current

Small
base
current

A small base current results in a larger collector current.

Because a small base current can cause a large collector
current, a transistor may also be used as an amplifier.

which is operated by an electric current.
Often { consists of a solenoid with a switch inside
it. The switch closes when a current passes through the
solenoid. The figure below shows a relay being used to

Q

f

Relay S, Mains
coil supply

To
appliance

When the switch S, is closed, a current passes through the relay
coil. The switch S, closes and the power to the appliance is
switched on.
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Strip of magnetic
material Glass case
A S
v Vacuum
5 C
NG b
Non-magnetic Reed (magnetic
material material)

A reed switch. In the presence of a magnetic field, the reed is
attracted to strip A, and A and C are connected.

switch on a large current, using only the current from a
battery. One common type of relay is a reed switch placed
in a solenoid.

7 A bridge rectifier circuit

A semiconductor diode is a device which allows current to
pass easily in one direction only. The four diodes shown
below are arranged to form a ‘bridge rectifier’. They ‘steer’
the current in the desired direction. The current can only
pass in the direction shown by the arrows. It will always
pass through the load from A to B.

A bridge rectifier circuit. The current always flows in the same
direction through the load.

The next illustration (a) shows the current through the
load. The output from the bridge rectifier is said to be full-
wave rectified.

If a capacitor is placed across the load (i.e. across the
output from the bridge rectifier) the variations in the current
are reduced. The capacitor charges up while the output
voltage is rising, and discharges when the output voltage is
falling. The smaller variations in the current which remain
are known as the ripple current (part b).

Current
in load

ervvm;

| & Time

(a)

Current
in load
+

|' = Time

(b)

(a) Unsmoothed d.c. (b) Smoothed d.c.

Worked examples
Example 1

Which of the diagrams below shows the possible logic
states of an AND gate?

A

11— ) 1 11—
0— 1—

Solution

[See section 2.]

Answer B

Examples 2 and 3

The circuit below is designed to switch on a buzzer. The
variable resistor is adjusted so that the buzzer is just off.

2.

+6V
\\ +6V

LDR

NOT gate

= inl

ov

Buzzer

The buzzer will be switched on if
A the room gets darker
B the room gets lighter



C the room temperature rises
D the room temperature falls
3. The purpose of the resistor R is

A to prevent too much current flowing through the
LDR

B to prevent too much current flowing through the
NOT gate

C to adjust the temperature at which the buzzer is
switched on

D to adjust how dark/light the room must get before
the buzzer switches on

Solutions

2. [When the room gets darker the resistance of the LDR
goes up. The voltage drop across it goes up, so the
input voltage to the NOT gate goes down, i.e. the logic
changes from 1 to 0. The output from the NOT gate
goes to 1 and the buzzer is switched on.]

Answer A
3. AnswerD

Example 4

The graphs below show how the two inputs, X and Y, of an
AND gate vary with time.

Input X

A

1

0 »Time

Input Y

1 pr—

0 —Time
inputs output
XY
00 0
01 0
1o 0

AND gate truth table |___'_ !

Which of the graphs shown below shows how the output
varies with time?

Output
A
1
A
0 »Time
Output
1
B
0 »Time

work odt'physics * el@étronigs’ 151

Qutput
1
C
0 Time
OQutput
A
1
D
0 » Time
Output
A
1
E
0 »Time
Solution

[The output is 1 when both inputs are 1. A correctly shows
the time when both inputs are 1.]

Answer A

Examples 5 and 6

The diagram shows a circuit for a transistor switch.

L

A C ’
i
e
B T
5.  Which of the lettered symbols on the diagram

represents the transistor?
6. In this circuit the transistor is switched on by a change

temperature
light intensity
pressure
moisture level

AW E

(ULEAC, Intermediate Tier)

Solutions

5. AnswerD

6. [A is a thermistor. The resistance of a thermistor
changes when the temperature changes. This change in
resistance changes the voltage of the base of the
transistor and will cause the transistor to switch on
(see section 5).]

