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Introduction

Welcome to the Cambridge IGCSE™ Physics Study and Revision Guide. This
book has been written to help you revise everything you need to know and
understand for your Physics exam. Following the Physics syllabus, it covers
all the key Core and Extended content and provides sample questions and
answers, as well as practice questions, to help you learn how to answer
questions and to check your understanding.

How to use this book

Key objectives

The key sklls armd know edye covered in the chapter You canalse use
this az a chacklist to track your prograsz.

Revision activities

Examples of strategies to help
you ravise eHactively.

|

Revision activit

 siu- I

Ky practical shil.s
Loverage witl help

wou to cansalidate

yeul under standing

ot practical waork you
have undertakes in your
lezsons, and 1o describe
and evalusle bese sl
stfectively,

Key mathemalical skilis.
are coverad to help you to
demenstrale these skills
‘eorrectly,

Sample questions
Exam-style questions for you to think about.

Student’s answers

s e e hows £ i £ b s s

I Cambridge IGCSE Physics Study and Revision Guide Third Edition

Teacher’s comments

Feedback from 3 teacher,
showing what was gong,
and what could have been
improved.



Correct answers
Model student answers, based o
teacher’s comnents on Lhe Ly
answars,

Exam-style questions

Practice questions, sotout as you would see
therr in the exam paper, far you ta answer so
Ll you can check what you bave leaned.

Extended syllabus

Content for the Extended syllabus
(Supplement material) is shaded yellow,

Answers T
Worked answers to the Exam-style i =
questions can be found at:

www.hoddereducation.co.uk/cambridgeextras

5| Keyobjectives

Exam breakdown

You will take three examinations at the end of your studies. If you have
studied the Core syllabus content you will take Paper 1 and Paper 3, and
either Paper 5 or Paper 6. If you have studied the Extended syllabus
content (Core and Supplement) you will take Paper 2 and Paper 4, and
either Paper 5 or Paper 6.

ultiple choice [Core) Theory (Core)

A8 minales 1 hawr 13 i

40 mzrks 0 marks

Al ler-ogpton, multiple-cha cs questions based ap the | Shart-ansser and steustored suest
Core subject content Crore sugject content

0% al o grade ol et g e

Paper 2: Multiple choice (Extended) Paper 4: Theory (Extended)

45 minates | hour 15 minutes

il msrks il marks

40 facr-aption, multiple-cha ce guastions, kazas onthe  Short-znawer and sicuctured questians, based on the
Core and Supplemant subject somtent ooz snd Supplemeant subject canten:
ﬂ'ai wolr grada G0% of yaur grade
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vi

Paper

1 hour 15 minutes

40 marks 40 marks

Questions will be based on the experimental skills in Questions will be based on the experimental skills in
Section 4 Section 4

20% 20%

How to prepare for your examinations
Here are a few summary points to guide you:

@ Use this book - it has been written to help students achieve high grades.

@ Learn all the work - low grades are nearly always attributable to inadequate preparation. If you can
recall the work and show understanding of it, you will succeed. Do not leave things to chance.

Practise skills such as calculations, equation writing, labelling diagrams and the interpretation of
graphs.

Use past papers to reinforce revision, to become familiar with the types of question and to gain
confidence.

Answer each question as instructed on the paper - be guided by the key words used in the question
(describe, explain, state etc.). Do not accept a question as an invitation to write what you know about
the topic.

Examination terms explained
The examination syllabus gives a full list of the command terms used by in the exam and how you are
expected to respond. This is summarised below.

Command word Explanation

Calculate Work out from given facts, figures or information

Compare Identify/comment on similarities and/or differences

Define Give the precise meaning

Describe State the points of a topic / give the characteristics and main features

Determine Establish an answer using the information available

Evaluate Judge or calculate the quality, importance, amount or value of something

Explain Set out purposes or reasons / make the relationships between things evident / state why
and/or how, and support with relevant evidence

Give Produce an answer from a given source or use recall/memory

Identify Name/select/recognise

Outline Set out the main points briefly

Predict Suggest what may happen, based on available information

Sketch Make a simple freehand drawing, showing the key features, and taking care over proportions

State Express in clear terms

Suggest Apply knowledge and understanding to situations where there is a range of valid responses,

in order to make proposals / put forward considerations

Cambridge IGCSE Physics Study and Revision Guide Third Edition



Motion, forces and energy

Key terms

For an object near to the surface of the Earth this is approximately constant and is
approximately 9.8m/s?

The point at which all the mass of an object's weight can be considered to be
concentrated

The mass

Energy may be stored as klnellc gravnauonal potenual chem.cat elastic [slraln]
nuclear, electrostatic or internal (thermal)

Moment of a force

Non-renewable

Pressure The force per unit area

Principle of conservation of Energy cannot be created or destroyed; it is always conserved

energy

Principle of moments States when a body is in equilibrium; the sum of the clockwise moments about any
point equals the sum of the anticlockwise moments about the same point

he

cannot be used up

Can be replace

The distance travelled per unit time

m[use!ul energy outpul/lotat energy |nput] x 100%

[use!ul power outpu!/!otal power mput] x100%

~ When two or more bodies interact, the total momentum of the bodies remains
conslanl provided no external forces act

© Mike Folland and Catherine Jones 2022
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1.1 Physical quantities and measurement techniques

Term

=

Cons(ar;t \;etocny r‘eache wr;er; the air res‘\stance upwards e‘qu‘alst e tinwnward 3
weight of the falling body
A

tel

agnitu

Vector ntity which has both

1.1 Physical quantities and measurement techniques mj

Key objectives

Ey the end at this section, you should be asls to:

® describe how Le measure length, volume and
bime using zppropriate measuring instrumsants

® determing an average vawe fora small
distance.ar short time by measuring muttiplas

® understand the difference between scalar and
wector quartitizs and give 2xamples of each

® determine the resultant of two vecters of
tarce orvelooty at right angles to each other
citner by caleulation er graphically

Each time you measure a quantity you are trying to find its true value.
How close you get to the true value is described as the accuracy of the
measurement.

Length

——+——object

A Figure 1.1 The correct way to measure with a ruler

Length is the distance from one end of an object to the other. It is
measured using a ruler. To measure length accurately your eye must be
perpendicular to the mark on the ruler you are trying to read. This avoids
parallax (see Figure 1.1).

Most rulers have millimetre markings. They give values to the nearest mm.

For example, if you have to measure a small distance of 4mm you only

know the value to 4+1mm. To improve this measurement, you measure =
multiple distances and find an average distance. j

Volume

Volume is the amount of space occupied. Figure 1.2 shows how to measure
volume using a measuring cylinder. You measure the volume of a liquid by
looking at the level of the bottom of the meniscus (see Figure 1.2). (For
mercury, you should look at the level of the top of the meniscus.)

meniscus —_1

it

. . P A Figure 1.2 The correct way to
Measuring cylinders often measure in millilitres. Remember 1ml = 1cm?. measure a volume of liquid

Cambridge IGCSE Physics Study and Revision Guide Third Edition



1 Motion, forces and energy

nt

wrils el volurme, vou bave lo divide by 100 for each

0000001 m*

m The 51 unit of vniume iz m When you canvert the
Converting cm? to m® 2 i
- 4 " = aimensicn,
The Sl unit of tergth iz the metee, Uiz casy to
convert langths from cm into metras. = |
1 TR RS TrTS
Lem=——m=00Ln- 1% m :
o — 15107

Time

You need to be able to use analogue and digital stopwatches or clocks

to measure time intervals. To improve the accuracy of the measurement
of a short, repeated time interval, you can measure multiple times. For
example, measuring the period of the pendulum in Figure 1.3. The period
is the time taken for the pendulum to move from A to B and then back
to A. You would measure the time for 10 such swings and then divide the
time by 10.

Errors in measurements

In any measurement there may be a measurement error. This is why results
are not always the same. The error might be random (a random error)
and cause an anomaly when you repeat the result. For example, an error
introduced by your reaction time as you start and stop a stopwatch. The
error may be a systematic error. For example, a newton meter might have
a reading even when there is no force applied. This type of error is a zero
error. In this case the same error is introduced to all the readings.

Scalars and vectors

Quantities can be divided into scalar gr vector;

Scalars:

® only have magnituda {size}

® are added by normal addition

Examples of scalars you should know are distance, time, mass, speed,
Yy did lenpeialoie,

Wectars:

have direction and magnitude {size)

are represented by an arrow - the length of the arrow shows the
magnitude of the vector and the direction shows the divection it acts
are added by Laking inte account their direction

Examples of vectors you should know are force, weight, velority
acceleration, momentun, electric field strength and gravitationsl
field strength. Always state the direction of 2 vector, for example, the
velocity is 10m/s northwards.

Finding the resultant of two vectors

‘When you add vectors, you find the resultant vector, This is a single
wactor thal has the same effect as the veclors you have combined. For
example, if 2 force of 200N pulls 3 boat to the east and a force of 200N
pulls it to the west, the resultant force is 800N to the west. You may he
asked te find the resultant of twe vectors perpendiculzr to each other,
Figure 1.4 shows 3 10N and a 5N force acting at right angles to each

support
stand

)

= |lo=%

EL

Hfi; metal plates

string

pendulum
bob

A Figure 1.3 A pendulum

© Mike Folland and Catherine Jones 2022
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Sample questions

ather and their resultant vectar . The Torces have heen drawn
the parallelegram method and the triangle methad.

A Figure 1.4 Finding the resultant of two forces acting at right angles to each ather

As you can see Trom Figure 1.4, Lhe resultant is the same whather you use
the parallelogram method or the triangle method. Use whichever one you
Find pasiest, Thers are tao ways to find the value of the resulbant vector:
1 By calculation: As it is a right-angled triangle, you can use
Pythagoras’ theorem to determine the magnitude of the vector

F= 10 + 8 - N w2l
You can yse trigonometry to find the angle &

Lan & =27 w2 sl

2
i’
Therefore, the resultant s an 11N force acting at an angle of 27° to
the 10N farce.

Graphically: By drawing the vectors to scale, you can then use a ruler
o measure the length of the resultant vector. Do not forget to convert
back using your scale and always wiite your scale down, e.q, 1om: 10N,
You can measure the angle using a protractor. Check this gives the sama
answer for the resultant force s by calculation using Figure 1.4,

N

Sample questions

1 A student wishes to time how long it takes a ball to fall 1.5m. Describe
how to obtain reliable results for the measurements of time and height. [4]

Student’s answer

ball hi e
t edien

-

Teacher’s comments

IThe question is answered well in terms of measuring the time. The

student realises that they have o repeat because of the random erors
when timing. They nesd to be more detailed in describing the distance
measurement. The height is 1.5m so a tape mezsure would be needed. It 5
nnt accurate to use two smaller rulers. Though they do include the idea of a
= mark so that the height i5 the same each time.

illegal to photocopy this page
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Correct answer

Use a tape measure to make 2 mark at the correct height of 1.5 m. Release
the ball from this height each time. Start the stopwatch when the Ball is
released and slog L when Lhe batl hits the floor. Repeal the experiment
and discard zny anomalous results before caleulaling the average time. [4]

2 An aircraft flies at 900 km/h heading due south, There is a crosswind
of 150km/h fram the west. Graphically, Tind the afrcralt’s resullant
velocity, [4]

Student's answer

T
”?wmm» |

A Figure 1.5 (Diagram is nol deawn to scale) [=]

Teacher’s comments

n tre whols, the questinn s extremely well answered anz the graphical
wore is accurate; stating the scale shows excellent work. The student
assumed the top of the page was north. Howsvsr, the student has
omitted the direction part of the resuitant velocity, stating only the
magnitudz,

Correct answer

Figure 1.5 should have an arows pointing up the page lebelled north.
The answers shown in Figure 1.5 are correct excest that the resultant
walocity label should be resultant welocity 912 km/h at 9 east of due

south. 4]

3 Speed and velocity are related quantities. bxplain why speed is &
scalar quantity 2nd velocity Ts a vector, 2]
4 Mame twa more scalar quantities and two more vectors. [4]

1 Motion, forces and energy

‘ abed siyy Adosojoyd 03 1ebay)i sy
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Student’s answers

Teacher’s comments

3 The stugent has shown na understarding of the difference between a
scalarand a vector.

4 Two good answers are given as examples of vectors; IGCSE students
are not expected to know that magnetic field strength is a vector but
it is a correct response,

Colour is mot measurable so is not a scalar quantity,

Correct answers
3 Speed has magnitude only, but velority has magnitude and direction, [7]
4 Correct answers could include:

vectors: force, accelerztion

Scalars: energy, mass 14] |

Exam-style questions |

Answers availzble at:www, hoddereducation.co.uk/cambridge extras
T Azlzckof 160 sheels s ¥ mm high. Caleclzle the average Lhickness
of a single sheat of paper, [1

2 A student uses astopwalch to lime the swing of a pendulum. They forgst
to zern the timer, which reads .55 wher it starts, Thiey start the siopwatch
2t the and of tha first swing of the penoulum ard stop the stopwatch at the
«nd of the tenth swirg, The final reading on the timer is 5.95.
State the type of error the student introduced when they foraet
o zero the timer. 1
b Gatiutate e puniler ur swiigs s, i
¢ Caleulate the Limie taken lor hese swings. 11
d Calculate the time for each swing, [11
3 Sortthe fellewing quantiies inte veclor guantities and scalar
quantities:
vélocily mass weighl  kirelicenergy  Lme  aceelevation (8]
4 Aswimmes swims directly across a river at 1.0m/s heading dus
easl. The river curren 12 froim Lhe south,
Calculate the resultant v?lrrlty ot the swimmaer. [
1.2 Motion

1.2 Motion

Revision activity

Creale foor veclor
addition guestions where
the force or velozity
wectors are at Fght
angles io each other.
For eachquestion,
zaiculate the answer
by biath caleulation and
grapnically. Swap your
guestions with another
student and check sach
“olher's wor kings.

Key objectives

By the end ol this seclion, you shoald be able 1o

® define spsed and velocity, and racall and use
Lhe equations e caleulate speed and average
spesd

tn calo
negal

Cambridge IGCSE Physics Study and Revision Guide Third Edition

® define scceleration and use
eleration and know that a
e acceleralion is a deceleration
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1 Motion, forces and energy

@ =ketch, plot and understand the maticn shawn ® delermine from data or the shaps of a
on dislanze Lime and d time graphs speed-time graph when an objectis moving
® dzterming fram data or the shape nf a with constant acceleration ane changing
dislanca-time graph or zpeed-lime graph acceleration

when an object is at rest, moving with constant ® calculate acceleration trom the gradient of
speed, acceleraling or decelerating aspecd-time gragh

calculate speed from the gradient of a
distance-timz grap and distanca travelled
fram the area under 2 speed-time graph

know the appreximate value of the acceleration
of freefall, g for anobject close to the Earth's
surtace

Speed
Speed is defined as the distance travelled per unit time. Velocity is
speed in a given direction. If someone sees a runner moving at 5m/s in a
northerly direction, then the runner’s speed is 5m/s and their velocity is
5m/s north. The speed, v, can be calculated from the distance travelled, s,
in a very short time, 7, using the equation:

s

y==1

t
In most cases, speed is calculated using a much longer time. This is then
the average speed of the object. The average speed is calculated using the
equation:

total distance travelled

average speed = .
total time taken

Acceleration

Acceleration is the change in velocity per unit time. The acceleration,
w, for @ change in velocity, &, when the time taken for the change is &
is givan by:

Ay

A

a=

A negalive acceleration is called a deceleration.

Distance-time graphs
Distance-time graphs show how an object’s distance changes with time.
Figure 1.6 shows the motion of an object plotted on a distance-time graph.

3

constant
€ speed
] at rest
5 T
£ constant i
o speed |
'
at rest H
0 A B C D
time/s

A Figure 1.6 Distance-time graph

The gradient of the graph for the section AB is greater than the gradient
for section CD. This shows the object was moving at a faster constant speed
at AB. The gradient of the distance-time graph is equal to the speed.

© Mike Folland and Catherine Jones 2022
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Calculating the gradient of a graph
To caleulate the gradient of a grash, yeu need to cead values for the
change in ¥ i 2 set change in x. Ses Figurs 1.5

change iny

A Figure 1.7 Calculating tha gradient
The gradient is then given by:-

rrailient =
i change nx

(15-5] _
=0

In Figure 1.7, lhe gradient = 25

If the speed increases, the object is accelerating. If the speed decreases,
the object is decelerating. When the speed changes, the distance-time
graph will curve. An upward curve shows the object is accelerating as the
gradient is increasing. The solid green line in Figure 1.8 shows the object
accelerating. A downward curve (the dashed green line in Figure 1.8)
shows the object is decelerating.

40 A
accelerating

30 i 4
(i “aceeleraing

20

distance/m

10 | accelerating

time/s

A Figure 1.8 Non-constant speed

The speed al any point on & distance-Lime graph where Lhe object is
changing speed is given by the gradient of the tangent drawn at that
paint, Tn Figure 1.8, the speed at time T equsl to the gradient of the
tangent (line AC) drawn at that point.

q0-1_ 40

wradient =
=2 2

=20 mis

spesd al lime T = 200 mi's

Cambridge IGCSE Physics Study and Revision Guide Third Edition
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1 Motion, forces and energy

Determining the motion of an object from data

It is easy to interpret the motion from the shape of distance-time graphs,
but you can also tell when you look at data in tables. When the object
travels at a constant speed, the distance increases the same amount in
equal times. When the object is stationary, the distance remains the same.
When the distance increases in different amounts in equal times, the
speed is changing. Table 1.1 shows how the distance of an object changes
with time.

'V Table 1.1 Distance-time data

10 12 | 1

Time/s 0 2| & | 6 8 |

Distance/m 0 5 | 10 | 15 | 15 | 16 18 24
Constant speed: Stationary: Changing speed:
Every 2 seconds distance increases | The distance remains the The distance travelled every
by5m same 2 seconds is increasing

Speed-time graphs

Speed-time graphs show the speed of an object over time. The area under
the speed-time graph is the distance travelled (green shaded area in
Figure 1.9).

constant
speed

speed/m/s

|
'
'
|
'
1

A B
time/s

A Figure 1.9 Speed-time graph showing acceleration, constant speed and deceleration

In Figure 1.9, the object is accelerating between 0 and A, at constant
speed between A and B and between B and C it is slowing down or
decelerating.

The steeper the gradient of a speed-time graph, the greater the
acceleration. In Figure 1.9 the deceleration is greater than the
acceleration. The same change in speed happened in a much shorter time
interval and the gradient is steeper.

Near the surface of the Earth the acceleration of free fall (g) is
approximately constant and is equal to 9.8 m/s%.

You can calculate the acceleration using the gradient of a speed-time
graph. Figure 1.10 shows the speed-time graph for an object falling
both without air resistance and with air resistance.

A Figure 110 & body in free fall in the atmasphere

@
a
o
S
-
>
S
3
a
o
-
<
5
[
°
©
<}
©
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Sample question

Without air resistance the gradient of the graph is constant and equal
to B.Am/sE, However, with air resistance the acceleration decreaszes. You
£an see this because the gradient of the graph is decreasing. AL peint
Adn Figure 1,10, the speed is slow so there is negligible air resistance
and the body has free Tall acceleralion. AL poinl B, the speed is higher
and there is some air resistance, so acceleration is less than free fall. At
point £, the body has high spesd and high air resistance, which is squal
to its weight. Therefore, there is no acceleration - this constant speed
i5 ralled the terminal velocity,

Sample question

5 A runner completes an 800m race in 2min 30s after completing the
first lap of 400m in 1min 10s. Find their average speed for the last
400m. B3]

Student’s answer Teacher’s comments

% {50 The student used the
correct equation and the
correct distance, but used
[£] the time for the whole
race instead of the time
for the last 400m. The

| Correct answer answer is quoted to 3 s.f.
Time = 2min 305 — 1min 105 = 1min 205 = 805 11}

400
3 1= ——=5.0m/%
speer 20 mngs

[2}

Sample question m

6 A car is moving in traffic and its motion is shown in Figure 1.11.

speed/m/s

0 10 20 30 40 50
time/s
A Figure 1.11
a Choose from the following terms to describe the motion in
parts A, B and C: acceleration, deceleration, steady speed. 3]
b Calculate the total distance covered. [5]
¢ Calrulate the acceleration in pars £, [2]

Cambridge IGCSE Physics Study and Revision Guide Third Edition



Student’s answers

a Far & era b, sart B decalersiios, part O o

b diszanse= 1845 =0 i
18

¢ sucelart —=12med |

Teacher’s comments

@ lhe answers to parts B and [ are the w way around.

b The equatinn used is distance = average spead « Hime, but this is not
appropriate, as the average speed 15 unknown. The student should
have worked out the area under the graph, which sguals the distance
covered.

€ The calculation is correct but the student should have spacified a
negative accelaration, [1 mark given]

Correct answers

a Part A acceloration; part B steady speed; part C deceleration [3]
b distance = area under graph [1]
i

Part f area =, = 18 » 10 = 00m [1]

Part B armea = 18 = 20 = 350m [1]

Part € area = l w18 % 15 = 135m [1]

distance = total area = B0« 360 + 135 = ABAm = 590m to £ 5.8, [1]
=13

€ avcelergtion a Ak 1.2 mys® [2]
At 1B

Arswers available ab www hoddersducalion.coukfeambridgesxiras

5 Runner & rups 100m in 20 ssconds at 3 constant soeed.
a Skeich this infarmation on & distance-lime graph. [3]
b Calzulate their average spesd, [21
¢ FHunner 5 iz twice az fast. Acd 2 line to your distance-hime graph

and label it B, Assume they alao run ata constant speed and
run 100m.. [2]
6 Abus accelerstes at a constant rate from standstill to 15mids in
1¢s. It continuzs at 2 constant spead of 1hm/s tor 85,

a Sketch this information on a speed=time graph. [3]
b Us= the graph to calculate the tatal distance coverse. [2]
¢ Calzulate Lhe average speed of the bus. [21
d Caleulale the sceslerstion n the frst 12 seconds. 121
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Revision activity

Greate a revision poster
an motian. Start in

the middle of sheet

with the four types

of motion yoeu Rave Lo
racognise: al at rest, bl
rrgving with a constanl
speed, | accelerating,

dl decelerating. Draw
distance-time and
speed-lime graphs Lo
reprasent eaca typs

of motion: Include sl
th Key wiords wsed tn
dezcrize motion and how
mctioncan oe calculated.
Link these ta your
graphs. Swap posters
and see how anather
student has sumimarised
the zame information.
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1.3 Mass and weight

Key objectives

By the end of this section, you should be able to:

1.3 Mass and weight

v [

® define masz and weight ana know thet weights ® dascribe how the wi
land masses! can be campared using a balance depends on Lhe gra

ght ot an chject
ational field itis in

® define gravitational field strength, g, and Lse
the equation relating g weight and mass

Mass is the amount of matter in an object. The unit of mass is the
kilogram, kg.

Weight is the gravitational force acting on an object that has mass. As
is a force, the unit of weight is the newton, N.

it

Weight, , and mass, m, are related. The weight depends on the strength

of the gravitational field the mass is in. Gravitational field strength is
defined as the force acting per unit mass and is given by the equation:
w

g=—
m

Gravitational field strength has the same symbol g as the acceleration of

free fall as they are equivalent. The units are different. Near the surface of

the Earth, gravitational field strength is 9.8 N/kg and acceleration of free

fall is 9.8 m/s2.

A balance such as the one shown in Figure 1.12 compares an unknown
weight with a known weight.

weight 1 weight 2
A Figure 1.12 Balanced weights

As mass determines weight, a balance also compares masses. In Figure
1.12, mass 1 = mass 2 because weight 1 = weight 2.

The mass of an object at rest is always the same 25 it depends on the
field the mass isin. A 1ka mass has a weight of @8N on Earth. Jupitz

have 2 weight of 25N on Jupiter.

matter in the abjert. However, the weight cepends on the gravitational

T

has & gravitational field strength of 25 K/kg. The same kg mass would

Answers availzble al- wew hoddereducation co.ukfcamanidgeaxtras

rover weighs J430N.
a Calculate the mass of the rover,
b Calculate the gravitational tisld strength on Mars.

Itis illegal to photocopy this pageJ

Exam-style questions |

7 Arover used to exolore planets weighs 8320N on Earth. On Mars the

121
[
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Revision activity

Creale Hashcards for
tha definitinns of the key
Lerms in Lhis section snd

the eguation g= %



1.4 Density

Key objectives

By the end of this section, you should be able to:

@ define density, and recall and use the equation
relating density, mass and volume

® describe how to determine the density of
a liguid, a regularly shaped solid and an
irregularly shaped solid, including appropriate
caleulations

Density is the mass per unit volume of a substance.

1 Motion, forces and energy

® use density data to determine whether an
object will float or sink in a liquid

® usedensity data 1o determine whather ong
liquid will flost gn another Liquid

For a mass m with volume ¥ the density p is given by the equation:

-
7

The units of density are kg/m?.

Measuring the density of different substances

To find the density of a substance you muasl imake
accurate measuremants of the mass and volume:
Fuor areguiasly shaped sclid, ineasure the
dimensians and work cut the valume, then find the
migss on @ balance,

wnlume of A rec anquiar alock = length = breadth =
height

wntumne of a cylindar = 7h

For arirregularty shaped solid, use 2

dispiacement method where the anlid is placed

in waler {Figure 1131 In melhod 1, the volume

af the sglidis the increase in the reading.an the

eI cyinges

2 readicg
“strzadag
wale

aold

A Figure 1.13a Measuring the volume
of an irregular solid methad 1

measuring eylinder |see Figure 113al Inmethad
2, where a displacement can is usad, the volume
of the solid is the volume of leuid displaced [see
Figura 1136,

For aligud, measure the volume in a measuring
cylinder. Ta find the mass of the liguid, first find
the maszs of un emply beaker. Pour e Geuid inle

the heakar 3nd then find the total mass of the
bezker and the lguid. Work cul the mass ef the
liquic by subtractinn of the mass of the heaker
from Lhe mass of the lotsl.

A Figura 1.13b Measuring the volumea
of an irregular solid methoed 2

© Mike Folland and Catherine Jones 2022
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Converting units

Sample question

Inyour experiment, you probably measured the Both substances nead tobe in the same units of
mazs in grams and the valume in cm®. This gives kg/m? 50 that you can compare them.
you & density in glfom?, To corvert this to kg/m? you dersity of & = 0.8 « 1000 = 800 kg/m*

mulbiply by 1000,

Far éxample, statewhich has the Righer densit
substance A at LEgfom® or substance B at Yhlkg/m®.

Floating and sinking
An object will sink in a liquid if it has density greater than the density of
the liquid.

When two Liquids do not mix, the liquid with the lewer density will float
an top of the Gquid with higher density.

Sample question

Therefare, substancs A has a greater density.

[ revseo [l

7 The mass of an empty measuring cylinder is 185g. When the measuring
cylinder contains 400cm? of a liquid, the total mass is 465 g. Find the
density of the liquid. [4]

Student’s answer

=
Correct answer
mass of Gguid = 485 - 1585 = 280q
density = 280 = (Litgfem! [4]

400

Exam-style questions il

Answers availzble at: wew hoddereducatinon.coukicamaridgeextras

L

8 a Caopyand zornplate the Lable by litling in Lhe missing values.
¥ Table1.2

Substance Mass/g Volume/cm? Density/g/cm?

dunzily of 1.2 gfom : [

14 Cambridge IGCSE Physics Study and Revision Guide Third Edition

Teacher’s comments

The student put the
approsrizte quantities
into the correct eguation
and gave Lhe worect
units, but used the total
mazs instead of working
out and using the mass of
the liquid itszlf.

Revision activity

Create s mind map on
density. Inzluds how to
calzulate density, how o
messure the density ot a
substance and how you
uze density to determine
whether objects fleat,



1 Motion, forces and energy

9 A measuring cylinder cortaining 20 cr? of liquid is plaged ona
tap-pan balance. The top-pan bzlance reads 150g. Morz liguid 15
poured into the cylinger up te the 140cm® mark and the top-pan
bzlznce now reads 2é5g. A solid 15 gencly lowered inta the cylinder;
thie Liguid risés to the 2000m? mark 2nd the tep-gan balance
reads 411 g. Caloulate:

a the density of the figuid [31
b the density of the =olid [41

10 & student has the
Abas e velume of
Detarmine whicl
ol miz. 131

1.5 Forces

1.5.1 Effects of forces

Key objectives

By the end ot this section, you shouid be aole to:

® know that farces may produce changes in the ® recalland use the equation &= ma Lo
size and shape of ar object calculate the resultant force, F, and the
® describe an experiment to cellect gata far a avceleration, &, and know that the ferce and

load-extension graph and plot, sketch and acceleratinn are in the same direction
understand the features of 2 load nejor

- — ® state how solid friction cppases mation

® define Lhe spring con b, and recall and betwesr twe surfaces and produces heating
use the zquation and define the Limit of ® understand there is fricban acting or 2n object
i i as tmaves through gas [air resistancel or 2
liguid [dragl

® determine the resultant force when two or
mors tarces are acking along the same line

® understand that an object witl remain at rest
ar continue 2t a constant speed ina straight
line unless a resultant force acts on it

® understand that a resultant torce may changs
the velecity of an chject by charging its speed
ar direction

® describe the molion of an chjectina
ircuiar path snd how the for i
dius of the

Forces

Forces can change the size and shape of a body. You must be able to
describe an experiment to measure the extension of an elastic solid, such
as a spring, a piece of rubber or another object, with increasing load. The
extension is the change in length of the object being stretched. For some
materials, the load-extension graph is a straight-line graph through the
origin. This means the load is directly proportional to the extension. This
means doubling the force, doubles the extension. Not all load-extension
graphs are linear, which means the force required to stretch the material
changes as the material is stretched.

@
a
o
S
-
>
S
3
a
o
-
<
=
[
°
©
=}
©

Fa
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1.5 Forces

Spring constant
The spring constant, &, is defined as the force per unit extension, The
units are M/m, The spring constant can be calculated using the equation:

For a linear [nad-extension graph, the spring constant stays the same,
The spring constant will be the gradient of the graph, On a load-
extensinn graph the limit of proportionality is the point at which the
graph is na longer linear.

|

Measuring extension of an object with increasing load

Toinvestigate tha load-estension graph for a
spring, sebup the apparatus shownin Fgure 114, ool
Flace s 1l0g mass carefully onto the hanger and prag

record the position ob the ruler of the bottam E
of the hangern Ta help vou resd this accurately,

=

attach a piece of card tothe bettom of the nanger

=0 that it lines up with the ruler. Rzcord this

measarement. Add another 100g mass o the 4
Fanger

hzrger and read the new resding on the ruler far

e position of the hanger, The extension & the

difterence hetween the inifizl reading and this new iy |
reading. Repeal o g maximum of 530y, scak % A Figure 1.14 Measuring the

extension of a spring with
increasing force

Forces and resultants

Force has both magnitude and direction. It is represented using an arrow
to show the magnitude and direction the force acts. If more than one
force acts on an object, you can find the resultant force. This is a single
force which has exactly the same effect as all the forces added together.
Figure 1.15 shows how to find the resultant of forces acting along the
same line. If a question simply describes forces, it will help to sketch a
force diagram showing the direction of each of the forces.

3N

-

- B -“WN

A Figure 1.15 Use addition or subtraction to find the resultant of forces acting in a
straight line

If the resultant force acting on an object is zero, then the object will stay
at rest or keep moving in a straight line at a constant speed.

If there is a resultant force acting on an object, then it changes velocity.
This can mean a change in speed or/and a change in direction. Remember
velocity is speed with direction.

illegal to photocopy this page
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1 Motion, forces and energy

ﬂ slatonary reculiar lure

car Feang resultart forse
his waw e
-—

A Figure 1.16 A resultant force changes the motion of an object

Friction

Solid friction is a force that opposes one surface that is moving or trying
to move over another. Friction results in heating. When an object moves
through a gas or liquid, there is a friction force opposing the motion. This
friction force in liquid is called drag and in air is called air resistance.

Relationship between resultant force and acceleration

ou need to know and be able to use the equation &' = s, where & is

the resultant force and @ is the acceleration. The acceleration iz in the
direction of the resultant force,

When the resultant force is perpendicular to motion, the object follows
3 circular path, Some examples of this are shown in Table 1.3,

¥ Table 1.3 Examgles of circular motion

Object Circular motion

witational force

Fianetimorait lowards [he Sur

Planet moves amaund the Sun

Car turning & corner Frictian force Ca wes araund the carner

Bal. anatengts of
string

sl movs s aroundinacircla on

S lens
g RERRER tog end of the string

Although the object may be moving at a constant speed, it is still
accelevating as it is continuzlly changing direction. This means the
velocily is changing. Remember velocily is a vector.

A Figure 117 Diagram showing the direction of the ferce and velocity for a ball on
a length of string

@
a
o
S
-
>
S
3
a
o
-
<
5
[
°
©
<}
©
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Sample question

The rezultant force reguired to keen the ohject moving in the circle
waries with the speed, radius and mass of the object:

® Increasing the speed, incregses the force for the same mass and
radius of circle.

Increasing the radius, decreases the force for the same mass and
speed.

Increasing the mass, incregses the force for the same speed and
radius.

Sample question

8 An empty lift weighs 2000 N. Four people enter the lift and their total
weight is 3000N. After the button is pressed to move the lift, the
tension in the cable pulling up from the top of the Lift is 4000 N.

a Work out the resultant force on the Lift. 2]
b State how the lift moves. 2]
¢ Calculate the resultant acceleration (g = 9.8N/kg). 3]
Student’s answers
1o L0000 = 000N 1]
m
[7]
Teacher’'s comments
a  The student correctly worked out the size of the force but did not
state the direction downwards.
b Tha words ‘move down’ are fon vague,
¢ The student’s answer is correct but bas been guoted to 3 <.
Correct answers
a  Resulzant force = 3000 = 2000 - 4000 = 1000N downwards [21
b The Lift will accelerate downwards, [21
¢ Mass of lift and people = % =510.2ky
F
Aeceleration = —= 1000, 20m/s" downwards [3]
m 5102
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1 Motion, forces and energy

Exam-style questio Revision activity
Apswers avalable at wweheddersducation co, ukfcambrisgeestias Crealea ming mag on
11 Figure 115 shows load-extens an graphs tor three ditferen: chjects. torces. Include how
Torees charge the shape,
size.and velaciby of
objecls.
b
0220 a0 s
ejx'.en}im.'.:m
A Figure 1.1
Study she graphs carefully and answer the fallowirg guestions:
a [Describe lhe behavioor ol zach object and identily whick could
be a spring, [8]
b Calulate the spring constant for graph &, [21
€ |dentity the limit of preporticnadty on grapn C. 11
12 f caris deiving along @ herizonial road with a constanl velseby. The
driver applies the hrakes ana the car comes to a stap.
a  Siate lne resullarl force acting on the car when sbis driving
with 2 constant valocity, n
b Siate the direction of the resultant force acting on the car as
the brakes are applisd.
13 drocket of weght 980N i propelled Lpwards by 2 throst of 1800 K.
The air resistance (s 500N,
a (Catculate theresultant force on the rackel. [2]
b Describe how this resultant ferce changes the metion of the
rocket. [2]
€ Calzulate the acceleration of the rockel g = 9.8 N kgl [3]
1.5.2 Turning effect of forces
Key objectives
By the end of thiz seclion, you =haule be sble to: ® apply the pronciple of mamenls when there are
® describe and give examples of the turring mare than twe forces akout a pivet

effect or mament of a force

define mament and recall 2nd use the equaticn ® cescrine an experiment Lo show that ar ehject
tor the moment of a force in equilisrium hzs na resuant mement

apply the principle of mements and recall the
conditians tor an ohject in equilioriom

Moment of a force
The moment of a force is a measure of its turning effect. Everyday
examples of moments include spanners and the handle on a door. In each
case, the effort is applied at a distance from the pivot to increase the
turning effect.
A moment is defined by the equation:

moment = force x perpendicular distance from pivot

© Mike Folland and Catherine Jones 2022
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Sample question

Principle of moments upward force ,
The principle of moments states when a body is in equilibrium, the tfhgz“gamw
sum of the clockwise moments about any point equals the sum of the —

anticlockwise moments about the same point.

An object is in equilibrium when there is no resultant force and no resultant ot
moment on the object. Figure 1.19 shows a wheelbarrow pushed along at a
constant velocity. Therefore, there is no resultant force acting on it. The A Figure 1.19 Wheelbarrow in
clockwise moment of the load is equal to the anticlockwise moment of the equilibrium

upward force holding it up. Therefore, there is no resultant moment.

Demonstrating that there is no resultant moment when an object is in equilibrium
Te demnnstrate thers is no resultant moment Balance a half-meatre ruler in its centre. Add
unanobject in eguilibriom, sel up the apparatus . medelling clay Lo one side or the elher unbil st
shown in Figure 1,20, is level, Hang unenqual massss m, and m, either
5 o e side of the pivel and alier their distancels fram
the pivat until the ruler is halanced again.
A AR ':'i'- I catculate the anticiockwise moment of ar and
the clockwise mament of i, You will find that
ik when tne clockwise moment s squal o the
* f,;’,‘:t_;,nﬂ;:owh & anticlackwise mamant, there is no resultant
= mament and the beam 1= i eguitibrium.
A Figure 1.20 Using a balancad ruler to measure
clockwise and anticlackwise moments

Sample question m_|
9 A student carries out an experiment to balance a regular 4m long plank

at its mid-point. A mass of 4kg is placed 80cm to the left of the pivot

and a mass of 3.2kg is placed 100cm to the right of the pivot.

