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Terms and Conditions
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“You acknowledge that you rely on your own skill and jud,
determining the suitability of the Goods for any particular
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“We do not warrant: that any of the Goods arr sd. "r'—r’/c."for"any particular purp
qualification), or the results that may ¢+ . aincd from the use of any publicat
that we are affiliated with a7y edt L._al institution, or that any publication |
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Every effort is r\&@®®to ensure that the information provided in this publication is act
responsibility is accepted for any errors, omissions or misleading statements. It is Zig!
permission for any copyright material in their publications. The publishers will be gla
with any copyright holders whom it has not been possible to contact.

Students and teachers may not use any material or content contained herein and in¢
without referencing/acknowledging the source of the material (“Plagiarism”).

Disclaimers

This publication is designed to supplement teaching only. Practice questions may be
specification and may also attempt to prepare students for the type of questions the
will not attempt to predict future examination questions. ZigZag Education do not m
that may be obtained from the use of this publication, or as to the accuracy, reliabilit

Where the teacher uses any of the material from this resourc> ' /support examinatic
ensure that they are happy with the level of informati=» ar | ‘Upgort provided pertal
and to the constraints of the specification and { . th 'f/irusr61§ed in the delivery of th
that the teacher adapt, extend and/of' A 1.4 parts of the contained material to ¢
specification and the needs of *2 + = li “c.udl or group concerned. As such, the teachi
the material, if anzato 2 ‘oo 51r|é students and which parts to use as background
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cover each spel n point to the correct depth.
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responsible for information that it does not manage, nor can we guarantee, represer
contained in these sources is accurate, legal and inoffensive, nor should the inclusion
endorsement by ZigZag Education of the source.

It is the teacher’s responsibility to ensure the safety of their students in the classroor
instructions carefully and are confident in your own knowledge before carrying out a
demonstrations suggested in this resource. If you are unsir e ut anything, seek at
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Teacher’s Introduction

This course companion has been written specifically for the BTEC Level 3 National Extended Certificate in Applied
Science AAQ (first teaching from September 2025). The theory notes and recap questions cover the essential
knowledge and understanding prescribed in the Unit 3 specification.

About Unit 3: Principles and Applications of Physics
Unit 3 60 GLH) js assessed through one examination of 50 marks lasting 1 hour.

There are two opportunities for assessment each year —in January and in May/June.
The first assessment availability is May/June 2026.

The essential content is set out under three content areas (A-C), each of
which is given its own section in this resource. These are as follows: Always check the exam board
A. Understanding waves and optical fibres website for new information,

including changes to the
specification and sample
assessment material.

B. Forcesin transportation and Newton’s laws of motion
C. Electrical circuits and the transfer of energy

Within each section there are student notes covering the specification content and structure.
These notes include descriptions of theory, supported with examples and diagrams.
Key terms are defined throughout.

Questions are interspersed throughout the guide to test and develop understanding.
Suggested answers are included at the back of this resource.

October 2025

Course Companion for Pearson Level 3 AAQ BTEC National in Applied Science Page 10of 63 © ZigZag Education, 2025




A: Understanding waves and op/

Al Working with waves

! Key points covered >
. Features common to waves g e Key concepts and ¢
>
. Similarities and differences b=*-» ¢ 1 “r= iLserse . Applications of sta
and longitudinal wave- L e
s - -

All Wa@fyp"és and features

Al.1.1 Features common to waves

Waves are characterised by a continuous oscillation in a physical medium
or field that results in energy transfer without the transfer of matter.

The direction of the wave is given by the direction of energy transfer.

A wave that travels from one place to another is called a progressive wave.

Waves can be described as longitudinal and transverse. Back when you
were first introduced to waves, the chances are an undulating rope was
used to represent a transverse wave with its peaks and troughs and a

slinky spring used to demonstrate a longitudinal wave.

Figure 1.1 Longitudinal and transverse waves

Several key terms are used when describing waves:
e  Amplitude (A) is the maximum displacement from the rest position.
It tells us how much energy the wave is carrying.
¢  Wavelength (1) is the distance between identical points on consecutive waw¢ COPYRIGHT
such as peak to peak, or compression to compression. PROTECTED
e  Frequency (f) is how many complete waves pass a point in one second.
*  Period (T) is the time taken for one complete wave = “ . " is the inverse of fre|

; o 5
Period =1 = re m gy
r

— J.

_/';'. /-“_)_c I9
. (v - .ast the wave moves through the medium. a
wave depends on both its frequency and wavelength. 9
The rel X Ship is Education
Wave speed = frequency x wavelength
v=7fA

This equation shows that increasing either the frequency or the wavelength
(while keeping the other constant) will increase the wave’s speed — unless th

Course Companion for Pearson Level 3 AAQ BTEC National in Applied Science Page 2 of 6§



Al.1.2 Graphical representations of waves

Transverse waves
When you think of a wave, you probably imagine a water wave or a wave on a rgg
transverse waves. This is where the oscillations are perpendicular to the directio|

An example is given in Figure 1.1.

r ~

The waves of the electromagnetic spectrum ~1 2 t ""/\n.]/Se waves that can propag
interact with the electromagnetlc‘ e\ yo=

J / - - . .
We can des@n A ) “serwave using a displacement—time graph as shown

/

© 4
_ R Wavelength, A
Displacement
@
]
= -
Am p[:ltudE, Distance alo
wave
Trough or
rarefaction

Figure 1.2 A graph of dfsp!acemenf_ 2~ nst distance along the w
Longitudinal waves _ ("
These waves are more difficult to >, < i = ».t we can model them using a long §|
stretch a long spring you =3 - . ~L4 ongitudinal wave, as shown in Figure 1.3.

)L
In the sprin@tm ¢see regions of

compressiol\a&® rarefaction where directior
the coils are close together and further i — |
apart respectively.

Compression —regionina
longitudinal wave where particles
are bunched together at their closest

Rarefaction —regionin a
longitudinal wave where particles
are furthest apart

Figure 1.3 A longitudinal w

This is how a sound wave moves through air or ar s Ae | Aeuium. Some source (

loudspeaker cone or a person’s vocal cor;‘ . ket p‘érticles vibrate. This expl:
pass through a vacuum, because oo i cudve needs particles in order to propag
0 -:", 4 L

Note that Fig L. 2R & _Jpplﬁi'equally to a transverse wave or

a Iongitudir@a. The peaks and troughs are representing the Look cal

areas of com\#Ession and rarefaction on the longitudinal wave. represe’

By standardising our representation of all waves, we can better only be ¢

demonstrate the features they have in common. is on the
only whg

Course Companion for Pearson Level 3 AAQ BTEC National in Applied Science Page 30of 6
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Al.2
Similarities and differences between transverse and

Both transverse and longitudinal waves transfer energy through a medium withot
In both types of wave, particles or fields oscillate about a central position, and the
source. The wave speed depends on the properties of the medium, and both typt
and diffract under the right conditions.

A

; Js
The differences between transverse wav.o 7 longrtudinal waves are summarisé
A2\ A
Feato2 ..~ Transverse waves Lo
Oscillati@tion Perpendicular to energy transfer Parall
Can travel in vacuum? Yes
Pressure changes No Yes — due to ¢

Table 1.1 The differences befween transverse waves and longitudli

Test your knowledge — Wave basics

1. a) Define each of the following terms and, where appropriate, give its unit
(i) Wavelength
(i) Frequency
(i) Period
(iv) Amplitude N
(v) Displacement { y»F
b)  Explain why amplitude rez w0z im ) re value of displacement and occuf

and why displacz. 1~ is 3 sector quantity (has both size (magnitude) al

amgtuc‘ xS fal-quantity (has only size (magnitude)).

COPYRIGHT
PROTECTED

Education
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Al.3 Concepts of: displacement, coherence, path difi
difference and superposition of waves as applied to

Displacement

If we look again at the graphical representation of a wave, the sinuous line descrit
the displacement (on the y-axis) of the medium or field from the central point or
x-axis (Figure 1.4, below). Displacement is a vector qi'>n - y nd has both magnit
and direction, so the line undulates back and fart' rtn :\-/g.-r the line of no
displacement. Notice that the x-axis i< i o't ¢ “imeor distance. This is for
illustration in this case; any tri: = ot ' ‘cpfesentation will be either

displacement/time or ¢t 1= & “nd/distance.
v
> gure 1.4
o
X,
wv
=
w
o
+1]
(n]
m
3
m
=3
(ad

r J =
A

Remember that it is the energy that =\ #s | the medium or field. A point of n

in Figure 1.4 (above). s (i ’/ A 4

vV T

Interferen \ S
In the diagr? gure 1.5, two displacements combine;

this is termed interference. The combination of the
combined displacement is a resultant of the individual
displacements. This is termed superposition.

Interference — occurs
same point of a mecil

Superposition —the_.
more displacements

Coherence — waves |
Although the diagram shows a single pulse, constant phase relatic

superposition also applies to continuous waves.

Constructive interfg|

waves are in phase &l
Figure 1.5

A\ 4

Destructive interfere
waves are exactly out
correspond with the 1§

A
=

Phase — a way of des
terms of a fraction of |
be ‘in phase’ if their pi

interfere, but the resultant is a complex wave.

Coherence between waves describes there being a fixed relationship between the
same frequency. Such interaction, or interference, results in stable interferencelg

Course Companion for Pearson Level 3 AAQ BTEC National in Applied Science Page 50f 6
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Phases

The phase of an oscillation describes where it is in its repeating cycle or period; sg
fraction of a period and is given in radians. For a regular oscillation, there is a relg
and displacement.

Points A, B, C and D on the sine wave (Figure 1.6) correspond to the fractions of &
2pi radians. So, any displacement can be described as » { . ohn of a complete rol

-
;

- ) =

-4

_/
Figure 1.6 ( >
igure 1. Note that the Greel
all terms can be re
A-0 C-m A'g

Test your knowledge — Interference and phases

1. The two waves depicted below are in phase and travelli=g in the same direci

same medium. Copy the lower (empty) axis and .1 it : resultant wave fofi
superposition of the two waves. ( '/ Y
Y WV °

2. Imagine that the two waves depicted above were in phase but travelling in d
a) Would your answer look any different?
b)  Explain your respanse.