Answer A

Example 7

In the circuit shown below the inputs to the first logic gate
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Input ‘1" — 1st 2nd
logic —E logic — Output ‘1’
Input ‘1’ — gate gate

are both at logic level ‘1’. The output from the second gate
is also at logic level ‘1°.
The two gates could be
A the first an AND gate and the second a NAND gate
B the first a NAND gate and the second an AND gate
C the first an AND gate and the second a NOR gate
D both NAND gates

Solution
[Use the logic tables in section 2.]

Answer D

Example 8

In only one of the circuits below the lamp lights. Which

circuit is it?

6V

'.__._._.

Solution

[When a small current passes from the base to the emitter,
this switches ‘on’ the transistor, causing a large current to
pass from the collector to the emitter. In B the battery is the
wrong way round.]

Answer D

Example 9

In the circuit below a voltmeter V is connected across lamp
L.

© Q

9V

T

Which of the changes in table 13.1 could occur at lamp L
and voltmeter V, if the resistor R is reduced in value?

Table 13.1
Lamp L Reading on voltmeter V

A goesout decreases

B goesout increases

C nochange no change

D lightsup decreases

E lightsup increases

Solution

[If the current in the resistor R is increased the current in
the base of the transistor will increase. This could switch
the transistor on and the lamp could light. If this happened
a current would pass through the lamp and the voltage
across it would increase.]

Answer E

Example 10

A boy designs a model railway signal to operate from the
circuit shown below.

The switch marked S is a reed switch which closes when
a magnet is brought close to it. The light-emitting diodes
are the lamps for the signal.



switch

®
(i)

+6V

oV

When the switch S is open, which of the two
lights are lit? Explain your answer. (4 marks)
The boy fixes a magnet underneath the train and
fixes the red switch on the track so that the train
passes over it. What happens to the signal lights
as the train passes over the reed switch?

(4 marks)

Solution

®

(ii)

Green. When S is open, the input to the first NOT
gate is high. The output is low, so the red light is
off. The output from the second gate is high, and
the green light is on.

When the train passes over the red switch, it
closes, and the input to the first gate goes low. Its
output goes high, turning on the red light. The
output from the second gate goes low and the
green light goes off.

Example 11

In the circuit shown below the switch S is closed when the
relay coil is energised.

2 ¢ +6V

10kQ Bell

X Relay coil S

oV

®
(ii)

Name the component labelled X. (1 mark)
Complete table 2, the truth table for the gate
labelled Y.

- _
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Table 13.2
Input Output
0
1

What is the gate called which is represented by
the above truth table? (2 marks)
(iii) What happens to the input voltage of the logic
gate when light shines on the component X?
Explain your answer.
(3 marks)
(iv) Explain what happens in the rest of the circuit as
a result of light shining on the component X.
(3 marks)
(v) What is the value of the input voltage at the logic
gate if the resistance of the component X is
20 kQ? (3 marks)

Solution
(i) Light-dependent resistor.
(ii)
Table 13.2

Input Output

0 1
1 0
A NOT gate.

(iii) It goes low. The resistance of the LDR goes
down and the voltage input to the gate goes low.

(iv) The output from the gate goes high and a current
passes through the relay coil. This closes the
switch S, allowing a current to flow through the
bell, and the bell rings.

(v) The voltage across X is twice the voltage across

the 10 kOhm resistor, so the voltage across the
10 kOhm resistor is 2 V. The input voltage to the
gate is therefore 6V —2V =4V,

Example 12
(a) Draw a truth table for the two-input NAND gate
shown in Fig. A. (2 marks)
A
s <
Figure A
A
C
B
Figure B

3
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(b)

©

Sequence

(d

5V

Figure C

Three NAND gates are connected as shown in Fig. B.
Draw the truth table for the arrangement. What is the
resulting gate called? (3 marks)
Two NAND gates are connected as shown in Fig. C.
Complete the truth table shown below. The initial
condition is shown on the first line of the sequence
and you must make each change in the sequence
indicated, moving one line at a time down the table.