Explain, by calculating the moments, whether the plank is balanced.

Use g = 10N/kg. [4]

Ay 3tk
A

A Figure 1.21

Student’s answer

o B = B2 1O

i plank salances,

Teacher’s comments

The student’s calculation

Correct answer and conclusion are
anLiclockwise moment = 40 = 0.8 = 32Nmn 1] entirely correct, but the

. insbruction in italic Lo
Loeky 5 P - .
clockwise moment = 32 = 1= 32Nn m R L R
anticlockwise momenl = cleckwise moment, so Lhe plank balances. [2] ignored.
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1 Motion, forces and energy

Exam-style questions

Arswers avallahle at wweshodderaducation Write four questions

14 2 450N chitd sils 1.2 [rom Lhe pivel of @ seesaw. an moments with their
a Calculate the moment of the child. m solutions. Swapyaur
b & secend child siks 1.5m from the pivet on the opposite side. guestions with a partner
The seesaw is in squifiorium. Calculate the weight of the and try each nther's
second child. [2] guestions. Check the
answers against each
15 & seesaw has a totzl lenath ot 4 moand iz pivoted in the middle. other

A chife of weight 400N sits 1.4 m from the pivot, & child of weight
300N s:ts 1.8m fram the pivot on the other side. A parent halds the

[l
1.5.3 Centre of gravity
Key objectives
By the end ol this seclion, vou should be sble o
® definz centre of gravity and describe how its ® describe anexperiment fofind the centre of
position relztes to the stzbility o” simple chiects gravity of anirregularly shapad piece of card.

Centre of gravity

A body behaves as if its whole weight were concentrated at one point,
called its centre of gravity. If you hang an object so it can swing freely,
it will end up with its centre of gravity directly beneath the point of
suspension. In a regular object of uniform shape and density, the centre of
gravity will be in the geometric centre.

i fre

centre of gravity

A Figure 1.22 Centre of gravity is in the geometric centre of uniform shape and
density objects

Finding the centre of gravity

Te find the centre of gravity of anircegularly shaped
plane lamina (thin sheat] of cardboard, simply maks
a hole in the card: Use the hole te hang the card from bmas
arall held ina clamp stand. The card must be able ta

swing Trecly sathat it comes to rest with the centre

at gravity directly below the nail. Tie a plumb lina

Lothe rail and mark its pesition on the card AB az

shawnin Figure 1723, Make a s=cond hole in the card

and repeat lhe procedure making the Une CO. Where 4 Figure 1.23 How to find the centre of gravity of an
tha lings cross is the centre cf gravity, Trregularly shaped lamina

Fedle

© Mike Folland and Catherine Jones 2022
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Sample question

Toppling

The position of the centre of gravity affects the stability of an object. If
an object is pushed, it will topple if the vertical line from the centre of
gravity falls outside the base as in Figure 1.24a. It will not topple if the
vertical line stays within the base as in Figure 1.24b.

a b
centre of
gravity

basi_ -
1_

A Figure 1.24 An object will topple if the vertical line from its centre of gravity falls
outside the base. a The object topples and b the object will remain standing

To increase the stability of an object:
o lower the centre of gravity
e increase the area of its base

Sample question

10 Explain why the model parrot will only stay on its perch if the
bulldog clip is in place. [2]

Student’s answer

card
“he b wars the s brs of grewily, 1]
i z perch
Teacher’s comments bulldog clip
The centre of gravity is lowered ut the student did not mention its
position relative to the parch,
A Figure 1.25
Correct answer
The bulldog clip meves Lhe centre of gravily W directly below Lhe
| merch, so the zarrob is stable. [21
Exam-style questions
Answers avalable at wew neddersducati coukfoambridgeextras
16 Uzscribe how a Hunsen burner 12 designad =o that it is very hard
o topple. ' ' 12l

1.6 Momentum m_

Key objectives

By Lhe erd of Uhis section, you should be able Lo:

® define mamentum, impulse and resultant ® apply the principle of conservation of
torce, and recall and uss the correct mamenturr to solve simple problems
equations to caloulate them

22

Cambridge IGCSE Physics Study and Revision Guide Third Edition



1 Motion, forces and energy

Momentum (p) is the product of mass (m) and velocity (v):
p=my

The units of momentum are kgm/s. Momentum is a vector quantity and
so the direction is important.

Conservation of momentum

In any interaction between bodies, the total momentum is conserved.
This is known as the principle of conservation of momentum. This
includes explosions in rockets as well as collisions. In an explosion
such as a cannon firing, the total momentum before firing is zero. After
firing, the cannonball moves forward and the cannon rolls backwards.
Their momentum is equal and opposite.

Force and momentum
The impulse of a force is defined as the product of the force (F) and the
time over which the force acts (A7).

impulse = FA?

In any interaction, the impulse exerted on a body = change of momentum.
FAt = A(mv) or FAt=Ap

Earlier in this section, you used the equation F = ma for resultant force.
This relationship gives you another equation for resultant force and a new
definition. Resultant force is the change in momentum per unit time:
7= A
At

Sample question m—|

11 A truck of mass 1800kg moving with a velocity of 4m/s to the right
collides with a truck of mass 1200kg moving with a velocity of 1m/s
to the left. The truck of mass 1800kg has a velocity of 1.5m/s to the
right after the collision. Find the final velocity of the 1200 kg
truck. [4]

4am/s m/s 1.5m/s
e - -

before collision after collision

A Figure 1.26

Student’s answer
Teacher’s comments

Ol = FEGL

memestum sefons sallision = 1800« 4
= BAG kAt

Ihe student made & qood
attempt at the question.
The veorking was well set
1 out, However, the student
did nat realise that
direction iz significant,
] as mementum is a vectar
quantity,

mimestumsfter collislon = 2800 % 1.8 + 1200«

fgrr L RN~ B

TEDOw
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Correct answer
Consider that the positive direction is fo the right and assume that 1 is
awso to the right,
mementum hefors collision = (1500 « 4) - {1200 = 1) = 7200 - 1700
= BO0Okg s 1]
mamenturm after call = {1800 = 1,3) + 1200% = 2700 + 1200vkgm/s 1]
momentum s conserved: 2700 = 1200w = GG00 [1}
1200w = 3300
33100 :
=——=727amfs = 2.8m/s to 2 5.1, to the right 11}
1200

Exam-style ques

Anzwers available al: wwow hoddeseducstion.cock/zambridgeest-as
17 & railway truck of mass A000ky moving 5t & mifs collides witha
truck of mass 10000 kg mowing at 2 myz in the same cirection.
The twe rucks couple and move on together at 3.5m/s,
a  Carry out 3 calculation to conficm that mamentum is conserved. (2]
b Determire whether kinetic ensrgy is conserved in the collision,  [3]
€ Comment on your answer to part b 0l
18 During a kick, o 450 g football accelerates from 0l 25mys. The Tool
znd the ball sre in contact far [L.02s. Calculate the forzs an the ball.

ns

2

1.7 Energy, work and power

1.7 Energy, work and power

Revision activity

Write the words foree’,
“welacity’, ‘momantum’
and ‘lime’ on g blank
page. Try o link

Lne wores with an
explanation, e.g. link
mamenturr and velozity
and writs mamentum =
mass = velocity” an the
linking Line, See how
many linkz you can make.
You can add other words
trom this topic so tar
Compare your wark with
a partner and s=e if there
areany links you missed.

1.71 Energy

Key objectives

Bathﬁr\ndnfthl section, you should be asle to;

rzczll the ditferent energy stares and describa
how srargy ic trancfarrad botwaon thaca
stores

know the principle of conservalioe af °
energy,and spply and interpret simple ensrgy

® recall and use the equations Lo calcolat
Linatic anargy and tha shanaa in
gravitational potentizl ensrgy

inberprel compiex eneray Mow diagrams
inclucing Sankey diagrams

flow diagrams

Energy stores
Energy may be stored in many different ways.

¥ Table 1.4 Energy stores and their descriptions

Stores of energy Desc

Ene
| ranting

Kinetic energy

gy due 12 motion, .0, & car mowing, 3 stzne falling, a person

Ene 7y due 13 position
sk i a lii

Gravitatio=zl potartia.
Energy

Chemical enzroy

al reactions

. any object acove the Earth's
i a mauniain Leke

surface

AE_ =gk

25 are stores o{ COEMICal Energy. The ERErgy

Elzstic [strain) enzrgy

strelehing & rubbas band, compres
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1 Motion, forces and energy

Stores of energy Equati
Nuclear energy The energy stored in the nucleus of an atom. It can be transferred
by nuclear reactions such as fission in nuclear reactors or fusion
in the Sun
Electrostatic energy Energy stored by charged objects
Internal energy Also called thermal energy

Ais the Greek letter delta. It is used to represent change in a variable, in this
case, the change in the gravitational potential store with a change in height.

Energy transfers

The principle of conservation of energy states that energy cannot be
created or destroyed. However, energy can be transferred between stores by:
e forces (mechanical working)

@ electrical currents (electrical working)

@ heating through conduction, convection and radiation (Topic 2.3)

@ waves (electromagnetic, sound and other waves)

You can represent these energy transfers using a simple energy flow
diagram such as in Figure 1.27.

high-level water genemtor
reservoir turbine

gravitational  kinetic kinetic different

potential g energy mmp energyof g energy stores

Ry of fallg rotatng ragpirzd by

of watar wiatar wriire «, electic
custoren:

kY £ kY

EnEry ranzterras 12 sumoond nos by Faating
BN by sTund WeEves

A Figure 1.27 Energy transfers in a hydroelectric power scheme

At each stage of energy transfer, some energy is transferred less usefully.
As you can see in Figure 1.27, not all the energy in the gravitational
potential store is transferred to the energy stores required by electricity
customers. Some of the energy is transferred to the surroundings.

In a Sankey diagram, the thickness of the bars represents the amount of
energy transferred st each stage, This is useful to see the proportion of
enerqy usefully transferred at each stage in a process. As you can see in
Figure 1.28, only 30% of the energy input is transferred to the energy
slores required by eleclricily cuslomers.

suien e
fuarbine el

by obartric 1y

Costarers

i "
thrrial energy Lengierrag TRy oz

to suroLnidlngs soncurndings

A Figure 1.28 Energy transfers in a hydroelectric power scheme
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Conservation of energy

As an object falls it loses gravitational potential energy and gains
kinetic energy. IF it falls from rest and you ignome i resistance,
the kinetic energy on reaching the ground is equal to the loss in
gravitational potential energy:

E A[__,or%rm-e' mighh

This is alsn true if you throw & ball vertically upwards in the air, &s the
ball will stop for a moment when it reaches its maximum height, the
gain in gravitational potential energy 1s equal to the loss 1n kinetic
anergy.

Sample question

12 A person winds up the spring of the
clockwork radio shown in Figure 1.29
using the muscles in their hand and arm.
The internal spring then unwinds to
provide energy to power the radio.

Describe the energy transfer between

the muscles in the person’s arm

and the spring. 3]

Describe the process by which

energy is transferred by the

o

o

A Figure 1.29

circuits in the radio. 1]
¢ Name two ways energy is
transferred from the radio. 2]
Student’s answers
a « thelt nus
1£]
b )|
¢ rAco s ™

Teacher’'s comments

a  The student has identified both slores of energy but nol how Lhe
energy was Lranslerred. In this case. by mechanical working.

Correct answer.

Energy is transferred by sound waves bul radio waves bransfer energy
to the radio and not from.

oo

Correct answers

a Chemical energy stored in their muscles is transterred to elastic
enerqy in the spring by mechanical working.

Electrical working, ]
Energy is transferred from the radio by sound waves and by heating, [2]

oo

Cambridge IGCSE Physics Study and Revision Guide Third Edition
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1 Motion, forces and energy

Revision activity

Make flashcards for each energy store and type of energy transfer. Use
the cards to create energy transfer diagrams for different processes, e.g.
awind turbine, a solar cell, dropping a ball, throwing a ball, a pendulum,
a torch. Compare your diagrams with a partner.

1.7.2 Work

Key objectives

By the end of this section, you should be able to:
® understand that mechanical work or electrical ~ ® recall and use the equation to calculate
work done is equal to the energy transferred mechanical work

In any energy transfer, work is done. Mechanical work is done when a force
moves though a distance. The greater the force, the more work is done.
The greater the distance moved, the more work is done.

work done = force x distance moved in the direction of the force

Know and be able to use the following equation:
W=Fd=AE
where W is work done and AE is energy transferred.

To calculate work, you must identify the force and the distance moved in
the direction of the force. If you walk up the stairs, you transfer energy
to the gravitational potential store by mechanical work. The force is your
weight (W = mg) and the distance is the vertical height of the stairs.

1.7.3 Energy resources

Key objectives

By the end of this section, you should be able to:
@ describe the different ways useful energy is ® understand that the Sun releazes cnergy
obtained or electrical power is generated, and through nuclear fusion and th

the advantages and disadvantages of each source of energy for maost of the
method rESOUrCES
@ understand what is meant by the efficiency of ® L thalr iz bring carried cul te

energy transfer find put if it is possihletc have large-scale
nuctear fusion te produce elect
define efficiency, and rezail and
equations Lo caleulate efliciency

Energy resources
There are many different energy resources. They can either be:

e non-renewable - cannot be replaced when used up
e renewable - can be replaced which means they cannot be used up

When choosing an energy resource, you have to consider its availability,
reliability, scale and environmental impact. Most schemes involve a

© Mike Folland and Catherine Jones 2022 27
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generator. When a generator is turned it produces electricity (Topic 4.5).
Table 1.5 summarises this for the different energy resources.

¥ Table 1.5 Energy resources

How the useful Renewable
energy is obtained (R) or non-

or electrical power renewable
generated (NR)

Availability

Reliable

Sample question

Possible |Environmental

scale

impact

Fossil fuels

Water

Geothermal

Nuclear

Radiation
from the
Sun

Itis illegal to photocopy this page

L

Chemical energy store  NR
in the fuels is released

when they are burnt.

This heats water in a

boiler, making steam.

The steam turns a

turbine, which in turn
drives a generator.

Hydroelectric— R
gravitational potential
energy in the water
behind the dam. As the
water flows through

the dam, turbines are
turned, which in turn
drive generators.

Tidal - same principle R
as hydroelectric

Waves - energy of the R
waves is used to drive
a generator.

| Cold water is pumped R

into hot rocks below
the Earth’s surface.
The steam is used
to turn a turbine,
which then drives a
generator.

 Nuclear fission NR

releases energy which
is used to generate
steam, which turn
turbines which drive a
generator.

Solar cells - light used R
to generate electricity

Oil and gas
running low;
coal for the
next 200 years

Only some
areas of the
world have
suitable sites

Only some
areas of the
world have
suitable sites

Useful
forisland
communities

Only certain
parts of the
world have
rocks near
enough to the
surface that
are hot enough

for this to work.

Available to
countries with
nuclear power
stations

Anywhere

Yes

Yes

Yes

Yes

Yes

Yes

Cambridge IGCSE Physics Study and Revision Guide Third Edition

Large

Medium

Small

Small

Medium

Large

Small

Burning produces
carbon dioxide
(causes global
warming) and sulfur
dioxide (causes acid
rain).

Loss of habitat

for wildlife; land
used for farming or
forestry may be lost
due to flooding for
the dam.

Destroys habitats
for wildlife and
causes problems in
shipping routes

Problems to
shipping

| Some (open-loop)

designs have air
emissions, although
ata much lower
level than burning
fossil fuels: carbon
dioxide (causes
global warming) and
hydrogen sulfide
which changes

to sulfur dioxide
(causes acid rain).
However, closed-

loop designs do not.

Radiation;
radioactive waste
some of which has
to be stored for
thousands of years
(Topic 5.2)

Large areas of solar
cells to generate
more electricity
cover areas of land
which could be used
for food production.



1 Motion, forces and energy

How the useful Renewable

energy is obtained (R) or non-

or electrical power renewable Possible | Environmental

generated (NR) Availability Reliable  scale impact

Solar panels - infrared | R Anywhere - but  No Small

radiation heats water more effective

directly. closer to the

Solar furnace - Using equator

mirrors to focus the

energy on a boiler,

producing steam which

turns a turbine which

drives a generator.
Wind Turbine turned directly R Coastal and No Medium | Noisy; wind farms

by the wind. upland sites and at sea can cause

best small problems for
shipping. Hazard to
migrating birds.

Biomass Chemical energy store R Anywhere Small Produces carbon

in the biofuels. dioxide but is carbon

neutral as carbon
dioxide absorbed

as biomass grows.
Land used for food
production may be
lost to biofuel growth.

The Sun 35 the source of all energy resources except geathermal, nuclear
and tidal. Energy is released by nuclear Fusion in the Sun {Topic 5.1).
Research is being done to try to reproduce fusion on Earth at a large
scale. Currently it 7s not possible.

Efficiency

As you know, when energy is transferred form one store to another it is
not all usefully transferred. How much energy is transferred usefully is
described as the efficiency. In an efficient energy transfer, more of the
energy input becomes useful energy output. A coal-fired power station

has an efficiency of about 30%. This means that for every 100J of energy
released from burning coal only 303 will be transferred to the electricity
customers. However, a wind turbine at peak wind can have an efficiency of
50%. More of the energy has been usefully transferred.

Calculating efficiency
The efficiency of a device s the percentage of the energy supplied to it
that iz usefully transferred. You can calculate the efficiency using

useful encray output

elliciency — :
total eneray input

w00
ar
L uselul power oulpul
cfficiency = # B D05
totul ponwer input

Ffficiericy can never be more than 100%. This s because of the
principle of conservation of erergy.

© Mike Folland and Catherine Jones 2022

si|

abed siyy Adosojoyd oy 1ebayy



Sample question

Expressing efficiency

2
Efficiency can be expreszed as a percenlzge or citicicncy ag a deciral number = — =102

as & fractinn written as a decimal numhber. To 20
canvert from & pereentage bo s fracbon, simply. ErEre useful energy outrut
divide the percentage efficiency by 1000 For = total emergy input

exampls, 450 15 040 As efticiency 1z always less 300

than 100%, the number is always ess than 1, S
total encray inpt

Far example, a wind turbing s described as
having an efficicney of 20%, Caleulate the total
energy inpus f the slectrical energy transterred
from the turkine is 3000,

’:ﬂ(
total eneriy mput — = 15004

Sample question

13 For each of the following two statements, give one strength and one
weakness and write a conclusion.
a A supporter of nuclear power states that it should be more widely
used as there is no pollution. 3]
b A supporter of coal-fired power stations states that nuclear power
plants cannot be controlled and might explode like atomic weapons. [3]

Student’s answers Teacher’s comments

a  The student ~as made
no real attempt to
arldrass the izsues or
draw a canclusion, Tf
thare are three marks
for a question, try to
make three points.

Correct answers b This answer is
Possible answers could be: dugomplote, bt i
a  Nuclear power stations produce fo caibon dioxide or ether air PLANEIE TR ot
pellution, which is a powerTul argument in thelr Tavour, Lwo relevant poinls

Nuclear power statfons produce waste, some highly radisactive, o "r"qe e
which s wery hard Lo dispose ol as L has a hail-lile of many conclusian.
centuries. This i a powerful argument against nuclear power
Bacause of concerns ebout the productizn of gresnhouse gases and glabal
wearming, the lack of &ir pollution is stantial benefit. The issue of
radinactive waste 5 a sericus problem. [he overall ]udq'rent miattar
of opinion with different countries reaching differan [3
b
rausing rr?l down of
considerable velease af
Thiz happensd in the Chermabyl incident as & result of an
unzutherised test znd in Japan following tsunami damage,
However, the statement exaggerates the dangers, as the nuclear
Rev activity

material is arranged in & manner that could not cause an explosion

llegal to photocopy this pageJ

like that of & nuclear weapon, In addition, as experfenca is gained,
the likelihcod of future incidents decreases.

Again, the two arguments have to be weighes against each other
and the gverall judgement is a matter of epinion with different
countries reaching different decisions. [

Cambridge IGCSE Physics Study and Revision Guide Third Edition

Draw a table to
summarize the
atvantages and
dizadvantages af sach
SRLrgy resoures



1 Motion, forces and energy

1.7.4 Power

Key objectives

By the end of this section, you should be able to:
@ define power and recall and use equations to and calculate power

Power is the work done per unit time and the energy transferred per unit
time. Remember work done is a measure of the energy transfer. The unit of
power is the watt, W.

power = work done or  power= energy transferred
time taken time taken
w AE
P= — o P= —
t v

Sample question @_|
14 The two cranes shown in Figure 1.30 are lifting loads at a port. Crane

A raises a load of 1000N to a height of 12m in 10s. Crane B raises the
same load of 1000N to the same height of 12m but takes 12s.

Teacher’s comments

.I!|l:.l|ll IS Correct answer.

L a
(iR ! s : b The student has
confused the

A Figure 1.30 . .
a Compare the work done by the two cranes. [2] ;il;tt]::::]epﬁ:': taken
b Compare the power of the two cranes. [2] g

the greater the power.
¢ The calculation of
energy transferred

¢ Calculate the energy transferred and the power of each crane. [4]

Student’s answers % @i, G
that the unit {3} has
a “Eod weork betanse the fomoe and been omitted, Both
[£] power calculations are
b sk armour o vk g i the incorrect because the
71 wrong equation nas
c been used; the unit
of power (W) has alsa
11 bieen omitted.
Correct answers
a  Bath cranes da the same amount of work because the force and distance moved ars the same. [2]
b Crane & has mors power because the amount of work done is the same but less time is taken. 21
¢ Energy transferred by each crane = 1000 = 12 = 12000 J
Fower of A& = 12400, =1200W
1
Power of B = @ = 1000W [4]

abed siyy Adosojoyd 03 1ebay)i sy
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Exam-style questions

Angwer s avallalle atweow hodder céucalioncoukicambridgeextras
19 Copy and complete the tabis below to show the ensrgy transfers in

different devites, 5]
Energy store atthe | Energy transfer | Energy store at the
Device start that decreases | process end that increases
hattary- kitetic anergy
powered fan
raller caaster | kiretic anergy

catagult |=.Iastic BnEroy |

20 p pupges jumper of mass &0kg wimps from a bridge tied to an elastic
rope that becames taut after tney fall 10m. Consder the jumpsar
when they have fallen 2nother 10m and are travelling at 13m/s.

a Siate a stare of energy that has decreased. ¥
b Stale Lwo stores of energy that have increased. [21

€ Czlouiatethe change in gravitationzl potential snergy of the
B jumper when they bave fallen 200, 12]
B ergy |s stored inthe rope, Ignare air

d

resistance, [3]
21 Galculate the maximum height reached by a 60g hall thrown
verticaly up in the air. The spesd of Lhe ball when it tefl Ihe
hands iz 12m/s [3l

22 A 15k box is maved. In each case, caleiate haw much wark is done,
a  The bosis dragged along the floor with 2 foree of 23N fo-Zm.  [1]
b The box iz liftec anto 2 shelf 1.5m high [21

23 Supporters and opponents are discussing @ proposed new wind farm
of 20 large wind turbines, The supporters say that the wind farm will
uze energy from a renswable zource, not pollute 2rd provide reliaols
anergy. The opponants admit itwill use erergy from a rencwable
zource, but say taat itwill nat be relisble and it will pollute.
a Comment o the arguments of the supporbers and he

Gppanants, [£]

I5 il correct Lo sav that the wind farm will use energy from 2

rengwable source'? 21

‘Write down one other source of renewskle energy and one

sourse of pen-renswable nergy [21

o

a

24 Caleulate the efficiency of a solar cell if the power inpul from
is 1T080W and the power outpus is £37 W, [
: ol A0N adistance of T.4m. The energy
input tn the mator is 7). Calculate the effici # the mntor, [3]

i

Calculate the power it a microwave transters 9500000
2 rminule:
Calculate the average power if a 70N peraan climas stairs

15t high in 3Cs. 121

121

o

27 Ina sma.l-scale hydroelectric power schermne, 28 kg of water falls
every second through avertical height of 80 m from the resecvain
Le the turbing, The 2le L output 5 11 &W. Calculate the
efficiancy of the scheme, [3

Cambridge IGCSE Physics Study and Revision Guide Third Edition

Sample question

Rev act

Write five questions

on power and their
answers. Include at least
one where you have to
rearrange the equation.
Swap questions with a
partner and check you
agree with the solutions.

ty



1 Motion, forces and energy

_‘I_.8 Pressure - |

Key objectives

By the end of this section, you should be able to:

® define pressure, and recall and calculate ® describe how pressure in a liquid varies with
pressure using the correct equation depth and density of the liquid

® describe how pressure varies with force and i
areiin everyday cramples ® recalland use lhe equalion Lo calculale Lhe

change in pressurein a tiquid

Pressure
Pressure is defined as the force per unit area. To calculate the pressure,
you need to use the following equation:
_F
7=
The unit of pressure is the pascal (Pa). A force of 1N on an area of 1m?
exerts a pressure of 1Pa.

The greater the area in contact as a force is applied, the less the pressure.
For example, snowshoes and skis have a large surface area to stop the
person wearing them sinking into the snow. They have the same weight as
a person wearing normal shoes, but the pressure is less. A nail is designed
with a small area of contact so that there is a high pressure when a force
is applied. This allows the nail to be hammered into the wood.

Liquid pressure

Pressure beneath a liquid surface depends on the depth and the density of 2 b
the liquid. =2 ll.cl\—ﬁ
@ The greater the depth in a given liquid, the greater the pressure. This {

is because as you increase in depth there is a greater weight of liquid 4

above you. Figure 1.31a shows how the pressure is greater at the
bottom of the column of liquid. Figure 1.31b shows that at one depth A Figure 1.31 Pressure in a liquid
the pressure acts equally in all directions.

At a given depth, the greater the density of the liquid, the greater the

pressure. This is because a higher density liquid has a greater weight

per unit volume. Remember the density is the mass per unit volume.

You should know and be able to use the following equation:
Ap=pghh
where Ap is the change in pressure between the surface and that depth,

g 1s the densily of the liquid, s the acceleration due to gravity znd
Ay is the depth below the surface of the liguid,

How many significant figures to use for the final answer
Rememiber anly the final answer in the caleulation  used to calculate, g if you know the depthis

should be roundec. Use the numberin the 5.0Cm ana the denzity = 1020k /m?. then you
calculater as you go theough 2 calculation with know the denth and density 1o 3 significant Foures.
rmare than onz slzge. The linal anzwer should be However, if you use 2 = S8m/s%, you only know the
the same number of significant figures [s 1.1 a5 value te 2 significant figures, This means your final

the number of the signeficant higures in the values anzwer should be quoted to 2 significant figures.

© Mike Folland and Catherine Jones 2022
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For example, caiculate the prezsure exerted on

the floor by a 12 ke sack with anarea of 0.015m2. Rl
F=mp=[2x08= 176N

_l1gs

A anls
(&l vaiues used anly given 1o 2 5.1

Sample question

= TN = TROO N 10 2 2t

Sample question

15 Some students are playing a ball game in the sea and the ball is pushed
60cm below the surface of the water
(Density of seawater = 1.025 x density of freshwater.)
a Explain how the pressure on the ball at a depth of 60cm below
the surface of the sea compares with the pressure just below the
surface. [2]
Explain how the pressure on the ball at a depth of 60cm below
the surface of the sea compares with the pressure 60cm
below the surface of a freshwater lake. [2]

o

a

Calculate the pressurs on a point on the ball 60cm oelow the
surface of the sea (density of freshwater = 1000 kg/m®). [2]

Student’s answers

The prassurs

¢ prossure = Ay = O 000 ) B = BEOOPaza 2 1]

Correct answers

a  The pressure ncreases because the ball is at a greater depth

in the same Hquid, [21
The pressure on the ball below the surface of the sea is greater
because seawaler has 4 giealer densily and both balls are al the
same depth, [21

o

a

density of sea water = 1,025 = 1000kg/m’ = 1025 kg m*
Ap = Ahpg = 0.6 x 1025 « 9.8 = 6027 Fa = 6000Pa to 2 .f. 121

Ex tyle questions

Answers avalable at: wees heddersducation.co ukeompridgeestras
28 Describe how a drawing pin is designed sa that it can be pushed
Irile & natice beard witheut hurting you. (21
29 fnleck of marble weighing 490N nas 5 bzss in contact with the
grourd of 080w by 1.30m. Calculate lhe pressure on Lhe floor. 121
30 Dzrs are Huilt across rivers to trap water Behind. They are Built
solhal they are much thicker 2L the ballem Lhan Lae top.
a  Explain why they are thicker at the hattom than the tap. 2

b The depth of water bebind a darn i= 78.0m, Calculate the
pressure st the botiom of a dam. Density of water = 1000kgdms. (1]

Cambridge IGCSE Physics Study and Revision Guide Third Edition
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Teacher’'s comments

a  The statement iz
rorrect hut there iz
no explanation.

b The statement is
rorrect and the
reason is also
correct, but not
guite complete, The
student should have
mentioned that the
Comparison was at
the same depth below
zach surface,

¢ The pressure has
been caledlated in
the correct way bul
at a depth ol G0em
below the surface of
freshwater instead

of seawater.

Revision activity

Create amind map an
pressure. Include any
ruatinns and some
everyday examples of
low= ar high-pressure
situztions



Thermal physics

Key terms

Condensation Change of a gas to a liquid

Conduction Flow o!thermat energy transferred through matter from places of h\gh temperature to
places of tow temperature wrthout movement of matteras a whole

Convection Flow o!thermat energy through a fluid from places of h\gh temperature to places of low

ature by movement of the fluid itself because of change of dens\ty

Degrees Celsius

them

Thermal energy

Vaporlsatmn

2.1 Kinetic particle model of matter

2.1.1 States of matter

Key objectives

By the end of this section, you should be able to:
® know the properties of solids, liquids and gases and the terms for
the changes in state between them

Solids have a definite shape and size and are hard to compress.

Liquids have a definite volume but adopt the shape of their container.
They are easier to compress than solids but still not easily compressed.

Gases have no definite size or shape but fill their container and adopt its
shape.

Changes of state
Melting occurs when a solid becomes a liquid.

Solidification or freezing occurs when a liquid becomes a solid.
Evaporation or boiling occurs when a liquid becomes a gas.

Condensation occurs when a gas becomes a liquid.

© Mike Folland and Catherine Jones 2022
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2.1.2 Particle model

Key objectives

By the end of this section, you should be able to:

2.1 Kinetic particle model of matter

@ explain how the kinetic particle model explains ~ ® describe pressure and change in pressure in
the nature of solids, liquids and gases terms of particle motion and their collisions

with a surface

® Lnnw that the forces and distances between

® dezscribe the relatinnship betwsen particle

parlicles ard Lhe pa molion alfect the ® discribe pressure and changes i pressurs
properties of solids, liguids and gases i terms of tarce per unitarza
® distinguish between microscopic sarticles,

ztoms and malecules

retion amd lemperalure and understand the

conzept ot absolute zerc ® dezcrize and explan Brownan mekan

All matter is made up of particles (atoms, molecules, ions, electrons)
in motion. The higher the temperature, the faster the motion of the
particles. Almost always, matter expands with increases in temperature.
Particles have their least kinetic energy at absolute zero, the lowest
possible temperature.

Solids

Key features of solids:

e Particles are close together.

@ Particles vibrate about fixed points in a regular array or lattice.
@ The rigid structure of solids results from these fixed positions.
.

As temperature increases, the particles vibrate further and faster. This

pushes the fixed points further apart and the solid expands.

® There is only a very slight expansion of a solid with incresses in
temperature, e.g. the length of an iron red increases by about 0.1%
when it is heated fram 20°C to 100°C,

and repulsive forces between nefghbouring particles are balanced.

rigid structure, The weaker attractive forces between particles of 3

of attractive Forces between particles of a gas allow them to move
freely within their container.

The positions of parbicles in a selid are Fixed because Lhe atlractive

The strong allracbive forces between particles of & solid give themn a

liguid hold the liguid together but without a rigid structure. The lack

| Drawing simple particle diagrams
DOraw a diagram to shaw the arcangement and mation of particles of 2
zalid. Use the madzl of Sigure 21 to gaide you.
® [Drawthe particles as rows of circles reguiarly arranged,
® Add bwn-way srrows to show vibration.
® Label the arrows “wilsration of the particles in the lattice’,

Cambridge IGCSE Physics Study and Revision Guide Third Edition

A Figure 2.1 A model of the
behaviour the particles of a
solid



2 Thermal physics

Liquids

Key features of liquids:

@ Particles are slightly further apart than in solids.

@ Particles are still close enough to keep a definite volume.

e The main motion of the particles is vibration. The particles also move
randomly in all directions, not being fixed to each other.

As temperature increases, the particles move faster and further apart,
so the liquid expands. One exception to this is that, when liquid water
is heated from 0°C to 4°C, its structure changes, so it contracts instead
of expands.

® The forces belween particles are Loo weak Lo keep then in a definite
pattern but zre enough o hold them to the bulk of the liquid.

® There iz a small expansion of a Gouid with ingreases in temperature,
2.0 the velume of many Goguids increases by about 4% when heated
from 20°C to 100°C,

Drawing simple particle diagrams

Uraw a diagram ta show the arrangement and
motion of particles of a liquid. Use the model of
Figure 2.2 to gquice you,

® [raw seme of the garticles as rows of circles
regulzrlyarranged.
® add ether circles separoted from the regular Ill_-'-‘d
arrangameant, &
® [Draw Lo way arrows o show vibration of the
particles reqularly arranged. i
® Label the arrows 'most parlicles vibrale' el
© Add labeis to separated pacticles same A Figure 2.2 & model of the behaviour of the particles of
parlicles are froe o mave Lhrough the Liguid® a liquid

Gases

Key features of gases:

@ Particles are much further apart than in solids or liquids.

@ Particles move much faster than in solids or liquids.

@ There is no definite volume. Particles move throughout the available space.
@ Particles constantly collide with each other and the container walls.

® There are no forces between particles except during a collision.

There are no forces between particles except during a collision.

Gases have low densities.

The higher the temperature, the faster the speed of the particles. In
fact, temperature is a measure of the average speed of the particles.
The higher the temperature, the larger the volume of a gas at constant
pressure.

o Thereis a considerable expansion of a gas with incresses in
temperature at constant pressure, e.g. the volume of a gas increases
by about 27% when it 15 heated from 20°C to 100°C,
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Drawing simple particle diagrams

Draw a diagram to show the arrangement and maotior of particles of a

gas. Use the model ot Figurs 2.3 w0 guide you.

® [Drawthe particles ascirgles well spread out and arranged randomily
through the contairer.

® Lasel the eircles particles move alrandom colliding with the walls of
the cantainer and each othar

Brownian motion

In the apparatus in Figure 2.4, smoke particles reflect the light, which is
seen in the microscope as tiny bright dots. They move around randomly,
and they also appear and disappear as they move vertically. This movement
is caused by the irregular collisions between the microscopic smoke
particles and fast-moving, invisible air particles. This is clear evidence for
the particle model of matter.

microscope

window

lamp

glass rod glass cell

Observing Brownian motion

A Figure 2.4 Observing Brownian motion of smoke particles

The particle model was first obzerved by Robert Brown, who observed
in a microscope pollen particles suspended in water moving haphazardly
due to bombardment by Fast-moving, invisible water molecules.

Smoke/pollen particles are visible in a microscope and relatively massive.

Airdwater particles are invisible and are fast-moving moleculss,

Sample questions

Sample questions

Perszen ke

i

A Figure 2.3 A model of the
behaviour of the particles of
agas

Teacher’s comments

a This is 3 vague

1 Compare:
a the separation of particles of a liquid and a gas [2]
b the nature of the motion of particles of a solid and a liquid [2]
¢ the forces between the particles of 3 solid and a gas 13]

Student’s answers

a ‘tisgromer )
b theyvibrass il

ween partloles of a

“wri betoeen ot

‘ ¢ thew arestrongsastaastie forses
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c

statement that gives
no infarmation.

The student’s
statzment is still too
waQue as it is not
stated which state of
matter it refars to.
Dne mark is scored &
the particles of both
states do wibrate.

This slalement is
correct for & solid
and most of the
time for 4 gas.