Course Companion for Pearson Level 3 AAQ BTEC National in Applied Science Page 6 of 6§
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Diffraction gratings

Waves approaching a narrow slit will be diffracted and Diffraction — the ¢!

will spread out into a fan shape beyond the slit. pass round an obje

direction is differen|

Two or more slits will diffract waves so that their paths ——
; ; i ) Monochromatic lig

cross. This results in superposition and the waves will

interfere. The interfering waves will be coherent so they 2 Diffraction gratin;

will interfere constructively and destructively to f it & ) ~ | parallel siits or groo

regular waveform. 7 \ 7 together. Light pass
'l \ \ "

If monochromatic light r.pa_-_’f; er’rc'iu;gh two slits, a pattern of light and dark ba

Figure 1.7. g th L 5. uo”{peaks) are areas of constructive interference, and the
of destructi /‘fe'f'ence.

Figure 1.7 Interference pattem on a screen from a double slit ey

When light passes through multiple slits (a diffraction grating), the waves
from each slit spread out and overlap. This is superpos*i - “ the waves are
coherent — meaning they have the same freau=2n {f é. 7 constant phase
relationship — they interfere in a regn-"r ga 1

' ./ -
At certain angles, ligh* 70 = 4 f.}snftravels different distances to the same
pointona- h e path difference is a whole number of wavelengths,
the waves a @i phase and interfere constructively, forming a bright fringe.

This means the phase difference is an integer multiple of 2.

If the path difference is a half wavelength (or 1A, 2)4A, etc.), the waves
arrive out of phase and interfere destructively, forming a dark fringe
(phase difference m, 3m, etc.).

Bright
Bright (constructive
(constructive interference)
interference)

fe——»

Extra distance = A

— o —— % : >
Screen | Screen

Path difference =0 Path difference = A

Figure 1.8

Course Companion for Pearson Level 3 AAQ BTEC National in Applied Science Page 7 of 6§
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Al.3.1 Energy levels and light frequencies
Atoms have a small, dense nucleus surrounded

by electrons. These electrons occupy specific

energy levels. Intheir most stable arrangement,
electrons are in the ground state.

If an atom absorbs energy (e.g. from heat or
radiation), an electron can move to a higher o=
energy level — this is called an excited <t- .c \ 7

-
Excited electrons do nc* 4 -4 “igenergy Photon
levels for ¢, bey ¢« o ireturn to the E=hv
ground stat /Nh'én they do, they release
energy in the%orm of a photon. The energy

of the photon depends on the difference
between the energy levels.

4

Figure 1.9 Electron excit:

This energy determines the frequency and Thepholonalansmmamany

wavelength of the emitted light. Different energy gaps
release photons of different colours — red for smaller Photon — a massle:

energy changes, violet for larger ones. i and sonsun g
Al.3.2 Line emission spectra

The photons emitted by excited electrons produce a line Line emission spg
emission spectrum — a series of sharp, coloured lines on a lines on a dark back
dark background. Each line corresponds to a specific of photons

wavelength of light released by an electron transi‘,er

S

= | Diffraction spectra
Y \ through the grid inig
To view these lines clearly, the lir w1, s cwdthrough a resulting in distinct {

diffraction grating. Thic ‘2 " <. the light into its demonstrated on & !

individual vy ng b, .rfraction and interference.
The result i y pattern of coloured lines at

specific ang|c®>

Extend your knowledge

Using an emission spectrometer, patterns of banded, different-coloured light can

screen and the sample chemicals deduced. This forms the basis of diffraction spi

One instance where such a diagnostic tool is useful is in determining what chemi(

from the light they emit under certain circumstances. This can allow scientists to ¢

are pres_ent i.n_distant stars, identify contaminants in food, or pesticides in the eny COPYRIGHT
science inquiries.

PROTECTED

gCV ig
N

Education
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Al.3.3 Identifying elements from emission spectra

Each element has a unique set of energy levels, so it produces a unique emission |
fingerprint. By comparing the pattern of spectral lines from a sample with known
elements present, even in hot gases or distant stars.

This method is called emission spectroscopy and is widely used in astronomy, che
forensic science.

Worked example NEHVS

A scientist observes a bric . | . ~upectral line at a wavelength of 589 nm in th

star. By C(@L .+ toknown emission spectra, the scientist identifies it

What doe! /all the scientist about the star?

Since the emission spectrum shows a strong line matching sodium’s known spec
sodium atoms in its atmosphere. This helps the scientist understand the star’s &

1. Below are two emission spectra for hydrogen and helium.

400 nm 700
o S —
I I s : A I
400 nm Y oA \ Sudll 700
- __/ -

)L
The |@W that produced these spectra also has an unknown spectrum
be fro\@®protostar in a nearby galaxy. A protostar is a young star which cg|

pulled together by gravity. Fusion takes place in the hot interior.

L 11

400 nm 700

a) Use your knowledge and the spectra of hydrogen and helium to suppai
this suggestion.

b) The gas atoms in the star are flikely to be in an excited state due to the |
Explain this term and its relevance to emission spectra.

Course Companion for Pearson Level 3 AAQ BTEC National in Applied Science Page 9of 6

COPYRIGHT
PROTECTED

g

=9

Education




Al.4 Using the wave equation

The speed of a wave depends on how frequently it oscillates (its frequency, f) ant
(its wavelength, ). The wave speed (v) tells us how fast the energy is moving thr
measured in metres per second (m s-1).

Wave speed = frequenc;; x wavelength
-, I/;Jf/’{

This equation applies to all typzs o'y a ', -ncluding sound, water, and electromg,
Since wavelengthisa d's r & —u fequency is the number of waves per second,

specialforr@ s mal
- distance
' 8]

speed = =
p time

d
rs= —
L

This is because wavelength is a distance, measured in metres, and frequency is eq

. 1 s .
substituted for A and Ffor f, the familiar equation v = % results.

Worked example

An electromagnetic wave has a frequency of 250 Hz and travels at a speed of 3.(
Calculate the wavelength of this wave.

wavelength = wave speed / frequency

wavelength = 7. 107 / 250

= A < 10(’ m
o e e i e e T R e e e e e S A iy 1Y e )RS e E R S P S |
d / __/:
- m -F
Test yougef8Aw. » . - < The wave equation
1. PwaXgG@#®ongitudinal seismic waves. A typical wave speed of a P wave pa

of water might be 1450 m s' and through granite (a type of igneous rock) 5
If the frequency of the wave is 2.05 Hz, calculate the wavelength in a) water {
Give your answer to the nearest metre.

2. Red light from the Sun travels at 3 x 10% m s~. If the wavelength of red light
calculate its frequency. Give your answer to two significant figures and in sta

COPYRIGHT
PROTECTED
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Al.5 Concepts and applications of stationary waves
resonance in strings and pipes

Al.5.1 Musical instruments

Stationary waves, or standing waves, represent a special type

of interference.

A stationary wave (or standing wave) forms whe' tw r\/a;es of the
same frequency and wavelength travelizon o ite directions in the
same medium and interfere. '“' et \ s dfe in phase, their
interference produces ; « % 6 .0 d’isbiacement (nodes) and points
ac | Jcac(antinodes).

.-/
e The distance between adjacent nodes (or antinodes) is Y2A.
e Unlike progressive waves, energy is not transferred along a stationary wave -

Node - area of N
no displacement

J

Vigure 1.10

-

Sometimes the vibration i . '—r_-_.. ‘£t can cause another object to
vibrate at itg ra i . :.icy —this is called resonance. In musical

instrument! ften results in stationary waves forming in the
resonating 0._,L--cf./ The initial vibration is called the driving force.

When the frequency of the driving force is close to or equal to the
natural frequency of the resonating object, it too vibrates.

Some objects will oscillate with a series of frequencies that have a
mathematical relationship and produce rich harmonic tones, but other
objects vibrate with many frequencies that have no relationship to each
other; we call this noise. The natural harmonic resonances of pipes and
strings are the basis of many musical instruments.

Strings

Aviolin has four strings that vary in diameter and what they are made of; they car
specific pitches. The force that drives their resonance com<: rom the friction cat
rosined! hairs of the bow as it is slid across the strizg (15 ) _f_'or.dry waves are gener
vibrates the air around the string and pro:'-n N lse™

1 Rosin is a slightly sticky resin that is worked onto the hairs of a bow.

Course Companion for Pearson Level 3 AAQ BTEC National in Applied Science Page 11 of |
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In instruments such as violins and guitars, strings are fixed at both ends, so nodes
When a string vibrates:

¢  The first harmonic has one antinode in the middle _——1
and a wavelength of 2 x string length (L).
e  Higher harmonics are shown using the symbol n First harmonic
and follow the pattern:
4 2L o, T
n= - A
" P " ud
Tuning is achieved by changing th-.i 1 . '< eagth, R |
tension, or mass per unit ‘2 - | "—':: i affects the )
pitch {frequ@i \ :*_,L..prb'duced. Second harmonic
Pipes (wind&#®truments)

In wind instruments, stationary waves form in a

column of air inside a pipe. \_/
e Open ends form antinodes (air moves freely).

¢ (Closed ends form nodes (no air movement). Third harmonic

Types of pipe

e  Open at both ends (e.g. flute): all harmonics are possible.

e C(Closed at one end (e.g. clarinet): only odd harmonics form. Fixed b/
object, ¢
will form

The term fixed boundary refers to the end of a string
or a closed end of a tube and a free boundary is the

Free bo
term given to an open end. movere
e
——
Test your knowledge — Statior .\ w | .
___________________ P it
1. Aresonance plate ‘- 1 <o “/imietal that is used to demonstrate resonance.

rearr to patterns. Where the plate is fixed to its support, it is not free{

a) Vo you think will happen to the sand at this point where it is not |

b) Can you say whether this fixed point is a node or an antinode?

o) Explain why the sand rearranges so that it accumulates in some points ¢
sparse in others.

the p@d N ECis bowed (with a viclin bow) until the plate vibrates a

2. The table below illustrates the harmonics sequences for a flute (two free bot
(one free and one fixed boundary). Copy and complete the table by drawin¢

o
"""-é,"i‘s%_‘f’f@;//' ‘
s g
T -
= One free
Two free boundaries
only the B

= /
” J

I .t harmonic

- Second harmonic

Third harmonic

Fourth harmonic

Fifth harmonic <

Course Companion for Pearson Level 3 AAQ BTEC National in Applied Science Page 12 of |
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Al.5.2 Applications of wave speed of transverse waves

The speed of transmission of energy, the wave speed, depends on the medium of
medium, the slower the transmission. For waves transmitted along strings, the st
the string affect the speed of transmission. These qualities are the string’s tensio|

Wave speed on a string is given by:

H
- y N
From this equzgan -y - 1-."/', /e iat:
e Increa 1si v increases wave speed and raises the pitch.
e Increas\g§@¥iss per unit length lowers wave speed and pitch.