(4 marks)
R s Q Q
1 1 1 0 1
2 0 1
3 1 1
4 1 0
5 1 1

The above logic is that of the burglar system shown in
Fig. D. The alarm rings when it receives a logic 1
from the output of the NAND gate to which it is
connected. A switch will close when a window in the
house is opened and open again when the window is
closed. Explain why
(i) the alarm rings when one of the switches is
closed, (3 marks)
(ii) the alarm does not stop ringing if the burglar
closes the window. (3 marks)

Alarm
bell

AR

Q

fe)
'—— Push-button switch

Figure D

©
®)

How can the alarm be switched off and reset?

(2 marks)
Why are two NAND gates connected as shown in
Fig. B referred to as (i) a bistable, (ii) a flip-flop?
(3 marks)

Solution

()

)

©

(d

e)
)

A B C
0 0 1

0 1 1

1 0 1

1 1 0
A B C
0 0 0
0 1 1

1 0 1

1 1 1

An OR gate

[The first two NAND gates which have their two
inputs joined together are NOT gates and invert the
input.]

R S Q Q
1 1 1 0 1
2 0 1 1 0
3 1 1 1 0
4 1 0 0 1
5 1 1 0 1

(i) When one of the switches is closed the input R
goes low (logic 0). As shown in the table
above, when R goes to logic 0, Q goes to logic
1 and the alarm will ring.

(ii) Closing the window causes the logic of R to

change from logic O to logic 1 and, as shown in
the table above, the output Q remains at logic 1
and the alarm continues ringing. [The alarm is
said to be latched.]

Close all the windows, then push and release the

push-button switch.

It is called a bistable because it has two stable states.

The outputs are either logic 0 and logic 1, or logic 1

and logic 0. It is called a flip-flop because it ‘flips’

from one state to the other when R goes from logic 1

to logic 0 and ‘flops’ back again when S goes from

logic 1 to 0.



Example 13

You are required to design a circuit so that an alarm bell
rings when a push-button switch is closed (i.e. is taken to
logic 1), and at the same time it is also daylight or raining
or both. In order to do this, you are provided with a light
sensor and a water sensor. The output from the light sensor
is high (logic 1) when it is daylight and the output from the
water sensor is high (logic 1) when it is raining. The table
below summarises the requirements.

Poiten | semsor | sensor | Outpt
0 0] 0 0
0] 0 1 0
0 1 0
0
1
1
1
1
(a) Complete the table. (5 marks)

(b) The desired result may be achieved by using two
2-input logic gates. Draw a circuit you could use
showing the two logic gates. The details of the bell

Input from
light sensor

Input from
water sensor

Input from
push button
switch

work odf'physics « el@étronics 185

OR gate

To bell
circuit

AND
aate

Example 14

The circuit drawn below is that used in a tomato waterer.
The contacts labelled A are buried in the soil.

+6V

ov

@
(i)
(iii)

@iv)

)

Draw a truth table for the OR gate.

(2 marks)
Draw a truth table for the AND gate.

(2 marks)
What can you say about the logic states of the
inputs X and Y to the AND gate if the water
pump is off ? Explain your answer. (4 marks)
What happens to the water pump if it is off and
the switch S, is closed? Explain your answer.

(4 marks)
Complete the truth table below if S, is open.

X Y V4

circuit are not required. (5 marks)
Solution
(@)

Push-button Light Water  Output

switch sensor sensor

0 0 0 0

0 0 1 0

0 1 0 0

0 1 1 0

1 0 0 0

1 0 1 1

1 1 0 1

1 1 1 1

—o=0|0

P
0
0
1
1

(vi) When the soil is very dry, it is dark and the
switch S, is open, is the water pump on or off ?
Explain your answer. (4 marks)
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Solution

@

P Q X
0 0 0
0 1 1

1 0 1

1 1 1

(ii)

X Y
0 0
0 1
1 0
1 1

- O O O (N

(iii) They must both be high. If X and Y are high, then
Z is high, so there is no voltage across the relay
coil. No current passes through the coil and S, is
open.