2 Thermal physics

Correct answers

a The particles of a gas are much Further apart, 2]
b The parLicles of bolh states vikrale bul some zarlicles of a Lguid
alsa move randomly through the liguid. [

¢ There arz strong attractive forces between particles of a selid.
There are no forces between the particles of a gas except when
they callide and there are strong repulsive forces. [3]

2 A student looks in a microscope at a cell containing illuminated smoke
particles. Explain:

a what is seen [1]
b the movement observed 1]
¢ what causes this movement 2]
Student’s answers Teacher’s comments
[ a Ttis reflected light,
19 not smoke particles,
['1] that is seen,
b Moving around s too
vague.
€ The word ‘molecule’
Correct answers is ncorrect and the
a DBright specks of lights 1 whele answer i
b Moving around haphazardly in ol directions. [1 incomplete.
€ The bright specks are light reflected ofT the smeke parlicles,
whizh are borrbarded by air particles. [21

2.1.3 Gases and the absolute scale of temperature

Key objectives

By the end of this seclion, you should be able lo:
® describe and explain in terms of partict

® recall and use the equation fo Convert

the changes of gas pressure wilk changes of termperalure belween kelvin degrees
temperature and valume Celsius
° il and use the equatian glf= constant,

luding a graphical representation of this
relatiorsnip

Gas pressure

There is a force when fast-moving particles collide with the walls of the
container they are in. Gas pressure is caused by the total force of collisions
per unit area. The higher the temperature, the faster the particles move.
If the volume is kept constant, the pressure increases because:

@ there are more frequent collisions with the container walls

® the collisions are harder, so exert more force

Note: The gas particles do collide with each other but this is not relevant

to the cause of gas pressure.
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Sample questions

Gas pressure and vol at perature

At a constant temperature, gas molecules move at a constant average
speed, so the average force from each collision is the same. If the gas is
compressed into a smaller volume, there are more frequent collisions on
each unit of area of the surface. So, the total force per unit area increases
and the pressure increases.

Similarly, if the gas expands to a greater volume at a constant
temperature, the pressure decreases.

You should know and be able to use the equation for a fixed mass of gas
at constant temperature: |
¥ = constant or G 28 \

The relationship berwesn the varying pressure anc volume of a fixed volume

mass of gas at constant temperature is shown by Figure 2.5, g

Rearranging the equation to make any variable the subject

You need Lo be able Lo coatrange the cquation g = g5 10 make ary
at the variahles the subject. A Figure 2.5 Pressure and volume
of a fixed mass of gas at constant
temperature

0 pressure

To make p, the subject: Tu rmigke p; Lhe subject:.
gt nf=pk
b=

3

i f’.a_}'-;

2
1 I

To make 1 the subject; To make 1 the subject:
n¥i=r¥ L L
e b mb =l
1
L =2 ¥
)
£

Celsius and Kelvin temperature scales
Absolute zero is the lowest possible temperature. On the Celsius scale
absolute zero is ~273°C. On the Kelvin scale it is 0K. The two scales have
units of the same size and are related by the equation:

temperature in K = temperature in °C + 273

m the cquaticn temperature in K = temperature in °C
e o ey :
Converting between kelvin and degrees Celsius S0 ente mpe taen i e S SED

You need to he 2kle to convert betwean kelvin gnd
degrees Celsius. To do this you need bo rearrznge temperature in *C = temperatues in K- 273

[ |

the

temperaluce m *C 273 - enperitune in ko

Sample questions

3 A piston slowly compresses a gas from 540cm® to 30cm?, so L
temperature remains constant, The initial pressure was 100 kPa. Find
the Final pressure. 3]
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Student’s answer

]
Correct answer
Hnte: TF you set out your warking Ingi ally, as shown helow, you are
much more likely to get the znswer righ
p = 1 kPa, p, = unknewn
Fo—Sdiem®, 1, = 30em’
pY =ek
1O # 540 = o, 30
po 1000 S0 s4bul 3 [3]
B — = [B00LIY
ETT '

Teacher’s comments

The student has not
approached the guestion
at all systematically or
used the right eguation.
Twe numbers have heen
combined fo give 3 value
but this iz meaningless and
the unit is alsa incorract
for pressure,

4 A gas cylinder is heated in a fire. State what happens to the pressure
of the gas and explain your answer in terms of the gas particles.  [4]

Student’s answer

Teacher’s comments

Th: Hivs aroln rose, hizting sac

56 because She particls

The student’s answer is
vague, mentioning the
parlicles colliding with

each other, which is

e ang thew al
Correct answer

The pressure increases because the particles move faster [2], hitting

the walls move frequently and harder, thus increasing the total force

an the valls per unit ares. [2]

irrelevant.

5 Describe in terms of the particles of a gas the effect on the pressure

of a gas of an increase of volume at constant temperature. [4]

Student’s answer

Teacher’s comments

The pregeure gete oo oz are turther spant. [

The comment zhout
pressure is rorrect, The

rast of the statement

Correct answer

The pressure decreases. The particles move with the same velocity hut
there are fewer collisinns with the walls with the larger valume.
there is less foree oo the wal s per unit ares. [41

15 vague and does not
explain anything.

6 The temperature in a cold store is -24°C. Calculate the temperature
in kelvin.

Student’s answer

Teacher’s comments

The student knew 273
should be added but

Gomparaang - 200 2 3= 287K il

used the wrong Celsius
temperature,
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Correct answer

temperature in K = temperature in °0+ 773 = =24 + 273 = 249K [21
Rev| activities
1 Draw shelches Lo show models of the parlicles of sobids, liguds and

gAsEs.
2 Crawa skelen of the path of smoke particles showing Brownizan
matinn as would ke seenin a microscope,

3 Make aravisinn poster far the equation showing the pressure and
volume of 2 lixed mazs gas which change al constart lemperalure.
State the variables. Rearrange the equation four times sn each
variable iz on ils own or Lhe leltof the equals sign.

Exam-style questions

Answers availzhle at: weow noddereaducation.coukicamaoridgesxtras
1 Agas parbicle strikes lbe wall of a contaimer ane bounces back.
Explain:

a i lermes of momenlum, how this couses a force on lhe
walls of the container [71

b haw all the particles of the gas cause 5 prassura on the walls
of the container 12}

2 Tnevclume of 3 gas increases at constant temperature. The

particles of the gas are moving,

Far parts a tod, chanse one of incresses, decreases or stays the same

Lo describe the new slale of each yuanbily.

a Sure

b Linetic energy of the particles

€ rate of collisions of particles per unic area of walls

d olal force per upil ares L4
3wl s b cormpaes U proper es ul e par s les ol

solids to the properties of particles of gases?

& Ll

H l

o Tustheal aparl

o i furthast a‘pa.’t riovs £ lawsst

ik

4 Ap cwperiment is carried outon some gas centained ina cylinder
oy & piston, which can move.
I stage 1, the gas is heated with the piston fixee in positien. State

and explain ther the tollowing will increase, decrease ar stay
the same during stags
a the spead of the gas narticles 2
b the number of cotlisicns per second between particles and

the walls 21
€ ygus pressure 2l
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5 Acample of gas stays at a fived temoerature whise its valumes
Increases.
Which describes the new s

ate nfthe gas?

Number of ¢
between pal

ions per second
es and walls

tays the sams

EECTEASES

tays 1he sams increases

BCTESZES stzys the sams

L1

6 Dezcrine an expariment using pellen particles to demonstrate
Brownian maticn. You should:
a draw a labzlled ciagram ot the apparatus

shate what is seen

explain how what 12 seen illustrates Brownian mation L

o

a

7 Trewniume of the cantainer holding a fixed mass of gas is reduced
Tram B00 cre® Lo 300 e The linal pressure of the gas is S00kPa
ahove the atmospheric prassure of 10kFa.

Calrulale the imibial or npared wilh
atmaspheric p

14]

2.2 Thermal properties and temperature
Thermal energy flows from a hot body to a cold body.

Temperature measures the amount of thermal or internal energy in a body.
In everyday terms, it measures how hot a body is.

2.2.1 Thermal expansion of solids, liquids and gases

Key objectives

By the end of this section, you should be able to; =

® describe the consegquences of the thermal ® describe lhe expansien of solids, liguids and
expansion of zalids, liguids and gases in & wide gases as their temperatures riss
range of practical situabions fram sveryday lite

Relati t of exy ion of solids, liquids and gases

Solids when heated expand the least:

® Farticles are close together and wibrate aboul fixed points i a
reqular array or Lattice.

® As temperature increases, the particles vibrate further and faster, This
pushes the fixed points a little further apart and the solid expands.

Liquids when hested sxpand more than solids but less than gases:

® Particles are slightly turther apart than in selids but still close
enough to keep z definite volume.

® The main motion of the particles is vibration. The particles also
move randomly in all directions, not being fixed to each other,
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Sample question

® As temperature increases, the particles move faster and furthey
apart, so there is a small expansion of a liguid.

Gases when heated expand the most:

® FParticles are much further apart-than in solids or liquids. They

move much faster than in solids or liguids and move throughout the

available space,

The higher the temperature, the faster the speed of the particles.

The higher the temperature, the larger the volume of a gas to keep

the pressure constant,

There is a considerable expansion of 2 gas with increases in

temperature 2t constant pressure,

¥ Table 2.1 Uses and disadvantages of thermal expansion

Thermal axparsion of Shrink=* tng, curling of a pimetallic | Gzps need 1o be |eft between lengths of railway

solids strip na five slarm line to allow far pxpansion in hot weather.

Thermat 2xparnsion of Ziquid-in-glazs tnermametars Tha wzter :n a zar's cooling system expands when

liquids the #rmine gzis hot. A separate water tank is
rieedzd for the hot water to expand into.

Thgrmal sxpansion of nrernal comsustion engines | Gis cylndars can explode if overheated.
gases

In the fire alarm circuit in Figure 2.6, thermal energy from the fire causes
the lower metal in the bimetallic strip to expand more than the upper
metal. This causes the strip to curl up, which completes the circuit and the
alarm bell rings.

sl e

A Figure 2.6 A fire alarm

Sample question

7 The lid is stuck on a glass jar. How could you use hot water to

release it? Explain in terms of the particles how this works. [4]  Teacher’s comments
Student’s answer The student did not specify
where exactly the hot

e o eculs water should be used and
il gave a vague, incorrect
explanation of the role of
the molecules. It is quite
acceptable to use the terms
molecules or particles.

w comz off [ e
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2 Thermal physics

Correct answer
The corract answer should include:

Put the lid in hot water so that it expands and can be released, (2] The
particles in the 1id will move faster; their mean positions move further
apart, so the id exzands, 12]

2.2.2 Specific heat capacity

Key objectives

By the end ot thiz section, vou should be able to:

® understand that a rise in an chject's ® cetine specific heat capacity, and recall ana
temperaturs inc-easss its internal znergy usz Lh uaticn for il
o =xperiments o measure the
® describe lemperature rise of 2r objecl in apecific heal capacily of 2 solid ane a liguid

terms ofan incr
energy of iLs pz

in ayerage kinetic
es

When thermal energy flows into a body, its molecules move faster,
increasing its internal energy, the kinetic energy of its particles and its
temperature.

Specific heat capacity is a property of a material.

Specific heat capacity s defined as the thermzl energy nesded per
kilogrom (unit mass) to increase the temperatare of a material by 1°C
You should know and te able to use the following equation:

AF
Al

e

You should know the following symbo sperific heat capacity,
AF = enerav change, m = mass. Ad = temperature chanae.

Rearranging the equation for specific heat capacity
You nead to be able to rearrangs the ssecific heat capacity equation
o= AEAnAR T make any of the varizbles the subject.

Wrlte down the equation when &g is the subject
AE

p=——
niid
Sl
PR
AE — cmdf!
Write down the equation whenn is the subject:
AE
= -
mAlg Write down the units of pecific heat capaciy:
EmAl= AR

Jike °C)

@
a
o
S
-
>
S
3
a
o
-
<
5
[
°
©
<}
©
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Sample question

Measuring the specific heat capacity of a solid

stk Ik iirireiakon |Figure 2.7]: Use these resulls to caleulates the
specific heat canacity of the hinck.

LI Bere s an exarmole of working oul from snother
ripriment;
ass of metal block = Likg
temperature hefore heating = 21°C
mztal ek

lemperature after heating = 66°C

increase of temperature = 45°0

naulaton

joulemeter reading = 46800

specific heat capacity

A Figure 2.7 The insulation reduces thermal energy Slieray sipplizd by atuchetsion lealet

transfer to the surraundings Imass  femperate increase
Meazure the mass of the metal block ard the - ARG
temprrature hefors and after heating, and record T 43
Lhe joulemater reading of the energy supplied = 650 Tl PO o 2 sl

Measuring the specific heat capacity of a liquid

thermnoratar—

2
SAppy

alupminium,
zen

A Figure 2.E Experiment Lo find the specific heal capacity of a liguid

Meazure the mass of the waterand the heating lime in seconds (. Use Ihese results to
temperature hefors and after h=ating, Record the  ralculate the s at caparity nf the we
voltmeler [¥] and ammeter || readings and the

energy received by waler = Fir
specific heat capacity =
encegy received by water
s % (lempeniture ates heating — wempeture befone heating)

Sample question

8 A heater of power 120W heats a hlock of metal of mass 3.5kg for 6
minutes. The specific heal capacily of the metal is 9001fkq®C) and
its initial temperature 300K, Caleulate the final temperzture of the

P, metal block, [4]

llegal to photocopy this page
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2 Thermal physics

Student’s answer

Teacher’s comments

The student started with the correcl equation but made mistakes in
appiying it

As watts are joules/second, the pewer should have been muitiplied by the
Lime in seconds.

The specific heat capacity equation was incorrectly rearranged for AG

The temperature rise was added Lo the Kelvin temperature of Feezing
water not to the initial temperature.

Correct answer

Ak

L

mAE

energy supplied = AE = 120 = § » 60 = 430007
WAE 43000

T ome 35 % 900
final zemperature = 300 + 14 = 3148 [4]

AH =19C=14K

2.2.3 Melting, boiling and evaporation

Key objectives
By the end of this section, you should be able tao:

® deszribe melting, boiling, cendzrsaticn, o cescribe the dilferences bebween beiling
solidification and evaporation and use thess and evaporation
terms o deseribe how lemper ature, surface ares

® knew the melting and boiling temperatures of and air mavement affect evapnration, and
wzter at standard atmospheric pressure explain tf ling effect of an evaporaling

® know Lhal eveporation causes cocling of & Hguid tiquid on an ohject

During vaporisation (evaporation and boiling) thermal energy is supplied
to break the bonds between particles without a change of temperature. The
boiling temperature of water at standard atmospheric pressure is 100°C.

Evaporation causes the particles in the remaining liquid to cool down
because energy is needed to break the bonds between molecules, and the
more energetic particles escape from the surface.
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Sample question

The rate of evaporation increases with:

e higher temperatures, as more particles at the surface are moving
faster

@ increased surface area, as more particles are at the surface

@ a wind or air movement, as the gas particles are blown away so
cannot re-enter the liquid

An object is cooled when in contact with an evaporating liquid because
the liquid has cooled down.

Condensation occurs when gas or vapour particles return to the liquid
state. Thermal energy is given out as the bonds between particles in the
liquid re-form.

Melting, or fusion, takes place at a definite temperature called the
melting point. Ice is solid water. The melting temperature of ice at
standard atmospheric pressure is 0°C. Thermal energy must be provided
to break the bonds between particles for them to leave the well-ordered
structure of the solid.

Solidification, or freezing, occurs when particles of a liquid return to the
solid state. This takes place at a definite temperature called the freezing
point, which has the same value as the melting point. Thermal energy is
given out as the bonds between particles of the solid re-form.

Differences between boiling and evaporation

Evaporation takes place from the surface of the liquid at all liquid
temperatures.

Boiling occurs at a definite temperature called the boiling point.
Bubbles of vapour form within the liquid and rise freely to the surface.
Energy must be supplied continuously to maintain boiling.

Sample question

9 A student is playing football on a cool, windy day, wearing a T-shirt
and shorts. He feels comfortably warm because he is moving around
vigorously. His kit then gets wet in a rain shower. Explain why he

now feels cold. 2]
Student’s answer Teacher’s comments
et v T-8HIPE e bohTeslaceal. The student’s answer is

far too vague and does
not mention the cooling
caused by evaporation.

Correct answer

The water in his wet kit is evaporated by the wind, [1] The tharmal energy
needed for this svaporation is taken from the water i his T-shirt ana
shorts, as well as from his body, so he feels cold. 11

illegal to photocopy this pageJ
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2 Thermal physics

Rev activity

Work in pairs to revise the equation connecting temperature in kelvin and °C and how to rearrange it. On

your own, complete each of the following questions. Then swap answers and check each other’s work.

Write down the equation connecting temperature in kelvin and °C with temperature in kelvin on its

own on the left of the equals sign.

2 Write down the equation connecting temperature in kelvin and °C with temperature in °C on its own
on the left of the equals sign.

[37€]

tyle questions

Anzwers available atowww haddereducation. co.ukicambridgeestras
8 Anice cubewith a temperature of 0°C is placed in a glass of waler
[Figure 2.91with a temperature of 20°C, | |
After a few minules, some of the ice haz melted. State and fer la]
and |b] explain whether the following increase, decrease or stay
Lhe same:

a thetemperature of the remaining ice

b the temperature of the water

¢ the mass of water in the glass

d the total mass of the oz and water

Wirkte dewwn three differences and two similarities between Boiling
and evaparation,

10 Write dewn the boiling temperaturs in kelvin and degrees Celsius
of water at standard sEmozpharic pressure. B
Twio straight strips of metal alloys linvar and brenzel are borded
tagsther at ranm temperature. Bronze expands apprecisbly when
heated, bul invar expands very litlle, Deseribe the shape of the

strips when heated inan aven. Explain your answsr, il

A Figure 2.9

<

1

12 Ap experiment s caried oul Le find the specific heal capacily of @

y 2 Z00W heater far Emin,
s [rom 20°C 1o 51°C. Work oul:

a the enargy supplisd 1o the block by the heater [7]
b the specific heal cagacily of the melal 131
Whenusedinane &, & campanent made from this metal
receives 35k of thermal energy and its termperalure nses from
30°C to 290°C.
¢ Work oul the mass of the component. [21

2.3 Transfer of thermal energy

Thermal energy is always transferred from a place of high temperature to a
place of low temperature.

2.3.1 Conduction

Key objectives

By the end cf this section, you should be able to:

® describe experiments to demanstrate the @ describs thermal conduction in terms
propertizs of good thermal conductors and of lattice vibrations and in terms of the
bad thermal conductars movement of fres slectrons

® describe why thermal conduction is bad in
gases ard most liquids, and know that many
soligs conduct thermal eneray well

© Mike Folland and Catherine Jones 2022
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2.3 Transfer of thermal energy

In conduction, thermal energy is transferred through a material without
movement of the material.

Metals are generally cond conductors, bot most other solids are poor
conductors. Liquids are generally much worse thermal energy conductars
than metals,

Gases are all very poor conductors of thermal energy. For example, if
you put your hands in very cold water, they will feel cold almost &t
once, IT your hands are in air of the same temperature, they will cool
dawn but at 2 much slower rate because air is 2 bad conductor.

The atems or molecules in & hot part of a solid vibrate faster and
further than those in a cold part.

In metals, thermal energy is transferred by fast-moving free elections,
which pass through the solid, causing atoms in colder parts to vibrate
more,

There is a secondary mechanism that is much slower, The vibrating
atoms or molecules in the lattice cause their neighbours to vibrate
more, Lhus passing on thermal energy. Mon-metals do nol have free
electrons <o can use only this mechanism, which is why non-metals are
poor conductors. Some substances, e.q. semiconductors, have a limited
number of free electrons so conduct thermal energy better than thermal
insulators but less well than good thermal conductors,

These mechanisms explain why liguids are generally poor conductors
and gases even worse, There are no free electrons and the secondary
mechanism warks poorly. There iz very little contact between vibrating
atoms or molecules in liquids and almost none in gases,

st

A Figure 2.10 The paper over the
brass does not burn because
brass is a good conductor

very little
.. conduction

Demonstrating the properties of good and bad thermal conductors
Tha practicals showr in Figure 2.10 and Figurs 211 can he dane te show
the properties of geod tnermat conduclers and poar thermal conduclars.

2.3.2 Convection

Key objectives

By the end of thiz seclion, you should be able to:
® uplain convection in liquids and nases and describe experimants to
illustrate convezbon

In convection, thermal energy is transferred owing to movement of the
liquid or gas itself. Convection cannot take place in a solid.

The liquid or gas expands on heating, so its density falls. The warmer and
lighter liquid or gas rises to the cooler region, transferring thermal energy
in the process.

Cambridge IGCSE Physics Study and Revision Guide Third Edition
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2 Thermal physics

Demonstrating convection

Figurs 212 demonstrates & convection currant. . srake
The heated air above the candle rises up the Left-

hand crimpey and draws smoke from the lighted

paper down the dght-kand chimney and inte the

box.

Llilest
L0z prape

Cenvection currents in water can he seen by
dropping a potazsium permanganale crystsl into
a beaker of water, The coleured traces indicate
the How of the convectan currents.

fintted |}
canghe

alivs:
i

A Figure 2,12 Demonstrating convection in air

2.3.3 Radiation

Key objectives
By the end nf |

® knew thal thermal radiation ® describe experinments to distinguish
radiation, whizh dozs not require 2 mediom betwesn good ane bad emitters and
® describe the elfect of zurface colour and ansorbers of infrared radiation
taxture on the emission, ahsorption and ® describe how temperaturs and surface ares
reflection of infrared radistion affect rate of ernission of raciation
® Lnow the effect nn the temperature of an
ohject of Lhe ~ates zt whizh il receives and
® Lknow how the Ezrth s tlemperature is

affected by the halance between incoming
radiation and radiation emitted from the
Earth's surface

In radiation, thermal energy is transferred by infrared radiation, which is
part of the electromagnetic spectrum (see Topic 3). All objects emit this
radiation.

Surfaces that are good absorbers of thermal energy radiation are also good
emitters. Surface colour and texture can affect emission, absorption and
reflection of infrared radiation. Black surfaces are better emitters and
absorbers than white surfaces. Dull or matt surfaces are better emitters
and absorbers than polished surfaces.

There need not be any matter between the hot and cold bodies (no
medium is required).

Most solids and liquids absorb infrared radiation, including water, which is
transparent to light.

Core students do not have to describe the two experiments below, but

if you understand them it will help you to answer questions on the Core
syllabus.

© Mike Folland and Catherine Jones 2022
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2.3 Transfer of thermal energy

The rate of radiation emitted increases with the surface area and

surface temperature.

Good and bad emitters and absorbers of infrared radiation

Good and bad emitters

The cooper shest in Figure 2,13 has previously
been hestad strongly with a Sunsen ourner. The
hand nex: 1o the olack surface feels much notter
than the hand next 2o the pohished surface. This
is Because black surfaces emit thermal energy
radizt an mors than polished surtaces.

Health and safety note: f you da this sxperiment,
the copper plate needs to be very hat. IF tauches, it
could cause a serious burn,

it coppar sheet with cne
stk polizhed ang e
&, <iher bladkened

badk of rands
twarcs shee:

A Figure 2,73 Comparing emitters of radiation

Good and bad absarbers

dichic
heaier
| chiny fill hlac
sipfier e
ain —7]|
canzle
i

sapsesshaat

A Figure 2.14 Comparing absarbers of radiation

The heater is the same distapce away frarm each
copper shestin Siqure £.14, so sach receves the
same amoust of radiation, The dull black surface
absorbs much mare radiation than the skiny
surface, s after a few mindtes the wax on the
black sheat malts and the cain falls-off, The shiny
sufface reflocts a lot of the radiation, soit stays
cool ana the wax doss nat melt.

Health and safety nete: for clarily, the casental
pratective guard round the heater has not been

shown. This sefely feature is essential o pretect
users fram a hot ahject at high stectrical voliage,

1F zn ohject recsives energy at & higher rate than it transfers it away, its
temperature increases. IF it receives energy at a lower rate than it transfers
it away, its temperature decreases, If the two rates are the szme, the oiject
reniaing al consLant temperature. The temperalure of the Earth is determined
by the halance between incoming radiation and radiaticn emitted.

2.3.4 Consequences of thermal energy transfer

Key objectives

By the end of this section, you should be able 1o
® explain basic everyday applications of
conduction, convection and radiation

® =xplain maore complex spplications of
canduction, convection and radiation where
more than ane bype of thermal energy
transfer s significart

Saucepans and other solids through which thermal energy must travel are
made of metals such as aluminium or copper, which are good conductors.

Cambridge IGCSE Physics Study and Revision Guide Third Edition



2 Thermal physics

Blocks of expanded polystyrene are used for house insulation because they
contain trapped air, which is a bad conductor.

A domestic radiator heats the air next to it which then rises and transfers
thermal energy to the rest of the room. Despite its name, a radiator works
mainly by convection.

Double glazing reduces the transfer of thermal energy by trapping a narrow
layer of air between the window panes and reducing convection.
The Sun heats the Earth by infrared radiation through space.

Refrigerators have cooling pipes at the back. These have fins to give a
larger surface area to increase loss of thermal energy by convection and
radiation. The fins are also painted black to increase thermal energy loss
by radiation because black surfaces are good emitters.

Many buildings in hot countries are painted white because white surfaces
are bad absorbers of radiation from the Sun.

The colour of the surface influences radiation only. Black surfaces do not
increase thermal energy transfer by conduction and convection.

In maore complex situations, more than ane type of thermal energy
transfer can he significant,

& Tire burning weod or coal warms a room by convection and radiation.

The radiator of & car dissipates thermal energy by convection and
radiation,

Sample questions iy |

L enpaee

A Figure 2.15

10 Figure 2.15 shows an X-ray tube. Only a small proportion of energy from
the electrons that strike point A goes into the X-rays that are emitted
from that point. Most of the energy is transferred to thermal energy
at point A; this energy is removed by the copper rod. Explain how
conduction, convection and radiation play a role in the removal of

this thermal energy. [6] Teacher’s comments

Student’s answer The student’s answer
shows an fncerrect
e thermal sreray s do . 4 understanding of
nand radiation, conduction.

Lhravugh comea

© Mike Folland and Catherine Jones 2022
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Correct answer

Thermal enargy is conducted along the roa 1o the fins [?] and is then
emitted from the fins to the air by convection and radiation. [2] The

black colour of the fins increases the rate of radiation. 121

11 A metal spoon rests in a hot drink in a cup.
a State the type of thermal energy transfer which makes the end of
the spoon out of the drink become hot. 1]

b Explain in Lerms of electrons and lattice vibralions why
the end of a wooden spoon would not become so hot. [4]

Student’s answer

3 Theelessrans sre o dussed slong

e metal are frecte
spain,

Frinee sl T

Correct answer

a  ponduction 13

b Lattice vibrations transfer thevmal energy in all solids but this
is a poor energy transfer mechanism, 5o the end of the woaden
spoon receives little thesmal energy and dees net become hot,
The free electrans in the metal move readily and transfer much
mare thermal energy se the end of the metal spoon becomes
much hattes, [4]

Sample questions

Teacher’s comments

a  Although it is an
incorrect statement
and elactrons are nat
conducted, the mark is
scoved for the mention
of conducticn.

b The student has
scored some
marks for corect
mentions of lattice
wibration and frae
lectrons. However,
this was not applied
to the situation and
did not relate to
fnw the ends of the
spoons Decame hot,

12 Heat iz applied to the bottom of 3 pan containing water, State
and expizin any types of thermal energy transfer which are significant
in heating the water, [4]

Student’s answer

et bioh and rad stice,

Correct answer

Thermal energy iz conducted through the pan. This heats the water

at the hottom, which transfers chermal enzrqy o the rest of the

waater by convection, [4]

Revision activi
Wrile down how the change of density causes conveclion ina liguad or
qas.

54 Cambridge IGCSE Physics Study and Revision Guide Third Edition

Teacher’s comments

Conduction does

nccur which scores 2
mark, Radiation s not
signiticant 5o is an
incorvect answer, There

is no explanation about
where the types of energy
transfier take place.



Revision activity

Make flash cards for the following questions to revise the

mechanisms for conduction of thermal energy in solid metals and

thermal radiation. Write the question on one side of each card and

the answer on the other.

Explain how thermal energy is conducted by electrons in metals.

2 Explain the secondary mechanism of conduction used by non-
metals.

3 Write down what is meant by thermal radiation.

4 State and explain whether thermal radiation can occur in space.

Exam-style questio

Answers available st weew hoddersducatinn.co.uk/cambridgesxiras
13 Explain in terms of particles why metals are much better thermal
condustors than gases and mast Liguids. [31
14 g ehild goes for o walk in winler in a cold country,
a They opsn a metal gate which makes their hands cold. State
and explain which lype ef thesmal energy transler cools ther

hands. [z
b They hen wash ther hands ina stream, Slale and explaic
which type of thermal energy fransfer conls their hands, [

€ When they ge home, Lhey find a fire has been UL in the freplzce,
and so hald cut their hands near the fire. State and sxplain
which Lype of thermal energy transter warms their hands, 12]

15 Twe space probes X and ¥ are identicalin size and shape arein
arbit argund the Sun.
a Siatethe type of thermal energy transfer from the Sun ta the
robes.

b Prebe X hasadull black surface and probe ¥ a shiny black.
surface. Which probe zhzarss thermat energy fram the Sun
at o highor rate? [

€ Probe ¥ is roved tean erbet further from the Sun. Statz and
=xplain what nappans to the sieady temneratuce af prone & 17

its new arbil. (31

16 In cold countries, houzes ars often heated by matal objects fi
with hol waler, ulien referred Lo as radalors’
Statz and explain the types of thermal energy transfer invelved
in the energy ransler lrom the hol waler Lo H'e girin @ house. 4]

A Flgure 216

2 Thermal physics
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Key terms
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Cnnverglng lens

Crest of a wave

Diverging lens
éléctr;mag‘ﬁellc B
spectrum

Focal lenglh
Frequency

Longlludlnalwave

Princi;alfoéus
[fucalpomt]

Realimage
Transverse wave
Trough of wave )
Virtual image

W ve speed

Wavefront )
Waveleng(h

Analogue sngnal

Compression

Rarefaction

Refractive index

The maximum displacement of a wave from the undisturbed position, or maximum change of
value from zero

A Lens which refracls parallel rays of ugm such lhal lhey converge to meet at a pom

Awavelrnnt where all the ‘points have their hlghes( displacement

Alens which refracls parallel rays of ugm such that they diverge away froma point

Waves of the same nature with a wide range of wavelengths made up of oscillating electric
and magnetic fields

The distance belween the npllcaL cenlre and the prmc\pal focus nf a lens

The number of cumple(e oscillations per Secund

Direction of vibration of particles of the transmitting medium is parallel to the direction of
travel of the wave

Point on the principal axis to which light rays parallel to the principal axis converge, or
appear to diverge from

An image wmch can he formed on ascreen

Direction of vibration or change of value is perpendicular to the direction of travel of
the wave

A waveh‘onl where all the poln(s have (helr Lowest dlsptacemenl

A Une on whlch the par(lc es crvatues of (he wave are in phase

The dlslance belween correspondlng pmn(s in successlve cyc esofa wave

A sngnal that can take any value within a range

Regions where particles of the transmitting medium are closer together

A signal thal can only take one of two deflmle vatue lgh [max\mum value] or low [c ose to U]

Regions where particles of the (ransmmmg medlum materlal are further apart

The ratio of the speeds of a wave in two different regions
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3 Waves

3.1 General properties of waves -

Key objectives

By the end of this section, you should be able to:

® know that waves transfer energy without @ distinguish between transverse and longitudinal
transferring matter waves and know different types of each wave
® describe what is meant by wave motion as @ describe how water waves can be used to
illustrated by simple experiments illustrate reflection, refraction and diffraction
® understand the terms wavefront, wavelength,
frequency, crest [pezkl, traugh. amplituds znd ® describe how wavelength and gap size
v specd ditfraction through a gap
® recaliand uze the wave equation: v =74 o onz and rarefacbons

® describe how, with increasing wavelength,
there is less d firaction at ar edye

Waves transfer energy from one point to another without transferring
matter. Some waves (e.g. water waves and sound waves) are transmitted
by particles of a material vibrating about fixed points. They cannot travel
through a vacuum.

Electromagnetic waves (e.g. light waves and X-rays) are a combination of
travelling electric and magnetic fields. They can travel through a vacuum.

Types of wave motion

In transverse waves, the oscillation of the material or field is at right
angles to the direction of travel of the wave. Figure 3.1 shows a transverse
wave travelling in a horizontal rope. Each piece of rope oscillates
vertically about a fixed point, but the pieces do not oscillate in time with

each other.
direction of travel
% of wave
o
e S "
" rope ‘“—i"
direction of trough
vibration

A Figure 3.1 Transverse waves in a rope

Transverse waves only oscillate vertically when the wave travels
horizontally. Transverse waves oscillate horizontally when the wave travels
vertically because the oscillation is always at right angles to the direction
of travel.

In longitudinal waves, the oscillation of the material is parallel to the
direction of travel of the wave.

Figure 3.2 represents a longitudinal wave travelling in a horizontal spring.
Each coil of the spring oscillates horizontally about a fixed point, but the
coils do not oscillate in time with each other.

The points marked 'C" are where the coils are most tightly packed
(compressions) and ‘R* marks the points where the coils are furthest
apart (rarefactions).

© Mike Folland and Catherine Jones 2022
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3.1 General properties of waves

fixed end

A Figure 3.2 Longitudinal waves in a spring

Longitudinal waves only oscillate horizontally when the wave travels
horizontally. Longitudinal waves oscillate vertically when the wave travels
vertically, because the oscillation is always parallel to the direction of travel.

Electromagnetic radiation, water waves and seismic S-waves (secondary)
are transverse waves.

Sound waves and seismic P-waves (primary) are longitudinal waves.

Describing waves
The wave speed (v) is the distance moved by a point on the wave in 1s.

The frequency (/) of a wave is the number of complete cycles per second
and is measured in hertz (Hz).

The wavelength (1) of a wave is the distance between two corresponding
points (e.g. crests) in successive cycles.

The amplitude of a wave is the maximum displacement of the wave from
the undisturbed position (marked a in Figure 3.3) or maximum change of
value from zero.

Amplitude is not the height difference between the top of a crest and the
bottom of a trough. Amplitude is the height difference between the top of
a crest and the mean position, or between the bottom of a trough and the
mean position.

- wavelength

= Py i undisturbed

g position

° K K| £ arest distance

2 [ o il
=  tough
f |-
- A -

A Figure 3.3 Displacement-distance graph for a wave at a particular instant
Speed, frequency and wavelength are related by the equation:
v=fA

Table 3.1 summarises some types of waves.
¥ Table 3.1 Types of waves

Type of wave Longitudinal/transverse Travel through a material
Wava ana rope | Transverse Material needed
Waive o a spring | Either Material needed
‘Water | Transverse Material needed
i Both Material needed
Saund | Longitudinal Material needed
sotromagretiz e, ligrt, B-rays, ITransverse No material needed, but some

electromagnetic waves can travel
through certain materials
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3 Waves

You need to be able to use the term wavefront as a line showing the
position of a wave. A wavefront shows similar points of an extended
travelling wave, such as a wave in water. The crest of a wave is a wavefront
where all the points have their highest displacement. The trough of a wave
is a wavefront where all the points have their lowest displacement.

Water waves

We can observe a wave travelling on the water surface of a ripple tank to
illustrate how waves behave.

Key features of a ripple tank:

@ A beam just touching the surface vibrates vertically to produce a wave.

@ A light source shines through the water and shows the wave pattern on
a screen above or below the ripple tank.

Reflection

In Figure 3.4, the wave produced by the vibrating beam is reflected from
the flat metal barrier. The reflected wave is at the same angle to the
reflecting surface as the incident wave. Speed, wavelength and frequency
are unchanged by reflection.

vibrating beam produces a wave

wavefronts of
the incident wave

wavefronts of
the reflected wave

the wave is
reflected at
the barrier

A Figure 3.4 Reflection of a wave in a ripple tank

middle section cf the barrizr. They shaw the

Drawing wavefronts to show reflection at a plane incident wavs,

surface ® Aad an arrow at right angles 1o the wavefrants

You must be able to describe fow waler waves 1o show the direction of travel.

can bz uzed to show retlection at a plane surface ® ‘Yourdiagrarm shauld laok like Figure 2.5,

fbarrier, ©® ‘Where cachincident wavefrent strikes the

® Drawa straight tine across the page ta harrier draw a rafizcted wavetron: at 35% the
regresentihe barrier. other way from the barrier,

® D-aw faur wavefronts separated by 10mm at ® Aadan arraw at right angles to the reflectes
an angle of 35% from the barrier striking the wavelrenls o show the direction of bravel,

abed siyy Adosojoyd 0y 1eba)
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® ‘ourfinizhed diagram should lock liks Figure 3.4,

incidant

e /‘.\alefroﬂ =

e

N i lect:

A Figure 3.5

Refraction

3.1 General properties of waves

nedent

N, / teavairant
L

ot o R
WIS
i s)<>( barriar

A Figure 3.6

Figure 3.7 shows a wave entering the shallow water above the glass where
its speed is reduced. The frequency stays the same, so the wavelength is

also reduced. The refracted wave changes direction.

vibrating beam produces a wave

wavefronts of
the incident wave

.y
wavstuntsof
ha reractan wave \l

glass plate in ripple tank reduces depth
of water so the wave is slowed down

A Figure 3.7 Refraction of a wave in a ripple tank

Drawing wavefronts to show refraction due to
change of speed

You must be able to describe how water waves can
be uzed Lo show cefraction.