This explains how adjusting a string’s tension or thickness affects the note it prodi

Worked example

A string on a guitar has a length of 0.65 m, a tension of 120 N, and a linear densi

Calculate the frequency of the second harmonic (n. = 2)

- 120—’12000—1095
v= 7 Jo01 = .bm/s

Calculate the wavelength of the second harmonic using:

. i -
i

A EN2 o,
‘ 74 L=0.65m

g -

Use v = f4 to calculate i 'lllf:j- S E
4\ 2 109.5

v
@ \ 5 - f=z m=168.5h’2
[Pl e = /_ ______________________________________________________

1. Aviolin has four strings (E, A, D and G) each 65 cm long. The first harmonic ¢

frequency of 659.25 Hz and its linear density is 3.47 x 10™* kg/m. Calculate tf
Give your answer to one decimal place and give units.

Course Companion for Pearson Level 3 AAQ BTEC National in Applied Science Page 13 of |
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A2 Principles of optical fibres

! Key points covered

. Concept of refraction and total internal reflection . Practical uses of fil
and the critical angle x5 Differences betwe

. Calculating refractive index and critical angle N\ ¢

4

A2.1 Concept of ref=zciis 4nd total internal reflect

speedsina - mediums. This is because different mediums have different
optical dens\g#®and optical properties. Where light passes from a medium with ¢
lower refractive index to a higher one, the speed of transmission will decrease.
The frequency of light is unaltered but the wavelength changes to preserve the
v = f Arelationship. The slowing down or speeding up causes different parts of the
waveform to travel at different speeds and this changes the direction of the wave.

> ¥
Refraction @a i r=-reflection occur because light travels at different

A2.1.1 Equations for the refractive index

Refraction

The amount by which light slows down in a material is measured by its refractive
index (n). This is determined by calculating the ratio between the speed of light in
vacuum (3.00 x 108 m s7) and the speed of light in the medium it travels through.

Refractive index = speed of light in a vacuum + speed of light |

-

" 4
¢ = ne oo light in a vacuum (3 x 108 m s-1)
) 7 =Is the speed of light in the medium

n P
_/ 17
.~

The denser ad, 100, the slower the speed of transmission, and the larger the
refractive inRggg# any medium is directly proportional to its optical density and I
speed of light within the medium.

A larger refractive index means the light travels more slowly in that medium.
Snell’s law

The direction of light travelling into a material is described using the angle of incic
between the incoming ray of light and a line perpendicular to the surface it strikes

Similarly, once the light has entered the material, the change in direction is meast COPYRIGHT
refraction (r). In this case, it is the angle between the normal line and the refracte
PROTECTED
For light entering from air (n = 1), the relationship betweenr - yw much light bend
the two materials is given by Snell’s law. . 7
- | - _/ sini
" ah \ 5. "~ sinr -
e |9

Wihedte the angle of refraction as follows

=9

siny = Education

n

sini

By using the inverse sin function (sin™) we can work out the size of the angle r

. _1,5ini
r = sin"}{(—)

n
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The refractive index of medium 1 is given the term n; where the subscript i refers
medium, and the refractive index of medium 2 is given by the term n, where the s
the refracting medium.

nr 7

Jd

Figure 1.12
If n; < n, then the ray of light turns towards Whereas if n; > n
the normal and the angle of incidence (6i) away from the n¢
is greater than the angle of refraction (6r) incidence (6i) is ||
(Figure 1.12, above). refraction (6r) (Fi
A2.1.2 Critical angle Wa 7

When n; > n;, as 6; increases t* = ér’rj. U r’é\fapproaches the boundary.
The angle of incidenc~ 71 4. fr._dium with a higher refractive index is

termed the la) he (] at the point that the refracted ray is refracted
exactly alon gooundary — see Figure 1.14.
—p
COPYRIGHT
PROTECTED
r o4
; J Figure 1.14

, ‘ -. ig
Sy s s

Education
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A2.1.3 Total internal reflection at the glass-air interface
Total internal reflection (TIR) occurs where the angle of

incidence in a more optically dense medium (one with a higher

refractive index) is greater than the critical angle. The light

remains within the optically denser medium and is reflected off

the boundary. The light obeys the laws of reflection.

As the angle of incidence is equal to the angle nf ' 2 fti/| .':

if the material has parallel sides, light wi',c = . th «dpped within
the material and transmitted !> g it \ '...1s the basis of optical
fibres; information is cc 4 4 “ywapropagated.

Inciden

¥

When the s@_na”térial is air (n = 1), the critical angle is calculated by taking th
the less densemedium (/) and the denser medium (n).

Worked example

A ray of light travels from air into a glass block. The glass has a refractive index @
angle of incident light.

sinc =

=~

Insert the value for the refractive index.

L — S

C)¥ 156

¥ "
Use the inverse sin function to cale:  f £t « v.itical angle, c.
y o/

qj"

.

S e & > = e | i _ ~
a7 ¢ =sin (1_6) =39

1. Alight ray is directed at the vertical face of a glass cube. The refractive indey
Calculate the critical angle.

2. The critical angle of a medium is 65°. Calculate its refractive index.

3. At an air/glass boundary the angle of incidence in the air (0i) is 45° and the ¢
a) Calculate the refractive index of the glass. Give your answer to 3 s.f. Do¢
b) Calculate the speed of transmission of the light travelling through the g

Give your answer to 3 s.f. and give units. COPYRIGHT
4. Alight ray passes from a medium with a refractive index (n;) of 1.60 into air
of 1.00. Calculate the critical angle of this boundary. Give you answer in radi: PROTECTED
.~ )

SY -

Education
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A2.1.4 Cladding of optical fibres and the critical angle in the

Optical fibres are extremely useful for medical and other image

applications and communications. Optical fibres make use of the gl‘;
phenomenon of total internal reflection (TIR) which traps light within traf
the fibre and facilitates transmission of energy with minimal losses. inte
ima

; 4 o |
Optical ; Tot
ligh!

fibre ol
inte

Figure 1.16

Extend your knowledge

In many cases, optical fibres have replaced copper wires. The very fine strands of
encased in cladding made of a different type of glass and an outer protective lay:
energy losses and heating that are found using electrically conductive materials.

For many applications, the absence of these electrical side effacts is important.

Cladding is used to direct more light through the "or!:-, —an optical fibre
and minimise losses. Around the clac’."j /g1 1 1 _is sometimes an outer
sheath. The refractive indev.<~ & r¢ ;emust be greater than that of the
cladding, and the refr~c .- Jacx of/the cladding must be greater than
that of the heyh

"

T 230

N(core) » N(cladding) @ N(outer she

. . 1 . . .
Using sinc = =, if n, is greater than one, then sin ¢ becomes smaller and hence (
n

smaller. This may seem counterintuitive as fewer incident rays will have an anglée
hence experience TIR, but those that do will be closer to parallel to the fibre axis,
and be transmitted more quickly. Also, light that passes into the cladding can ung

The additional boundaries, where the refractive index of the incident material is g
material, not only create additional opportunities for TIR but each successively tul
normal and increasingly parallel to the fibre, decreasing both losses and the path,
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A2.2
Applications of optical fibres in engineering, communi

Communications: Internet cables and components, telephone and cable television

Sensors: in the automotive industries and anywhere a remote sensor that doesn't need a ||

Medical imaging: for diagnosis and keyhole surgeries - <. v <d 1 dentistry
e -’_ Vi

Military and space applications: ser'rr . 1y . 'Jsmun’éf information over long distances
)N

= et W

Decorations and lig"*i - "l;.._ -_iynt-hearted use within the household (some Christmas

Test you@vlédge - Uses of fibre optics

1. Endoscopes allow doctors to produce images of the inside of a patient's bod
statements about how endoscopes work. Put the letters in the correct order

Combining this information with other forms of medical imaging, a diag:

This light reflects off the organ being examined and is picked up by the r¢

The endoscope consists of a bundle of optic fibres.

An image of the organ is created.

Light is returned to the imaging computer along the remaining fibres.

Some of the fibres deliver light to the examination site.

TMOMN >

2. Fibre optic cables are now used in communications where copper cable mig|
Fibre optic cables have a number of advantages over copper. Copy and com
information provided below.

Factor Fibre C
Speed Up to 60 Thps (terabits ' er’. - b .;jT '
Reach =\ Only transmits ¢
Reliability _ 1 59|gnal Iossﬂ 00 m
| Durakglity - " Car‘l withstand up to 900 N )
g [ 3P " Impossible to tap

4
Optical fibre has significant advantages over copper in communication network:
speeds in fibre can be up to 60 Thps with a reach of up to 25 miles compared to
transmits 100 metres. Copper cable can experience 90 % losses over those 100 ¢
from fibre. And fibre is less fragile, withstanding almost nine times the pressure |
also affected by electromagnetic signals and is easier to ‘tap’than fibre and is c¢

A2.3 Differences between analogue and digital sign

Fibre optic cables transmit information using light pulses. These signals can be eil
analogue or digital, depending on how the information is encoded.

An analogue signal varies continuously over time, usins =% g s in amplitude, freqt
or phase of the light wave to represent informa*io © F > 2ver, analogue signals are

susceptible to degradation over long dict acy - ad can be affected by noise.
= ==

In contrast, a digital =lg\ /) p "\:‘rfs mformatlon in bmary form — as discrete on

1. Information can be transmitted as either a digital signal or an analogue sigri
of transmitting information as a digital signal.
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A3 Uses of electromagnetic waves in co

! Key points covered

. All electromagnetic waves travel at the speed of . Regions of electroi
light in a vacuum 2 have different freg

. Use the inverse square law in relationto the v [ J . »~ Practical uses of el
intensity of a wave: I = r—’z o | = :

A3.1 an@.;' . c.cromagnetic waves

Electromag)\\Gg#®vaves are transverse waves that are
propagated in the electromagnetic field. Electric field
Electromagnetic waves involve two types of oscillation —
an oscillating electric field and an oscillating magnetic
field, hence the name electromagnetic.