The pump starts. When S, is closed, the voltage
input at Y is low and Z goes low. There is a
voltage across the relay coil, a current passes and
the switch S, closes, starting the pump.

(iv)

P Q X Y z
0 0 0 1 0
0 1 1 1 1
1 0 1 1 1
1 1 1 1 1

On. When the soil is dry and it is dark, inputs P
and Q are both low. As the truth table above
shows, in this situation Z is low. There is a
voltage across the relay coil, a current passes
through it, and the switch S, closes, turning the
pump on.

(vi)

Example 15

In the circuit shown below the lamp L is lit when the light
falling on the LDR falls below a certain intensity.
(i) What do the letters ‘LDR’ stand for? (2 marks)
(ii) What do the letters ‘NO’ stand for? (2 marks)
(iii) The resistance of the LDR varies between
300 Ohm and 10 kOhm. What is the voltage at
the point X when its resistance is
(a) 300 Ohm?
(b) 10 kOhm? (6 marks)
(iv) What change occurs in the current flowing from
the collector to the emitter of the transistor as the

Relay coil

light falling on the LDR suddenly decreases in
intensity so that the resistance of the LDR
changes from 300 Ohm to 10 kOhm? (2 marks)
(v) Explain why this change in current switches the
lamp on. (3 marks)

Solution

(i) Light-dependent resistor.
(i) Normally open.
(i) Let I be current through the 10 kOhm resistor

and then
(@ V=IR
6V = I(10 000 + 300) Ohm
=I=
10 300
6
Voltage across LDR = 10300 X 300
=017V
Vx =017V

(b) If the resistance of the LDR is equal to the
resistance of the resistor then the voltage
across each will be the same, namely 3.0 V.
Hence Vx =3.0 V.

The voltage at X changes from 0.18 V to 3 V and

the transistor switches on. A current passes from

the collector to the emitter.

(v) The current passing from the collector to the
emitter flows through the relay. The switch
closes and the lamp lights.

(iv)

Example 16

Harriet has built the circuit shown below. She wants to use
it as an amplifier.

— +12V

5kQ 10kQ
X
ov
(a) (i) What is the name of component X? (1 mark)
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A

(ii) Label the input and output of the ampliger. . R —10kQ
marks o Re _ __
( ) (iii) Gain R, S 2
R
(iii) Use the rule gain = — —F to calculate the (iv) All positive values are made negative and vice
R, versa.
gain of the amplifier. (2 marks) (b) 1 wavelength = 4 divisions

To travel 4 divisions takes 4 X 2 =8
(b) Harriet intends to apply a test signal to her amplifier. o trave fvisions takes ms ms

She looks at the test signal with an oscilloscope. The Hence period = 0.008 s so frequency

diagram shows what she sees on the oscilloscope 1

screen. =—=——=125Hz
period  0.008

(¢) The trace will be inverted and have twice the
amplitude of the input signal. [This is because the
gain is —2.]

Example 17

In this question you may find these equations useful:

p.d.
current =

resistance

p.d. = current X resistance
A photographic ‘darkroom’ must be kept dark while films
are developed. The circuit shows a device which warns
people not to enter the room when it is dark inside. The
LDR is inside the darkroom. The LED is outside the room
above the door.

A +6V
\ O
LDR
R
The timebase of the oscilloscope is set at NOT
2 ms/division. Calculate the frequency of the test LED
signal. (3 marks) 2800Q
(c) . Harriet applies the test signal to her amplifier. She 'I' \}( ov
connects the oscilloscope to the output, without 0o
changing any of its settings. Draw on the diagram to B
show what she will see on the screen. (3 marks)
(MEG Salters’, Jun 95, Higher Tier) (a) The light in the darkroom is on. The resistance of the
LDR is 200 ).
(i) Calculate the total resistance between A and B.
Solution (1 mark)
) . (ii) Calculate the current in the LDR. (3 marks)
(a) (i) Amplifier
(i) +12V
O
\
( 5kQ 10kQ
Input < > Output
\o *~— o/

ov
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(iii) Calculate the p.d. across the 2800 () resistor.
(2 <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>