In this exercize, you will draw a wave that is

refracted as it Uavels inla a reyien where its speed

is changed due to a change in depth:

® [Diawaline acress Lhe page al 30° Lo show Lhe
interface betwern the fwo regions where tha
wave has dilferent speeds

® [Drawwavefronts harizontally 2t 30% to the
inlerface separaled by 10 mmand conlinue
them down se three strike the rrerfarp

® Addanarrow al r

tn show the directian of travel,

“Yfour diagram: should look Like Figure 3.5

Draw the refracted wavefronis sleping ug

zway from the barrer 2t 227 and jeining onte

the incident wavefronts where they strike the

mterfzce.

©® Addanarrow at right angies to the refracted

wavefrants to show the directicn of travel.

Your diagram should look lke Figure 3.9

A Figure 38

A Figure 3.9

® Check the accuracy nf your warking, The

refracled wavelronls should be belween Brn
and 7mm apart measured at right anales to the
wavelronts,

Cambridge IGCSE Physics Study and Revision Guide Third Edition



3 Waves

Diffraction through a narrow gap
Speed, wavelength and frequency are unchanged by diffraction, as shown
in Figure 3.10.

vibrating beam produces a wave

wavefronts of
the incident wave

barrier with
narrow gap

wavefronts of
the diffracted wave

A Figure 3.10 Diffraction of waves in a ripple tank by a gap that is narrower than the
wavelength

Notes for drawing wave diagrams

Points to note when drawing wave diagrams to show reflection, refraction
and diffraction:

e Careful, accurate measuring and drawing are essential to produce good
diagrams.

The initial wavefronts must be parallel and have constant wavelength.
Measure the wavelength of the incident waves.

Reflected wavefronts must be parallel and have the same constant
wavelength as the incident waves.

Refracted wavefronts must be parallel and have a constant wavelength.
Depending on the situation, the wavelength will be more or less than
the incident wavelength.

Diffracted wavefronts have straight and/or circular portions. The
wavelengths between diffracted wavefronts must be carefully measured
to be the same as the incident wavelength. The change of radius of the
circular portions is the wavelength.

Diffraction at a gap or at an edge
Diffraction from a gap is shown in Figure 3.11.

vibrating beam produces a wave

wavefronts
of the incident
wave , barrier with
| wide gap
4 k no observable
T = — diffraction in
the shaded

areas

wavefronts of
the diffracted
wave

A Figure 3.11 Diffraction of waves in a ripple tank by a gap

Note: the centres of the part-circles are at the edges of the wide gap.

Diffraction at an edge is shown in Figure 3.12.

© Mike Folland and Catherine Jones 2022
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3.1 General properties of waves

wavefronts
! of the incident

| wave — bartier with
1 wide gap

no observable
diffraction in
the shaded
areas

wavefronts of
the diffracted
wave

A Figure 3.12 Diffraction of waves in a ripple tank by an edge

Wavelength and gap size affect diffraciion
DilTraction from a natow gap is shown in Figure 313

besm prer

AETE QE0

wavaleris of
ke diffactas wave

A Figure 3.13 Diffraction of waves in a ripple tank by a gap that is narrower than
the wavelength

Reducing the wavelength with the same gap reduces diffraction.
Increasing the wavelength with the same gap increases diffraction.

Diffraction past an edge increases if the wavelength increaszes,

Describing diffraction due to an edge Flace a barrizr across halt the length of the
Setup the rippls tank a3 snewn in Figurs 3 14, wavefronts, paratiel to the wavefronts.
S Ohserve and sketch the pattern of the cifracted
%'9 TS wiavefronts past the edge of the tarrer.

il
o b wteer Change Lhe motor zpeed so the wavelength
raghit ripgles increases, Using v= f2, decide whather to speed
upar slow down the motor to change the wave
fregquency and hence the wave velocity, Dbserve
the wavelangth befors the barrier o see it you
Frave dene that correctiy,

Ohseres and sketch the pattarn of the diffracted
wiovefronts past the edge of the tarrier

‘fou shoule see less diffraction at the sdge of

the barrier with greater wavelength,

A Figure 374 A ripple tank

llegal to photocopy this page

Ubzerve Lhe wave preduced and the length,
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3 Waves

Sample questions

1 Sketch one and a half cycles of a transverse wave and mark on
your sketch the amplitude and wavelength. [4]

Student’s answer

The studam’s m

student’s wane 27t

erreck waeengti

A Figure 315

Teacher’s comments

With t575 bype of guestion, it is essential to work carefully and accurately
or few marks will be gained. bven for a sketch, the stucent's diagram is toe
cazual. For minimum acceptabls accoracy, the student must indizate that
aach half wavzlength is the same length, and the distance from the axis to
wach crast and trough is the same. The student’s amplitude is incorrectly
measured fram crest top ta trough botzam. Given the irregular wave, the
student has correctly |abelled nne wavelzngth,

Correct answer
The carrect answer is shown by the solid red line in Fgure 3.15. [41

2 A sensor detects that 1560 cycles of a wave pass in 30s. Work out the
frequency of the wave. 3]

Student’s answer

Freg Lency = B2 oy

Teacher’'s comments
The sludenl’s answer i correcl, bul Lthe unil of frequency is herle (He)

Nnte that, zlthough it &5 a fairly easy calculatinn, there %5 no working, If
the student had made a stight slip, no credit could have heen given far
using the correct methad,

abed siyy Adosojoyd 03 1ebay)i sy
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Sample questions

Correct answer

numher of eycles _l A60

trequency = n =532 Hz
time E Bl
3 Find the frequency of a radio wave with a wavelength of 1500 m. 3]
Please note, extended candidates are expected to know the speed
of electromagnetic waves.
Student’s answer
v=~#4 1
Ge
_¥_Zxid il
7 4
| Correct answer
v=fd n
So i
v A 10
f= I-——=200000Hz=200 kHz 12]

4 An earthquake wave is travelling vertically down into the Earth;

the oscillations are also vertical. State, with a reason, whether the

wave is longitudinal or transverse. [2]
Student’s answer
~he wrave aranoweree bacaus rEATG U N e, 1]
| Correct answer
The wave is longitudinal because the oscillations are parallel Lo the
direction of Lravel. [
5 Complete the diagram to show the wave reflected at the barrier. [3]

-,

G
e
T

%
el
\\
\

A Figure 3.16

Cambridge IGCSE Physics Study and Revision Guide Third Edition

Teacher’s comments

The student has done
everything correctly,

but the unit is wrong. It
should be Hz not kHz.
Perhaps the student
assumed that, as radio
frequencies are often
expressed in kHz, this was
the correct unit.

Teacher’'s comments

It is the direction of
oscillation relative to the
direction of travel that
matters - the student
does not mention this.



3 Waves

Student’s answer

Teacher’s comments

A Figure 3.7

The reflected wavefronts
drawn by the student

are all parallel and at

the correct angle, which
is good work. However,
the wavelength between
- wavetronts is not

12 constant, The wavelength

must be the same as the

Correct answer

ncdent
el
: + reflectad
wavaf-orts

A Figure 318

incident wave.

El

o

Waves in a ripple tank have a wavelength of 16 mm and approach an

interface parallel to the wavefronts. The waves slow down after the

interface to 0.75 of their original speed.

a Draw four wavefronts and the interface. 2]
b Calculate the new wavelength after passing the interface. 2]
¢ Add four wavefronts after passing the interface to your diagram
drawn for part a. [2]
Student’s answer
a
Intarfons
A Figure 3.19 15 =]
b raw wEvslength - ———
& 1
c
le -
AT G
A Figure 3.20 12]

© Mike Folland and Catherine Jones 2022
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Sample questions

Teacher’s comments

a The student’s answer is correct and carefully drawn.

b The student has used inverse proportionality between wavelength
and speed instead of direct proportionality.

Based on the incorrect wavelength in part b, the student has
correctly drawn the new wavefronts.

a

Correct answers

a A students answer, [
b s frequency is censtant, wavelength is proporticnal Lo speed.
new wavelenglh — 16 x 075 = 12 mm 2
c
inberface
A Figure 3.21 [21

7 Figure 3.22 shows wavefronts 12 mm apart approaching a barrier with a
gap of 8 mm.
Draw carefully three wavefronts to show the pattern of the waves after
passing through the barrier.

B

A Figure 3.22 [3]

Student’s answer

A Figure 1.23 ]

Cambridge IGCSE Physics Study and Revision Guide Third Edition

Teacher’s comments

The student has carefully
drawn three semicircles
which score 1 mark.

The semicircles should
be centred on the
middle of the gap. The
wavelength should be
constant and the same
as the wavelength of the
incident wavefronts.



A Figure 3.24 13

Exam-style questions J

&
1

N

w

~

<

Revision ac

Uraw twa caretul sketches to show how wavetrartz of ditterant
wavelength are diffracted differently as they pass the edge of a barrier.

nswers available at: www hoddereducation.couk{zambridgeextras
Awoman swimming i the sea estimatas that when ske 15 in the
trough between twa crests of & wave, the coests are 1.5m abave hen

a Work out the amplitude of the wave, 11
b An abserver counts that the swimmer moves up and down
12 times in ! min. Work out the frequency of the wave. [2]

A chivd throws a Ball inte 2 pord, bears the sound of the splashang
observes water waves travelling towsrds him.
a As the sound waves ravel towards him, in which direction are

the air particles ascillating? L]
b e waler waves travel towards Bim, inshich direction are

the water particles nscillating? m
Awave inwaler wilha L hol *Bmm approacaes a siraight
interface, The wavefronts are at an angle of 50 tn the interface.
Aller Lhe interfzee. Lhe speed of Ihe wave incresses. Draw three
wavefronts vefore and three wavefrorts after the interface to shaw
any change of cirection of the wawe [&]
Figure 3.25 shews waveironts of @ wave approaching a barrier with
a gaf muchlarger than the wavelength.

Harrior
e R

EE el ks

Figure 3.25

Cemplete the diagram drawing three wavefronts which show

the pattern of the waves atter passing through the gap- [3]
State the name of the process the wave undergees, il
Describe haw the pattern of the wave attar the gap would

appear if the size of the gap was deubled [2]

L

n o

3 Waves

Rev act

ty
Craw careful sketches
te zhow the diffraction of
water waves through a
gap that is smaller than
th wavelength, Then do
the zame tar a gap that
is much Larger than the
wavelength.
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3.2 Light

3.2 Light

Light moves as waves of very small wavelength, but it is often convenient
to use light rays to work out and explain the behaviour of light.

A light ray is the direction in which light is travelling and is shown as a
line in a diagram.

An object is what is originally observed.

An optical image is a likeness of the object, which may not be an exact
copy.
A real image is formed where the rays cross and can be shown on a screen.

A virtual image is observed where rays appear to come from and cannot be
formed on a screen.

3.2.1 Reflection of light

Key objectives

By the end of this section, you should be able to:

® know and use the terms normal, angle of ® state and use the relationship ‘angle of
incidence, angle of reflection reflection equals angle of incidence’

® know what is meant by real and virtual images
® dzscribe the farmation af an aptical image by a ® perform simple censtruclions,
plane mireos measuremants and caloulations for plare
mirrors

When light rays strike a mirror or similar surface, they return at the same
angle from the normal as the incident ray. This is called reflection.

plane
mirror

incident ray nortial reflected ray
A Figure 3.26 Reflection of light by a plane mirror

i =angle of incidence = angle between normal and incident ray
r = angle of reflection = angle between normal and reflected ray
angle of incidence = angle of reflection or i =r

Real and virtual images

A real image is formed where light rays actually converge. It can be
formed on a screen.

A virtual image can be seen as a point from which light rays diverge.
It cannot be formed on a screen.
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Formation of a virtual optical image by a plane mirror
Figure 3.27 shows the formation of a virtual image by a plane mirror.
|

eat rays?
A Figure 3.27 Construction to find the image in a plane mirror
The image of the object 0 is not formed on a screen. It is at point I where
the rays appear to come from. The properties of an image in a plane mirror
are:
@ It is the same size as the object.
@ The line joining the object and the image is perpendicular to the mirror.
@ It is the same distance behind the mirror as the object is in front of the
mirror.
It is laterally inverted.

It is virtual.

Simple construction for reflection by a plane mirror

You must be able to draw simple constructions. Hints for drawing a
construction to show the position of the image of a point ohject in a
plane mirrar;

o Carefully measure the distance of the object from the mirrer.

@ Mark the image the same distance behind the mirror as the object is
in front of the mirror, The ohject and image should be on & line at
righl angles Lo the mirror line (0T in Figure 3.27).

Draw two lines from the image towards the eye; draw dotted lines
behind the mirror where they represent virtual rays.

Join up the two bines from the object to where the previous two
lines cut the mirror line (4 and B in Figure 3.27),

Sample question

8 Draw a diagram to show the path of a ray striking a plane mirror
with an angle of incidence of 35°. Mark and label the incident ray,
normal, reflected ray and angles of incidence and reflection. [4]
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Sample question

Student’s answer Teacher’s comments
“he sl ” [] The student has measured
comect g sortactargle the angle of incidence
OFinidere pi reflecten away from the mirror line,
et Incicer & corect reflectas ray nnt away fram the normal.

i The normal is comect, as
is the reflected y for the
incident ray drawn. The
angle of ratlection is also
incerrectly measured away
studaris argle o e lacnan From the mirror ine.

dent’s inadant ray

A Figure 3.28

Correct answer

The correct answer is shown by the red solid lines in Fgure 3.23. [41

3.2.2 Refraction of light

Key objectives

By the end of this sectinn, youshould he able tn:

® know and use the Lerm angle of refraction ® clale Lhe meaning ol crilical srgle

® describe an experiment tn show the refraction
of Light by Lransparent blocks of dilfersnl _ |
shapss, showng the passage of light through ® know and use the equation s = —
transparent material e

® descrive interaal reflection and tozalinternal

® Lkniw that refrastive indsx p =the ratin i :
HETEE ek te raflection with sxamples

ol the speeds of 2 wave in Lwo different

Fegions sing ® irscrine the nse of optical fikres in
® Lnow ana use the sguation s = |elecammunication

sy

When a ray is travelling at an angle to a surface and enters a material where
it travels slower, it changes direction towards the normal (Figure 3.29). This
is called refraction.

When a ray leaves this material, it is refracted away from the normal.

normal

air

glazs

normal ——
A Figure 3.29 Refraction of a ray through a glass block
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For refraction at point A, where the ray enters the glass:

e i=angle of incidence = angle between normal and incident ray

e 7 =angle of refraction = angle between normal and refracted ray

@ The ray is refracted towards the normal, so the angle of refraction is
less than the angle of incidence.

For refraction at point B, where the ray leaves the glass:

@ a = angle of incidence = angle between normal and incident ray

e b =angle of refraction = angle between normal and refracted ray

@ Passing from glass to air, the ray is refracted away from the normal, so
the angle of refraction is greater than the angle of incidence. When the
block is parallel sided, the ray leaving is parallel to the ray entering.

Demonstrating refraction of light lines after removing the black, you can draw Lhe
You will need to be able to describe an experiment D_B‘h of the light as it travelled shrough the block,
to dernonstrate the refraction of Light. Figure 3.2% shaws lhe palhs of the rays in Lhis

: . . experiment,
ou should do this experiment ina darkened reom, P
Direct a narrow neam of light at an angle o the Measure the angles of inciderce and refracticn.
=zige ol a glass block placed cn @ large piece of Be carsful to measure them from the normal not
paper. Mark an the paper the paths of the heams the interface.
entering 2nd leavirg the block. By joining up the This can be done with Slocks of difisrent snapes,

Refractive index
The amount of refraction is determined by the refractive index u — the
ratic of the speed of light in 2ir to the speed of light in the material.
tor example, to find the refractive index of glass,

_ speed of light in air

speed of light in alass

The refractive index is related to the angles of incidence and refraction
by this equation:

s i

v

Internal reflection and critical angle

Figure 3.30 shows a ray inside a tank of water passing out into the air;
some light is reflected internally and some is refracted away from the
normal.

o refracted
ray

AT

A Figure 3.30 Rays at a water-air boundary

© Mike Folland and Catherine Jones 2022
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Sample question

i = angle of incidence = angle between normal and incident ray

r = angle of internal reflection = angle between normal and internally
reflected ray

R = angle of refraction = angle between normal and refracted ray
The law of reflection still applies, so i =r.

The greater the angle of incidence, the more energy goes into the
internally reflected ray, which becomes brighter. The greatest angle of
incidence when refraction can still occur is called the critical angle (c).
In Figure 3.31, the angle of refraction is 90° and the refracted ray travels
along the surface.

refracted
ray

il
el

ey

A Figure 3.31 Angle of incidence is the same as the critical angle

In this case, sinR = sin90 = 1 and the refractive index is 1/n because the
light is passing from water into light. The refraction equation becomes:

If the angle of incidence is greater than the critical angle, there is no
refracted ray and all of the energy is in the bright internally reflected ray.
This is called total internal reflection (Figure 3.32).

air + no refracted ray

watar

-

(RS

rellectad ray
fay 2

A Figure 3.32 Total internal reflection

Everyday uses of total internal reflection are binoculars and periscopes.
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Internal reflection and total internal reflection in Observe the refracted ray emerging frem the

a semicircular glass block izt surface zt U, Without measuring, natice
that the angle of refraction is greater than the:
angle ot incdence.

Direct the raycf lignt at an angle of incidence of
about 35%

ray of Pt
light

Observe the internaly refiected ray smerging
trom the curved surtace below the normal. The
angle of reflection will still be about cqual te
the anglz of incidence.

i Observe the refracted ray emerging Trem the
\ izt surface st 0. Without measuring, notice
that the angle of refraction is now muck greater
than thz angle ot incidence.
Slowly increase the angle ol incidence from
i

sl
ylws e

Obzerve the internally refleeted ray smerging
from the curved surface hzlow the normal. The
® Diract the ray nf light a: 2n angle of incidence of armgle el reflection remains avcul egual o lhe
about 207 angle af incidence. If ynu ohserve carafully, the
reflected ray becomes g Little brighler.

A Figure 3.33 Demonstrating total internal reflection

Obserye the internally retlecsec ray emerging

Trorrs the curved surface below the nermal. Thz refracted rayermernes claser and closer
Without measuring, notice that the angle Lo the Lt surface al O, Al seire puint therg iz
ol reflection iz aboul egqual Lo the angle of no refracted ray. Total internal reflection has
Incidence, pecurres; The angle of incidence al this poinl is

the critical angle

Optical fibres

Optical fibres are used in telecommunication with visible light or
infrared, e.g. for cable television or high-speed hroadband. Glass Fibres
are used because they are transparent to light and some infrared.

Fach time the light strikes the wall of the optical fibre, the angle

of incidence is greater than Lhe critical angle end so total intermal
reflection occurs, There is very bttle loss of energy. The light can be
considersd trapped in the optical fibre and can travel long distances,
even if the fibre is bent, in order to carry information er illuminate and
view inaccessible places,

A Figure 3.34 Light travels through optical fibre by total internal retlection

© Mike Folland and Catherine Jones 2022
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Sample questions

Sample questions m

9 Copy and complete Figure 3.35 to show the path of the ray through
the glass prism as it is refracted twice. Show both normals. [4]

student’s correct ray -._
after first refraction

student’s ray after
~ second refraction

e comrect ray after Teacher’s comments
second refraction
The student has correctly
, drawn the refracted ray
A Figure 3.35 The black line shows the question within the prism and
both normals. However,
Student’s answer the student’s second

refraction, as the ray
leaves the prism, is

Finshonthiea Al towards the normal. When
a ray moves into a region
I where it travels faster, it
Correct answer is refracted away from the
The correct: rays are shown by the green line in Hgure 3.35. [4] normal.
10 Light travels at 3 = 108m/5 in air and at 2,25 < 108m/s in water,
Calculate:
a the refractive index, n, of water [2]
b the angle of refraction for a ray approaching waler with an
angle of incidence of 557, 12}
Student’s answers
a 2
b
Teacher’s comments

a  Correct answer with working.

b The answer is only slightly inaccurate, but there is no working,
which means the examiner has no way of knowing whether the
student has made a small mistake or was complztely wrong and
was simply close to the correct answer by chance. Examiners can
anly give credit far what they see.

©
N

3

g

a

= Correct answers

s

o 1

g e R 2
= 225 10

2

s ; ;

e b

E

K [
@ |
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the interlzee with air al an angle of incidence of 52°. Carry ouk a
suitable calculation and state what happens to the ray after
strixing the interfare. [&]

Student's answer

11 A ray of light is in water of refractive index 1,33, The vay approaches

Il

Teacher’'s comments
Tne student Failed to malke a final statement,

The student used the wrong value for refractive ndes.

Students should know and be able to use the equation »=

Correct answers

ing Trom waler Lo air, the correct value is =

sine= 133 <30 52" = 105

It iz impeazible to hove o 3in voluz grenter than 1, which indicotes
that the critical angle must have been exceeded 2nd tetal internal
reflection oceurs, This would be a completely corect ansvwer, [41

If & student happens to recognise that this is possibly the case, there is
an alternative approach.

Alternative approach:

The angle of incidence s close to the critical angle, so check that First.
- 1

sne = 5

1.33

o= ARTS 13

The angle of incidence is conlirmed as greater than Lhe critical angle,
so Lotal internal reflection cceurs and the ray is reflected back in the
waler with an angle of weflection of 52%

3 Waves
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Sample questions

3.2.3 Thin lenses

Key objectives

By the end of this section, you should be able to: @ describe an image using the terms enlarged/
® describe the action of thin converging and thin same size/diminished, upright/inverted and
diverging lenses on parallel beams of light real/virtual
® know and use the terms facal i=ngt, principal
axiz and prpcipal lecus ® draw dagrams of Light rays paszing through
® draw dizgrams of light rays undergaing thin converging lenses to praduce virteal
refraction and passing throogh thin converging images
lenzes to produce real images ® rpow how lenses are usee to correct lahg-

sightzdness znd short-sightadness

Converging lenses

ne

A Figure 3.36 Action of a converging lens on a parallel beam of light
All rays of light parallel to the principal axis are refracted by the

converging lens to pass through the principal focus, F (Figure 3.36). The
distance between F and the optical centre, C, is called the focal length, /.

e o bl s —

A Figure 3.37 Ray diagram for a converging lens

If the object is placed more than one focal length behind the lens, the
image will always be real and inverted (Figure 3.37). Depending on where
the object is placed, the image may be enlarged, the same size as the
object or diminished.

Drawing ray diagrams ) 1 Preliminary - draw the priccipal axis, the
You must be abie to draw ray diagrams te liust-ate object, a vertical line for the Lens, mark the
the farmation of an image by a converzing lens. principal focus F* on both sides of the lens and

mark the point where tha principal 225 crosses.
the lons as ©
Ray | - draw a ray trom tns top of the opject

A lens has a focal length of £ Demand an object
of height 2.0cm s placed £.0zm to the lelt af the 2

et L the line of the lens, parellel to the pringipzl
Mote: You must work very carefully. Smallerrors miis, and cantinus this ray to pass thraugn F

in drawing can lead to large errersin the result, and a few centimetres beyond, This is because
Use a sharp pencil, draw ponts to within 0.2mm all rays parallel tn the principal 2x/s pass

of the cosrect positien and draw lnes exactly through the principal focus.

through painis. Follow these steps to determine 3 Ray 7 - draw this ray from the 1o of the abject
the position, size and nature of the image: {rough £ Lo pass strzight enuntilil culs ray 1.
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This is Becauss the centre of the lens Zcta'as axiz. Fxpect a small error of 2 few mm hut
a thin pane of glass, o rays pass through the no more. The ynage s real, inverted and the
centre unideviaied, same size as the object,

~

Thie rays should converge 2ba pant 8.0em Lo 5 The dagram should lock ke Figure 307
the right of the lens, 2.0cm below the principal

Forming a real image with a converging lens Place Lhe objecl aboul thres fozal lergths away
In a darkened room, set up on @ bench 2 from the lens and write down this distance,
carwerging lans of known focal length, an Flaca the =creen on the other zide of the lens
lbumiraled obiect and a smzll white screenina about two focal lengths away from the lens,

straight line as in Figurs 3,38 Ubserve the image as you slowly move the
screen towards the lens, &t the position of
ferch luminated imaae LefwRiging Brs o scrzen sharpest focus, write down the distance from
the image tathe lens

Il To check your resull, draw a ray dagram Jzing
o results as In Skills: Drawing ray diagrams
| | and se= if yau get the same image distance as in

? 1| your practicals

% 1
Hsticire. retre ruler

A Figure 3.38 Forming an image with a fens

[f the ohject is placed closer to a converging lens than the principal
focus, the rays leaving the lens do not converge to form a real image.
Acvirtual image is formed where diverging rays meet when extrapolated
backwards. These rays cannel form a visible projection on a screen.

Magnifying glass

|7e t serholse len:

Irage is b2ring shjsct. vifual, Lpright, lerger

A Figure 3.39 Ray diagram for a comverging lens usad as a magnifying glass

Figure 3.30 shows how 3 converging lens can be used as @ magnifying
glass. The object is placed less than one focal length behind the lens,
Ko real image is formed, but the eye sees the rays diverging from the
magnified virtual image. 0 is the object and T the image.

© Mike Folland and Catherine Jones 2022
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Sample questions

The nature of an image

The characteristics of an image are described using the following terms
for an image when it is compared with the object: enlarged/the same size/
diminished, upright/inverted and real/virtual.

Diverging lenses

principal

3t e

A Figure 3.40 Action of a diverging lens on a parallel beam of light

All rays of light parallel to the principal axis are refracted by the
diverging lens to pass away from the principal focus, F. The distance
between F and the optical centre, C, is called the focal length, /.

Lenses to correction vision

The human eye contains a converging lens which forms an image an the
light-sensitive cells in the retina at the back of the eye. The muscles in
the eye change the shape of the lens, which changes the focal length
for chjects at different distances. & healthy eye can focus objects from
about 25cm (Fgure 3.41) to infinity (Figure 3.42).

A Flgure 3.41 Focusing an object at 25 cm, the eye lens is "thicker” and has shorter
focal length

from dstant
abjast

A Figure 3.42 Focusing an object at infinity, the eye lens is “thinner' and has longer
focal length

Short-sighted people have eye lenses that refract light from distant
objerts too much. They can see close abjects clearly but distant objects
are blurred. This is carrected by diverging lenses in spectacles or
contact lenses (Fgure 3.43).

illegal to photocopy this page
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A Figure 3.43 Short-sightednass and its carraction by a diverging lens

Long-sighted people have eye lenses that de not refract light from near
objects enough. They can see distant objects clearly but close chjects
are blurred, This is corrected by converging lenses in spectacles or
contact lenses (Figure 3.44),

a

A Figure 3.44 Long-sightedness and its correction by a converging lens

Sample question

12a Figure 3.45 shows parallel rays fram a dislanl objecl aporoaching
the eye of a short-sighted person.

A Figure 3.45

Draw the rays continiing to show their paths to the back of

the eyeball, [1l
The person wears correcting lenses so distant ohjects can be
seen in sharp focus.

o

3 Waves
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Sample question

In Figure 3.46 draw the correcting lens and the paths of the
rays through the correcting lens and the eye lens to the baclk
of the eyeball, 2]

A Figure 346

Student's answer

a

A Figure 3.47 ]
b

A Figure 3.48 [

Correct answers

a  The student’s answer is correct, (1]
b

A Figurs 3.49 [2]

a

b

Teacher’s comments

The student’s answer is
correct.

The student might
have intended the
correct answer but

has not been careful
when drawing. The
rays should converge
exactly at the back of
the eyeball.

4
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3.2.4 Dispersion of light
Key objectives
By the end of this section, you skould he able to; © Lot Ha e e cle frequency 1=
® describe the dispersion of white light by = PRI o
glass prism St

® know the traditional seven colours of the
visible spectrum in order of frequency and
wavelength

White light is made up of seven colours. In order of increasing wavelength
these are violet, indigo, blue, green, yellow, orange and red. In order of
increasing frequency, the sequence is reversed.

Each colour is refracted by a different amount in glass. If a beam of white
light falls on a glass prism, it is dispersed into a spectrum of the seven
colours (Figure 3.50).

white

sanlight \

A Figure 3.50 Forming a spectrum with a prism

Monochromatic light
Light of a single frequensy or wavelength is described as
menochrematic, which means it is of a single colour,

Sample question

13 Figure 3.51 shows a ray of green light passing through a glass prism
from right to left.
A ray of orange light enters the prism on the same path as the original
ray of green light.
On the diagram draw with a dashed line the path of this ray through
and out of the prism. 3]

A Figure 3.51

Student’s answer ,
Teacher’s comments

The student has drawn
the corrzcl path within
3 the prism, However, on

¥ % leaving the prism the
A Houre 352 "1 ray should be refracted
away from the normal not
towards the normal.

© Mike Folland and Catherine Jones 2022
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Sample question

A Figure 3.53 3

Revision ac \

Make ‘lazh cards to revize and rearrange the equabion fer refraction
relating v, fand rwith o on the left of the equals sign: Include what the
zymbols in the 2quation represzent. Hearrange the equation with sine
o its own on the 1eft of the eguals sign, Then rearrange the eguation
with sine onits own on the left.

Exam-style questions

Answers availzble at: wew hedderegucation co.ukicamoridgeextras
5 Figurs 3.54 shows a light ray entering 2 gless block of refractive index
1.5, The angle ofincidence is changed so thatangle & is now 407

NEEEN TEY

el

refracted ray

A Figure 554
a Which ol angles & F iz the angle of incdence? (1}
b Which nf angles A-F is the angle of refractinn? o
€ Worsoul Lhe values of ang

Do not measure from the diagram, ]

6 a Describe e sclion of eplical fibres in a medical application. 3]
b Descrihe the action of optical fibres in a telecommunic ations
applicalion. [3F

7 An object of height 1.5cm is placed & Scm from 3 thin converging lens
ol fecal .erglh Som. Draw a ray dagram to bind:
a the size and position of the image [4]
b the nature cf the imags 13

8 Anobgect of haight 1.3cm s placed Zem from 2 thin converging
lens of facal length 3om, Draw a ray diageam to show b paral sl
rays brom the poject passing through the lens.

a What can you say apout the twa rays as they lezve the lens?  [1]

b Witk dashked lines, draw your rays back behind the chjsct, [2]
¢ Fingl:
i thesize and position ot the imags 11
i the rature of the image [11

Cambridge IGCSE Physics Study and Revision Guide Third Edition

Revision activity

Write down the seven
colours in order of their
refraction in a glass
prism. You may find it
helpful to use the capital
letters of this mnemonic:
Richard Of York Gave
Battle In Vain (or the
name ‘Roy G Biv’) to stand
for the first letters of the
colours. To remember
which end of the visible
spectrum is refracted
most remember ‘Blue
bends best'.
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9 A surveyor's telescope used to observe a measuring pole with a scals
prodaces an upside-down imags compared with the chject
a  Suggest and explain @ helaful way to have the numbers of the
=cale an the measuring pole orinted. . i
The telescope's image can be seen enly in the syepiece and cannst
be projected on 2 screen.
Chooso thiee items frem the fallowing list that describe

o

the imags:
enlarged inverted
same size reat
giminished wirtual {3l
upright

10 a Drawa ray diagram Lo shiow lhe action
b Mark and labe! the principal zxis and pr

a diverging lens.
cipal tncus,

11 Describe how 2 lens is uzed ta correct larg-sightednsss. Yau
sheuld include a statement ef the type of lens used and o ray
dizgram showing the action at the lens and the farmaticn of 2

shatp image al the back of the eye, 2]
12 a zulate the fraquency of green Light nf wavelength
5.5%70m, 131

b Use your knowleege of the c.ectrom.}gnczic spectram o deduce
and chease fram the fellowing list a possib.s wavelsngtn far red
light:

3.3 Electromagnetic spectrum

Key objectives

By the end of this section, you should he asle to;
® Lknow tke main features of the e.ectromzagnetic . ® know that commumicabion with artificial

SOBCITUM satellites is mainly by microwaves
® know that the speed of all electre et ® know the important systems of
waves inavacuum s S0 108mfs and is communication using electromagnetic
aporoximately the same in air radiation
® know the difference between a digital and

® describe typical uses of ditferent regions at the zn znalogue signal and that sound can be
electromagretic spectium transmitted as either

® descrine the harméul etfects an peonle of ® =xplain the benetits of digital signalling
excessive chpesure to electromagnetic L
radiation

Properties of electromagnetic waves
All types of waves that make up the electromagnetic spectrum have
these properties in common:

@ They can travel through a vacuum at the same high speed, which is
much faster than other types of waves that travel through a material.

@ They show the normal wave properties of reflection, refraction and
diffraction.
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3.3 Electromagnetic spectrum

@ They are transverse waves.
e They travel owing to moving electric and magnetic fields.

® The speed of electromagnetic waves in a vacuum is 3 = 105m/s, The
speed is approximately the same in air

The wave equation v = /2 applies, so the lower the wavelength, the higher
the frequency.

The Sun and other stars give off a wide range of types of electromagnetic
waves, which travel through space to Earth. Much of this radiation is
stopped by Earth’s atmosphere and can be detected only by satellites in
orbit outside the atmosphere.

Types of electromagnetic waves

You need to know the types of electromagnetic waves, in order of

decreasing wavelength and increasing frequency, as listed below.

Radio waves are used for:

e radio and television transmission

e radio astronomy detecting signals from stars and galaxies

e radio frequency identification (RFID) systems which track objects fitted
with a small radio transmitter

® Hlustooth signzls which have limitations because they are weakened
when passing through walls

Microwaves are used for telecommunication, radar and microwave

ovens. They are used for satellite and mobile phone (cell phone)
telecommunication because microwaves can pass through some walls and
only require a short aerial. Microwaves can damage living cells and, as they
travel through matter, cause internal burns. Parts of the ears and eyes,

in particular, are easily damaged by microwaves, so great care is needed

to ensure that the doors of microwave ovens are always closed when in

use and that excessive mobile phone use is avoided. Personnel servicing
military aircraft in an operational situation wear protective suits to reflect
the microwaves emitted by the high-powered radar in the aircraft.

Infrared radiation is produced by hot objects and transfers thermal
energy to cooler objects. Hot objects below about 500°C produce infrared
radiation only; above this temperature, visible light is also radiated. Used
for thermal imaging (e.g. night-vision goggles which detect the infrared
radiation given off by warm objects), remote controllers, intruder alarms,
optical fibres as short wavelength infrared can carry high rates of data.

Excess infrared radiation can cause skin burns.

Visible light is a very narrow range of wavelengths that can be seen by
the human eye as the colours of the visible spectrum from violet to red.

[ It is used in optical fibres as light can also carry high rates of data.

Ultraviolet radiation is produced by the Sun, special ultraviolet tubes and
welding arcs. The radiation can cause sunburn and skin cancer and damage
eyes. It also produces vitamins in the skin and causes certain substances
to fluoresce. This fluorescence can reveal markings that are invisible in

= | visible light so is useful for security marking, detecting fake bank notes.

= Itis used for sterilising water.
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Note: the commonly used expression ultraviolet light is incorrect.
Ultraviolet radiation is not part of the visible spectrum, so must not be
called light. This misconception might occur because often ultraviolet
lamps give off blue and violet light as well as ultraviolet radiation.

X-rays are produced in high-voltage X-ray tubes. They are absorbed
differently by different types of matter. They can produce shadow pictures
of inside the human body, which are invaluable for medical diagnosis.
X-rays can penetrate inaccessible solid structures. They are used by
security machines at airports and other travel hubs to scan luggage

for dangerous hidden objects. X-rays are dangerous to living matter as
they can kill cells and cause cell mutations which lead to cancers. Lead
shielding must be used to protect people from exposure, especially those
who work regularly with X-rays.

Gamma rays are produced by radioactive substances. They are very

dangerous to living matter. They are used to kill cancer cells and
dangerous bacteria. They are used to sterilise food and medical equipment.

Con ication with electr tic radiation

9

¥ou should know the difference between an analogue and digital
signal,

You should be able to explain the benefits of digital signalling,
fncluding the increased rate of data transmission and increased range
due to accurate signal reqeneration,

Saound can be transmitted as a digital or analogue signal.

Communication with artificial satellite is mainly by microwaves.
Some satellite phones use low-orbit artificial satellites.

Some satellite phones and television use geostationary satellites (see
Topic 6 Space Physics).

Sample questions

14 State the type of orbit of satellites used for satellite television. 1]

15 State two advantages of digital signalling, {21

Student’s answers

14 Crvatlar 1

15 “zter and further 7

Teacher’s comments

14 Incorrect answer.

15 Fartially correct answer, Tre signal does not travel faster, Further is a
vague description but would just be enough to score & mark,

3 Waves
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Correct answers
14 Geostationary orhit, 111

15 Increased rate of data Lransiiission and increased range due to
accurate sigral regeneration, [2]

Make a Tlash card Lo revise the valugs of Lhe speed of waves in the
slectromagnzti wctrumin A vasuum.