Figure 1.17 shows the direction of these oscillations o
with respect to the direction of energy transfer. Magnetic field

In a vacuum, all waves of this type travel at the speed

of light, which is given to be 3 x 10® m s and takes the Figure 1.17 The oscillatit
symbol ‘c’. peipendicular to
Electromagnetic waves — There is a broad range of v+ . 2ngths and frequent
oscillations in the electromagnetic sp << 1n |, =Ms): radio waves, mic
electromagnetic field ultraviolet " a.__;g'ar*ﬁ ma rays. The product of

frogue. ‘C » 1 dll parts of the spectrum passing thrt

Electromagnetic field - s 'ff_"_,_ ~dlent and equal to the speed in that medium.

describes the pereandi~ "2

interacbank = decrease from radio waves through to gamma rays,
invisible ele¢ Ji=
magnetic forc - The names that scientists give to the broad areas ¢f

microwaves, etc.) are for convenience and it is impt

Hlectromagtietc Sy eE sharp cut-off between, say, radio waves and microy

—arange of wavelengths and

frequencies divided into waves and long wavelength microwaves being func
broad classifications that However, the terminology is very useful in describir
describe oscillations in the different bands of the spectrum, and much easier t!
electromagnetic field

wavelengths or frequencies.

Figure 1.18 gives the range of wavelengths and frequencies found in the electromagn
light of the above explanation that there will be some overlap and these are not strict

Electromagnetic Radio " | Visible

Microwaves Infr-. | . Ultray
spectrum waves ~4C 0|~ light
; 2013 — 4 % 10% -
Frequency H 3 x 10 | o a@W 10 1014~
quencyiniz. | ss2% s PR\ 4x10% | 7.5x10™
i 4’4~ 25 um - 750 nm —
Wavelen s A B . 400 nm 400 nm

Example use

o,
-\@\

Figure 1.18
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A3.2 Use the inverse square law in relation to the in

When you refer to the loudness of a sound or the brightness of a light, you are
referring to a quantity that we call intensity. Intensity is the power per unit
area arriving at a surface from a wave. Its symbolis / and its unit is W m=2

An oscillation in the electromagnetic field produced by a so'rje, perhaps a light
source or a radio transmitter, will travel out from the . \ .a. As it does so, it
spreads out. Consider the beam of light from © t¢ fcf"/ .Z¢ou hold it closeto a
screen a small diameter, bright imacz. fee . s the distance between the torch
image gets wider and less bris ~ Tl'r ' Jlgh{mess as seen on the screen, is termet
power/area inciden* - nt,. cr.en and has the unit W m™

iy

Irradiance ¢ @ inverse square law with respect to distance from the source t
example above, the distance from the torch to the screen. An inverse square law
inversely proportional to the square of another. In the torch experiment, the irrai
proportional to the square of the distance between the torch and the screen.

The intensities of all oscillations in the electromagnetic i Practical
spectrum obey an inverse square relationship with the ' irradiance i€
distance from the source. i |
1 telecommul
. . L | wesay‘m
The formula to calculate the intensity of a wave is given by i ,V ‘y.J
X 1 signal’ this i
D= i the signal, i
5 i the phone t
Where [ - is the irradiance, power/unit area at ! nearest rela
the screen/surface (W m-2) i
! Agamma el
- is the distance between the emitte o d i very intense
= '
the qcreen/qurfare : i cells at clo&
k-isa Cﬂ-"'\ " (t r\'l Al Dy [r)_ : pOtentla“y i
& b ! distance. Th
As Kk is a co; it L ews that for any given distance from a i beusedinp
fadiating K10) ____/'Z[distancc 5= Irzfdistancc 2} i. Widespread

Worked example

A light source emits electromagnetic radiation uniformly in all directions. At a di
source, the irradiance (intensity) is measured to be 40 W m™2

Since k = 11?‘12 — 12?‘22

L2 40x2% 160 )
IZ = — = =10 Wm™

I
i
]
I
i
! Calculate the irradiance at a distance of 4.0 metres from the same source.
!
I
i
]
]

Test your knowledge - Intensity ()P

1. Jayden has found an old-f - 30 ~ne projector, but the light bulb in it ha
bulb with a 40 W ¢z - 4 ¢ .4, but although the light comes on, they can't |
on theaslilNec | o cst What Jayden could do to get a higher intensity imag

2. A mot™®pShone user is 2.3 km from a phone mast.
a) Calculate the irradiance (signal) in W m¢ in their position using I = i |
Give your answer to two significant figures and in standard form. lee L
b) For asignal to be received, the intensity must be greater than 9 x 10"
Can the mobile phone user make a call from their position?
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A3.3.1 Practical uses of electromagnetic waves in communic
It is generally the longer wavelength, lower frequency parts of the electromagnet|
communications. Radio waves and microwaves are used extensively. Infrared, vi
have particular uses.

Extend your knowledge

from 1 mm to 10 000 m, this represents =+ = \re. € o’fwavelengths and hence ¢
uses: radio and television broa_d A0, ~art meters, radar and industrial uses (fi
communications in arez i - ¢ = __Arity is important).

Short Wa\u'@' radio waves (frequencies around 3 MHz) are suitable for commt
that are in @& of sight'. In practice, because of the curvature of Earth, this mean
here does not necessarily mean one antenna can be seen by the other using opfi
wavelength radio waves are not impeded by things like buildings and trees that 'y
Long wavelength radio waves have the additional advantage of diffracting along
they curve and communicate with more distant antennae that do not have a line
radio waves (frequencies below 3 MHz) are practically ‘invisible’ to Earth's surface
impeded, making them very useful for surface communication. However, their vel
amount of information that can be transmitted over any given time.

Microwaves have many of the advantages of short wavelength radio waves and ar
over shorter distances, 40-60 km. They are employed in mobile phone communic:
communication (afthough radio waves are also used) and for communications wit!
Microwaves can be absorbed by maisture in the air and this attenuation can prese
transmission causing a significant loss of signal intensitv .~ = distance. However, {
satellites, microwaves are not considered to be g cat 7 i inished by passing thra

relatively higher frequendies allow for fo 1 tra.sfission speeds.
ad\\"4

Electrical signalecar ' = "o '—"rcd i"n/to electromagnetic waves, and vice versa; the
electrical ¢ S () wverted into wave oscillation. The frequency of oscillation ¢
of informati @ sfer with higher frequency waves transmitting more informati
emitters and receivers are digital, electrical devices, but energy and information a
wave form.

Mobile phones

When someone makes a mobile phone call, the analogue signal of their voice is ¢¢
signal, which in turn creates a microwave signal that is transmitted to a mobile ph
the signal to a geostationary satellite, which relays it to another mast and to the r
microwave signal is reconverted into a digital electrical signal and then into an ani

Satellite communication and GPS positioning

Geostationary satellites are positioned by matching the orbit <peed and direction
These satellites remain in the same position relative t~ 5. - 1, allowing for uninter
between them and an area on Earth’s surface. Tt 2ré >~ iumerous satellites in g
allowing for fast global communicaticrs ot . 0 Tac'flitating GPS.

==
GPS stands for Globa! F. “i i _;'wétem and is a US-owned network of 24 netwo
maintainec| ct | L 5iwon. Consumers can own receiver units, often on their pt

with the satellite network in order to determine the user’s thre

important tools for travellers or farmers. The technology also has significant milit
microwaves are used for GPS communications.
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Remote controls

Infrared (IR) radiation loses intensity over short distances in air; think about how (
feel its heat. It doesn’t pass through walls or other obstacles. However, this can |
items such as TV remotes. It is relatively cheap technology, it is harmless to humz
discrete beam. Not interacting with all the devices in your home or in other homg
stopped by the walls of your room, is a significant advantage here. Wavelengths i
are utilised.

y

A

Wi-Fi g 7

The use of light in fibre optics for cun q L _Zafion has been well discussed. There
kilometres of submarinn &+ *1.c¢able serving the World Wide Web linking cor
recognise th 's .., _c'in fibre communications. Due to the lower frequent
is experienc to impurities in the glass; however, lower frequencies transmil
signals are o1ten transmltted to your home or business by fibre-optic cables as thi
wires. Some Internet users use entirely wired access, but many now use Wi-Fi, wi
Sometimes users have a choice of two frequencies with different data speeds and
network is received and interpreted by the modem and sent onto other user devil

Bluetooth

Bluetooth® communication can work without Internet cover. It is a device-to-dev
ultra-high frequency radio waves, frequencies in the overlap area between radio \
The devices have built-in emitters and receivers. Bluetooth® operates over compi
about 10 metres.

Experiments are ensuing regarding the use of ultraviolet (UV) radiation in commu
atmosphere and needs a strong emitter to transmit a maximui:m of a few kilometr
the data/second speed is attractive. Sometimes, rathe ' “a chsorb, the atmosph
the UV, allowing it to spread over a wide area. Tl s ?' /esult in information bein
locations where there is no direct Iir:_’ { 60 ..;mcatlon

Compare the advantages and disadvantages of using microwaves for mobile pho

Test your knowledge — Communication using EMS

1.  Redraw the table below and enter information from the section ‘Practical ust
waves in communication”.

Radiation Use Advantages Disadvantages
Radio waves N
Microwaves W i O f
IR W a) . Y
Visible light el '

Course Companion for Pearson Level 3 AAQ BTEC National in Applied Science Page 22 of |

COPYRIGHT
PROTECTED

g

=9

Education




B: Forces in transportati
Newton’s laws of motl

B1 Measurement and represertation of |

A

/
! Key points covered A\ A

J
4

. Standardgdl uric § Lo motion . Describing motic
. Calc fo . .,Jn-_-ed/and average speed e Applications of &
. Desci ¥iotion using scalar and vector quantities

B1.1 Standard Sl units

When studying motion, we use standard symbols and Sl units for different quantii

Table 2.1 shows each of the quantities, its standard letter and its unit.

Table 2.1 Suvat quantities and their standard letters and un

Name of quantity Standard letter Unit

displacement s m
initial velocity u ms—
final velocity N 4 ms™
acceleratior / = A m s

tiped, k_, S t s

vy 7~
These symk P LWL éq’ua.l.:Tons of motion to describe how objects move.

Speed is how'ast something moves, and it can be measured in different units. To
fact that 1 km = 1000 m and 1 hour = 3600 seconds.

Table 2.2 shows the two most common non-Sl| units for speed, their symbol, and |

Table 2.2 Non-S!I units for speed, symbol and conversion fat

Name of quantity Unit Conversion

kilometres per second km s 1 km s1=1000
km h! 1kmh™=0.278

kilometres per hour

These quantities can be used for very fast objects siic’ o - sturoids and spacecraf
occurrences, e.g. measuring car speeds (km =), N

55 r e / =
& =

Course Companion for Pearson Level 3 AAQ BTEC National in Applied Science Page 23 of |

COPYRIGHT
PROTECTED

g

=9

Education




B1.2 Calculating speed and average speed

B1.2.1 speed = distance + time
We can calculate the speed of an object if we know how far it has moved
over a certain time.

- distance (m)
speed (m 5 ) = m

s ~

B1.2.2 average speed = total di~* ~ z¢ “Aotal time
Sometimes, speed changes over * < ". .. »» / dse average speed to find
the overall motion of the 51 - x P>

The total d%is aow far the object has moved over the whole journey.
The total tin\&@#ne time taken to complete the journey.

We express average speed in calculations as the total distance divided by the total tinn
total distance (m)
total time (s)

average speed (ms 1) =

This helps in calculating motion over long journeys or when the conditions are chang
journey will travel at different speeds throughout its journey so it is useful to be able

B1.3 Using vector and scalar quantities to describe 1

Scalars and vectors
Velocity and speed are different types of quantity that we call vector and
scalar quantities respectively.

Both types of quantity have a magnitude. An bj ct . - eiingat-10 m s
has a magnitude of 10. o

-

Vectors also have direci 4 :'f;epfeéent vector quantities with arrows.
The length ar. 5 v 0ws the magnitude, and the arrow also shows the
direction of -tor.

To be more precise about the distance moved, we need to introduce another qua

Displacement is distance moved in a certain direction. For example, if you walk @
distance of 100 metres in a straight line, then your displacement is 100 metres.

However, if you walk back again to your starting point, your displacement since st
have walked a total distance of 200 metres.

scalar quantity vector quantity

speed velocity
distance r'isplacement
Fa\'dh'
You can travel round a curve at constant snco( b Tr_'/b.‘.”wélcmity will be changing

constantly changing. w9 )

R\ T A ‘ )
You can walk ggt ar v L 5 fd you may cover a lot of distance, but your displacer
to your sta @b3in -~

e

Velocity is th’é'ﬁange in displacement with time. Speed is the change in distance

We refer to average velocity in many calculations.

displacement (m)

average velocity (m s-1) = time taken (5)
umne ta S
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Worked example

A person walks 1200 metres due east in 10 minutes, then turns around and walks 80
Calculate their average velocity for the whole journey.

Total displacement = 1200 m (east) - 800 m (west) = 4(

Total time = 10 min + 8 mi 3 8 min = 1080 seco|

=

Using the formula for average velocity: gy =
; r . displacement (m) 400
e uagB R T - Sopacemenitm) _ =2 378
avera,t_r____ iy e } time taken (s) 1080 037y

e A ™ i

Describi ot’un using graphs
Movements gien described using displacement—time graphs and velocity—tin

Displacement-time graphs
A displacement-time graph has displacement on the y-axis and time on the x-axis

Think about an object moving with constant velocity, starting with
displacement zero. Every second, its displacement changes by the same
number of metres. Hence, a displacement—time graph of this will be a straight
line with positive gradient passing through the origin, as shown in Figure 2.1.

A

displacement

) A A time
F re 21 A displacement-time graph for an object moving at a constant sp

_
Now think ot '@nother object, also starting with displacement zero, this time movii
constant velocity.

This object will travel a greater number of metres every second than our first obje

so its displacement—time graph will be steeper. We say that its gradient is greate
Figure 2.2 shows this.

displacement

; i -
=\ J > time

Nl 7 ~ ‘. ; H F i &
< =" Wacement-time graph for an object moving in a similar way to the

-

-

v __diént from the change in y-direction (displacement) divided by
we can infer Tnat:

The gradient of a displacement-time graph gives the velocity

If the line slopes down (negative gradient) then the velocity is negative. That mez
opposite to when the velocity was positive.
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Look at the displacement—time graph in Figure 2.3.

displacement

P ™= time

@ L Figure 2.3 The displacement-time graph of a car.
.-/

This example shows the motion of a car.

Part A shows the car travelling quickly.

Part B shows the car continuing in the same direction as in part A, but more ¢
Part C shows the car is stopped but for a longer time than in part E.

Part D shows the car moving back towards its original position — velocity is ne
Part E shows the car is stopped but for a shorter time than in part C.

Part F shows the car moving back to its original position — velocity is negative

Worked example

Emily walks along a straight path from her house to the park. She stops at the p
back home.

Her journey is represented on a displacement—t" & 3r-/;_ b

.
@ﬂa_:dnﬁeﬁt (m)

A

w

45
time (s)
Use the graph to calculate:
a) The total distance travelled
b) The average speed over the whole journey
c) Emily’s speed when travelling to the park
d) How long Emily spends at the park

a) This is the sum of the displacements for the *5 # “Ctions of the journey.
Total distanc B +¢=120m+0m+ 120 m =

b) This is the sum of the A -+ 1’(’:65;. e ats divided by the total time taken for the
A1 ' total distance _ 240 m

, = =4.0ms-',
total time 60s

L) > I'Average speed =

c) Thisid adient of the line in the first part of the journey.

distance 120m
Speed=———= =5msL

time 24s

d) Thisis the horizontal section of the graph where displacement does not chi

Total ime at park=45s-24s=21s
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Test your knowledge 1

Liam goes for a run in the park. He starts by jogging at a steady pace, then stops
for a while.

After resting, he sprints back to his starting point.

His motion is represented by the displacement-time -2 "4

%ac sment (m)
- /

A

/

20 ) 50
time (s)

Using the graph:

a) Calculate the total distance Liam travels

b) Calculate his speed while jogging

c¢) Compare Liam’s speed while jogging with his speed while sprinting

Velocity-time graphs

A velocity-time graph has velocity on the y-axis and time n= he x-axis.

Now, the gradient shows acceleration, so the steerar a e the greater

the acceleration. If the line slopes down (ne-= iv e auient) then the object

has negative acceleration. =7 ( ) & Dy
g o

@ \'s ade B

velocity

A

time

Figure 2.4 Avelocity-time graph for an object accelerating rapidly, traveling
then accelerating negatively more gradually than it acceleral

The velocity—time graph in Figure 2.4 could represent the motion __o

of a cyclist: A !

®  Part A shows the cyclist accelerating from re £ ’) y> You
(positive gradient). ACHS® like

*  Part B shows the cyclist = = ?Tr:; ) constant velocity fﬁg\
(zero gradiant - " - ‘.L'J. “a.xhe). i |

e PartC IL"Q Wi =se the cyclist then negatively accelerates to anc

a stop | z-du-" gradient) but with a deceleration of lower
magnitude to the original acceleration.

We can determine the distance travelled from a velocity-time graph from the are
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Worked example

A tram starts from rest at Station A and accelerates uniformly until it reaches a ¢
It maintains this speed for a while before decelerating uniformly to rest at Static
for the tram’s journey is shown below.

velocity /ms™
20

15F

£
i
=

0 10 20 30 40 50 60 70 80 ¢t

(VL
(9]
h"”l
1
e

Use the graph to calculate:

a) The acceleration of the tram when leaving the first station

b) The deceleration of the tram when arriving at the next station
c) The distance between the two stations

a) Thisis the gradient of the upward slope

acceleration = ——°
T 200-0

acceleration = 0.075 m s-2

b) Thisis the gradient of the downward slope

; ) $0-15
deczzla)y n ==
C /= T 90-60

- /I .
o[ eeeleration = 0.5 m s-2
4

—

(Note that we omj’ % 'u‘_'__.. _%Ign because deceleration means slowing dot

accelz n, Yintiadid include the minus sign.)
c) Thisi! _______,«‘ea‘ under the graph

area under the acceleration part = % x 20 x 15
=150 m

area under constant velocity part= 15 x 40
=600

area under deceleration part = %4 x 30 x 15
=450

total= 1.2x 103 mor 1.2km COPYRIGHT
PROTECTED

-]
a
+
<
=}
c
-
=
=
Q
2
1]
o
(=]
m
N
2
\

1. Sketch a velocity-time arar -0 @ -'Jett being dropped on both the Moof

labelled M and E ¢ -a ") mo Lt of axes. Neglect air resistance on Earth; ther |9
Moozgm@ius . Jistance. ag

2. Used ‘,-;—--'- values of s to calculate the time difference for a ball to fall wh 4
both |#®0ns. (Acceleration of free fall on Earth is approximately 10 m s72) EdUCO‘tIOﬂ
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Acceleration
When an object is changing velocity, we say that it has acceleration.

It is given by the equation

; " final velocity (m s™1) — initial velocity (m s™%
acceleration (m s-2) = oL ti )tdk (s) —
me taken (s
w-uw @)Y
v—u = b
a = = / v
" r ¥ -
=\ g~

Acceleration is change in & ¢ _:‘f',..-rfh"cihe, so has a unit that is effectively

metres perg der _,,_.zco'na. We write this as m s, spoken as
‘metres per /1 squared’.