Exam-style questions T

Anzwers availzble at: wew hoddereducabion.co.ukfcamonidgeextras
13 Ap observatory receives ¥-rays and gamma rays frem a star
a Which type of radiztion has the higner wavelength? [
b Which tyoe of radizticn has the higner froguency? il
€ Light from the star takes four years to reach the ohservatary.
D the X-rays take less, more or the same Hime to reach the
chzervatory? [

d Waork out the distance from the chzervatory to the starin
metres, 131

14 The saiic line in Figure 3.55 shows the path of a rayof hlus liga:
through a prism. A aitferent type of radation 1= direcled tawards
the prism anthe same path 35 the ray of slue lght. The dashed line
zhows the path of this radiztion through the prism.

a Which tyoe o5 this radiation?
Amicrowaves
B orange light
C uitrasound

Dovialet light 5]
b Euplain your anzwer [
15 Which are the corract slaternznts in the table abaul ubiraviotel

radiation”

Its wavelength is shorter A harmful effect on people
of excessive exposure is...

A clz light SWin cancar

E izlz ligrt burning of ‘nternal organs
= ¥-rays tcer

=

M-rays burning of ‘nternal organs 0

16 a ‘Whizh type o electramagretic radiation is Blustootn?
b Wrile dewn bow there could be a preblemin the tra
nof Bluetanth signals within 2 building.

17 a i Whatz the nature o infrared -adiation? [
il State two uses of infrared radiation, i2l
b Microwsves are similar o infrarad waves:
i Stote one similarity and ore differonce between therm [}
il State adanger when people are cloze to = strang source of
IiCr WS, ]
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Sample questions

Revision act!

Make a revision
poster to show all the
types of radiation in
the electromagnetic
spectrum. Include the
types of waves and
directions of increasing
wavelength and
increasing frequency.

ty

A Figure 3.55



3 Waves

3.4 Sound

Key objectives

By the end of this section, you should be able to:

® Lnow that sound waves are ongitudinal waves ® know Lhal inyeneral suund lravels Tasl

with compressions and rarefactions produced
by vibrating sources which require a medium
far Lransmissicn

in =nlids than in liquids and faster in liquids
than yases

® heah.=tode be compressions and ® dezcripe 3 mathad fo determine the spzed
rarefagtions lzee 3 General propertios of ol zound it ail invelving the measurement of
WAVES] distznce and bime

® Lpov thatl the approximate range of audible ® describe how changes of amplitude affect

the lnudness of sound waves and changes of
freguency the pitek
® descrihs an echa as the reflection of sound waves

frequsncies o humans is 20Hz ta 20000 B
and Lhal the speed of sound inair is

approximately 330-350m/s

® describe typical uses of ultrasound
L

Sound waves are longitudinal waves that are produced by a vibrating
source, which causes a material to vibrate. A material or medium is
required to transmit sound waves.

The speed of sound in air at normal temperatures is 330-350 m/s.

Sound travels faster in solids than in Lguids and faster in liquids than
in cases.

Sound can be transmitted as z digital or analogue signal.

Although normally observed in air, sound waves can travel through liquids
and solids, e.g. sea creatures communicate by sound waves travelling
through water.

The healthy human ear can hear sound in air in the frequency range of
20Hz to 20000 Hz (20 kHz). This is called the audible range. In practice,
only people with very good hearing can hear throughout this range.
With ageing, this range is reduced and hearing tests usually only check
frequencies between 250 Hz and 8 kHz.

Sound of a higher frequency than 20kHz (the audible range) is called
ultrasound.

Typical uses of ultrasound:

o nedical scanning of zoft tissue

e non-destructive testing of materials

® using sonar to determine the depth of underwater abjects

The greater the amplitude of sound waves, the louder the sound.
The greater the frequency of sound waves, the higher the pitch.

Sound waves can be reflected, especially from large, hard, flat surfaces.
The reflected sound is called an echo.

© Mike Folland and Catherine Jones 2022
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Sample questions

Az sound travels through & material, compressions and rarefactions
oceur {see Figure 3.2 on p. 58). Compressions are regions where particles
of material are closer together, Regions of material are rarefied wheve
the particles move Further apart (at rarefactions).

Senar measures the time taken for uitrasound waves to be reflected
from underwater nhjects in order to determing the depth of the object.

Determining depth from time and wave speed

Anultrasound sigaal transmitted to the seabed is
mezsured to take 0255 ta return to the ship, The

spoed of sound in waler is 1600mfs, Calculate the
depth of the zeabed.

Distence travelles by wave = speed x fime = 1400 %
0.25=1360m

it
depth of seabed = % =175m

A Figure 3.56 A ship using sonar

Sample questions m—|

16 A student stands across a field from a large building and claps their
hands regularly. They hear each clap coinciding exactly with the echo
from the clap before. They measure their distance from the building as
100m and the time taken for 16 claps as 10s. Work out the speed of
sound in air. [4]

Student’s answer

Teacher’s comments

The student calculated the number of claps per second instead of the time
Fram one clap te the next, Mo Further erner was made in calculating the
speed, so the student gained the Lask twe marks.

Az the source and ebserver are at the same place, the student correctly
realised that scund travels twice the distance between the observer and
the reflecting surface. Be careful in problems involying echees net to Lzke
the distance from Lhe abserver Lo the reflecting susface as the distance
travelled by the sound.

Unfor tunately, in problems when ne echo or reflection s involved, students
aftan wrengly deuble the distance travelled by the seund.
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Correct answer

time between claps = % = 0.6255 [2]

distanca travelled = 2 = 100 = 200m 1)

speed = AL 320mys 1]
0.625

¥ou must be able to describe an experiment invalving the measurement of
distancs &nd time to find the speed of sound n e (Such as ts sample
questinm.)

17 A railway worker gives a length of rail a test blow with a hammer,
striking the end of the rail in the direction of its length. A sound of
frequency 10kHz travels along the rail. The speed of sound in the rail is
5000 m/s.

Calculate the wavelength of the wave. 2]

Student’s answer

Correct answer

SOHI

=0.5m [2]
1000

¥
wavelength, 4 = T =

18 A machine uses sound waves of frequency 3 MHz to form images within
the human body.
Choose one of the following as the best description of these waves:
long wavelength
hypersound
polarised sound
supersonic
ultrasound 1]

Student’s answer

palarissd sound sl

Correct answer
ultrasound [

19 Dolphins emit sound waves of 95kHz. State and explain if these
waves are ultrasound. [2]

Student’s answer

5 Hz are ultraseun b =0 they travel

il

3 Waves

Teacher’s comments
The student has used the
corract equation but has

substituted the wrong
speed ot sound,

Teacher’s comments

Incarract response

Teacher’s comments

Uitrazound is correct but
the reasen is incorrect.
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Sample question

Correct answer
Ultrasound, because the Trequency s higher than the audible range. &

20 At a concert attended by people of all ages, including children and old
people, a sound of frequency 19 kHz is produced. Comment on how this
would be heard by the audience. 1]

Student’s answer

Drearyone vwould hear i e Vehe dUE T rangs 11

Teacher’s comments

The answer is on the right

lines but is incomplete
because in such an

Correct answer

People with healthy hearing weuld hear the sound of 19kHz. Lt is right at
the top of Lhe audible range. so people with any loss of high-Trequency
hearing would not hear it. 1

audience it is unlikely
that everyone would have
completely healthy ears.

21 T4 sound always transmitted as an analogue signal? [1]

Student's answer

Correct answer

Sound can be transmitbed 25 an analogue signal or a Sgital signal.  [1]

Revision activity

Shkelch a sound wave by drawing vertcal lines of length 1om le show
wavefronts, Show and label compressions 2pd rarefactions and [asel
one wavslangth.

Ex tyle questions

Answers available st: www hoddereducation.co.uk/camhbridgsextras
18 A research ship uses sonar to locats a shoal of fish, The speed of
scund in water is 1500m/s.
a Thefrecuency el this sound is 750 Hz.
Calculate the wavelength of the sound waves. [

b The snip recsives back an echo 3¥msz atter 2 zound is
transeitted.
Wark out the depth of thz shozl balow thz ship.

¢ Some sound af this trequency 15 emutted into the air.
i |5 it audible te members of the crew of the ship?
Exzplain your answer. [2]
i ‘What is the wavelength of this sound in air 7 [21
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Teacher’s comments

Incorrect answer; sound is
sometimes transmitted as

an analogue signal but not
always.

Revision activity

Make flash cards to
revise some values about
sound waves. Include
the speed of sound
waves in air, the range

of frequencies audible

to humans and the
frequency of ultrasound.




Electricity and magnetism

Key terms MJ

Alternating current The dlrecncn of current How reverses repeatedt
(a.c.)

Direct current (d.c.)  Electrons flow in one direction only

Electric current The charge passing a point per unit time (current /= 0/t where Q is the charge flowing past a
particular point in time 7)

Electromagnet Temporary magnet produced by passing an electric current through a coil of wire wound on a
softiron core

Electromagnetic The production of a p.d. across a conductor when it moves through a magnetic field or is at

induction rest in a changing magnetic field

Electromotive force  The electrical work done by a source in moving unit charge round a complete circuit
le.m.f.)

Kllnwau haur The electrical energy transferred by a 1kW appliance in 1 hour

(kWh)

Light- dependenl Semiconductor devnce in wh\ch the electrical resistance decreases when the intensity of Ugm

reslsior[LDR] falling on it increases

Magnetlc fleld Aregion uf space where a magnet EXpErIenCES a furce due to other magnets oran elecmc
current

Magnetic materials  Materials that can be magnellsed by a magnet; in thelr non- magnensed state, they are
attracted by a magnet

Non-magnetic Materials that cannot be magnensed and are not anrac(ed tu a magnet

materlals

Parallel clrcult Componems cunnected slde by side and \he current splns mto al\ernanve paths and then
recombines; currem from the source is larger\han the current in each branch

Permanent magnet  Made of steel and retains its magnetism

Potential difference  The work done by a unit charge passing through a component

(p.d.)

Relay Electro agnet\c switch

....... S — r‘rr R electr‘l‘c";ur.;e"r.yt symlmlk e o e

Series circuit Components connected one after the other; the current is the same in each part of a series
circuit

Solenoid Long cy mdrlcalco\lofwlre

Temporary magne! Made of soft iron, and loses its magnetlsm eas\ty

Thermistor Semiconductor device in which the electrical resistance decreases when the temperature
increases

Transformer Two coils (primary and secondary) wound on a soft iron core which allow an alternating p.d.
to be changed from one value to another

Conventional Flows from positive to negative; the flow of free electrons is from negative to positive

current

Electric field A I'EglOn in space where an electric charge expenences a force due to other charges

Light- emlmng Semlconduc(or device which emits light when it is forward biased but not when it is reverse

ode (LED) biased

Potential divider Prnvndes avoltage that varies wnth the values of twc resws\ors in series in a circuit
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4.1 Simple phenomena of magnetism

4.1 Simple phenomena of magnetism

Key objectives

By the end of this section, you should be able to:

® describe the forces between magnets and showing its direction which is the direction
magnetic materials experienced by a north pole at that point

® describe induced magnetizm

® understand that it 1s the interaction ot

® wnow that the spacing of magnetic field lines
represenis the strength ot the magnetic

ragnetic fields which leads @ magnetic forc field
® ciate the differances between the properties ® describe how to plat magnstic field lines using
of permarent and temporary magnets eitheriror filings or = compass and how the
ang betwsen rnagnetic and non-magnetic compass is used ta determing the direction of
materials the magnetic fizla,
® doscribe a magnetic field and know how to ® describe the wses of permanent magnets and
draw the magretic tizld around 2 bar magnet electromagnets

Properties of magnets
Materials can be divided into two types:

@ magnetic materials - materials which are attracted to magnets. Mainly
the ferrous metals iron and steel and their alloys. Cobalt, nickel and
certain alloys are also magnetic materials. These materials can all be
magnetised to form a magnet.

e non-magnetic materials - materials which are not attracted to
magnets and cannot be magnetised to form a magnet.

Every magnet has two poles: a north pole (N pole) and a south pole

(S pole). If a magnet is supported so that it can swing freely, the N pole
will always point towards the Earth’s magnetic north pole. The other end
is the S pole. When you bring two magnets near each other they both
experience a magnetic force. If two magnets are close together, poles N
and N will repel, poles S and S will repel, but poles N and S will attract.

Remember like poles repel and opposite poles attract.
Induced magnetism
A unmagnetised magnetic material can be magnetised by bringing it close

to or by touching a magnet. This is called induced magnetism.
Figure 4.1 shows iron nails and steel paper clips becoming magnetised.

ST

A Figure 4.1 Induced magnetism
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4 Electricity and magnetism

As you can see, each nail or paperclip has their own N and S pole as they
have each become magnets. If you remove the iron nails from the magnet,
the chain collapses. If you take the steel paperclips away, they are still
attracted to each other. This is because:

@ iron is an example of a soft magnetic material (one that loses its
magnetism easily and is unmagnetised easily). The induced magnetism
in the iron is temporary. Soft magnetic materials are used to make
temporary magnets.

steel is an example of a hard magnetic material (one that is harder to
magnetise but also harder to unmagnetise). The induced magnetism
is permanent. Hard magnetic materials are used to make permanent
magnets.

Magnetic fields
A magnetic field is a region in space where a magnet experiences a force.
Figure 4.2 shows the magnetic field around a bar magnet.

A Figure 4.2 Magnetic field lines around a bar magnet

The arrows show the direction of force. It has been agreed that the arrows
show the direction of the force on the N pole of a magnet at that point.

In Figure 4.2 you can see the magnetic Field lines are closer together at
the poles. This shows that the strength of the magnetic field is greater
here. You can use the spacing of the magnetic field lires to work oul
where the magnetic fisld is stronger and where it is weaker,

As you koow, two magnets feel a force without touching, This is
because their magnetic fields are interacting. It s the interaction of
the magnetic fields which causes the force,

Plotting magnetic field lines

Ta piot ragnetic feld lines, veu can use a
compass ar icon filings. To show the direction of
the magnetic feld yoo must dse g compass

Plotting compass method: 1e magnet s placed
ot a sheet of paper and a small plolling compass
is placed near one pole. Mark dots on the paperat
the posiliors of the ends of the compass needle.
The compass is moved along o that the ehd that

winz over the first dois now over the second dol.
The atber end is mar<ed on the paper as the third
dol. Centinug this process unlilthe other pole of

the magret is reached,

Jeinirg the dots with a smooth line shows

i with the directinn baing given by the

55 arrew. Repeal lor further lnes starting
at different paints.

© Mike Folland and Catherine Jones 2022
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Sample question

Iron filings methed: Iran ‘ilings are sprickled on
a picce of paperplaced over a magnet, When the
paperis tapped gently, the filings will be s2en to
line upwith the feld ines. The Tield patlern can
thian ke drawn along thess lines on the sapsr,

petton
o

A Figure 4.3 Platting field lines

Electromagnets

An electromagnet is a temporary magnet produced by passing an electric
current through a coil of wire wound on a soft iron core. The soft iron core
is magnetised only when there is a current in the wire.

il anfl con core

fed
W

I

dirscten

A Figure 4.4 An electromagnet

The strength of an electromagnet can be increased by:
@ increasing the current

@ increasing the number of coils

e moving the poles closer together

The different features of permanent magnets and electromagnets mean
they have different uses. Table 4.1 summarises these.

¥ Table 4.1 Uses of magnets and elec
Type of magnet Description Examples of uses
Permarneit < il

constantans parmansnt L i
4.5:21,
chonz, Loudspeaker

“leclrpmadg ret Temparary mageet o can ba | e cranas to 0 scrap metal,
switched o and off and the in electriz bells, magnetic
magnetic fatd strength can |t Lags, in masars and
be varied. narztors.

Sample question

1 Describe how to plot the magnetic field, including its direction, ,
around a bar magnet using iron filings. [5] Teacher’s comments

The student basically knows
the rignt experiment,

bt Lhe description is

very vagee and lacking in
v fing the dirsction [ wstentia detail.

Student’s answer
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4 Electricity and magnetism

Correct answer
To gzin full marks, the student should have given the following answer:

Place a piece of paper on top of the bar magnet. [1] Sprinkle iron filings
thinly and evenly over the paper, (1] Give the paper a gentle tap. |1 Draw
the tield pattern on the pazer along the lines of the filings. [1] Place a
plotting compass an top of 2 Field line and draw a direction armow in the
direction of the K end of the needle, Repeat to determine the directions of
the whels field pattern, [1]

Exam-style questions ] Revision act

ty

Anzwers available at: wwaw hoddereducstion.co.ukfcambridgeextras

1 Abar magnet is suspended from its mig-paint by a tread,

State which pale will swing towards the Earth’s magnstic

narth pole

A zecond bar magnet is brought claze tothe pale ot the

suspended magnet that is furthest away frem the Earth's

magnetic north pole. The suspendec magret does nat

sywing away, Stale which pole of this magnetis closest Lo the

suspended magnet.

2 A student is given three identical looking blocks. They ase Lold that
nneis a magnet, anz is mads trom iran and ane is made fram
nor- inagaelic malerial, Deseribe how they could use a magnel o
determing which zh.

3 Cranedin scérap yards use magnets Lo pick up cars. Explain why
an plectromagnet rather than a permanent magnet is used

o

o

4.2 Electrical quantities

‘Write all the key wards
frum this lopic on & blank
pisce of paper. Link the
key words with Lnes
adding explanatinns,
e.g. vou could Link zoft
ragnatic mater:als
wilk slectromagnel and
write ‘used here so that
magnatism is Lozt when
the current is awitched
ali’. Compare yaour deas
with 3 partaer te see if
thay have thought of any
links you missed

4.2.1 Electric charge

Key objectives

By the end of this section, you shauld e able to;

® undersiand there are both positive and
regative charges and the ferces betweer them
and explain how ohjects bacome charged by

insulalors

® rzcall and use a simple electron madet Lo
explain the differance between canductars and

friction

descrive simple sxperiments Lo show charging
by friction and hew to detect charge

| ® =slate the unit of chiarge
® descrihe an elzctric field and its dicection

® describe simple eleclri
ourd charged ehjects

® describe an experiment to sort materals into
electrical conductors and insulators

Positive and negative charges

When certain materials (e.g. polythene) are rubbed with a cloth, they
become charged. The fact that an object is electrically charged can be
detected as shown in Figure 4.5. In Figure 4.5, two polythene rods are
both rubbed with a cloth. One rod is suspended freely on a thread. When
the second rod is brought near, the suspended rod moves away. There is
repulsion between the two charged objects. If a charged cellulose acetate
rod is brought close, the suspended rod is attracted. This shows there

are two types of electric charge: positive and negative. If two similarly

© Mike Folland and Catherine Jones 2022
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4.2 Electrical quantities

charged objects are close together (+ and +, or - and -) they will repel,
but unlike charges (+ and -) will attract.

insulating thread

paper holder

A Figure 4.5 Investigating charges

Charges, atoms electrons

Atoms are made of small positively charged nucleus containing positively
charged protons surrounded by an equal number of negatively charged
electrons (Topic 5.1.1). The charge on an electron and proton is equal and
opposite, and as there is the same number of each in an atom, the atom is
neutral.

Rubbing an object makes it charged because the friction causes electrons

to be transferred from one material to the other.

e The material gaining electrons becomes negatively charged (it now has
more electrons than protons).

e The material losing the electrons becomes positively charged (it now
has fewer electrons than protons).

Remember the protons are in the nucleus; they cannot move. It is only the

electrons that move.

The charae on an electran is the smallest possible quantity of charge,
Charge iz measured in coulombs {C), The charge on one electron is
1.5 % 107 coulombs, but you do not need to remember that number.

Electrons, insulators and conductors

Electrical insulators are materials in which electrons are firmly held in
their atoms and cannot move, so electric charge cannot flow. Most plastics
are good insulators.

Electrical conductors are materials in which electrons can move freely
from atom to atom, so electric charge can flow easily. All metals and some
forms of carbon are conductors.

Insulators can become charged because the charge cannot move from
where the transfer happened. To charge the polythene rod (insulator) you
use a cloth (another insulator). A conductor will only become charged if it
is held by an insulating handle. This is because electrons are transferred
between the conductor and the ground through the body of the person
holding the conductor.
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Detecting charges and testing materials

You can detect 4 chargs using a gold-leaf
slectroscope [Figure &85 The gald L=at is anly
attached tothe metal rod by the top edge and is
tree tomove, The ~od is held in place by 3 plastic
supporl and inawouder bex wilh glass sides Lo
protect from any mevermnent of ain

roezal cap

riezal roz
inauleling
phay

rezal plate
oot leaf

Az wirdow
WEOTRT o

A Figure 4.6 Gold-loal electroscope

4 Electricity and magnetism

To detect a charge: Bring the charged rod near
to the metzl cap of the electroscope. The gold
leal rizes away from the plate. Wher the charged
rod is removed; the leat falls. The gold leafwill
betave lhe same whelher the objecl iz megatively
or pasitively charged:

‘Charging the electroscope: Drayg a charged

posvthens rod [neqati\'el\'r charged] ATross

Lhe surface ol the metal cap. The leal will

rise and remain up even when the radis
removes. Electrons heve been transferred
fram the polythens rod to the electroscops, The
alectroscope s now negalively charged.
Testing materials to see if they are insulators
ar conductors: Touch the charged electrozcope

with different okjects made of gifferent materials,

8. awcuden or glass rod, or a piece of metalor
plastic, If the Leaf falls, the okject is a conduztor,
If the tzat remains in place, the chject is an
insulator

Electric field

An electric field is a region in space where an eleclric charge

experiences & force, The field can be represented by lines of forze in the
irection that a positive charge would move iF placed al a point in the
field. You should be able to describe the pattern and direction of the
electric field around a point charge {Figure 4.7a), 3 charged conducting
sphere (Figure 4.7} and between two oppositely charged parallel plates
(Figure &7c).

- -
-

A Figure 4.7h Electric field around a positively charged
sphera, Matice the field lines appear to start in
the centre of the cphere. Do nat draw tham inside
thaugh,

A Figure 4_%a Electric fiald around a positive point charge

© Mike Folland and Catherine Jones 2022
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A Figure 4.7c Electric field between two parallel plates. This is a uniform field. You
can tell because the field lines are parallel and evenly spaced.

Sample question

An inkjet printer produces a stream of very small droplets from a
nozzle. The droplets are given a negative electric charge and then
pass between two plates with positive and negative charge, as shown
in Figure 4.8.

[N}

f—————— inkjgt naezlz .
! | ===+ showm i

f.eston
coTect

TEgaTie —

pape

A Figure 4.8
a State Lhe type of field in the region between the charged plates.  [1]
b State and explain the force acting on the droplets in
this region, [2
¢ Extend the dashed line to complete the path of the droplets. el}

Student’s answers

a 1
b 3 m
c ssee e nFlgurs 4 £, 2]
| Correct answers
a There iz an electric field in this region, (]
b There is & force to the right on the ink droplets, which are
attracted to the positive plate, 121
¢ The correct answer is shown by the blue cashed line in
Figure 4.8, 131

Cambridge IGCSE Physics Study and Revision Guide Third Edition

Sample question

Teacher’s comments

a

Correct answer.

b The student correctly

a

stated that the force
is to the right but
failed to explain it.
The path between the
plates must be curved,
as the droplets are
accelerated to the
right by the electric
force.



4.2.2 Electric current

Key objectives

By the end of this section, you should be able to:
@ understand that an electric current is the flow
of charge and in metals is the movement of

free electrons

4 Electricity and magnetism

® describe the use of ammeters and know the
difference between direct (d.c.) and alternating
current (a.c.)

® deting electric current as the charge
passing per anit tire and use the correct
equatian

® urderstand the ditterence bebween
comventional current ang the flow of
electronz in 2 circuit

Electric current is a flow of charge. In metals there are free electrons.
These are electrons that are only loosely attached to a particular atom.
When you connect a battery across the ends of a metal wire, these
free electrons start to move. They move slowly in the direction of

the positive terminal of the battery (remember positive and negative
charges attract).

Calculating current
An electric current is defined as the charge passing a point per unit
time. This can be writken as:

e

i
i

where [ is the current and ¢ is the charge Tlowing pa particular

point in time 4

Conventional current

The agreed direction of conventional current i a cireuit is from the
positive terminal to the negative terminal of & battery, The electrons
Flow in the opposite direction Lo conventional current.

Ammeters

Electric current is measured in amperes, usually abbreviated to amps
(symbol A), by an ammeter, which must be connected in series. The
positive terminal of the ammeter is connected to the positive terminal of
the supply. Figure 4.9 shows an ammeter in series with component X.

rest = cirzait

arreter

Ammeters can be analogue (have a scale and pointer like a moving-coil
ammeter) or have a digital display. Whichever type you use you should
use the correct range. If the current you are measuring is unknown, it
is good practice to start on the largest scale, for example, 0 to 10A.
If the reading is very small or not detected, you can reduce the range
perhaps to 0 to 1A. Choose the smallest possible range to get the
most accurate result, e.g if the current is 0.02 A, you would choose the
100 mA range.

A Figure 4.9 Measuring
the current through
component X
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Sample question

| Expressing quantities using multipliers H
fou should be able to use the common mutipliers, These are used to 5 steady d.c
express very large or very small numbers,
¥ Tabie 4.2 Common prefixes — e
Prefix Symbol Multiply by Prefix Symbol Multiply by
cenil c 42
kilo k ®10% il m s € .
g Sy
mega L =A% miern [t =504 3 .l/ : \_/J\\"
dga G Rl azna n ELE] |/ varying d.c. |
For example; e
A Figure 4.10a Direct current
TZ00000MN - 1.2MN 0,034 = 30ma Skrn = 3000m

Direct and alternating current
In a direct current (d.c.), the charge flows in one direction only
(Figure 4.10a).

In an alternating current (a.c.), the direction of the current changes
repeatedly (Figure 4.10b).

» -
\ ."h trreiecards

\/

o 1 re
A Figure 4.10b Alternating current

The number of complete cycles per second of a.c. is the frequency of the
alternating current.

Sample question @

3 Acharge of 350 flows around a circuit in 145,
a Calculate the current flowing. [2]
b The charge on gach electron is 1.6 5 10 °9C, Calculate the
number of electrens flowing arcund the circuit in this time. 2]

Student’s answers

S =2Ame e (i}
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4 Electricity and magnetism

Teacher’s comments

a Correct answer,
b The student started the caleulation correctly, bul made & mistake
in the calculation of the sowers of 100

Correct answers
[2]

= 2.2 5 10%0 ta 2 5.f. 2]

b ifiliibier oReletins 00
T 1017

Revision activity

There are three important electrical quantities used o descrive circuils
that are sometimes eonfused; current [Tapic 4,.7.2], electromative farce
ITepic &.2.3] and resistance | Topic &.2.4], To help yeu remember and
understand them, take a piece of plain paper and divice itinto thres
equal sechions. | the first secbion, summarize the infermation aboot
electric cusrent,

4.2.3 Electromotive force and potential difference

Key objectives

By the end of shis section, you should be able to:

® dzhine electromotive torce leom.t] znd ® recalland use the corresl egualions for
patential gifference |p.e. | ard know that they e.m.fand p.d.
are both measured i valts

® describe the ase of voltmators

Electromotive force (e.m.f.) is the electrical work done by a source in
moving unit charge around a circuit. It is measured in volts.

Potential difference (p.d.) across a component is the work done by unit
charge passing through a component. It is also measured in volts.

Calculating e.m.f. and p.d.

The equations for e.m. f () and pad. (V) appear the same:
£ E and ¥ = i

0 0

When calculating 2.m.f. (£], W is the energy transferred to an amount

of charge (2 by the battery or power supply.

When calculating p.d. (1), # is the work dene when the amount of

charge () passes between two points,

© Mike Folland and Catherine Jones 2022
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Voltmeters

The p.d. across a component is measured by a voltmeter, which must be
connected in parallel with the component. It can be helpful to build

the circuit and then place the voltmeter across the component. The
positive terminal of the voltmeter should be connected to the side of the
component nearest to the positive side of the battery. Figure 4.11 shows a
voltmeter in parallel with component X.

Voltmeters can be analogue (have a scale and pointer as in Figure 4.12) or
have a digital display.

A Figure 4.12 An analogue voltmeter scale

Whichever type you use, you should use the correct range. Choose the
smallest possible range to get the most accurate result. For example, if
you expect the measurement to be 12V, you must choose a suitable scale
such as 0 to 20V. If the reading is 0.006V, you should use 0 to 10mV.

4.2.4 Resistance

Key objectives

Sample question

rest of circuit

‘ component X

L

2
voltmeter

A Figure 4.11 Measuring the
p.d. across component X

Revision activity

Inthe second section of
your electrical quantibies
sheet, summarise the
intormztion about e.m.t
and pud.

By the end ot thiz sectian, you shoald he able to:

® jecall and usw Lhe correcl voualion lo ® sketch and explain the veltage-current
calculate resiztzrce graphs tor a resistor, 2 tilament lamp and &
® desoribe an experiment using a vellmeter diode
and ammeatar to datermins the resistance of 5 ® racall and uses the retationship betwesn
camponent uzing the correct squation lhe resislance ofa wire znd ils lenglh and
® describe how resistance of a wire is affected cross-sectional area

by its length and it s cross-sectional area

Resistance is the opposition of a conductor to the flow of electric current.
Resistance is calculated using the equation:

r=’
1

where R = resistance in ohms (Q), ¥ = p.d. and / = current.
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Determining resistance

Ta deter miine the resistance of an urknodws companent, yeu must
Ethe circuit as shown in Figure 4.13:

o

T 51

ke

v

variabie
annduicter Y resstor
e Y
1 =)
N e
ollete
A Figure 4.13 Clreult to d e the res: of unkngwn cand ¥
1 The ammeler is cornecled in series with the power supply and
conductar ¥ (s that the current flows riroagh the ammeter].
2 The volimeler is in paraltel wilh conduclor ¥ |se that the volimeler
measires the .. ketween the ends of the conductar].
3 Rerord the values of the p.d. involts and the current in ampz.
4 Change the setting of the varizhle resistar and recosd at least five
rmara pairs cf values. ¥
5 Work out the value of the fesistance using the equation =T far

each parof readings:

Current-yoltage graphs

If you plot the values of current and voltzge from your experiment on
a graph, you get distinctive shape graphs for different components
(Figure 4.14),

n W [H v
A Figure 4.14a Resistor A Figure 4.14b A Figure 4.14c Diode
Filament lamp
The tesistance is equal to the inverse of the gradient of the current—
woltage graph of a component.
A resistor or metal wire at constant temperature shows a directly
proportional relationship (a straight line through the origin). The
gradient is constant because the resistance is constant (Figure 4.14a).
For a filament lamp, the gradient decreases. This shows the resistance
is increasing. As the voltage and current increase, the temperature of
Lhe Tilamenl increases. Resistance increases with a large increase in
temperature (Figura &,14h),
Diodes {including LEDs) have an extremely high resistance in the reverse
direction, s no reverse current can flow, Resistance is very low in the
forward direction, so current can flow easily (Figure 4.14c). Diodes ara
wsec in circuits to make sure the current only flows in one dirsction,
They can be used Lo change alternaling currenl Lo direcl current.

4 Electricity and magnetism
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Sample questions

Resistance of a metal wire

The resistance of a metal wire depends on:

@ length - the longer the wire, the greater the resistance

® cross-sectional area - the thicker the wire, the smaller the resistance
@ the material the wire is made from

Resistance is directly propertional to the length. This means if you
double the length, the vesistance will double, Resistance is inversely
proportional the cross-sectioral area. This means if you double the
cross-sectional area, the resistance halves.

Sample questions

4 A student carries out an experiment to find the resistance of a wire.
They vary the supply voltage and take measurements using an ammeter
and a voltmeter. The table shows their first three readings.

1 2 3 3

| |10 |21 55 175
Nt [nan |nssoasn
e |5s0 |an 7 #

Make sure you show your working for all parts of this question.

a Calculate the resistance for the third pair of readings. 1]
b Calculate the average value of resistance for the first three

readings. 1]
¢ Using this average value of resistance, calculate the current

the student can expect when they take the fourth reading. 2]

Student’s answers

a 0]
b
4 = [
Ao L
¢ Famding [

Teacher’s comments

®

Lorrect answer.

The student should have taken the average of the three values of
resistance, using the answer for part a, It is simply qood fortune
Lhal Lheir answer is close Lo the correct answer.

The student has rearranged the equation = 18 incorrectly.
Chservation and eomparisen with the First three readings show hat
the caleulated value is unlikely.

o

a

IT7 Cambridge IGCSE Physics Study and Revision Guide Third Edition



Correct answers

a Reading 3: 8 1]
A, T a0 2

55 5 2
b A\_mguﬁ___.n B.00 1590 1740_, . 1

a 3
¢ Readingd:7= 030 At0 250 (03017 4| [2]

5500 ¥

5 Sample A is a length of wire of given material.
a Copy and complete the table for the resistance of three more
samples of wire of the same material. Choose from the following
words: greater, less, same.

Sample -] Cc D
l=ngth comparad with & £ EEME =2
i z
giameter compared wih A FATE 7= EI
resistance campared wiiha | | | 3]

b Add numerical values to your entries in the table to show

the magnitude of resistance compared with sample A [3]
Student’s answers
Sample B c D
lzrgra comparsd with A wZ same [#2
1
diamyter compared wilh & HEmE 3 2

resistance campared with & gractar =2 [2] | arester =2

Teacher’s comments

a Correct answers — all three samples have greater resistance then
sample A.

b The resistance of sample B will be =2 greater - the student’s
answer to B is corect. Resistance varizs with the inverse of
area, not diameter, so the answer to £ incorrect. Although the
answer to [ 15 incorrect, the student has correctly carried over
from the answar to [, =0 no further marks are lost. The answer
for [ should he 4 and the answer for O should he =8,

4 Electricity and magnetism
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Sample question

Revision activity
Correct answers
In the third section of
Sample B D your electrical quantities
v 5 7 sheet, summarise
Lat bt ¥ 2 the information about
1 1 resistance.
diareter compered with & sarme :: L
resistance compaced with & | graster«2  graster of [5]
4.2.5 Electrical working
Key objectives
By the end of this section, you should be able o
® understand that z celi ar mains supplyisa ® r=call and use the correct equations for
seuree of eleclrical ensrgy and that circuils eleclrizal power and electrical energy
tranzfer this energy fo the circuit components @  define the kilowatt-hour and calculate the cost
ang then Lo the surrovedings ol usirg electrical appliances

Electrical energy and electrical power

The electrical cell, battery or mains supply are a source of electrical
energy. Electric circuits transfer this energy to components in the circuit
and then into the surroundings. For example, a torch battery transfers
energy to the lamp; this energy is then transferred by light and by heating
to the surroundings.

To calculate the electrical energy transferred, use the equation:
E=1Ivt

where E is the energy transferred (J), 7 is the current (A), 7 is the p.d. (V)
and 7 is the time (s).

It is also useful to consider the electrical power of an appliance.
Remember power is the amount of energy transferred every second
(P = W/); the unit of power is the watt (W).
To calculate electrical power, use the equation:

P=1V

Paying for electricity

When buying electricity from a supply company, a much larger unit of
electricity is used: the kilowatt-hour (kW h). This is the electrical energy
transferred by a 1kW appliance in 1 hour. The company then charges a price
per kilowatt—hour for the energy transferred. Remember 1kW is 1000 W.

To calculate the energy transferred in kWh, use the equation:
energy transferred (kW h) = power (kW) x time (h)

Sample question m_

6 A travel kettle is designed for international use. With a 230V supply,
the power rating is 800 W.
a Calculate the current with a 230V supply and the resistance of
the element. 2]

Cambridge IGCSE Physics Study and Revision Guide Third Edition



b Find the current and power output of the kettle when used in
another country with a 110V supply. 3]

¢ Comment on the use of this kettle in the country with the 110V
supply. 1]

Student’s answers

a 12]
b
i1]
: 1
Correct answers
HIN)
ar =|TP l=3.45:’\
s
PELE T 2]
P
b The element is the same 5o & stay the same.
I ”_0 =1.6hA
Gt
P =110 x 1.67 = 183W [3]
© The kettle will take much langer to boil water, [1]

Exam-style questions

Answers svailable at: www. hoodereducstion.couk/cambridgeestras
4 When rubbed with 2 dry cloth, Persoex becomes positively charged,
Palythere becames regztively charged when rusbed with & dry <loth
a Describe an experiment you ceuld ¢o Lo show the two rods
have oppasite charges. [3]
b Explainin lerims of eleckion movement how a Perspes rod
hecomes positively charged when rubbed with a dry clath, [31
Each timea the cloth s uzed it alzo becomes charged. State and
xplain the charge onthe cloth when it is used to charge the
polythere rod. [2]

a

| 5 Uescribe the electric ield around a negative point charge. [2]

6 A stodent iz allempling lo messure the corrent Lhrough a
carmparent, They ars tald it will be approximately 1154 Chonse
the most appropriate range for Lhe ammeter. ]
Ote 104 [ERIN S Do 100mA

7 Acharge of 750 passes a pointin the circuit in § minates,
Calculale the current in the cirzuil. 121

8 Use the anslogae veltmeter in Figure 412 lo answer this gueslion.

a Mame tha two ranges shown on the yvoltmeter [71
b Slate the vatoe of the small divisions betwesn 4 and & on lhe

veltmeter, Il
¢ Asiudent conrects the veltmeler into their circuit and the need e

maves to the left, Descrihe what they should do to correct this. — [1]

4 Electricity and magnetism

Teacher’s comments

a Lorrect answers.

b The current cannok
stay the same becauze
A is the same but ¥

15 different. 1 mark
was awardzd as the
student calculatad

the power from the
wreng value of current
without any further
ETTIT,

The student made a
wvalid comment from the
calculated value of P

o

Revision activity

Cresie [Lash caros far
atl the equations and key
words in lopic 4.2 and
learn thesm.