Worked example

The world’s fastest experimental car has a claimed acceleration of 0-60 miles pe¢
60 miles per hour is 26.8 m 5%,

Calculate the acceleration of this car in m s
268 -0

1.4

acceleration =

acceleration = 19.1 m s-2

elRecap questions
J

I The graph shows how the velocity of an accelerati=. « ject varies with tin
Velocity / ms™ _ [ Pl
/L - —- Adl
Y| G W
) 16 "
4
Vd
/
4
4
,
12
4
& COPYRIGHT
PROTECTED
RN
r|1 o/ 5|
4 - I, k. T
p TS
S el = .
T 7? : : : 19
@ \ g eiaes EiiEiE Qg
- O 20 40 60 80 100 120 140 160 Education
a) Calculate the acceleration of the object.
b) Calculate the total distance travelled by the object.
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B1.3.7 Find the acceleration of a trolley moving down a gradl
The acceleration of an object changes depending on the conditions in which it tra
happening using a simple experiment; this involves a trolley moving down an adju

To determine the acceleration of a trolley moving down a slope, we need to meas
trolley to travel down the length of the ramp. For this, the following equipment is

Equipment an® )
® Ramp (adjustable to different anc's 4 ]

e Trolley oA\ bl

e  Stopwatch OR lich L * jé._'_;'ua’t[a logger

*  Metre e

Method

Setting up the experiment

1. Placethe ramp on a table and adjust it to a small incline,
measured using a protractor.

2. Position the light gate at a set distance from the start OR measure
the length over which acceleration is to be determined.

3. Mark the starting position where the trolley will be released.

Collecting data

Using a metre ruler and stopwatch / stop clock / timer:

1. Start the trolley from rest.

2. Time and record how long it takes the trolley to trav - 1. : measured length.

3. Repeat the experiment and calculate the ave ag (r\'/-t..:e times.
=

-

Using light gates and a procese=r =/~

1. Startthetrolley frer v ot 7

2. Non-ej CY gates use time and distance to calculate the acceleratio
_/pe?iment and average the values for acceleration.

=

Use of calculations
To calculate the average velocity of the trolley using the equation for
average velocity.

total displacement

average velocity = = -
& ty total journey time

To calculate the acceleration, one way could be by using the final velocity.

: final velocity (ms™) - initial velocity (m s~ final velocity — 0 final vel
acceleration = v , ) - 4. )~ - Y — -
time taken (s) total journey time total journ

' " ; ; P
However, as we can't measure the final velocity, +'« ¢c ) ratfon could be
-

found by using the following formula: 4
z 55 r 4 1 / -
.-‘,;, et Eatz
However, u ey
1
s =—at?
2

2 . N . : .
a= t—':, where s is the displacement and is the total journey time.
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1.3.8 The suvat equations
When an object is accelerating in a straight line, you can do useful calculations. U
these standard abbreviations that you used at the start of the resource.

Table 2.3 provides a reminder of each of the suvat quantities, its standard letter a

Table 2.3 Suvat quantities and theis standard letters and un

Name of quantity |_'~'_r de '.l'ﬁeu'er Unit
displacemer* 9 s m
initiztoc e u m s~

fi"{;‘. - Aucity v m s
' ) ~acceleration a m s~
| time taken ¢ s

we call the equations that use them the suvat equations. fsollj:
- aco:
The suvat equations are
v=u-+at
u+uv)t
= ! A good method for revising
2 each one in turn so that eac

the subject. Do not try to
just gain confidence in harig

& ltz
s=ut+ —a
2

v% =u?+ 2as

Worked example

WhenaimricE : .Tip! i : ; Amot-. le accelerates unifort
en given information in a caleulation question, write o N Cto Pinal veloditvof 30 mil
the letters ‘suvat' down the page. Read the informatirn =y 31O A hinaive CHier K

inthe question, andfill in the three values th=*v a. 1 fé]ﬁu]ate the time taken for t!

given. Remember, you may not see "1 auél 1 ' . of

them For example, ‘fromres™ 4 ~_a . «isZero and t=,u=10ms*, v

‘comes t0 2 e ¢ efc. i
A Jo? i So we use |
Then write @wﬁ the one you are asked to !
work out. il : o= E
Cross out the letter that is not part of the question. i
Then choose the equation that has your four i =
remaining terms. i
Rearrange the equation if you need to. R E - L |
i 10 + 30

Testyourknowledges ____________________________} COPYRIGHT

1. A cyclist starts from rest and accelerates uniformly at 0.8 m s After coverin

cyclist reaches a speed of v. Calculate the cyclist's final velocity, and the time PROTECTED
2. Acyclist moving at 12 m s begins to brake and slov - own uniformly at 3 |

Calculate the time taken to stop and the dist=5 =« « 7elicd during braking.

/

>

e

== W\ St . R
9' Recap questions: -\ — e jLutions 19

I Aca % ra s ri"cfm‘ rest down a hill that is 120 m long. When it reache 09
Education

a) Calculate the car’s acceleration.
b) Once the car reaches the bottom of the hill, the road levels out and th
coming to a stop in 30 s.

Calculate the deceleration of the car from the bottom of the hill to wt
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B1.4 Understand the applications of accelerometers
‘fitbits’, mobile phones and blood pressure monitor

Applications of accelerometers
Accelerometers are sensors that measure acceleration. They detect changes inm
them essential in many modern devices. It is necessary to understand what devic
work and how they are useful.

s ~
"

- ] =

-

1. Fitbits =
. Fitbits use accelerorr cefs 2 ,L..Jck'n’iovement and measure
physical actiiov.
. p an © o oosteps by detecting small changes in acceleration
\ /pe'ré.on walks or runs.
. The accelerometer helps estimate calories burned by analysing

the amount of movement over a period.

2. Mobile phones
¢  Mobile phones rely on accelerometers for scre
e [f you turn your phone sideways, the acceleror
the display.
e  Accelerometers improve location tracking in y¢
movement even when the signal is weak.

3. Blood pressure monitors
® Some digital blood pressure monitors usc 3 ce - On aters to
detect subtle movements, ensurin, = ci "f'/e .ééaings.
®  This helps identify body == ¢« 5 _A+ich is crucial since blood
pressure canva<y/ - ) 2. Aiggon whether a person is standing,

Sittiagmor « - n
s W > Lood pressure monitors detect arm movement and

ad\@®easurements to improve accuracy.

Summary
Type What do they do? M
Fitbit Estimates calories burned over a period. Tracks phy
Mobile phone Estimates location during movement. Ti
Blood prlessure Adjusts measure me nts depending dt
monitor on position.

Your turn Wa ¢

Investigate the use of accelerometere ir . ¢ « _the following situations, and creat
explaining the physics behin® t uge .~

. Airbag deployme,t

»  Vehicy o th i -,sem

O

e for the elderly

e
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B2 Laws of motion

! Key points covered

*  Newton’s three laws of motion s Calculating momet
. Inertia, mass and weight - Balanced and unbz
. Coefficient of friction (p) o (i

B2 Laws of mn*2on -~

t =y of motion
of motion states that

An object will remain at rest or in uniform motion in a straight line unless acted

At rest means stationary and uniform motion means at a constant velocity,
so not accelerating, decelerating or changing direction.

Think of how some different objects obey this law:

¢ A bookon atableis acted upon by two balanced forces — its weight
pulling it down and the normal contact force from the table pushing it
back up. The forces add to zero; therefore, the book stays at rest.

e  The book is pushed gently from one side but does not move - the pushing force
is opposed by a force of friction that acts between the surfaces in contact.

®  Pioneer 10 is a space probe that left the Solar System in 1983; it is currently
travelling in uniform motion at 45000 km h™ away from
the Sun because it is not acted upon by any force< t - rc is no air resistance
in space, and gravity from the Sun will be ne ry "4_'),'.- '

®  Aparachutist in the final stage of *F a1 ' o f[rmé with uniform motion
because the force of their v agh < 5u«g down is opposed by the force
of air resistance ac*/ #  *iefe is no net force.

J

* Tlp!
Do not make the mistake of thinking an object at rest must have no forces acting onit. (R

Mass and weight

Mass and weight are related but not the same.

Mass is the amount of matter that makes up an object. It is measured in kilogram
no matter where the object is.

The greater an object’s mass, the greater its resistance to a change in velocity (its COPYRIGHT
Mass is a scalar quantity (it has size but no direction). PROTECTED

For example, a 10 kg dumb-bell has the same mass w" .*! "¢ is on Earth,

the Moon, or in space. ( p
On the other hand, weight is th> o/t \ roted onan object due to gravity.
Yy D e
It is measurcggmane < A, and relates to the mass and gravitational field

\ e..periences. 09
Education

g

Weight is a vector quantity (it has both size and direction).

It is calculated using

Weight = mass x gravitational field strength.
W =mg
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Worked example: Weight of a dumb-bell on Earth and the |
On Earth, a 10 kg object has a weight of

W=mxg (Earth)=10kg x9.81 ms2=98.1N

However, the object weighs less on the Moon, where
gravity is weaker.

J

W =m x g (Moon) = 10 kg x 1.6rrr.' SR= T_Fx/'f. ” o

- . . ' ol A ./ 4 .
This shows that objects wi*h — ‘s2r e mass can have a
different weicht d= = ‘.., T0.rthe gravitational
field strei &

Free body diagrams

When describing forces, we often use diagrams. Objects such as cars, books,
people on seats, etc. are replaced by simple shapes such as rectangles.

Forces are shown by arrows whose direction shows the direction of the force and
whose length is the magnitude of the force. We call these free body diagrams
because they provide a simple way to visualise the forces on one object.

A free body diagram for the example of the book being pushed on the table but pi
Figure 2.5.

normal contact force

" ] >
pr=h s — . pook —» friction

@ \ R / weight
- Figure 2.5 A free body diagram of a book on a table being pushed b

Notice in the free body diagram in Figure 2.5 that:

e  We cannot tell from the diagram alone that the book is not moving. It could
because the push force is balanced by friction. All we can tell is that it is not
first law applies.

¢  The lengths of the arrows for the push and friction forces are equal and oppg
these forces add to zero.

e  The lengths of the arrows for the weight and normal contact forces are equal
conclude that these forces add to zero (they are greater in magnitude to the
the arrows are longer).
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B2.3 Calculation of the coefficient of friction (u) usii
force F= uN where N is the normal reaction force, ti
on a horizontal surface

Friction is the force that resists motion between two surfaces in contact.
It depends on how smooth or rough a surface is and the ==+ al reaction
force of the object (N). o J § >

z 4
The equation for calculating fricti 1" \ = )

S A = e -/[ N . - -
¥1_cdon = coefficient of friction x normal contact [t

@ 20 F= uN
__...--/

The normal force is calculated by multiplying the mass of the object by the gravits
Normal contact force = mass x gravitational field str

N=mxg

On a horizontal surface, the normal force is equal to the object’s weight because |

Worked example

A box of mass 5.00 kg is pushed along a horizontal table with a
frictional force of 10 N.

Calculate the coefficient of friction (u).

—

N =mg=5.00 X 9.81 = 49.05 M. &

— " i
F

Step 2: Use the eou~ 4 a — nfj -
u =®= (:204 I |
Cecomcoooas 2

B2.3.1 Measuring coefficient of static friction, where F is the
the object is about to move

E Step 1: Calculate normal force (Fu) ey, %2

We can use this result to determine how much force is required to just start movi
This is called the coefficient of static friction ().

Method

1. Measure the mass (m) of the object using a digital balance.
2. Calculate the normal force (N): 7y
a7kl xm

Attach a force meter to the blmcl{jr o hurfzontally with a slow, increasi
Record the force (F;) attho ®aC 1w #ent the object starts moving (this is th
5. Calculate p.: A°4 *iad

W

=|um

Hs
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B2.3.2 Measuring coefficient of dynamic (kinetic) friction, wi
applied to keep the object moving at a constant velocity

The coefficient of dynamic (kinetic) friction (i) is the frictional force acting whe
constant velocity.

It is usually lower than the coefficient of static friction beca':<: less force is neede
to start it moving. N\ ¢

- ] =
-4

; 4
We can calculate this using the pres 5 3{1/(_:|un for friction.

AP
@C \ 7w Zorkinetic friction = kinetic friction force + normal

- Fy

Method
1. Measure the mass (m) of the object using a digital balance.
2. Calculate the normal force (N):
N=981xm
3. Attach a force meter to the block and pull it
horizontally at a constant speed.

Always draw :
4. Record the force (Fx) required to keep the clea?'I);. The di
object moving steadily. motion of the |
5. Calculate yy: E— |
FF\'.
My = N

Worked example ,

A piece of furniture with » ~ "05/;] «g'ig at rest on a horizontal floor. A horizc

the furniturpé‘fah Lol ) T cuefficient of friction between the furniture and the
e

F=80N

The normal force is the same magnitude as the weight acting on an object.

W= N-=23x9.81=225.63 (to 2 d.p.)

The coefficient of friction is already the subject, so

e 0.35 (to 2d.p.)

1. A 10 kg box is pushed along a horizontal surface wi*'- © force of 50 N. A hoti
is applied to the box. e ) e

| ) o L
) Calculate the coefficient .74/ 1ic | L _tween the box and the surface.

g
b) Now, a horizonta! f ‘bﬁ NS applied. Determine whether the box |
s N
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B2.4 Calculating the momentum (p) of objects using

Momentum calculation
Linear momentum (p) is related to how fast an object is moving in a straight line.
metres per second (kg m s-1).

Momentum is a vector quantity (has size and direction). .

y

—

We can calculate the momentum ofane' ;> y.. _ttiplying its mass and velocity

g/ - )
p=mxy

¥ & -/

A heavier c 10 1.8 at the same velocity as a lighter object will always have n
is more diffi (g5 change its motion.

Worked example: Heavy vehicle motion
An empty HGV with mass 10 000 kg is moving at 20 m/s. Calculate its momentul

p =10000 x 20 = 200 000 kg m s-1
With this information we can say how hard it would be to make an object stop!

In this case, the car has lots of momentum and therefore it will be difficult to m:
complete stop.

™

1. Abicycle of mass 10 kg is moving at 22 (a5 1, =
g) Calculate the momea:t il Ut 1ebicycle.
b) Anemptv H3 4 A ~ass 10,000 kg is moving at the same velocity.
4 WL G owatse more damage during an impact?

_

Newton’s second law of motion
Newton’s second law of motion states that

A net force acting on an object will produce acceleration that is directly prc
and inversely proportional to its mass.

We can write an equation to summarise Newton’s second law like this:

Net force (N) = mass (kg) x acceleration (m s-2]

Worked example

i The total mass of a Formula One car at the start o/, frF_/;.,/is 900 kg.

i Calculate the net force required to pro . = . 'at.\.\:ferétion of 12 ms™

: = r e /

! /< "Net force = mass x acceleration
E Net force = 900 x 12

: Net force = 10 800 N or 10.8 kN

& %
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B2.5.1 Calculations using Newton'’s second law

Newton’s second law of motion also tells us that the force acting on an object is &
momentum over time. This is written as
(mv — mu)
S
Where F = force (N), mv = final momentum (7 - . s~1), mu = initial r
and At = tir e 5 k¢ pior the change (s)

This means that a larger force ~7' 55 } _'; .«Omentum to change more quickly.

4 3 >

If the mass 4 ita ) ed this simplifies down to
- F=ma

This is how we can return to the form of Newton’s second law as stated above. Tl
over time, like when a parachute deploys or when a car crashes (where crumple z
which momentum changes, reducing force and impact).

B2.5.2 Implications for transportation when travelling at hig
and low speed with high mass

The speed and mass of a vehicle affect its movement, stability and safety. Lighter
struggle with braking and stability at high speeds, while heavier vehicles take long
at low speeds.

The following summarises how the mass affects each aspe~*  f a high- and low-m;

High speed with low mass (e.g. sports cars, matc rcy. ‘ro_,ﬁ ‘;erOpIanes)

*  Braking and safety: Small, lightweig au + . sles €an accelerate easily as theylk
stop at high speeds as thr.| ave £0s waction and stability, which can reduce
control during sid v 4. 6, . rfis increases the risk of accidents.

e  Fuel eg y: . o igss fuel to maintain speed because of less weight, but f
more € )

e  Stability: L‘l’éﬁtweight vehicles can be unstable at high speeds, especially in st
small cars are easily pushed off course.

e Collisions: More damage occurs in crashes because light vehicles don’t absar
to seriously injure a pedestrian.

Low speed with high mass (e.g. trucks, buses, trains)

e Braking and safety: Heavy vehicles take longer to stop, even at low speeds, ¢

¢  Fuel efficiency: Large vehicles need more fuel to move, especially in stop-stal

e  Stability: Heavy vehicles are stable at low speeds and less affected by wind b
speeds as there is increased friction between the road and the tyres.

e  Collisions: Heavier vehicles cause and sustain more damage in crashes becau

=
Summary ar® L
High = d, » n _mass Loy
Factor g- 7 i
I~ — lort. Lars, motorcycles) (¢
A4 - :
Braking o - @ e 0 stop at high speeds, increased

= . Takes longer to
wceident risk. g

. @ NMore efficient at maintaining speed, but Uses more fuel
Fuel efficiency

high speeds use more energy. in traffic.
Stability Less ista ble at high speeds, affected Mor‘e stable at

by wind. at high speeds.
Collisions More damage in crashes due to low mass. | Causes more d&
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B2.5.3 Use of impact force controls

Modern vehicles use safety features to reduce injuries in crashes. These features
passengers by reducing the negative acceleration. This is by spreading the impact
hence reducing the force the passenger experiences. Below summarises how the
force control.

1. Airbags 4

e  How they work: Airbags are inflatab'= ¢ rsr’i.l ‘ﬂ,-tﬁat"pop out during a crj
e Impact force control: They k-] rs L the blow and slow down the per:

hit hard things such - 1es = ruTg wheel or dashboard.
2. Seat belts 'Y
e H Y seat belts keep you secure in your seat.
e In! ‘_,Jrc'e control: They stop you from flying forwards during a crash

over safer parts of your body (such as your chest and hips).
3. Helmets (for motorcycle riders)
e  How they work: Helmets protect your head in crashes. They’re made of
padding inside.
e Impact force control: The helmet absorbs the shock from hitting somet}
skull from damage.
4. Passenger ‘cells’ (safety cells)
¢  How they work: The passenger part of a car is built extra strong.
e Impact force control: This strong structure keeps the area around you fi
protecting you inside.
5. Crumple zones
¢  How they work: Crumple zones are parts of a car that are meant to crun
(usually the front and back).
* Impact force control: They help slow down a. . ar ¢ radually instead of ¢
reduces the force on you. [ y= "

| Research questic .. —

E Racing ca 'S _jme‘née extreme forces during high-speed crashes. To pro
i use HANS @and Neck Support) devices, roll cages, and energy-absorbing £
E belts and heimets.

1. Describe how HANS devices and helmets reduce impact forces on a driver's
2. Explain how crumple zones and roll cages work together to protect the driv

1. Crumple zones are designed to collapse at speeds over 12 m s, with a dect
while passenger cells stay rigid to protect occupants.

Explain how these safety features help reduce injury in a crash.
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Newton'’s third law of motion
Newton’s third law of motion relates the force acting on one body to the force ac|
action and reaction are equal and opposite.

Think of these examples:

e  Fora force of attraction to exist on a magnet, there must be either an opposi
piece of magnetic material close by. -

®  Fora push force when you walk, your foot masc 1 a oack on the ground.

* Foracharge to experiencearepe'i g = ., triere must be another like charg

®  When a ball falls due to g- 24 ty 1 N retust be a large mass causing that grav
'] ’/ - =

B2.7 Knc¢ al )’ ~Is the resultant force on an object, the ol
if the forXgg##¥re balanced Fis zero and the object is moving
velocity or stationary

If there is a resultant force the object will accelerate. This means it will speed up,
slow down, or change direction.

When the forces are balanced the object could be stationary or moving at a
constant velocity. As thereis no resultant force, it will just keep doing what it wat
doing before.

However, when the forces are unbalanced, giving a resultant force, the %
object can speed up, slow down, or change direction. This can be

summarised using the diagram below, which shows what the motion of

the object will be according to the resultant force.

Frarrn

a)dbh

IS = |
Alw='e od 0\ 2.« 10 show all the

/" <. ag On an object. This will make R

@ ! <asier to determine the resultant force,
= //.