© Mike Folland and Catherine Jones 2022
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9 You are asked to take measurements from the circuit shown in
Figure 4.15 and are provided with an ammeter, a voltmeter and any
necessary connecting wires.

A B
. ||| e
c A D E F
. . . .
A Figure 4.15
Complete the table to indicate which component, if any, you should
connect across the points AB, CD and EF to take each measurement. [2]
Measurel t to be taken AB |EF

| current through R when connected to battery

| p-d. across r when connected to battery

10 a Calrulate the e.m.f ot a pattery it it doss &5 of wark maving
15C ef charge around & complete circuit.
b Thep.d.across alamp is 12V, Calculate the energy
Lransferred Lo Lk p il 1800 passes Lhrough 12]
11 A lamphas 3 patential difference of 6.0% across it and a edrrent
of LE& through it. Calculate its resistance, il
12 The potential differenge across a resislor is 2.3V and iLhas a
resistance ot 200: Calculate the current in the resistar. I3
13 Acylindrical black ot conducting putty has a resistance of 1000
Explain o change yeu could make Lo the block le reduce the
starce to PEOL [£]

14 & microwave nas & power rating of S00W. It iz used tor 30 minutes
during the day. Caleulate the energy Lransiorred by e micrawave
inthe dayin kWh

15 The potential difference across a lamp is 12V and the current is
&0, The tamp is on for & minutes,

Calculate:
a the energy transferred by she lamp in joules [
b the power of the lamp [

16 & 3KW electiic healer iz used to heal up 2.5 ky of water uf

specific heat capacity 4200 J{(kg"Cl, The initizl water tmperature
s 16°C. Caleulate the temperature of the waler 2iter the heater
nas hzen switchad o for 2 minutes, [&]

4.3 Electric circuits

4.3 Electric circuits

4.3.1 Circuit diagrams and components

Key objectives

By the end of this sectin
® draw and understand o
circuit cempansnts including dicdes and ligh

you should be able to:
cuit diagrams containing many different
-emitting dindes [LEDs]
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4 Electricity and magnetism

You must be able to draw and interpret all the symbols shown in Figure 4.16.

Revision activity

Tezt yourself by creating
fLash cards of the circuwt
sprmbels, Make sure you

| oo
recagniss each of them
fiwird rasine wavishle resstar Featar ght-depardent S R
. ', i CE tham.
[ I A, =

QEnaratiy st
(| =
1 relay it Fintar o
il
:
- + =
rark o grownd ik Ihteritticg
hoke
| 1
v _— — Fub
L

A Figure 4.16 Circuit symbols
4.3.2 Series and parallel circuits

Key objectives

By the end of this section, you shauld be able to
® understznd current and potential ditferenzain @ statethe advaniages of using parallel circuits
3 sories Circuit fer lighting

® understznd how to build and uss zeries and
parallel circuits ©
© aliulale s LU T A L e
resistance for compenenis in serigs °
o understapd current and resistance in a

parallel circut

Series circuits
In a series circuit, there is just one path for the current to follow.

] i -

! 5 7 7 1
1 r— - i
S T . o S oo I e o

| I

] y - . ]

[ W s i - ' -

|

! ]
A Figure 4.17 Resistors in series
Rules for components in series:

@ The current at every point in a series circuit is the same, .

© Mike Folland and Catherine Jones 2022
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4.3 Electric circuits

@ The total resistance (Ry) in a series circuit is the sum of the individual
resistances:

Ri=Ry+ R, + Ry

® The potential difference across compenents in series is equal to the
sum of p.d.s across each companent;
F=TF o+ 14 15

@ The combined e.m.f. of different sources in series is the sum of each
individual e.m.f. For example, if you connect two cells which each have
an e.m.f. of 1.5V, the total e.m.f. is 3.0V.

Parallel circuits
In a parallel circuit, there are alternative paths or branches for the current.

L [2]

£
A Figure 4.18 Resistors in parallel

Rules for components in parallel:

@ When components are in parallel, the current from the source is greater
than the current in each branch.

@ The combined resistance of components in parallel is less than the
resistance of any one resistor.

® sum of the currents entering a juncticn = sum of the currents
leaving the junction:
L=h+l

® The p.d. zcross components in parallel is the same:
-7

® The total resistance Ry of & and &, is given by

Current is a flow of electrons. The electrons cannat be created or
destroyed, The same number must flow per second through every point
in a circuit. This is why the sum of the currents entering a junction is
equal to the sum of the currents leaving the junction. It is also why the
current in a series circuit is the same at every point.

In lighting circuits in homes and businesses, lamps are connected in

parallel. This is because:

@ Each lamp has the same p.d. across it, which is the p.d. of the supply.
Each lamp is therefore the same brightness and you can have as many
lamps as you want in the circuit.

@ You can switch each lamp on and off individually. If one lamp should

=) fail, the other lamps will continue to work.

illegal to photocopy this page
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4 Electricity and magnetism

Sample questions
7 In Figure 417, Ry =4Q and R, =3Q.

a Calculate the total resistance of Ry and R,. 2]
b The current through R, is 1.5A. State the current through R,. 2]
c Calculate the potential differences ¥; and V. 2]

d The potential difference across all three resistors s 12V,
Lalculate the value of ¥ and hence the resistance of &:. [4]

Student’s answers

121
[

Teacher’s comments

a [Correct answar

b The student did nat recognise that current stays the szme through
components in series.

¢ The student carrectly applied their answers from part b,

d  The student might have been on the right lines and then made
ervors in substituting resistances instead of voltages., With Little
werking and ne explanation, it is impossible for the examiner
to know, The answer for &, followed on reasonably from earlier
working, so cradit was gained for this, [2 marks given]

Correct answers

a total resistance =4 +3 =70 [2]
b current through &, = current through &, = 1.54 2]
¢ Fy==xR=1%4=58Y

Fo= IR =15 %3 =45y [21

d supply potential difference = sum of p.d.s of rest of circuit = 124
1=+ T+l
1I2=6+45+F
Fy=12 {6 + 45) =12 - 10.5 = 1.5V

W
By=-2=—==i [

© Mike Folland and Catherine Jones 2022 111
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a Calculate the current £,
b Calculats the total resislance of #; and Ko,
¢ Calculate the e.m.f. of the power supply.

Student’s answers

8 InFigure 418 & = 40, R =30, L =428 and F; = 1.

Sample questions

HA

Teacher’s comments

b The student has applied the wrong equation.

correctly followed an from parts @ and b,

a  The student has wrongly thought that £ is the Letal eurrent.

€ Full marks are given despite (e wiong answer. The studenst

Correct answers
a currently=0 - =42 - LE=2440

1
PL N 5 S

I
ROR R4

LLo3 T o9
3 12 12

C oeml=24x3=72V

o Revision activity

Create A table

21 surnmarizing lhe key
features of series and
[21 parallel circuils. Inclde

4.3.3 Action and use of circuit components

Key objectives

circuits diagrams.

By the end of this section, you should be able 1o

® undarstand that tnr = cnnstant furcent, the p A .
acress g conducler increases as s resistance
increases

describz hawe 2 wariable potential dividar
can chang: ewvoltage cutput, and recall
and use the cerrect equaticn for two
resiztors used ina potential divider

Increase in resistance of a conductor

Consider a conductor with a constant current through it. The product of
the resistance and the current gives the potential difference (V= IR,

remember the resistance R = V/I).

If the resistance of the conductor increases and the current remains
constant, then the potential difference across the conductor increases.

Light-dependent resistors and thermistors

The resistance of a light-dependent resistor (LDR) falls with increasing
light level. It can be connected in a circuit that is required to respond to

changes in light level.

The resistance of a thermistor decreases considerably with increasing

temperature.

Cambridge IGCSE Physics Study and Revision Guide Third Edition



4 Electricity and magnetism

These components can be used as an input to a switching circuit such as
in a security light that only works at night or in a fire alarm that switches
on when it detects heat.

Relays

Switching circuits cannot power the appliance they are switching on, for
example, starting the motor of a washing machine when the water is at the
correct temperature. A relay is a switch turned on or off by an electromagnet.

Oor5Va
output of
switching
circuit
mains
oVa = supply

appliance

A Figure 4.19 A relay is used to switch on a mains appliance

The small current from the switching circuit, switches on the electromagnet
which attracts the switch, closing it. The appliance is then switched on.

Variable potential divider

A potential divider provides a voltage that varies with the values of two
resistors in series in a circuit. Figure 4.20 shows a potential divider with
two separate resistors Ry and R,.

If the value of R; or R, changes, the output voltage will change.

If R, increases with R, unchanged, ¥; increases and ¥, decreases.
If R, increases with R, unchanged, ¥; increases and ¥; decreases. R, v,
Remember the sum of p.d.s for components in series is equal to the total L
p.d. The ratio of the voltages across the two resistors is given by: | -
[
R
—L A Figure 4.20 Potential divider
RZ

with two separate resistors

Using ratios to determine the p.d. across each resistor in a potential divider arrangement

You can use this ratic to detesming the pad, 5 ¥ ;) I
atross cach rezislon [’|=1><Tﬂlld Fi=dx =

.

For example, in Figure & 20, & - 2002nd 8, 800, Looking at another example: bwo resistors 8 and
First, find the ratio of the resistors: fz are in series with an e.m f, = T2Y. & =100 an:d
By =500 Czlealata the pod. across #;.

2ME L e
@_ i S0 ratin s 14 R::I?lo (:r resistors;
Next, add together the partz of the ratio te tind — =— s ruliois 15

the tetal number of shares:
numher of sheres — | =4 =5

e of sharss =1+ 5=

e
Then multiply the supply veltage by the Y Sx? 10

propartion of shares required:

© Mike Folland and Catherine Jones 2022
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Sample questions

Figure 4.21 shows a circuit that acts as a fire alarm. When the
temperature of the thermistor rises, its resistance falls. The thermistor
and fixed resistor R are a potential divider, so the p.d. between S and
T rises and enough current flows into the relay for it to switch on the

bell.
relay d.c
i szpily
spgly r* 3
Wi bt
A Figure 4.21 Fire alarm circuit A Figure 4.22 Light-sensitive cireuit using a

remate light-emitting dioda

Figure 4.22 shaws a circuit that acts as 3 warning when too much light enters
art automated photographic laboratory. & light-emitting diode (LED) on the
control panel outside the laboratory can light up to show the warning.

When vperating correctly in the dark, Lthe resistance of the LDR i= high.
The p.d. between ¥ and W is Low, s0 no current flows through the LED.
17 light enters the laboratory, there is an increase in light level and the
resistance of the LDR falls. The LDR and fixed resistor ® are a potential
divider, so the p.d. between V and W rises and enough current flows
through the LED for 7t to light up and give a warning.

Light-emitting diodes [LED)

LEDs will enly Light when Terward biased (current in direction ol the
arow). LEDs must have a resistor in series with it ta limit the current as
dindes have low resistance in forward bias and can easily be damaged,
They are very useful as indicator lights.

Answers available al:
17 & etudent has three = how they coutd combine
Lherm to have 3 p.d. of £3% for their circait. L]
18 & srudent has a 200 resistor-and 2 400 resistor,
a LCzleulate thewr combined resistance if they sre connecied in
series, U]

mbridgsextras

b Calculate their cnmhbined resistance if they are coennected
in parallel. [21
19 Ini Figure 4.18, the current /=054, the current =0.34 and

the resistanca of By = L0101 Rl
a Calculate the pd zoross & [21 +
b Calzulate the resistance of res stor £ [4] d.c

20 The supply voltage in Figure 4.20 is 124 and £ = 250 and 8 = 750, ] mermistor =y
Calcuiate the potential difference across each resistor I3 2 ’

21 Figure &.2% shows a circul. Describz whal happens when the
temperature increasss, [4l

A Figured.23
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4 Electricity and magnetism

4.4 Electrical safety - |

Key objectives

By the end of this section, you should be able to:

® state possible hazards when using mains ® explain how trip switches and fuses work and
electricity choose appropriate settings and values for each
® understand that the mains circuit consists ® explain why metal outer casings for electrical
of three wires - live, neutral and earth - appliances are earthed
and explain why switches are placed in the ® state that for double-insulated appliances,
live wire the fuse protects the appliance from current

surges even without the earth

Dangers of electricity
Some common hazards when using a mains supply are:

e Damaged insulation can lead to very high currents flowing in
inappropriate places. This poses a danger of electric shock or fire.

@ Cables that overheat owing to excessive current can lead to fire or
damage in the appliance or in the cables and insulation.

e Damp conditions. Water lowers the resistance to earth, so damp

conditions can lead to the current shorting and can cause shocks.

Electrical devices for use in damp conditions must be designed to high

standards of damp proofing, especially connectors and switches.

Overloading plugs, extension leads or sockets. If you have too many

appliances plugged into one outlet, then the current will be too great.

This can cause overheating and so is a fire risk.

House circuits

Mains circuit wire consists of three wires: the live wire, the neutral wire
and the earth wire. The mains supply is usually a.c. and the potential
difference of the live wire with respect to earth varies depending on your
country (lowest value of any country is 110V a.c. and highest value is
240V a.c.). The neutral and earth wires are at 0V with respect to earth.

The circuits in a home are all connected in parallel across the live and
neutral wires. This means they all receive the mains p.d. and can be
switched on and off separately. The switch is placed in the live wire, so
that when the appliance is switched off it is not connected to the mains
supply.

Fuses and trip switches

A fuse is a piece of wire that melts and breaks when too much current
flows through it. This switches off the circuit to protect against shock, fire
or further damage. Fuses are placed in the live wire to safely switch off
the device.

Trip switches or circuit breakers contain electromagnets which when the
current is large enough will separate contacts and break the circuit. They
operate quickly and can be easily reset by pressing a button.

Fuses come in different values and trip switches have to be set to

the right setting. To choose the correct values, you need to know the
maximum current expected. For example, if the maximum current is 9A
you might use a 13A fuse or choose a 10A trip switch.

© Mike Folland and Catherine Jones 2022
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Sample question

Earthing

Appliances with metal cases have to be earthed using the earth wire. This
is to protect against electric shock. For example, if the live wire became
loose and touched the metal casing, the whole appliance would become
live. To prevent this happening, the earth wire is connected to the metal
appliance and connected to earth. If the case became live, a large current
would pass through the live wire to earth through the earth wire. The fuse
will melt and break, switching off the appliance.

Double insulation

Many electrical appliances have a plastic outer case, they are double-
insulated. As plastic is an insulator, there is no risk of shock and these
appliances do not need an earth connection. They will still have a fuse as
it protects the appliance from current surges due to a short circuit.

Sample question m

9 People are gathered after dark on wet grass. Explain whether the
following three situations are potentially dangerous:
a A heater and several high-powered electric lamps are supplied

by an old extension cable. [2]
b There is a cut in the outer insulation of the cable. 2]
¢ The devices are connected to a switch lying on the lawn. [2]
Student’s answers Teacher’s comments
vl pover i (el b reequins Eo b o a Correct answer
T b Incorrect answer -
Az 25, e o using a cable with any
ot ol caiss sort of cut is unsafe
practice.

Correct answer.

o

Correct answers

a  The electrical power s likely to require too much current in the
cahle, lzading to overheating. This could cause a fire or melting
of the insutation. 12!
There could also e a cut in the insulation of the individual wires,
which would be difficult to see, There would be 3 danger of
electric shock, {]
The water on the cable switch could cause an electric sheck, [23 |

o

a

Ex tyle questions

Answers available at; www hoddereducarion.co ukfcambridgeaxtras B
22 Chose the cerrect fuse from 14, 34, 54, 134 or 304 for each of the

fallowing appliances. Take mains to be 220 a.c. and remembsr Revision activity
P=1F

a SD0W microwaye [21 Summarise this section
b 25kW heater [2] into five key points about
¢ LTRW kettle [21 electrical safety.
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4.5 Electromagnetic effects

4 Electricity and magnetism

4.5.1 Electromagnetic induction

Key objectives

By the end of this section, you should be able to:

® understand that a changing magnetic field
Linked toa conducler o a conduclar maving
in a magnetic fizld cam induce an e.m.f in the
conducler

® describe an experiment which demanstrates
eleclromagnetic nduction and stale the
changes nesded to increase the induced e.m f.

an which opposes
irg it
e Fleming

it-hand rule to work cul
rections of the farce, magnatic
lield ard irduced current

When the magnetic field through a conductor changes, an e.m.f is induced.
This is called electromagnetic induction. This change can be caused by:

@ a conductor moving through a magnetic field (Figure 4.24)

e a magnetic field moving relative to a conductor (Figure 4.25)

D rating electr icinduction

You should be able to describe an experiment tn
demonstrate electromagnatic induction

When an e.m.f. is induced in a cenductor whicn is
part ol a complete circuil, there is & currenl. You
can measure the current using a sensitive centre-
zero meter A centre-zero metsr is used because
the current carn beinduced in elther direction,
Demonstrating moving conductor: in Figurs 424,
an e, fis induced only when the wire meves
upwards [direction 1] or dewnwards [direction 2.
The meter deflects in cpposite directions in these
twao cazes, but anly when the wire is in mation.

When moved in the ether directions, the wire does

not cut the magnetic feld, 5o no e.mi iz induced.

CEOLRE PO Msier

A Figure 4.24 4 voltage is induced when the wire is
maved up ar down in the magnetic field

Demaonstrating meving magnetic field: In
Figure £.25, an e.mofas mduced only when the
magnet is meving. If the piagret is pushed in;
the meter daflzcts ane way; i the magnet s
pulled out, the meter deflects in the apposits
direciion. You can also changs the direction ot
the induced current by reversing the poles of the

ECET

el %

ey % ]

|¥/ bar magret

A Flgure 4.35 A valtage Is induced in the coil when the
magnat is maved in or out

20l (503 Tarns)
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{“obed sy} Adooojoyd oy 1863

117



illegal to photocopy this pageJ

4.5 Electromagnetic effects

Remember an e.m.f. is always induced when the magnetic field through a
conductor changes. If there is a complete circuit, a current will also be

induced.

Factors affecting the size of an induced e.m.f. - —
The induced e.m.f. increases with an increase in: Revision activity
@ speed of relative motion of the magnet or coil Try explaining to a

partner how an e.m.f. is

@ number of turns of any coil i .
v induced in a conductor.

e strength of the magnet

The divection of the induced e.m.f. agposes the change that caused it.

In Figure 4.26, the moving magnet induces an eon . in the coil, which
causes & current in the coil. The current produces its own magnetic
Field, which opposes the movement of the magnet,

When the magnet moves down in Figure 4.26a, the top of the coil
hecomes a N pole, This repels the N pole of the magnet. When the
magnet moves up in Figure 4.26b, the top of the coil becomes a 5 pole.
This is to attract the N pole of the magnet

A Figure 4.26 The induced

‘fou should be able to state and use the relative directions of ferce, current epposes the mation
field and induced current, For a straight wire moving at right anales to of the magnet
a magnetic Tield, you use Fleming's right-hand {generator) rula. —
i
First

Remember magnetic field direction is the dirsction of Ficld ! finger
force felt by a N pole <o the lines are in the direction =
from N to 5. -

inducad

Current setand
4.5.2 The a.c. generator bl

A Figure 4.27 The right-hand generator rule

._)rotat an

Key objectives

w

By the end of this section, you should Be able to;-

® guescribe the structore of an a.c generalor

® sketch and interpret graphs showlng how the et varles
wilh time and relate this to the position of the col

Figure 4,28 shows a simple a.c, generator, It is made up of 2 coil
which can rotate between the poles of 2 magnet. The coil is
connected to two slip rings which totate with the coil, i ¥
These are connected to the circu™ via two fixed carbon brushes. :Erhc?t:-m:

e : !
An em.f, s induced i the coil as it turms in the magnetic wehenle T peisnes s
field. The wires on each side of the coil cut the fletd A Figure 4.28 A simple a.c. generatar

alternately moving up
and down, 2o the eon s induced in allernsling direclions. You can ses
how the e.n.f. varies with time in Figure 4.29,
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1 | |
' | '
S N Fx. T
1 1 I
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col torzorts
A Figure 4.29 Qutput from a simple a.c. generator

The peak e.m.f. occurs when the coil is horizontal, and the eon.f. is zero
when the coil s vertical, This is because at this point the cofl is moving
parallel to the magnetic field so no ean.t. is induced. To understand why
the induced e.m.f. changes direction, consider one side of the coil (an).
Tnitially ab is moving upwards and se induced current is in one direction.
s the coil become vertical, side ab starts to move downwards and so the
induced current. is now in the opposite dirsction,

Sample question

10 Higure £,30 shows the output from a simple a.c. generator,

a Identify a point an the graph where the induced el changes
divection, [1]
b Tdenlify a point where the coil is parpendicular to the
magnetic field (vertical). [1]
€ Describe what you would see if the coil rotated faster [2]

Student’s answers

B 1
[

Tra poak g% weuld 52 highss 11

a
b oA
c

Teacher’s comments

The student has cerrectly identified where the induced e changes
direction as the ean.l, goes Trom negalive Lo pesilive,

Wiien the coil is vertical, the induced e f. is zero. This iz because
Lhe coil is meving parallel to the magretic feld.

The student realised the pesk eom.l would be greater but they did not
realise the freguency would increase. If there are twn marks for a
question, try to make bwo points.

o

a

Correct answers
a B
b B
€ The peak e.m.f would be higher; the frequency weould be
greater. [21

4 Electricity and magnetism

A Figure 4.30

Revision activity

Draw = labellzd dizgram
ofan a.c. generator and
skeich the graph at how
e varies with Ume,
Link the twa diagrams
Lo show the position of
the zoil 22 the peaks and
Lruughs of the el
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Sample question

4.5.3 Magnetic effect of a current

Key objectives

By the end of this section, you should be able to:

® describe the patlern of the magnelic fietd ® descrihz the varation in the magnetic fisld
around a siraight current-carsying wire and ength arcund wires and selenoids apd
argund a solencid and descrbe an experiment now changing the magnitude and direction
ti show these patterns af the current affecls then magnetic fields

describe how the magnelic effect of 2 currest
iz used in loudspeakers and relays

Field due to a straight wire

A wire or coil carrying an electric current produces a magnetic field.
The magnetic field pattern is a series of concentric circles, as shown in
Figure 4.31. You can determine the direction of the magnetic field using
the right-hand screw rule. The magnetic field lines point in the direction
of rotation of the screw.

e e lres
\ (R w

A Figure 4.31 Field due to a straight wire

Field due to a solenoid

A solenoid is a long cylindrical coil. When a current flows, the field
pattern outside the solenoid is similar to that of a bar magnet. Inside the
solenoid, there is a strong field parallel to the axis (Figure 4.32a). The
right-hand grip rule gives the direction of the field.

The fingers of the right hand grip the solenoid pointing in the direction of
the current and the thumb points to the N pole (Figure 4.32b).

a salencd Feld lire b

k—cumentdiecton —F

A Figure 4.32 a) Field due to a solenoid and b) the right—hand grip rule
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4 Electricity and magnetism

Plotting the magnetic field around a current-carrying wire and solenoid

Toabserye the magnetic feld palterns of o shicw Lhe shape of the field, You can use a plotiing
straight current-casrying wire ar & solencid, use campass to determine the direction of the fisid.
D R G Magnetic field around a solencid: Thread a wire
Magnetic field around a wire: Thread the wirs through = piece ot card held Farzonza.ly [as shown
threugha piece of card held horizentally by a in Flgure 4.32al, Sorinale iror filings oot the card
clamp stand [Figure £.31]. Sprinkiz iron filings and then tap. The iron filings will show the shape
onle the card and then Lap, The o filings will of the feld. You can use a plolting carmpass Lo

determineg the direction of the field.

Variation of magnetic field strength

The magnetic field strength around 2 current-carrying wire is not
constant, The magnelic field strength decreases with distance. You can
see this in the magnetic field lines in Fiqure .31, which become further
apart as you move away from the wire,

The closeness of the magnetic field lines in Figure £,32a indicates the
strength of the field within the solenoid. Dutside the solenoid, the
further away a point is, the wealer the ficld.

For both the straight wire and solenoid, the higher the current, the
stranger the magnetic field. If the current reverses, the direction of the
magnatic field is also reversed, You can zlso increase the strength of
the solenoid’s Field by using more coils.

Applications of the magnetic effect of a current

A solenoid wrapped around an iron core forms an electromagnet.
Electromagnets are used in cranes to lift iron objects and scrap iron, as
well as in many electrical devices.

Relay

A relay is a device that enables one electric circuit to control another. It
is often used when the first circuit carries only a small current (e.g. in an
electronic circuit) and the second circuit requires a much higher current.

-CLrE T iUt

|
A Figure 4.33 Magnetic relay

When the switch is closed in the low-current circuit in Figure 4.33,

current flows to the electromagnet, which attracts end A of the soft iron
armature. The armature pivots and end B moves up to close the contacts in
the high-current circuit. This circuit is now complete and the high current
flows through the device, e.g. a motor, a heater or an alarm bell.

© Mike Folland and Catherine Jones 2022
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Sample question

Loudspeaker

Figure 4.34 shows a loudspeaker. It consists of a circular permanent
magnet with a central pole and a ring pole. A coil of wire sits over the
ring pole and is attached to a paper cone.

a End-on view b
casing ring central
pole pole

came 1o ??

A Figure 4.34 Moving-coil loudspeaker

There is an alternating current in the coil. The changing magnetic field
in this coil causes it to move up and down, making the cone vibrate and
produce a sound. As the frequency of the alternating current changes
so does the frequency of vibration, producing different frequency sound
waves.

Sample question [ iesen |

11 Figure 4.35 shows an electric bell.
el sl

A,
=y

springy
Tet
stip

— sead | lrner
arratire

oAt sray
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electoranret

Harer

qorq
A Figure 4.35
For the electric bell shown in Figure 4.35:
a Describe what happens when the bell push is pressed. [4]
b Explain why iron is used for the armature. 1]
¢ Choose a suitable material for the core of the electromagnet.

Give your reasons. 2]
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Student’s answers

4 Electricity and magnetism

Teacher’s comments

a  The student has

1 started the description

] well, However, they
have nat seen that

12 when the hammer

strikes the gong the

circuit is broken.

Correct answers

electromagnet, which becomes magne
to the elzrtromagret and the hammer s

o

electromagnet,

)

repeatedly.

a When the bell push iz pressed, a current flows through the
ed, The armature is #ttracted
kes the gnng. The
movement of the armature breaks the civcuit that applies currsnt to
the electromagnet, The armature is released and springs hack, The
circuit is re-made, the process repeats and the bell rings
continually for as long as the bell push is pressed,

Tron is used hecause the armature must be attracted to the

Use soft iron, as the electromagnet must be switched on and off

This switches off the
clectremagnet, The
armature springs back
remaking the circuit,
The armature needs
Lo be made from a
magnelic malesial,

€ Losrect answer.

o

14l
i Revision activity
L

Creats 2 rpuision poster
[2] on magnelic lields caused
by currents — include how

4.5.4 Force on a current-carrying conductor

Key objectives

By the end of this seclivr, you shaule be able Lo
® describe an experimant which shaws how
e force acling on & currenk-carrying wire ir
a magnetic field is atfected by revel
curtent or diveclion of the magn

Lney are delacted ard how
they can be uaed,

wse Fleming's Left-hand ruls te cetorming
the direchionz ot tarce, current and

field retative to each other
datermine the direction of force on a beam
ef chargee particles ina feld

A wire or conductor carrying a current in a magnetic field experiences a
force. The direction of the force depends on the direction of the magnetic

field and the direction of the current.

Demonstrating force on a current-carrying wire
‘fou can demansirate the ferce on a curreni-carrying
wire using the apparatus shown in Figure 4,36,
Thewire 15 anly loozely suspended and moves up
when the current is swirched an. The wire will
move down it sither the current is reversed ar the
magnet poles are swapped to revorse the field, IF
hoth the tield 2nd current are reversed, the wire
will again move uo.

et
T
i Ireeucl g
F-cLrent suggly

A Figure 4,36 Demanstrating the mator of fect
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Sample question

Fleming's left-hand rule
‘You must be able to state and use Fleming's left-hand {moter) rute to
determing the relative directions of force, magnetic Feld and current.

Theus
i

~ First firger J

Carrarl

M
seCond firger
A Figure 4.37 Fleming's left-hand rule

Force on beams of charged particles in a magnetic field

A beam of charged parlicles experierces a force inoa magnelic Tisld.
Figure 4.38 shows the path of an electron beam in a uniform magretic
A the Torce acts at right angles to the beam, it follows a circular

+ 0+ o+ o+ o+ o+

A Figure 4,38 The path of an electron beam perpendicular to @ magnetic field

To delermine the direction of the force, use Fleming's lefi-hand rule.
The crosses show that the field iz perpendicular to the paper and
directed into it, They represent the back of an arrow, The impartant
thing to remember is current direction is the direction of positive
charge so point your second finger in the opposite direction to that of
Lhe electron beam - electrons are regaiively charged.

To show the magnetic field coming out of the paper, use dots to
represent the front af an arrow.

llegal to photocopy this page
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Sample questions

4 Electricity and magnetism

12 Figure 4.39 shows a wire in a magnetic field. The current through the
wire is switched on.

a  State and explain the direction of the foree on the wire when

the current is switched on. 2] | —

o

For each of the following changes, made one at a time, state
whether the magnitude of the force on the wire increases, stays the
same, decreases or decreases to zero:

i current changes direction [1]
ii current drops to zero [1] A Figured.39
iii current increases [1]
iv magnetic field increases [1]
v magnetic field changes direction 1]

Student’s answers

a Teroe oL asin Tigurs 4 56 i1

b ]
m
1
m

151

Teacher’s comments

a  The student did not ohserve that the current is reversed from
Figure 4,36,

o

The stisdent seems in places to have committed the classic error of
answering the quastion that was expected not what was asked.

i The studen: answered & different question.

il Correct answer.

iii Correct answer.

iv Cotrect answer,

v The student answered 2 different question,

Correct answers
a Force is down by Fleming's left-hand rule, [2]
b i Farce stays tha same, 13
il Force decreases to zevo., 11
iii Farce fncreases, k]
iV Farce incraases, 13
Vv Farce stays the same. [11

© Mike Folland and Catherine Jones 2022

125

" abed siyy Adosojoyd 03 1ebay)i sy



Sample questions

13 Figure 4.40 shows a beam of positively charged particles entering
a magnetic field ab right angles to it Sketch the path of the beam

and explain your answer, [3]
corract 2ath
s 2 .
I T
Lesaret il
Lharged parl
e & @ e AR
Afacecn
rhcle:
- - L] - E L
A Figure 4,40

Student’s answer

Teacher’s comments

The student's statement about the magnetic field is correct, and they
understand that there is a ferce at right angles to the direction of the
beam. The blue line shows a curved path, The beam s positively charged
and se direction of the current is te the lefl, The stedent knew they had
to apply the lefl-hand rule to their directions but made a mistake.

Correct answer

The magnetic field is out of the paga, The current is to the |eff, <0
according to Fleming's lef-hand rule [1] the charges feel & force
upwards [1] a5 they enter the magnetic field, The force is always
perpendicular to the motion, so the path is curved as shown in

Figure 4,40 by the blagk dotted Line, 11

4.5.5 The d.c. motor

Key objectives

By the end of thiz section, you should be able to;

® ciale thal a currenl-carrying coil can °
experience a turning etfzct in a magnetic Held
and knew Lhe factors [hal increase he Lurming
effect

describz the structure af an electric matar
snd how il works

Turning effect on a coil

A straight wire in a magnetic field feels a force. If you make the wire
into a rectangular coil and place it in a magnetic field, one side feels a
force upwards as the other feels a force downwards. This causes a turning
effect. Figure 4.41 shows a single coil in a magnetic field.

illegal to photocopy this page
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rotating
coil .

A Figure 4.41 Assingle coil in a magnetic field

You can see the current flows in opposite directions either side of the coil.
The turning effect is increased by:

@ increasing the number of turns on the coil

e increasing the current

@ increasing the strength of the magnetic field

4 Electricity and magnetism

Revision activity

Explain toa parlie: o
amater works, You may
nesd to draw dizgrams
nruse a simple model to
help esplan,

Simple d.c. electric motor

The directions of the forces on the coil are waorked out using Fleming's
left-hand {motar} rule. In Figure 4,42 there is an upwards force from
the magnetic field on the wite &b, The current in the wire cd 35 in the
other direction, so it cxperiences a force in the opposite direction
(downwards). These two forces cause the coil of wire to turn clockwize,

The commutater and brushes act as 2 switching mechanism that &
changes the direction of the current every half turn to allow
continueus rotation. When the coil is vertical the gaps in the split
ring commutator ine up with the brushes anc there iz no longer a
current in the coil, The coil keeps moving a5 there is no force acting

wire od 15 now on the left and moves up.

to stop it. Wire ab is now on the right, so moves down. Similarly, A Figure 4.42 The commutator and
brushes af a d.c. mator

4.5.6 The transformer

Key objectives

By the end of this section, you shauld be able to:
® describe the constructicn of a simple
transfermer and explor how il works

® describe how transtermers are used for
high-voltage transmission and state their

® recall and usa the transtormer equation and
use the terms grimary and secandary, siep ao
and _;;eln dawn . h ® recalland use the correct power loss
equation toexplain why power losses are
® recall and use the equation tor 100% tess at higher voliages

elficiency ina lranslarmer

© Mike Folland and Catherine Jones 2022
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A transformer transforms (changes) an alternating voltage from one value
to another of greater or smaller value. It consists of two coils wound on
the same soft iron core. The primary coil is supplied with an alternating
current and the secondary coil provides an alternating current to another
circuit.

The a.c. in the primary coil sets up a changing magnetic field in
the soft iron core. As the changing magnetic field cuts through the
secondary coil, it induces an alternating e.m.f. in the secondary coil.

Transfarmers will only work with a.c. This is because if d.c. is used the
curvent remains constant and so does the magnetic field, You need &
changing magnetic field to induce an e.m.f.

Transformer equation

A step-up transformer has more turns on the secondary coil than the
primary coil and the ¥ is greater than ¥;. In a step-down transformer,
there are fewer turns on the secondary than the primary coil and 7; is less
than 7.

The relationship between the number of coils on the primary (A,) and the
number of coils on the secondary (N;) is given by the equation:

When the pad. is increased in 2 step-up transformer, the current s
decreased by the same proportion, In &n jdesl transformer which has
100 % efficiency:

power in the primaey = power in the secondary

I =1,

As you can see, if the pud. is halved then the current is doubled.

Transmission of electrical power

Electricity is transmitted over large distances at very high voltages, in
order to reduce the energy losses due to the resistance of the transmission
lines. This is achieved by having a step-up transformer at the power
station to increase the voltage to several hundred thousand volts. Where
the electricity is to be used, there is a series of step-down transformers to
reduce the voltage to values suitable for use in factories or homes.

The advantages of high voltage transmission are:

@ less power loss in the cables as the heating effect in the cables is less
@ lower current in the cables means that thinner/cheaper cables can be used

Power loss in fransmission cablos
All power cables have some resistance, This means some energy is
trensferred to thermal energy as it is transmitted. The power loss in &
cable (P} iz given by the equation:

P=IR
Whan the voltage is stepped up the current is stepped down. Power is
therefore transmitted at the highest possiole voltage in order to reduce
Lhe current and thus the losses in Lhe cables.

Cambridge IGCSE Physics Study and Revision Guide Third Edition
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soft iron

primary secondary

A Figure 4.43 Primary and
secondary coils of a
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4 Electricity and magnetism

Sample question

14 A transformer used by students in a school laboratory has 5500 turns
on the primary coil and is supplied with 110V a.c. The secondary coil
has 500 turns.
a Calculate the output voltage. 3]

b Explain the principle of operation of a transformer, [3]

Student’s answers

Teacher’s comments

a The student started with the correct equation, but muddled up
the primary and secondary coil when they substituted the numbers
into the equation, The student should have realised that students
in & laboratery would never have access Lo such a high voltage, so
sermething must have gone wrong in the caleulation.

=

The student knows that there is a magnetic Feld but complebely
Fails to use this information. The answer alse gives the impression
Lhal current flows Lhrosgh Lhe core Lo the secondary coil, which s
completely wiong.

Correct answers

o= SO0 LI _ ey ]
5300
b The allernating current in the primary coil produces @n allernaling
magnetic Feld in Lhe soft iron core. The secandary coil s in this
altersating magnetic field, so ar alternating

3]

© Mike Folland and Catherine Jones 2022

" abed siyy Adosojoyd 03 1ebay)i sy



llegal to photocopy this pageJ

Sample question

Exa
Answers available at: www.hoddereducation.co.uk/cambridgeextras Create a spider diagram
23 The wire in Figure 4.24 is moved upwards. about the transformer.
a Describe how to increase the e.m.f. induced in the wire. [3] Write down these words
and find links between
b State whether the induced current is ina clockwize or them: transformer, step
anticlackwise direction i i [11 up, step down, high-
24 The magnet i Figure £ 44351 ay T I voltage transmission,
from the coil, The neediz on the centre-zern meter E% ’%'Q power losses.
moves to Lhe Lefl. b= '\1‘-')
Dzscrbe what wanld happen to the needle on the
cenlre-zero meler if: i
a the 5 pole of the magnar is moved upwards [ @
b ihe M pole of Llhe magret is moved upwards  [1]
¢ thecal is moved down over the magnet as it .
i5 shown in Figure 4.44 2 11 A “Figuesfish

25 A loudspeaher s mede up essenlially of 3 slalisnary magnel that is
cloze to @ small coil fixed to a paper cone. The signal from the amplifier
1za small allernating current suppled to the coil. Describe briefly:

a thevariation of she magaetic field produses by the coil [
b the variation of the magnetic larce on the ceil [
€ the maticn of the papsr cone Ml

26 [escribe an sxperiment ta show that a force acts onoa current-
carryng wire in @ magretic field and what happens if the current is
reversad. [4]

27 Figure 6.45 shows a coil with soveral tusns carrying a currertin a
magnetic field.

a State the effect that the current has on the coil. [
b Statz whisther the size of this sftect is increased, the same,
decreased of decreased to zero when:
I thecurrent iz reversed
i the current s increased
iii the magnats are remavad
IV he number of lurns is increased 1d

e |

A Figure 4,45

28 Figure 446 shows a ceil that can rotate in 2 magrehc fizld.
a State the direction of any forces on;
i wiresb
i wire od 12
b [he coil 1z rotated sa thatit s verbeal. State the directian at any
forces now acting on:
i wireab
i wireod
Explain how you reached your answars. [£l
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4 Electricity and magnetism

¢ The coilis rotated so that it is again horizontal with wire ab on the
right and wire cd on the left. State the direction of any forces now
acting on:
i wireab
i wire cd [2]

hrasa

i)
st
e wi il caaly

A Figure 4,46

29 Atranzlormeris used Lo provide ana.c. 6V supply for a Lzbaratary
from 240V 2.c. mains. The secandary ceil of the transformer has
109 turns. Caleulzte the rumber of turns on the primary coil. [3]

30 A Lransiormer has 1200 urnz on the primary and 20 lurns on
the secondary coil, The input veltzge is 120 a.c and the current
in the primary caibis 10maA. Caloulate the current in the
secondary coil, 41
31 Iransmizsion cables bave 2 resistance of 000, Caloulzts the
power loss in the casles:
a when the currant is 254 [2]
b when the current s 2504 [21

© Mike Folland and Catherine Jones 2022 |EEX
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Nuclear physics

Key terms

Term .
Alpha- partlcle [al

Atom Tlny cnnsmuem of maner
Background Ever-present radiation resulting from cosmic rays from outer space and radioactive
radiation materials in rocks, the air, buildings

Beta-| partlcle (B Radlatlon conslsllng olhlgh speed eleclrons[ %e)

Eleclron

Gamma-radiation y

lon Charged atom or molecule that has lost or gained one or more electrons so that it is no
longer neutral

Isotope One form of an element that has the same number of protons but a different number of
neutrons in the nucleus from other isotopes of the same element

Neutron T An uncharged subammlc parncle fcund in lhe nucleus cfan amm (except that cf hydrogen]

Nucleun number, A’ Number of protons ‘and neutrons in the nucleus

Prolon
Proton number, Z Numherof protons in lhe nucleus
The break-up of a large nucleus into smaller parts

Fission

The union of light nuclei into a heavier one

5.1 The nuclear model of the atom

5.1.1 The atom

Key objectives
By the end of this section, you should be able to:

® desgribe the structurs of an atem ® cescribe how the alpha scattering
© stale hPW positive and negalive jons are experiment zupparts the nuzlesr medel of
formes the atom

electrons in one
“For more orbits
negative charge)

The atom

The atom is the smallest particle of an element. It is made up of a
central nucleus, with all the positive charge and nearly all the mass,
and negatively charged electrons in orbit. The nucleus is very much
smaller than the electron orbits, so the majority of every atom is
empty space.

central nucleus
(all positive
charge, nearly
all mass)

legal to photocopy this pageJ

A Figure 5.1 The nuclear atom
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The model of & nuclear atom was confirmed by cbserving a beam of
ce-parlicles (posilively chargad particles) travelling towards a sheel of
thin metat foil,

© The vast majmity of qe-particles passed straight through without
being deflected. This is evidence that most of the atom is empty
space and the nucleus is very small.

A few ni-particles were deflected, some through a large angle, and a
wery small proportion bounced hack (see Fgure 5.2). This is evidence
that the nucleus is positively charged because the positively charged
alpha particles were strongly repelled. The small number deflected
shows that all the mass and positive charge is concentrated in a
small part of the atom - the nucleus,

= departol
A Figure 5.2 Scattering of a-particles by thin gold foil

Path 1 iz & long way from any nucleus and the c-particls is
undeflected.

Path 2 is close to a nucleus and there is some deflection,

Path 3 heads almost straight for a nuclews and the ce-particle rebounds
back,

lons

Atoms are neutral. They contain an equal number of positively charged
protons and negatively charged electrons. An atom with a charge is called
an ion. If an atom gains electrons, it becomes negatively charged and is
called a negative ion. If an atom loses electrons, it becomes positively
charged and is called a positive ion.

5.1.2 The nucleus

Key objectives

By the end of thiz seclion, you shoule be able to:

® dafine proton number 7 and nuclean number 4
and calzulate the number of neutrons in the
atarn

uze ruclde notation

exolzin what is meant oy an sotope

ear fission

e nuclide equalions
:lative charge and relative mazs

uf a nucleus (o Lhe proflon and nuclecn

number, respectively

© Mike Folland and Catherine Jones 2022
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5.1 The nuclear model of the atom

Protons and neutrons

A nucleus contains protons and neutrons which are known as the
nucleons. To compare the particles inside an atom, you consider their
mass and charge relative to each other. Table 5.1 shows relative mass,
relative charge and their position.

¥ Table 5.1 The relative mass, charge and position of the subatomic particles

Particle Relative mass

Proton Approximately 2000 | + Inside the nucleus
Neutron Approximately 2000 0 Inside the nucleus
Electron 1 -1 Outside the nucleus

Figure 5.3 shows a model of how the particles are arranged.

lithium
hydrogen helium B

o N i/ -—

ERES RNI)

4 4 : X !
W w2l
“ o

& proton e

@ neutron

: electron

A Figure 5.3 Protons, neutrons and electrons in atoms

The number of protons in a nucleus is called the proton number (Z) and is
the same as the number of electrons in orbit.

The number of nucleons (protons and neutrons) is called the nucleon
number (A). The difference between the nucleon number A and the proton
number Z gives the number of neutrons in the nucleus (4 - Z).

The nuclide (type of nucleus) of an element can be written with the

notation 4X, where X is the chemical symbol for the element. Determining the number
of neutrons in a nucleus

Mass and charge on a nucleus Alurminium fas the
Different atoms have differant masses. The relative mass of a nucleus 5“'"2"7!3“1 Alznd (s written
depends on the number of nucleans, You use the nucleon number, A, =i Balaioe
to determing the relative mass, For example, oxygen, 50 has a relative nymiber.of nedtrans
mass of 16. i the nucksus of an

s alurminium atem
The relative charge of a nucleus is always positive and depends on

the number of protons in the nucleds. You use the proton number 2 to A=d0E=13
determine the relative charge. For example, an oxygen nucleus has a numher of neutrans =

relative charge of +8. A-2=27 -13=
2 o 14 neuirens
Isotopes and nuclides
Isotopes of the same element are different forms that have the same
number of protons but different numbers of neutrons in the nucleus. An
element may have more than one naturally occurring isotope.
Some radioactive isotopes occur naturally, e.g. carbon-14 is produced in
the atmosphere by cosmic rays.
Many radioactive isotopes are produced artificially in nuclear reactors and

have a wide range of practical uses, e.g. as a source of radiation to kill
cancers (see p. 144) or as tracers in the human body or in a pipeline.

llegal to photocopy this page
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Energy from nuclear reactions

In fission, a heavy nucleus is split into smaller nuclei and some
neutrons. In fusion, smaller nuclei join together to make a larger
nucleus. In both processes, the mass of the starting atoms is greater
than the products. The missing mass or mass defect is converted into
energy.

Nuclear fission

In fission, a neutron strikes a large nucleus and it splits into two
smaller nuclei, approximately the same size, and two or three more
neutrons, for example,

U+ 'n —  ™Ba+ PKr +2'n
92 0 56 36 o

¥ Table 5.2 Nucleon and proton numbers of each nuclei in the fission reaction
Pl 5 0 [ -2 [ | w0 [ 2 -z
; IEB 0|=9z|55 36 0 -9

. . . neutron
Notice that the total values of A and Z on both sides of the equation are
equal. As more neutrons are released in the reaction, these can go on to e
fission other uranium nuclei and start a chain reaction (Figure 5.4). .fu,zgg,",

fission —— g —

In an atomic bomb, the chain reaction is uncontrolled and leads to fragment

an explosion. In a nuclear reactor, the number of neutrons is carefully = = =
controlled. The lighter nuclei produced are themselves highly radioactive 'rL,J—235| {02357 e
nuclear waste, which is difficult and expensive to dispose of. g w_

Nuclear fusion

Fusion occurs under conditions of extremely high temperature and
pressure when light nuclei can join together. The nuclei need enough
kinetic energy to overcome their electrostatic repulsion. Remember
nuclei are positively charged and so will repel strongly. Fusion releases a
large amount of energy.

fission

A Figure 5.4 Chain reaction

The following reaction occurs in the Sun and other stars, as well as in
the hydrogen bomb:
IH + ?H— jHe

Research reactors are currently experimenting into ways of maintaining
controlled fusion reactions for possible power stations of the future

Sample question

1 The most common isotope of carbon is carbon-12, written 12C in
nuclide notation.

a Write down the nucleon and proton numbers of carbon-12. [2]
b Write down the number of electrons in a neutral atom of
carbon-12. [1]

c Carbon-14 is a radioactive isotope that exists in small quantities
in the atmosphere. Write down the nucleon and proton numbers

of carbon-14. [1
d Write down the nuclide notation for carbon-14. [2]
e Work out the number of neutrons in a nucleus of carbon-14 and

state the difference between the nuclei of carbon-12 and
carbon-14. 2]

© Mike Folland and Catherine Jones 2022
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Student’s answers

[ h
2roton nuim!
d &y

oo =14 nuslees o mgger, with o partis cs.

=]}

Correct answers
a nuclzon numser, 4= 12
proten number, 7= 6
numher of elzctrons = numher of protons = &
nuclzon number, 4 = 14
proten number, 7= 6
d g
number of neutrans in carbon-14 nucleus
= nuctean number — proton number
“A-f=l4-h=8

n o

L3

number of neutrons in carbon-12 nucleus = 12 -8 =

A carbon-I4 nuclews has two extra neutrons.

Exa

tyle questions

Answers available at: www hodeereducation.coukfcambridgeextras
1 Copy znd complete the table to indizate the compesition af 2n stam

of cach of tho isotepos of strontium given.

Isotope Number of protons  Number of neutrons

s
ety

[6]

Number of electrons

o

2 Sediurn lsymbel Nal hes 17 protenz and 12 peulrons,

a Writz dewn the nuclids notation for sndium, [al
b A sodiure atom loses one electron. Stale Lthe charge of Lhe ien
farmnad, [11
¢ ‘\Write ths relative mass and relative charge of 2 sodium
rucleus. 121
3 a Fxplainthe difference hetwzen nuclear fizsinn and nuclear
lusziarn. 4l
b State one significant similarity betwesn them, m
¢ State where a fission reaclion otours, it
d Satewhere a fusion reaction nccurs, ]|
4 Cepy the nucizar ecuation fer the 1or of uranium-£36 and
fillin the gaps te balance the quation, 121

Sample question

Teacher’s comments

a [orrect answers.

b The student has
incarmectly thought
that the numhear of
electrons is the same
25 the numher of
nucleans,

Corvect answer,

The student has mixed
up the nucleen and
proton numbers - care
needs 1o be taken
here!

The First part of the
guestion has net been
answered and the rest
of Lhe-answer s Loo
vague,

an

o

Revision activity

Create a poster showing
thestructurs of an

alom and how s iz
repressnted using
nuclide notation: Include
descriptions of how
positive and negative wns
are farmed and what an
izatopsis.

Creale s tabus lo
match the descriptions
of a nuclear model

to the evidznce from
the alphz zcattering
axperiment. Describe
how energy 15 relezsad
in nuclear fiszion and
tusion.
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5.2 Radioactivity

5.2.1 Detection of radioactivity

Key objectives

By the end of this section, you should be able to: "

® state what s meant by backeround “adiation | ® determine the corrected count rate using
and the main sources measurements of hacsgraund radistion
state how a ter connectod to a counter is -
used to measure ionising ruclear radiation and
the units of counl rale are countsds or counls’
minute

There is radiation all around you all of the time. This is called background
radiation. This is mainly due to natural sources such as radon gas in the
air, cosmic rays, rocks and buildings and from food and drink. The value
varies depending on where you live.

In collisions between radioactive particles and molecules in the air,

the radioactive particles knock electrons out of the atoms, leaving the
molecules positively charged. This is called ionisation. This ionising effect
is used to detect radiation.

In a Geiger-Miiller tube, the ionising radiation causes a pulse of current
to flow between the electrodes. The tube is connected to a counter which
counts these pulses of current and gives the total in a set amount of time.
This is used to calculate the count rate which is measured in counts per
second or counts per minute.

If you are measuring the count rate for a radicactive source, you nead
to correct for background radiation. To do this you simply subtract the
count rate due to background radiation from your reading, To measure
the background count, take a reading using the detector for a few
minutes when the radicactive source is not in the room. Divide the total
count by the time to determine the background count rate.

5.2.2 The three types of nuclear emission

Key objectives

By the end of this zezlion, you should be able to:
® describe the emission of radiation from a ® describe the deflection of a-particles,
ruclews as spontanecus and randem in direction f-parlicles and y-radiation in electric and
® identify alpha, beta and garmma emissions magnetic fizlds
fram ther basic characteristics ® zxplain the relative ionizing effects of each
tyoe of emission

Alpha, beta and gamma radiation

Radioactivity occurs when an unstable nucleus decays and emits one

or more of the three types of radiation: o (alpha)-particles, p (beta)-
particles or y (gamma)-radiation. Radioactivity is a random process. It is
impossible to know when an individual radioactive nucleus will decay and
in what direction. It is also a spontaneous process. This means it happens
on its own and is not affected by factors such as temperature or pressure.

abed siyy Adosojoyd 0y 1ebayy
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5.2 Radioactivity

Table 5.3 shows how you can identify the different types of radiation from
their properties

¥ Table 5.3 The properties of o, B and yradiation

Emission Nature Charge Penetra’ jonising
effect
o-particle Helium nucleus (two protons and 2 S(op‘ped by thick paper or a few [ p—
two neutrons) centimetres of air
B-particle | High-speed electron -1 Stopped by a few millimetres of Weak
aluminium
y-radiation | Electromagnetic radiation None Sf"g;j""ped LYELaEE e es—

Explaining range and ionising effect of alpha, beta and
gamma

Alpha-particles have the largest mass and the highest charge. This
means they are much mors likely to interact with matter and so they
cannot penetrate very far. In collisions, the positive charge easily
knocks outer electrons from atoms and so they have a high jonising
power, In each collision, the e-particle transfers energy From its kinetic
energy store and so slows down and has a short range,

Beta-particles have less mass than w-particles and so are less likely
tointeract with matter. This means they can penstrate further, The
single negative charge means they are able to knock out electrons from
atoms 2 the particles pass them and so have fenising ability. As they
make fewer collisinns, they can travel a greater distance (a few metres
through air) betore atl of their kinetic energy has been transferred
through collision,

Gamma-radiation has no charge as it s electremagnetic radiation. It has
very little interaction with matter, Gamma-radiation can still knock an
auter electran from an atom and jonise it However, it is the least Tkely
toionise, As it has the least interaction with matter, it travels a Long
distance before transfarring all its energy.

Deflection of alpha, beta and gamma in magnetic and

electric fields

In & magnetic field, alpha and beta sre deflected according to their
charge. You can use Fleming's left-hand rule to determine the direction.
Remember, conventional current is in the direction of flow of positive
charge. Bamma, as it is uncharged, is unaffected by the magnetic field.
Their deflections in a magnetic field are summarized in Figure 5,53, Use

L Fleming’s lafl-hand rule Lo check the diteclions showr.
@

ol $ %= o H= oo

< ] e S A Wt

c‘jz 4 t { t
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2

= + s 3 +

= A Figure 5.5a Deflection of - and f-particles and y-rays in a magnetic field
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In an electric Tield, a-particles are attracted towards the negative
plate, f-particles towards the positive plate and y-rays pass through
with no deflections, The deflections are summarized in Figure 5.5h.

metel plate ]

= F: 3 Y

e
alcha —_——

‘\:‘” | L=

be:a —

Tt r’\‘fe l =

A Flgure 5.5b Deflection of - and B-particles and g-rays In an electric fleld

5.2.3 Radioactive decay

Key objectives

By the 2nd cl this zection, you should be anle 1o:
® state that radinactive decay is a change 1o an

® understand that isatepes may be

unstable nucleus and can lead to emissan of radicaclive berauze of an excess ol
alpha, beta ar gamma radiazion and that itis nautrans andfor hecause the ruclens is ton
both randorm and spontaneous heawy

know that during alpha and beta decay the ® describe how the changes te a nucieus
nucleus changes to that ot 3 ditterent slement Improve iLs slabiily z2nd (o use radiozclive
decay equations using nuclide notation

Radioactive decay is when an unstable nucleus emits radiation. When the
nuclei emit a-particles or B-particles, the nuclei change to a different
element. This element may also be unstable and emit radiation.

Alpha-decay

An w-particle is a helivm nucleus. It consists of two protons and two
neutrons. During we-decay, the nucleus loses twe neutrons and two
protons, The nucleon number goes down by four, The proton number
goes down by bwe, so the nuclide changes to anather element. An
example of o-decay can be shown by 2 word equation:

radium-22h — radon-222 + c-particle

The same example of ¢r-decay can be shown by an equation in nuclide
sigkation:

Mote that, because an c-particle is the same as a helium nucleus, it is
shawn as He in nuclide notation.

© Mike Folland and Catherine Jones 2022
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5.2 Radioactivity

Beta-decay

In fi-decay, a neutron in the nucless changes to a proton and an
electron, which is emitted at high speed as a fi-particie. The nuclean
number is unchanged. [he proton number goes up by one, so the nuclide
alzo charges to another element.

An example of [i-decay can be shown by word and nuclide squations:
carhon-14 — nitrogen-14 | feparticle

BE = uN oS
Mote that, because a f-particle is an electron, it is shown as e in
nuclicde notation, with a nucleon number of 0, berause it has negligible
mass, and a protan number of -1, because of its negative charge.

Gamma-emission

Gamma-radiation Ts an elect gnetic wave and so does not change
the structure of the nucleus, However, y=radiation i= usually given off
during both ¢-decay and f-decay, and can be added Lo Lhe equations,
for example:

% Ra—

Writing a decay equation

Each nuclide squation of ar decay balances, The sum of
thz nucleon number and protan number on the leti-hand side nitha
eyualion is the same as on the fight-hand side. You 2an use this lo
determine the nuclecn and proton numhber of the nucleus zfter the
duecay.

1+ He+y

Far pxample, the nuclear equation shaws the decay of an isntops of
pulonium. Caleulate the values of 4 and £

Hafo i —x AP He

nucteon nuimbers 270 <4+ 4
A=204
proton aumber: Bi =2+ 2
£-B3

Nuclear stability

An isotope of an element may be unstzble because it has too many
neutrons or hecause it is too heavy (has too many nucleonsh. Figure 5.6
shows a graph of the nuimber of neutrons (N 2gainst the number of
protons (), The stable nuclei lie on the stability line,
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stazility ne

20 an B B
ruribar of sroferns (23

100

A Figure 5.6 Stability of nuclei

For unstable nuclides, a decay helps them move closer to the stabiliny
line. IT the isotope les sbove the line, then it needs to reduce the
number of neutrons, It can do this through p-decay. Large nuclei often
decay via u-emission to reduce the mass of their nucleus and become
mare stable.

Gamma-emission often happens after u- or f-decay as the nucleys is
lefLin an excited state. Gamma-emission makes the nucleus more stable
by releasing this excess of energy.

Sample question

2 Radioactive strantium-90 {5, protan number 38) decays to ytirium
{¥), emiiting a [i-particle and v-radiation. Show this decay reaction

as 3 nuclide equation. 14
Student’s answer
o — Sevy ]

Teacher’s comments

The student has mostly got the answer right. The nuclide symbal

tor strontium is correct, as are the symbols for the [f-particle and
y-radiation. The student has alse correctly deduced that the proton
numeer of ytirium is 39, ane more than that of strentium. However, the
nucleon number must stay the same in -decay, as the nucleus has lost
a neutron and gained 2 proton,

Correct answer

141

5 Nuclear physics

Revision activity

Create flash cards

with & guestior onpne
side ang answer on

the reverse. Questons
shiould cover the sources
of background radiatinn,
Lhe nalure, properties
and ianizing effects nf
alphz, bels and gamima
radiztion, and the
meanng ef random and
spantanecus, Lse the
cards Lo test yoursell
Include decay equations
fer supplemental.

© Mike Folland and Catherine Jones 2022

141

abed siyy Adosojoyd 03 1ebay)i sy



Sample question

5.2.4 Half-life

Key objectives

By the end of this section, you should be able to:
® define nall life and use this defintien to ® perferm ball-lfe caleulalivns taking inly
perform hali-life cal ons incliding using account hackground radiation
dala [rom Laole or decay curves ® explain bow a radicactive solope can be
suitanls for a particular use

Radioactive decay is a random process. It is impossible to predict when
an individual nucleus will decay. However, on average, there is a definite
decay rate for each isotope.

The decay rate is expressed as the half-life, which is the time for half the
nuclei in a sample to decay. As it is hard to count the number of nuclei,
you can determine the half-life by monitoring the disintegrations per
second (activity) from a radioactive source. In Figure 5.7 the half-life is
10 minutes. This is because the disintegrations per second halves every
10 minutes.

disintegrations/s

0
0 10 20 30 time/mins.
~ g s
half-lives

A Figure 5.7 The half-life of a material can be found by using a graph (decay curve)

Extended candidates need to be able to carry out hall-life calculations
allowing for background radiation,

Plotting a decay curve

‘fou nzed bo know how Lo plot and inlerpret decay curves bo determing

the half-life of an isctope

® ‘Wheryou plot a decay curve, the Lime (= always on the x-2xs and the
nurmber of disintegrations persecord of count rate s on the y-axis,

llegal to photocopy this page

® Chopse s scale soyou can plot the points sasily and 20 you use a5
much of the gragh paper as possible:

® [he tine of best tit must be 2 smaoth curve,

® Yo can then use the cuarve b find the hali-life. Check the value by

= finding the time taken to halve the activity in more than ane place;
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® o correct for background radiatior, subtract the background count
rate from each value before you plat the curve,

UL P DIATS

¥ e
0 7 2 Ep A bb 6 D Hmas

A Figure 5.8 Finding the half-life fram a decay curve

Uses of radioactivity
The type of radiation emitted and the half-life of the radioactive
isotope determine how it can be used,

Smoke atarm

[nside & smoke alarm, there 75 a small radioactive source which emits
qe-particles. The ce-particles onise Lthe air and a small current. flows
between electrodes. When thers is smoke, the ions cannot flow freely
belweern Lhe eleclrodes. The current decreases and Lhis is detected
by & circuit, which sounds the alarm, An c-emitting source is chosen
Decause G-particles are Mgnly 10n1sing and not very peretrating. This
means e smoke alarm is not dangerous Lo anyone nearby. A source
with & long half-life is used so that the activity remains constant,

Irradiation and sterilisation

Radiation causes ionisation and can kill Living cells, This makes
radiation useful for killing hacteria on food to make it last longer.
This is called irradiation. The food is not radioactive as there is no
radioactive material on the food. Radiaticn is also used to sterilize
madi struments. Gamma-radiztion is used because it is the most
penetrating so can pass through the packaging. A source with a Long
half-life is used so that the activity remains constant,

Thickness monitoring

A racioactive source is placed on one side of 3 strip of paper, plastic
or metal during its manufacture. A radiation detector en the other side
of the strip monitars how much has been absorbed. This indicates the
thickness of the strip. Bela-emitters are used for thinner materials and
t-emitters tor thicker materizls as they can penetrate further and can

@
a
o
S
-
>
S
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a
o
-
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Sample question

still be detected on the ather side, A source with a long half-life is used
s thal the activily remains constant.

Diagnosis and treatment of cancer

Radinactive tracers can be used to detect cancer cells. The tracer

iz injected into the body and its progress through the body can

be detected by a gamma camers. If there is & problem, & higher
concentration of s-radiaticn will be detected in that area. The
radioactive isotopes used are gamma as it is low fenising and can
penatrale the body, so can be delected from the oulside. The half-life
will be shart 5o that it will have a Low 2ctivity scon after the test is
aver hut lnng ennuch for the readings to he taken. Usually about Four
holrs,

High-energy beams of y-radiation are used to kill cancer cells. Careful
arrangements are made to concentrate the radiation on the cancer cells
and not kill other healthy cells in the body. Extensive shizlding is also
needed Lo protect the medical staff eperating the aquipment. & source
with & long half-life is used so that the activity remains constant.

Sample question m

3 A radioactive sample gives a detector reading of 700 counts per second.
The half-Llife of the sample is seven days.
a Work out the expected detector reading two weeks later. 2]

‘ b The hackaround count is 100 counts per secand, Calculate the

expected detector mading taking background inte account. [2]
|

Student’s answer

Ao E woees, deectorrezding =

> 121

ey

Teacher’s comments

a The student has correctly calculated the count rate after two weeks,

b The stugdent has not allowed for the baceground count correctly,
‘e have to subtract background count from the initial reading.
Determine the count rate after two weeks and then add background
<ount on to the value.
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5 Nuclear physics

Correct answers
a  After 1week, detector reading = % = 350countss

; 350 f
After 2 weeks, detector reading = % = 175 countss [2]

b Initial detector reading due to sample = f00 - 100 = B0 counts/s
. 500
Arter 1 week, detector veading due to sample = T = 300 countss

0
After 2 weeks, detector reading due to sample = % = 190 counts s

Finat detector reading including background = 150 + 100 = 230, [3]

Revision activity

Check you understand what 1s meant by halt-lte, and you can do simpla
haif-lfe catculations by ereating flash cards to test these aut in your
clzsz and then switching with & partrer. )

Wark in a graup of three. kach of you chooss alpha, beta ar gamma
and ther prepare 2 30 second presentation on a practical use of your
rad oactive scurcs. The presentation must include an explanation of
why that type of radiation is choser apd whether a long or short balf-
lite is needed. Give the praszrtation to your group,

5.2.5 Safety precautions

Key objectives
By the and of this section, vou shauls be able to.
@ :=tate the eftects of ionising nuclear radiation ® dzscrbe precautions tor handling, using
o living things and slering radicactve materials safely and
explain these precautions.

Radioactive emissions are ionising radiation. Ionising radiation can be

very harmful to living things. It either kills cells outright or mutates

cells, which can lead to cancers. To reduce the risk of harm from ionising

radiation, a number of simple precautions can be taken.

The following safety precautions should therefore be taken:

® Whenever possible, radioactive samples are in sealed casings so that no

radioactive material can escape.

Samples are stored in lead-lined containers in locked storerooms.

Samples are handled only by trained personnel and must always be

supervised when not in store.

Radioactive samples are shielded and kept at as great a distance as

possible from people. In the laboratory, they are handled with long

tongs and students are kept at a distance. In industry, they are usually

handled by remote-controlled machines.

@ Workers in industry are often protected by lead and concrete walls, and
wear film badges that record the amount of radiation received.

© Mike Folland and Catherine Jones 2022
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The safety precautions are designed to reduce exposure to the jonising
radiztion hy:

©® reducing the time people spend near the sources

® keeping the distance from the source and the person as large as possible
® by using suitable shielding to abserb the radiation

Sample question

Sample question

~

An extremely strong source of a-particles and y-rays is used in an
experiment being demonstrated to a group of student observers. The
source is held and moved by a robot arm controlled by a technician who
is always at least 1m away from the source. The observers are always at
least 3 m away from the source.

a These precautions are insufficient for the technician and for the

students. Explain this. 2]
b Suggest practicable improvements that would permit the
demonstration to continue and be observed in a safe way. 2]

Student’s answers

i sk B Bechriian nesds

[=1

Gl Lz @ vidse camssa, 1]

| Correct answers

a  The robotic handling and distance from the source protects the
techaician and students observers trom the a-radiation. [1] Because
of the strong y-radiation, even at 3m distance, this is extremely
unsafe for both the technician and the observers, 111
The source sheuld be shielded by thick lead er concrete From atl
humans, [1] The experiment could be viewed by video camera, A
remote screen behind Lhe shielding would allow the technician to
control the kot and the students to ohserve in completes saf

o

&3]

[37€] tyle questions

Answiers available at: woww hoddereduc ation. coukdcambridgeextras
5 Statewhzt s meant by background radiatior and name bwo natural
SOUTCeS, [31

6 A Geiger-Miller tube is used to measure the backgreuns radiation
n the roam betors 2 sxperiment. [ ha total court from the detectar
after 2 minutes is 24,

a Calculate the count rate in counts/z que to background
radiatior. {21
b & radinzctive squrce nas s count rate ot A0 count/s. Calzulata

the corrected ceunt rate.

~

The perctration of two radisactive samples is tested by measuring the
count rate with various bypes ot shielding betwsen the sample and the
counter, The aumbersin the Lable below indicate Lhe count rate [CRI
with each type of shielding in p.acs: no shislaing, thick card, 3mm of
aluminium [All, 20cim of lead [PD).

llegal to photocopy this pageJ
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Teacher’s comments

a  [his answer rmakeS N0
distinction betwsen
- and y-radizticn.
Thers is nn risk of
harm fram the zlpha-
source, But 3m of air
will nat protect from
the gamma-source.
The answer shows
some awareness of the
possibility of remate
observation but does
nat address the jssue of
appropriate shielding.

o

Revision activity

Create a simple paster
explaining lhe dangers
of ianising radiatian and
descrising bow L move,
use znid store radinactive
sources ind sale way.




Copy the table and tick the appropriate boxes in the right-hand three
columns to show the type or types of emission from that sample.  [3]

| cr(PB) |

Sample | CR(none) CRl(card) CR (AU v
1 6000 1000 | 1000
2 | 3000 3000 0 |20

subpuclear particle with the sa

mass a5 an

sitive charge. & certain nuclear reaction

emils positrons and y-rays, which are directed o pass parallel

to and betwsen two horizortsl plates 'na smi. The upper

plale fhas g very high posilive poteelial selalive Lo the lower plale

Describe the path hetwzen the plates of:

a Lhe pos [1

b the y-radiz i

Radwaclive uranium-238 |, prolen numoer 72| decays Lo Lhoriam

[Thl, emittng an o-particte and y-radiation, Show this decay

i rclide eguation 4!
3 Cedecays by an emizsion of a f-parlicle to an izotope

of harium [Bal, Write down the nuclide equation for this de

Uescribe how the emizsion of 2 fi-parbicle can increase the

©

stability of 3 radizactive isctope

12 The results inthe tahie helow came from 2n sxperiment to determine
the Ralf-life ot 2 radicactive sample.

Time/min 0 % 4 i | 8
Counts/s 400 N 205 W0 |

2 Usze the data in the table o determing the hali-life of the
radicactive isatape. 0l
b Caleulate the fra ol the sample leltalter 12 minutes, il
13 In an experimen half-life of protactinium, = studant gainad
Lhe resulls giver in the ldble below.

Time/s [} | Al 201 10
Count/s W | BYS CiTS #
a  Plolagraph to show Uhe decay eurve for His data, 14]
b Usze ynur graph to determine the half-life of protactinium. [21

14 The table below shows the half-life 2nd type of emissians from
Lhree radioaclive sources A, Band ©

C | radiation
a Explain which solrce could be used 26 a medical tracen 13
b Explain which source could be ussd to manitor the thickness
of thin sheets of alurrinium, i3

15 & teacher is using a radicactive source te demanstrate the absarption
ofy-radiatian in air, [he source (s zhislded sa radiation iz cnly emitted
fr:J“n ong side.

Descrice some precautions the tezcher could taks to keep

themselyes and the students safe, (2]
b Explzin how these precautions keep the teacher and students
safe. [21
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Space physics
Key terms m:l

Comets Small objects that orbit the Sun in highly elliptical orbits

Dwarf plane!s Smaller objects and asteroids which orbit the Sun, e.. g Ptutu

Galaxy A group of bllllons of stars
Light-year Distance travelled in space by ugm in one ysar

Our galaxy containing the Solar System

Natural satellite orbiting the Earth in approximately 1 month

Natural satellites Moons whlch orbit planets

Orbital period Time for an object in space to complete one orbit

Redshift Increase of wavel eng(h of light from a receding star or galaxy

Solar System The Sun. the eight major planets, minor planets, asteroids and other bodies

CMBR Cosmic microwave background radiation

Hubble constant (Hp) Symbol Hy, ratio of the speed at which a galaxy is moving away from the Earth to its
distance from the Earth

Red giant State of most stars near the end of(heir ife

6.1 Earth and the Solar System [ revice [
6.1.1 The Earth

Key objectives
By the end nf this s=ctinn, you should bz zkle fo:

® know how the Earth orbits the Sun @ know that the Moon orbits the Earth in about
® suplain how the tilt of the Earth's axisof one month and use this to explain the Moon's
rolalicn causss Lhe seasons phases.

® deline average orbilal speed and recall
and use the equation; v= 2T

legal to photocopy this page
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6 Space physics

Motion of the Earth

The Earth is a planet which rotates on its axis once in approximately
24 hours. The Sun appears to move when observed from a point on the
Earth’s surface. Figure 6.1 is a simplified view, not to scale, from above
the North Pole of the Earth of how the Sun is seen at a point labelled
0 at 6am, noon, 6 pm and midnight.

sun
e, Earth
i/ ' 6amlow Sun
| )
S
P
I 4 s
I | 12 noon full Sun ¢ '-(;)
‘\._\__/' -
FEE
i | 6pm low Sun
S
{ | minight, darkness (-} 3
Vo

A Figure 6.1 The Sun as seen from the Earth

When point 0 is on the side of the Earth facing the Sun, it is day. Then
point 0 moves to the side of the Earth away from the Sun and it is night.
The axis of the Earth’s rotation is not at right angles to the plane of its
rotation around the Sun but it is tilted at an angle of about 20°, as shown
by Figure 6.2.

Eartr Lited
o s

A Figure 6.2 The tilt of the Earth’s axis

It can be shown that because of this tilt, the lengths of day and night are
not equal and vary during the year.

The Earth orbits the Sun once in approximately 365 days. This together
with the tilt of the axis of rotation explains the seasons. Figure 6.3 shows
the seasons for the Southern hemisphere.

© Mike Folland and Catherine Jones 2022
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A Figure 6.3 Seasons for the Southern hemisphere

From autumn through winter to spring, the Southern hemisphere is tilted
away from the Sun so it receives daylight for a shorter time every day. It
receives less solar radiation so it is cooler.

Motion of the Moon

The Moon takes about one month to orbit the Earth. As the moon orbits
the Earth, its appearance changes between full circle and thin crescent,
with other shapes in between. These are called the phases of the Moon.

full Moon

=) y Moon as seen
o “ | ! from Earth
| o Y
last : Y il first
quarter e_) RS U ovarter
| Bt

. new Moon .
sunsrays |, i’
HH

A Figure 6.4 Phases of the moon

Figure 6.4 shows how parts of the Moon's surface are illuminated by the
Sun to change the appearance of the Moon.

6.1 Earth and the Solar System

Revision activity

Draw the appearance of
the Moon in two different
phases.

The average orbital speed v of any object is given by the equation
v=25rfT where r is the averzge radius of the orbit and T the orbital
period. This equation applies Lo all orbits, e.g. the Carth or any other
planet around the Sun, the Mocn areund the Earth or any moon around
its planet,
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6 Space physics

Revision activity

The phases of the Moon

You should prepare yourself to observe the Moon every day for a month.

Initially you will observe just after sunset and later it will have to be

shortly before dawn. It will not matter if you miss a few days. If you live

in a part of the Earth where the weather is cloudy, you will miss a few or

possibly several observations.

® Find out the date of the next new Moon from an app, the internet or
your teacher.

® One or two days after that, the Moon will be visible as a very thin

crescent shortly after sunset. Sketch the appearance of the Moon

and record the number of days after the new Moon you made the

observation.

Continue to observe and record the appearance of the Moon every day

for a month if you can. You will have to be flexible with the time you

observe. When the Moon becomes fuller than a semicircle, it is often

possible to see it during daylight.

By observing regularly, you will discover the pattern and timing of the

Moon’s phases. Maybe it will help to repeat for another month later

using your experience of the first attempt to time your observations

better.

Compare your observations with Figure 6.4 and note any comments

you have about this comparison.

Rearranging the orbital speed equation

¥ou nesd to he abls to rearrangs the equation ©® Write down the equatinn when Tis the subject
v= ZmefT bo make any of the varizhles the subjecl. I
® rite down the eguatinn when ris the subject. = _T_
2
i
2=l
o vl =2mr
2
wi S
= (i
21

Sample questions [ visin |

1 Draw a line from each description in the left column to one of the time
durations in the right column.

Description Time duration

24 hours

2 i e Eacth 1 manth
time taken ow tne Earth ta turs onz revslutian on 360 davs [4]

© Mike Folland and Catherine Jones 2022
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Student’s answer

Description Time duration

ar th ——=e 1 mnnih
time takan by tha Earn to turn one resolutian on its axis’ 345 days

[3]

Teacher’s comments

The student has failed to follow instructions and drawn twe lines trom

‘time taken by the Earth to turn one revolution on its axis’ en the left and

no tine from ‘heurs of daylight in every &4 hours in spring’ on the left.

Correct answer

Description Time duration

Sample questions

Teacher’s comments

The student incorrectly
rearranged the equation
and substituted a time
in days not seconds.
The student should have

considered the answer
and realised that 13m was
quite impossible for the
radius of the Earth’s orbit.

hoirs of daylighl in every 24 hours maging ——————————12 rpurs
taxan by ths Earts to arbitthe Sun -~ sZhhaurs
limetakan by the Masn te orbit the Sarth +—1 st
timetakar by the Earts to turn ona revoiution on its 3% Feb days [4]
2 The orbital speed of the Earth arsund the Sun s 30 000 m /s,
Calculate the average radius of the Earth's orbit, [4]
Student’s answer
1M !
i 386 days - 386 x 24 % 38005
v R0 = 10y
Flb w109 305 % 2w .
= deil i %2000 =153x10m
<% 141
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6.1.2 The Solar System

Key objectives

By the end of this section, you should be able to:

@ describe the Solar System as containing the
Sun, the eight named planets including their
order from the Sun, minor planets and other

6 Space physics

know how the strength of a gravitational field
of an object depends on the mass of the object
and the distance from the object

bodies ® calculate the time it takes for light to travel
‘ betwesn ohjscts in the Salar System

® understand the elliptical nature of erhirs
arcund the Sun

® know that the Sun containg most of the mass
ofthe Salar System and the force that keeps
vbjeels i arbit arcund the Sun s gravitational
attraction

® know the different compositions of L
and suter plan d =xplain this us
accretion mio

® Lnow that orbital speeds of planets vary
| with distance from the Sun and g onin

an elliptical orbee

| ® analyse andinterpret plaretary data

The Solar System
The Sun is a star at the centre of the Solar System.

The main objects of the Solar System orbiting the Sun are shown in
Figure 6.5.

A Figure 6.5 The Solar System (distances from the Sun not to scale)

The first four planets in order of distance from the Sun are rocky and
small: Mercury, Venus, Earth and Mars.

The next four planets in order of distance from the Sun are gaseous and
large: Jupiter, Saturn, Uranus and Neptune.

There are also smaller Solar System bodies: asteroids, comets and dwarf
planets such as Pluto which may orbit in the asteroid belt or further from
the Sun than Neptune.

Many of the planets have moons or natural satellites which orbit around
them.

All objects orbiting the Sun have elliptizal orbits, although some are
approximalely alar. Excepl in Lhe cases of circular orbits, the Sun is
not at the centre of the ordit,
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¥ Table 6.1 Data for the planets

Sample questions

Av

distance

from Gravitational

Sun/ Surface field

million temperature/ | Density/ Diameter/ strength/

km °c kg/m?3 103 km Mass/102¢kg  N/kg
Mercury 579 88d 350 5427 48 0.330 3.7 0
Venus 108.2 225d 460 5243 121 4.87 8.9 0
Earth 149.6 365d 20 5514 12.8 5.97 9.8 1
Mars 2279 687d -23 3933 6.8 0.642 3.7 2
Jupiter 778.6 M9y -120 1326 143 1898 231 79
Saturn 1433.5 295y -180 687 120 568 9.0 82
Uranus  2872.5 84y -210 1271 51 86.8 8.7 27
Neptune  4495.1 165y -220 1638 50 102 11.0 14

The four planets closest to the Sun, Mercury, Venus, the Earth and Mars,
are rocky and smaller than the outer four planets. You can see in Table 6.1
their smaller diameter and higher density. The outer four planets are not
only much larger but also have a lower density as they are gaseous.

The accretion model for the Solar System explains these differences.

@ The Solar System was formed about 4.5 billion years ago from clouds
of hydrogen gas and dust and heavier elements produced from a
supernova which exploded.

Hydrogen and some helium were drawn together by gravitational
attraction to form the Sun.

@ The remaining small particles joined together to form a disc in an
accretion process as the material rotated.

All the planets orbit the Sun in the same direction and lie in roughly
the same plane, which is only likely if they were all in the accretion
disc.

As the Sun grew in size and temperature, light molecules such as
hydrogen could not exist in a solid state.

Heavier elements gradually accreted by gravitational attraction to grow
into the inner planets.

The lighter elements drifted further from the Sun and eventually grew
by gravitational attraction to be large enough to attract even the
lightest elements to form the gaseous outer planets.

Gravitational field strength of a planet
Table 6.1 shows that the gravitational field strength at the surface of a
planet depends on the mass of the planet and its density.

The strength of the gravitational field of any object decreases as the
distance from the object increases. So the gravitational field around a
planet decreases as the distance from the planet increases. Most of the
mass of the Solar System is in the Sun, so planets orbit the Sun, kept in
orbit by gravitational attraction of the Sun.

154 Cambridge IGCSE Physics Study and Revision Guide Third Edition

Revision activity

Work in pairs. Choose a
planet for your partner.
Your partner chooses a
different planet for you.
Use Table 6.1 to look up
the average distances
of your two planets
from the Sun. Each of
you calculate the time it
would take for light from
the Sun to reach your
planet. When you have
finished, compare your
answers and check for
consistency.



The strength of the Sun's gravitationsl field decreases as the distance
from Lhe Sun increases. The orbilal speeds of the planels decrease

as the distance from the Sun increases. This can be confirmed by
caleulation using the data From Tahle 6.1,

The time it takes for light to travel between the objects can be
calculated using the velocity equation from Topic 1 and the velocity of
light 3.0 x 108m/s from Topic 3.

When an object travels in an elliptical orbit arcund the Sun, its velocity is
greater when 7t is closer to the Sun, The gravitational potential energy is
greater the further the object is from the Sun. However, its kinelic energy
increases, as the velocity increases when it is closer to the Sun. Energy is
conserved so the total energy is the same at all points of the orbit.

Figure 6.6 shows a comet moving round the Sun in an elliptical orbit.
At point X, the gravitational potential energy s least, and the velocity
and kinetic energy are greatest. At point ¥, the gravitational potential
energy is greatest, and the velocity and kinetic energy are least.

Sample questions

6 Space physics

orbit of
comet

A Figure 6.6 Elliptical orbit of a

comet

Revision activity

Write down the energy
changes ol a comel az il
mcwes fram its furthest
L ils closest dislance
fram the Sun,

3 What are the main common characteristics of the composition and

size of the inner four planets? 2]
4 What are the main common characteristics of the composition and

size of the outer four planets? [2]
5 State two objects other than the eight main planets which orbit

the Sun. 2]

Student’s answers

3 R m
4 ¢ il 2 - from Fhs Sun 1l
5 Corietsand sstelines m
Correct answers

3 Rocky and ralatively small (2]
4 Gaseous and relatively Large 121
5 Comets and dwarf planets 121

6 This question is about the accretion model for the formation of the
Solar system.
a Which materials accreted to form the Solar System? [2]
b Which force caused this accretion? 1]
¢ Explain why it is likely that the material was in a rotating disc

at one stage. 2]
Student’s answers
m
]
m

Teacher’s comments

3 Rocky is correct;
hat is not about the
composition or size,
4 haseous is correct; Far
Fram the Sun iz nat
about the composition
oF Sige.
Students should write
any two of: dwarf
planets, comels o
asternids,

[

Teacher’s comments

a  Hydregen is

coreck; pletonium
incorrect.

Incorrect answer.

1 mark awarded for
the right idea of
wrbiting in the same
direction,

oo
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Correct answers

a  Hydrogen, cust and heavier elerents 7
b Gravitaticn [

¢ All the planets orbit voughly in 2 plane and in the same

direction, [2]

a State with a reason how the gravitational fields on the surface of
Mars and Neptune compare. [2]
b State with a reason how the orbilal speeds of Mars and
Neptune compare. 2]

a

Confirm your answer to part @ using the data from Table 6.1, [3]

Student’s answers

Teacher’s comments

a The student possibly meant that the gravitational field on the
surface of Heptune was larger, but did not say so. The size of the
planet is not the decisive factor,

o

Correct znswer about orbital speed, but the erbit time around the
Sun Followes from the speed and distznce and is net the reason.
The orbital spzed of Mars i= correct. The candidate possialy
forgot the 2" in calculating the orbital speed of Neptune, but
with no working no partial credit can be given, As it is based on
a wrong rumber, the comment about the greater orhital speed of
Mars s invalid,

a

Correct answers

a The gravitational field on Neptune is greater hecause it more

massive, 12
b The orbital speed of Mars s greater because it is closor ko

the Sun, [2]

2
C orbil peed bEShin o s S CEL R B
G8T =24 = 3600
2w 4500 = 1M
bital speed of Mepning = —————— = 54ilhny:
O e = e 68 % 24 % 3600 s
So the orbital speed of Mars is grester. [3]

4
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6 Space physics

8 a A student states that it takes light & minutes to travel from

Lhe Sun Lo the Earth. Using dala from Table 8.1, calculale the
velocity of light based on this time, Mote: Extension students
need fo know the value of the velocity of light in & vacuum,  [3]
Camment an the accuracy of this value of the velocity of light
and the student’s statement, [1

o

¢ The average distance from the Earth to Neptune is 4500 million
km and the velocity of light is 3 x 108m/s. Calculate the time in
hours light takes to travel from Neptune to the Earth. 2]

Student’s answers

T B

A % 1085 mes

¢ time  distancefveooty 4.3 x 1

Teacher’s comments

®

The stadent made an error of factors of 1000 Lhe calculation, so
loses a mark.

As Lhe commenl is based en a wrong catculation, ne mark is
seored,

o

a

The student used a slightly wreng value in the eorrecl equation.

Correct answers

a yelocity - distance/time — 15 = 100/8 = 60 - 3.1 = 108mfs  [3]
b The velocily of tighl is close tu Lhe correcl value, so the Lime
For light to Lravel fram the Sun is Fairly accurate. el

€ time = distance/velocity = &5 = 1017/3.0 = 103
= 15w 5= 42h 12

9 Figure 6.7 shows the elliptical orbit of an asteroid.

orsit of Farth

1ol
7

A Figure 6.7

Describe the change of the Tollowing quantities as the asteroid
moves from point A to point B:

distance fram the sun, velocity, gravitational patential energy,
lkinetic energy, total energy [5]

© Mike Folland and Catherine Jones 2022
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Student’s answer

Licnal polems

sy incrsas K

Teacher’s comments

Correct answers for distance from the Sun, velocity and kiretic energy.
The answer for gravitational potential energy is incorrect and the
stugent failed to write anything about total energy,

Correct answer

distance from the sun decreases, velocity increases, gravitational
potentizl energy decreases, kinetic energy increases, total energy

stays the same 15]

Revision activity

Make lash cards lo revize and rearrange the equalion connecling
arhital speed, radius of orhit and arsital pericd. Inctude what the
zymbols in the equation reprezent znd rearrange the eqoalion with -
o ts own on the eft of the eguals sign and then with Ton its own on
the lef.

Revision activity

Observing planets in the night sky

Three of the plancels Venus, Jupiter and Mars appear as bright 'stars’ and
can 2azily be nhszrved at the right time of year and time of day. Saturn
and Mercury can alsa be seen with the naked eye bul can be bard to see,
especially Mercury,

You sheuld prepare yourselt bo observe the olznets every week for 2

few manths, Again, if you live in 3 part of the Earta where the weather is

cloudy, you will miss a ew or poszibly several observations.

® Find cutwhich of Venus, Jupiter and Mars are visible where you live
and at what time at night from an app, the internet or your teacher.

® Sceifyeu canobserve these planets at times that are reasonable for
you. Don't let & aisturk your sleep!

©® Make notes and record the date and time of observing any planet.
Try torecard whers you observad it in the sky and bow high up.

Cambridge IGCSE Physics Study and Revision Guide Third Edition
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Exam-style questio

Answers availahle at wee hoddersducation ce uk/cambricgesxtras
1 a Skeicha laselled diggram lo show:

i the orbit of the Earth arcund the Sun [21
i the Earth’s axis of ratation 1]
b Describe the angle of the axis of rotation il

2 Inthe table below, which describes the planet Venus?

A
E
©
0 i)
3 In the table below, which compares properties of the Earth and
Jupiter?
Prop of Jupiter
Fikat ety b sty |
i bigh mass |
T e |
low mass | {1

4 a Tre planet Mercury has an arbital radius of 58 mitlicn &moand
an orbita: speed of 48000 m/s.
Show that the arbital pericd of Mercury is 28 days.
b Withwat calculation, wrile down huw he Tollowing properties
for the planst Lranus compare with the sroperties for the
plaret Mer

-avitalional fizld
5 llsing data from Tahle &
a Slate and explair the diffsrences of arbit bime, average
distance from the Sun and surface terperature of the
plarets Uranus and Meptune, [4]
b Censiderin nsity, diameter and mass, explan the
alifterence betwesen Gravitational rieta SICENGIN On [NE SUrTace
of the planels Mars and Jupiter, 121

6 a Staie thedifferencesinpature of the four inrer planetsn the
Solar System fram the four outer plarets and why thers zre

these differentes, 2]
b Llissthe accretion model tn explain why there are these
dillzrerces. 1]

7 Light travels at 3.0.x 108 m/s in space. The distance of the Mnon
Trarms thie Earth is 330000 km. Calculale the Lime it takes for Lghl
ta travel from the Monn ta the Farth. 131
8 a Makealabelied sketch of the typical orbit of a comet gaing
rourd the Sur, Label two poines X and ¥ a8 two points on

the orhil. 1]
b “State the difference invelocity, gravitational potential encrgy
and total energy bebwsen ¥ znd Y. [&]

6 Space physics
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6.2 Stars and the Universe

6.2 Stars and the Universe w:

6.2.1 The Sun as a star

Key objectives

By ke end of thiz seclion, you should be able o:
knaw that the Sun is a medium-sized star
containing rmestly bydrogen zpd helium

® the Sunraciates ensrgy mostlyin the
infrared, visible anc ullraviolet regions of the
electramagnetic specirim

® know that stass are powered by nuclzar
Tusion reactionz wils hydrogen

The Sun is a medium-sized star. It is made up almost entirely of hydrogen:
there is some helium and other elements. It radiates energy over the
whole electromagnetic spectrum but mostly in the infrared, visible and
ultraviolet regions.

helium from the fusion of hydrogen.

Stars are powersd by nuclear fusion reactions, Stable stars produce ‘

Sample question W_

10a What two elements are the main constituents of the Sun? 2]
b Name one of the main types of radiation from the Sun in addition
to visible light. [1
¢ Describe the nuclear reaction that takes place in the Sun. [3]

Student’s answers

e ang dauleriue

Teacher’s comments

a Hydregen is corract, hut deuterium s &n isotope of bydvogen.
A different element was required,

b ¥-rays are given off by the 3un, but the main electromagnetic
radiztions in addition to visible light are infrared and ultraviniet,

¢ This answer is much Loo vagues,

Correct answers
a lydrogen and helium [2]
b infrared (o7 ultraviolet) [1

¢ nuclear fusinn of hydrogen ta form helium
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6 Space physics

6.2.2 Stars
Key objectives
By the end af this section, vou shaule be able ta: ® know that Tlight-year=95x10%m
® know that galasies are groups of hungrads of ® describe the l'if.ﬂ-cy:le of..z -

billiens of stars and the Solar System isina

galaxy called the Milky Way

be able to calculate thevalue in metres of
the astronomiczl distance 1 light-yesr, the
distanze light travels ina year

Galaxies

Galaxies are groups of hundreds of billions of stars. The Solar System is in
a galaxy called the Milky Way. The other stars of the Milky Way are much
further from the Solar System than the distances between the Sun and the
planets of the Solar System.

An astronomical unit of distance is the light-year, the distance travelled
in space by light in one year.

One light year is equal te .5 = 105 m. |

Life cycle of stars
The tife cycle of @ star shown in Figure 6.8,

stabla
star

red niart

I maas 5 high masy
stars. / \ stars.

plaelarg et v il
L o] al

TR

|

whoe awarl

cleck swarf @
A biadk hale
A Figure B8 Life cycle of stars
® The matevials which form stars are interstellar clouds of gas and dust

containing hydrogen.

The interstellar clouds collapse due to gravitational attraction,
increase in temperature and form protostars.

Calculating the value
of the astronomical
distance 1 light-year in
metres
distance = speed * time
=3 x N8 365
s 24 = 3600

=05 15 m

Revision acti

Mzke flash cards to
ravize informaticn

abeut galaxies, Inclids
the name cf the galaxy
containing the Earth,
how many stars arain
this galawy, the diameter
ot this galaxy and haw
many galaxies are in the
Universe,

ity
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Stable stars form from protostars when the inward gravitational
Torces balance the outward forces as the Lemperature of Lhe star
increases, The high kinetic energy at high temperatures causes a
large pressure, producing the outward forces,

All stars eventually use up all the hydrogen for fusien reactions.
When this happens, most stars become red giants,

Red giants become planetary nebulas with a white dwarf at the
centre,

Massive stars expand to form red supergiants,

A red supergiant explodes 5 & supernova, forming a nebuls of
hydrogen and new heavier elements created in the explosion.
The explosion of a supergiant leaves bekind a neutron star or a black
hole.

The nehula from a supernova may form new stars with orbiting
plansts.

Sample questions

Sample questions

 reveo [

11 Calculate the distance of a light-year in metres. The velocity of

electromagnetic waves in a vacuum is 3.0 x 108m/s. [4]

Student’s answer

liakr. |
Nete: Exlension students are expectad Lo know thal 1 light-year
=45 % 1003 m and that the velocity of electromagnetic waves in a
wacuum is 3.0 % 108 mss,
Correct answer
One lght-year = distance travelled by light i= a wear
=v X!
=30 x 106 x 360 » 24 x 3600 = 0.5 = 105 m [41
12 Chooze words from the following st that describe what stars of
normal size can become or produce after using up all their
hydrngen,
red giant red supergiant white dwart red dwarf
heavier elements neutron star black hole [#]
13 Choose words From the Following list thal describe what massive
stars much greater than normal size can become after using up all
their hydrogen.
red giant yed supergiant wihite dwarf red dwarf
heavier elements neutron star black hole [3]

Cambridge IGCSE Physics Study and Revision Guide Third Edition

Teacher’s comments

The student used the
correct equation correctly,
but left out the factor 24
for the number of hours in
a day.



Student’s answers

6 Space physics

Teacher’s comments

12 pgl glams

12 Rex giznt and white
dwarf are rorract

ol answers, but the
- only correct answears,
L2 Heavier elements are

nat farmed in stars of
normal size, One mark

Correct answers

is lost for the incorrect
2dditional ansver,

12 red giant red supergiant white dwarf red dwart B
s P TMEATY 13
heavier elements neutron star Black hole 2] Ezi;‘;fiﬁ::zﬁé‘fm
13 red giant red supergiant white dwarf red dwarf correch S Eiber
heavier elements neutron star OR black hole 13 o

4 neulron star of a

6.2.3 The Universe

Key objectives

By the end of this saction, you shaula be able ta-
® know that the Milky Way is ome f hundreas
ions of galaxizs in the Univerze and the
neler of the Milky Way iz about 100000
light-years
® describie redshillas anincrease of wavelength
ght from receding stars and galazies
perad weLh Light from a stalisnary seurce
® know that redshift is evidence far the Big Bang
Thaary

The Universe

black hole is Tormed.
G mark is lost for
stating both.

® cxplainwhel is meant by cosmic microwave
background radiation

® Lo how the speed at which a galaxy s
maving away fram Earth and the distance to
d Tar gulaxy can be luund

® aefine the Hubkble constant Hyand know its
currerk estimated value is 2.2 % 10-14 5~

® Lknnw the aquaticn contzining the Hubble
constant for the age of the Universe.

The Milky Way is one of hundreds of billions of galaxies in the Universe.
The Milky Way is one large disc with spiral arms of diameter about 100000
light-years, containing hundreds of billions of stars. The Solar System is in
one of the minor spiral arms.

Figure 6.9 shows a simplified diagram of the Milky Way galaxy.

inasprel ary
Salar Tyl
A Figure 6.9 The Milky Way
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The expanding Universe and the Big Bang Theory

Nearly all the stars and galaxies of the Universe are moving away from

the Earth at high speed. This increases the wavelength of light and other
electromagnetic radiation observed on Earth emitted from receding stars
and galaxies, so the light appears redder than when emitted. This is called
redshift and is illustrated in Figure 6.10.

— -+— wavelength observer
source \ \ at rest

at rest L] | ] | == ®

wavelength seems longer, so light appears redder

source I.I L 4 b

receding =— @ i | | |—®
frequency falls

A Figure 6.10 Redshift

Redshift of this light shows that the Universe is expanding. This is
consistent with the Big Bang Theory that the Universe was initially
packed in a single point, which exploded over 10 billion years ago.

Electramagnetic radiation from the Big Bang iz still observed in the
microwave region foday, everywhere in space. It was produced shortly
after the Universe was formed and this radiation has been expanded
into the microwave region of the electromagnetic specirum as the
Universe expanded. It i called cosmic microwave background radiation
{CMBR),

The speed (v of & galasy's recession Trom the Carth can be worked out
by measuring the amount of redshift, The brightness of 2 supernova in
# far galaxy enables its distance (o) from the Earth to be worked out,

The ratic af + 2nd « equals the Hubble constant (Ho) as given by the
equation:

The value of Hyis currently estimated to be 2,2 3 101851,

Rearranging the equation with the Hubble constant
You nzed Lo b able Lo rearrange the equalion
Hy=vid to make any of the variables the sunject.

Sample questions

6 Wiite o A e r b e R e e A R R A

u v

H o= et

i i

¥ dH=p
d ;

=

it H
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Age of the Universe

An estimate for the age of the Universe from when all matter was ata
single paint is given by ¢v. So rearranging the previcus equation gives:

G age of the Lnivense
% DS B

6 Space physics

Rearranging the equation for the age of the Universe

‘fou nzed Lo be zhle Lo rearrange the equation for
the age of the Universe in terms of v and o te make
any of the variables the subject,

£= age of Universe i
v

® Wrile down e equation when o is the sabjecl:

of = v age of Lniverse

Sample questions e [l

14 4 galaxy is £0 million light-years distant from the Solar System,
Calculate the speed it is maving away from the Earth. 12]

Student’s answer

o ATy L1 |

Correct answer
V= Hed = 2.2 5 L0 5 403 108 9.5 % 101 = B4 5 109 iy ]

15 lsge the value of the Hubble constant to estimate the age of the
Universe in billions of years,

Student’s answer

® Write down the egquation when vis the subjzcl:
o = vxape of Universe

¥ xage of Universe = of

age ol Universe

Teacher’s comments

The answer % foo small

by & factor ot 4. Fossibly
the candidate forget the
number 40 and also made
& factor of 10 error. The
exaniner cantoft see what
the candidate did, =o
net able to give any credit
beyend that for the corect
eiuaticn.

Althauch the basc
mathematics is
sbiaiylitiurwend, U wouking
out s aften complex in
Space physics questions,
Candidates for the Extended

#1017

11

age o the Unieeras= 104,

Correct answer

age of the Universe = 1/H, = 1/2.2 x 10-15= 4,5 » 1015
” 4.5 % 1017
365 = 24 x 3600
= 1.4 = 10W years

14 billion years [3]

Revision activity

Make ilazh cards o revize abeut CHMER, Includs what CMER stznds for
and what CMBR means in relationship to the Big Bang,

paper are expacted to be
able to do such caloulations.

Teacher’s comments

The studant’s anzwer iz
rorrect as far &5 it goes,
hut is incomplete. The
question asked for the
answer in billinns of years
not in seconds,
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Answers availzble af: wwow hoddereducatinn.couk/cambridgesxtras
9 I Lhe Lable below, which is the name of the Sun's galaxy and the
distance of mest othar stars in the galaxy from the Sun campared
with the distance of the Earth [rom the Sun? [
Distance of other star: e galaxy
Name of the Sun’s galaxy | from the Sun
A Salar System abaut the same
i Milky Wiy ik
£ Saolar System muchcloser
B Mk Wiy atsut the same
10 a  State how tne zize of the Sun comparss to most stars in the
Universs. [1
b State which elements make up maost of the Sun. [2]
€ State what powars the Sun [21
d Stale what s conlained in a galaxy, [11
€ State the name of the galaxy where the Earthis situatec. [1
1 The diameter of the Milky way 15 100000 Lghl vears, Caiculule the
diameter of the Milky Way in metras, [4]
12 a Siale whal s redshifL 12]

b Fxplain the connectinn hetwesn redshift and the Big Bang Theary. [2]

13 Chaonse from the takle below what mo

tars form as the next
stage in their Lite cycle after ~unning out of hydrogen.

A red gianl
E red supergiant
5 white dvar?
o nautron star M
14 a ‘hatdo the lelters CMBR stand for. 121
b Statz znd sxplain if CMER raciation is part of the
sleclromagnetic speclrum. 12]
¢ Explain the connection between CMBR and the Big
Hang Theary. [2]
dWrile down the distance of 1 lght-year in metres, il
15 @ Explain how the zpeed of 2 galaxy moving away from the
Carth can be determined, [2]
b Stztz how the distance away from the Esrth ot 2 far galaxy
tan be determined. 121
16 a ‘Write down an equation whi ines the Hubhis constant
Use the normal symbols Tor all guantilies in your equation
and 2xplain what these quantities represent. [5]
b Wrile dewn the currenl eslimale for Lhe velue of the Hubble
canstant and its Ui I71
17 a  ‘Wrile down the equation which esbimales the age of the
Universe, Use the normal symbels for all quanti n your
eguation and zxplain what theze quantities represent. [5]

b ‘Wark out an estimate for the age of the Universe inyears [31
¢ Write down a statement sbout alt the matter in the Universe
being ata zingle oeint, [2]
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Index

Note: page numbers in bold
refer to the location where a key
definition is first defined.

A
absolute zero 35, 40
acceleration 1,8, 9
and force 17
acceleration of free fall [g) 1,9
accretion model 154, 155-56
accuracy 1
a.c. generators 118-19
air resistance 1
alpha-decay, nuclide notation 139
alpha-particles (o) 132
deflection in magnetic and
electric fields 138-39
properties 138
scattering by gold foil 133
alternating current (a.c.) 91, 100
ammeters 99
amplitude 56, 58
analogue signals 56, 85
angle of incidence 68, 71
angle of reflection 68
angle of refraction 71, 74
atoms 96, 132-33, 132
audible range 87

B
background radiation 132, 137
beta-decay, nuclide notation 140
beta-particles (B) 132
deflection in magnetic and
electric fields 138-39
properties 138
Big Bang Theory 148, 164
biomass, as energy resource 29
black holes 161, 162
boiling 35, 47
and evaporation 48
Brownian motion 38

c

cancer, treatment and diagnosis 144

Celsius degrees 35

to kelvin conversions 40

centre of gravity 1, 21-22

chain reactions 135

charged particles in magnetic field,
force on 124,126

charge 95-97

chemical energy 24

circuit breakers 115

circuit components, action and use
12-14

circuits, house and mains 115

circuit symbols 109

circular motion 17-18

CMBR 148, 164
comets 148, 155
compressions 56, 57, 88
condensation 35, 48
conduction (thermal] 35, 49-50,
52-53
conductors, electrical 96,97
conservation of energy, principle of
1,26
conservation of momentum,
principle of 1,23
convection 35, 50-51, 52
conventional current 91, 99
converging lenses 56, 76-77
to correct long-sightedness 79
conversion of units
density 14
volume 3
cosmic microwave background
radiation 148, 164
crests 56,57, 58
critical angle 72,75
current-carrying conductor in
magnetic field, force on 123,
125
current-voltage graphs 103
current 91,99-101

D
d.c. motors 126-27
decay curves, plotting 142-43
decay equations 140
deceleration 1,8
density 1,13-15

conversion of units 14
diffraction 61-62, 67
digital signals 56, 85
diodes 103

see also light-emitting diodes

(LEDs)

direct current (d.c.) 91,100
dispersion of light 81-82
distance 9
distance-time graphs 7-8
diverging lenses 56, 78

to correct short-sightedness 78-80
double insulation 116
dwarf planets 148

Earth 148-52, 148
motion of 149-50
seasons 149-50
earthing 116
echoes 87
efficiency 1,29-30
elastic (strain) energy 24
electrical energy transfer 106
electrical power 106
transmission 128

electrical safety 115-16
electrical working 106-08
electric bells 122-23
electric charge 95-97
electric current 91, 99-101
electric fields 91, 97-98
electricity, dangers of 115
electromagnetic induction 91,
117-18
electromagnetic radiation / waves
56, 57,58
properties 83-84
types of 84-85
electromagnetic spectrum 83-86
electromagnets 91, 94, 121
electromotive force (e.m.f.) 91,101
induced 117-18
electrons 96, 132
electroscopes 97
electrostatic energy 25
energy 1,24-27
principle of conservation of 1,26
energy changes, in elliptical orbits
155

energy resources 27-30
energy stores 24-25
energy transfers 25-26
equilibrium 1,20
errors
systematic 1
random 1
evaporation 35, 47-48
and boiling 48
expansion, thermal 43-45
extension 1

F
filament lamps 103

fission 132, 135

Fleming’s left-hand rule 124
floating 14

flow diagrams, energy transfers

focal length 56, 76, 78
focal point 56, 76, 78
forcel(s)
and acceleration 17
on beams of charged particles in
magnetic field 124, 126
on current-carrying conductor in
magnetic field 123, 125
effects of 15-19
and momentum 23
resultant 2, 16-17, 23
turning effect of 19-20
fossil fuels 28
freezing 35, 48
frequency 56, 58, 63-64
friction 1,17
fuses 115
fusion 132, 135
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Index

galaxies 148, 161
gamma-radiation (y) 85, 132
deflection in magnetic and
electric fields 138-39
nuclide notation 140
properties 138
gases
kinetic particle model of matter
pressure and volume at constant
temperature 40
pressure 39-40
properties 35
thermal expansion 44
geothermal energy 28
gradient, of graph 8
gravitational field strength 1, 12
planets 154-55, 156
gravitational potential energy 24

half-life 132, 142-45

Hubble constant (Hp) 148, 164

hydroelectric energy 28

hydroelectric power scheme, energy
transfers 25

|
images
characteristics / nature of 78
real 56, 68
virtual 56, 68-69
impulse 1,23
induced e.m.f. 117-18
induced magnetism 92-93
infrared radiation 84
insulators, electrical 96, 97
internal energy see thermal energy
internal reflection 71, 73
ionisation 137
ions 132,133
irradiation 143
isotopes 132, 134

kelvin (K) 35
to degrees Celsius conversions

kilowatt-hour (kWh) 91, 106
kinetic energy 24
kinetic particle model of matter
35-43
gases 37-38
liquids 37
solids 36

L
length, measurement 2, 4-5
lenses 76-80
light 68-83
reflection of 68-70, 71
refraction of 70-72, 74

light-dependent resistor (LDRs) 91,
112-13

light-emitting diodes (LEDs) 91,103,
14

light-year 148
conversion to metres 161, 162
limit of proportionality 1
liquids
kinetic particle model of matter
37
pressure in 33,34
properties 35
thermal expansion 43-44
load-extension graphs 15-16
longitudinal waves 56, 57-58
long-sightedness 79
loudness 87
loudspeakers 122

magnetic fields 91, 93-94

due to current in a solenoid

120-21
due to current in a straight wire
120, 121

magnetic field strength 93, 94, 121
magnetic materials 91, 92
magnetism 92-95
magnets

permanent 91, 93, 94

properties 92

temporary 91,93
magnifying glasses 77
mass 1,12
measurement techniques 2-3
melting 35, 48
microwaves 84
Milky Way 148, 161, 163
molecules 35
moments 1,19

principle of 1,20
momentum 1, 22-24

and force 23

principle of conservation of 1,23
monochromatic light 81
Moon 148

motion 150-51

phases 148, 150-51
motion

from data 9

from graphs 7-8, 9-11
multipliers, and prefixes 100

neutrons 132, 134

neutron stars 161, 162

non-magnetic materials 91, 92

non-renewable energy resources 1,
27-29

normal 70

north poles (N poles) 92

nuclear energy 25, 28

nuclear fission 135

nuclear fusion 132, 135
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nuclear model, of atom 132-36
nuclear reactions, energy from 135
nuclear stability 140-41
nucleon number (4] 132, 134,
135-36
nucleons 134
nucleus 133-36
relative charge 134
relative mass 134
nuclide notation 134, 135-36
for alpha-decay 139
for beta-decay 140
for gamma-emission 140

0

optical fibres 73, 84
orbital period 148, 150, 151
orbital speed 150, 151
orbits, Solar System 153

P
parallel circuits 91, 110, 112
particle diagrams 36, 37, 38
particles 35
permanent magnets 91, 93, 9%
phases, of Moon 148, 150-51
pitch 87
plane mirrors 69-70
planetary nebulas 161, 162
planets 148, 153, 155, 158

data for 154

gravitational field strength

154-55, 156

potential difference (p.d.) 91, 101
potential dividers 91, 113-14
power 1,31

electrical 106, 128
power loss, in cables 128
prefixes, and multipliers 100
pressure 1,33-34

gases 39-40

liquids 33, 34
principal focus 56, 76, 78
proton number (Z) 132, 134, 135-36
protons 96,132, 134
protostars 161-62
P-waves 58

R
radiation, of thermal energy 35,
51-52,53
radioactive decay 139-41
radioactive isotopes 134
radioactivity 137-46
detection 137
process of 137
safety precautions 145-46
uses 143-44
radio waves 84
rarefactions 56, 57, 88
ray diagrams 76-77
realimages 56, 68
rearranging equations 40, 45
red giants 148, 161, 162



Index

redshift 148, 164
red supergiants 148, 162
reflection

light 68-70, 71

water waves 59-60, 64-65
refraction

of light 70-72, 74

water waves 60, 65-66
refractive index 56, 71, 74
relays 91,113,121
renewable energy resources 1,

27-29

resistance 91, 102-06

parallel circuits 110

series circuits 110
right-hand grip rule 120
right-hand screw rule 120
ripple tanks 59-62

S
Sankey diagrams 25
satellite phones 84, 85
satellites, natural 148
scalars 2,3,5-6
seasons 149-50
seismic P-waves 58
seismic S-waves 58
series circuits 91, 109-10, 111
short-sightedness 78
significant figures, use of 33
sinking 14
smoke alarms 143
solar furnaces 29
solar panels 29
Solar System 148, 153-58, 163
solenoids 91
solidification 35, 48
solids

kinetic particle model of matter 36

properties 35
thermal expansion 43, 44
sonar 88
sound waves 58, 87-90
south poles (S poles) 92
specific heat capacity 35, 45-47
spectrum 81,82, 84
speed 1,7-9
speed-time graphs 9
spring constant 2, 16
stability 22
stars 148, 161-63
life cycles 161-63
state, changes of 35
step-down transformer 128
step-up transformer 128
sterilisation 143
Sun 148
as energy resource 28-29
gravitational field 155
asastar 160
supernova 161, 162
S-waves 58

T
temperature 35,43
temporary magnets 91, 93
terminal velocity 2, 10
thermal energy 25, 35, 43
radiation of 35, 51-52, 53
transfer 43, 49-54
thermistors 91, 112-13
thickness monitoring 143
tidal energy 28
time, measurement 3, 4-5
total internal reflection 72-73
transformer equation 128
transformers 91, 127-29
transverse waves 56, 57, 63

trip switches 115
troughs 56, 57, 58

U
ultrasound 87
ultraviolet radiation 84-85
Universe 148, 163-66
age estimate 165

v
vaporisation 35
vectors 2,3
resultant 2, 3-4,5-6
velocity 1,7
virtualimages 56, 68-69
visible light / spectrum 81, 82, 84
voltmeters 102
volume
conversion of units 3
measurement 2-3

w
water, as energy resource 28
water waves 58-62, 64-65
wave diagrams 59-62
wave energy 28
wavefronts 56, 59
wavelength 56,58
waves

properties 57-67

speed 56,58

types of 58
weight 1, 12
white dwarf stars 161, 162
wind, as energy resource 29
work 1,27

X

X-rays 85
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