Farra

Summary

Farces

Unbalanced Forces ona

//’7\

Stationary Moving in the same Maving in the Moving in |
: | direction as the appasite direction different direc
force ‘ as the force to the forci
v _ y a4+ B
' [ t will char
1t will speed up in It will speed up It- 7 fov | 5\""’ l :;:egti;r[:a
the direction of the L= //— -
force 2l HL™>
™ ad S
y D ™
4 g
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B2.7.1 Effect of air resistance, drag and terminal velocity

When objects move through air or liquids, they experience resistance
forces such as drag, which slow them down. This section summarises how
air resistance, drag and terminal velocity affect vehicles on roads, falling
parachutes, and objects in liquids, helping to explain real-world motion
and energy efficiency. |

S {

Vehicles on roads ot ® ) B ;

¢ Airresistance and drag: Whenacar. . .t wair pushes against it,
creating resistance (drag) T as's 5 Yo Jown the car a little.

e Effectoncars: The f a / > car goes, the more drag it faces. To go
faster, g r 1 soc o wiore power, which uses more fuel. Streamlined :
cars (s /5hé'pes) are designed to reduce drag and save fuel. '

e Terminarvelocity: Cars don’t usually reach terminal velocity on the road bet
speeding them up, but if the engine stops (e.g. going downhill), drag slows d¢

Falling parachutes

e Airresistance and drag: When a parachute opens, it creates a lot of drag becau

e Effect on parachutes: The parachute slows the fall by creating drag. Eventua
gravity, and the parachutist reaches a constant speed (called terminal velocit
without the parachute.

¢ Terminal velocity: The parachute decreases the terminal velocity of the para
reach the ground at a low enough velocity that the impact does not cause inj

Objects falling in liquids

¢ Airresistance and drag: When an object falls in water (or any liquid), it faces
because liquids are denser than air. g

e  Effect on objects in liquids: The object will sl..» 1o . “quickly because the li¢
opposes the motion of the object. ’

e  Terminal velocity: It will reas .a “v = ar velocity faster than in air, and this ¢
depending on the nkz - x ";-r_._ & and density.

|

i

E a) Draw and label the diagram to show the three forces acting Fri
! on the vehicle.

1

i b) Describe and explain how air resistance will change as the car

I

: speeds up.

E As the velocity of the car increases, the air resistance will increase.

L This is because the air particles collide with the car, opposing its motion.

COPYRIGHT
PROTECTED

A parachutist jumps out of an aeroplane and initially .- “2r. tes due to gravity.

After a few seconds, they open their parachiiiz 7 / J -
1. What happens to their sper a1 *itely after opening the parachute? .
2. Why does the pare % -+ 5 _Atdally reach a constant speed hefore landing? Ig
— €N ag
9 Reca®questions: Effect of air resistance Education

I A small metal ball is dropped into a tank of water.
a) Describe how the forces acting on the ball change as it falls.
b) Explain why the ball reaches terminal velocity more quickly in water th
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C: Electrical circuits and the trans

C1 Use of electrical components

! Key points covered ;

. Identifying circuit symbols & connecting circuits with cells,
. Defining terminology — current _ - resistors, variable resistors, sw
0y

-'/- . . . .
potential difference. = = ne' power s  Using electrical components ir
Y s

Cl.1 Useﬁ%@lééfrical components

Circuit symbols and diagrams
In science, we draw diagrams rather than draw pictures. Diagrams are
simplified illustrations focusing on the essential elements and their functions.

Circuit symbols are international standard symbols which represent various elect|
functions in a circuit diagram. These symbols allow people to easily understand i
needing to see the actual layout of the components. Table 3.1 shows the circuit g

Table 3.1 Standard circuit symbols.

Component name Component symbol Component hame

Current direction / energy —

. P~ mnary or secondary ¢
or signal flow : Y o

Foue %

Conductors crossing with
no connection e

Junction ofg“nd'\ AL b = _T_ Thermistor

A\ Battery of cells

Make:corggggrormially ./ Light-dependent resist

open, general switch

Open terminals —0o o— Variable resistor
Capacitor + Fixed resistor
Diode —BI— Potentiometer
; g il
Light-emitting diode _b'_ Ammeter
Photovoltaic cell \—”— v Y7~ Voltmeter
—’/ e a— Wattmeter

al \ﬁ>|_ Flectric bell

Buzzer

Indicator / light source —®—
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C1.2 Defining terminology

Current
Electric current is the rate of flow of charge through a medium.

In wires, which are usually made from metal, the charge is carried by electrons.
In liquids, or solutions, the charge can be carried by ions. A - lution in which
charge flows is called an electrolyte. Wires and el~=t 01 1 S a-e both
conductors of electricity. , J <

i\ \ T A
Current is measured in ar=y - » " awhich is the rate of flow of charge.

One amper@a '~ ) woulomb (C) of charge passing a specific point

in a circuit | bnd.” The greater the number of charged particles flowing
through a cc\@#®etor per unit time, the higher the current.

1 Cin a metal wire is made up of 6.25 x 108 electrons. That’s more than

50 million times the number of humans that have ever lived! Many currents
that you will encounter are measured in mA (milliamperes). The prefixm
means divided by 1000 or multiplied by 1073,

Potential difference

We use voltmeters to measure a quantity that has the unit of volts.

This quantity is potential difference. Potential difference is the energy
transferred as charge passes through a component in a circuit. A larger
potential difference will result in a larger current through the component.

Potential difference is measured across components; ~:'v - 1 's measured in comy

J
r .
-

&
Power '

Electrical power is measured ' .+ atte ! ) 4nd is a measure of how much
electrical work is dor~ /i % 'é;_;iiah/ce or device per unit time. One watt is
equivalent jo ) pe'r’sécond.

Energy '

Circuits allow energy to do useful jobs for us: lighting, making sounds, making
things move, and heating. When someone pays an electricity bill, they are
paying for the energy that has been transferred in their appliances.

By transferring electrical energy, for example by lighting, the electricity
does work.

Work and energy are equivalent quantities, so both have the unit joules (]).
That means when 100 J of energy is transferred, 100 J of work can be done.

Resistance in ohms -

Every component in a circuit has a property cz'let rrex ",J'nce."ElectricaI
resistance reduces the flow of electri~ u rrv ;' (ad is measured in ohms (Q).
The symbol is the upper-case 7« skl ST o/m'ega, which has the same
shape as a horseshos A 1 = e

T

ah

@ of good conductors like copper, silver and gold have very low |
Whereas compaonents made of insulators like wood and plastic have very high res
has a low resistance, then only a small potential difference is needed to drive curs
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C1.3 Connecting circuits

Series connections

Series connections are the simplest type of circuit: each component is
connected to the next one in one continuous loop. In a circuit with series
connections, the current in each component is the same.

Figure 3.1 shows a circuit with a cell (C), a filamer 4 r".p/'L ) arid a resistor (R)
connected in series. ; /

4®_|:|_

L R

Figure 3.1 A circuit with a cell (C), a filament lamp (L) and a resistor (R) cc
As the current is the same, charge does not get lost.

As the potential difference may be different across different romponents,
the electrical power in each component may vary.

Parallel connections EA\@ L
Parallel connections are Hif’.; .« b cause there are multiple loops.

Figure 3.2 z@ ci-cuit with a lamp and a resistor connected in parallel with a ¢
i

Q ® p
[}

Figure 3.2 A circuit with a famp and a resistor connected in paralle!

There are two loops in this circuit. The resistances mav k- -." /erent, so the curref
The current in the cell is equal to the current in th ¢ nr | lus the current in the re
g 7 -‘
55 r 4 / =
o>
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Measuring current and potential difference
To measure current, you use an ammeter. It is important that the ammeter
is connected in series with the component you are measuring.

To measure potential difference, you use a voltmeter. it is important that it
is connected in parallel across the component you are measuring.

= -,/
The following circuit diagram shows how to connct’c 1 - iimeter and a
voltmeter in a series circuit. . 7

—— —J_J.- —_— In a series circuit:
@ )= e Thecurrentis the
" i s  You can place the
CA) circuit and it will ¢

® The total potentiz
is shared betweer

® :I_ e  The sum of the vc
equals the total v

In a parallel circuit, the voltage and current changes depending on the resistance |
The diagram below shows how to connect an ammeter and a voltmeter in a parall

| -
I o ® )%
pY\ - . i Ina parallel circuit:

e A '7/ = e The current splits betweel
T | * The current in each bran¢|

@)‘ e the branch.
= * The potential difference a
fv\ as the voltage of the pows
\/ e  Each branch gets the fullly

Circuit rules

Quantity Instrument Connection style Series circuit
Current .
Ammeter In series Same everywhere
(A) .
r‘—L _/;_ -
Potential difference q : Shared between
Voltmeter [~ | . parallel
(V) s\ J = components
g =
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C1.3.2 Using an ohmmeter to measure the resistance of a co|

Resistance is a measure of how much a component opposes the flow of
current measured in ohms (Q).

To measure the resistance, you use an chmmeter. The chmmeter must be
connected in parallel with the component you are measuring.

You must also remove the component from the ¢’ cd fi 5., of the
circuit must be switched off, otherwise */.c . . or components will interfere
with the measurement. wad\\ "

4 3 >

The followig we | . .9 connect an ohmmeter across a resistor.
...--j

()
)

Tip!
Resistance depends on i
Some components get he
their resistance increase:

It is important to understand the resistance across a component to determine its
components break when a large enough voltage is applied across it.

C1.4 Using electrical components in circuits

Expand your knowledge: Ohm’s law and ohmic conductors

Ohm'’s law states that for a constant resistance, the current ' rough a conductor |
difference across it. Itis named after Georg Simor )" m +he discovered it. Diffe
components which we can use in circuits £a, g O "'_,ruuéfd"és either ohmic or nofn

A\ \ "
This means a graph of curre - A fn_)r.-a y-axis) against potential difference, V (on

through the g, < ' 9= linFigure 3.3.
@ o I F 3

<V

Figure 3.3 The variation of current with potential difference is a si|
through the origin for an ohmic conductor.

L

The gradient of the line in this graph is & so the steenrgs

-

. Air 2, the smaller the re
/,- 4
We refer to components that obev €' 7 5 I/\ . o3 ohmic conductors and those tha
approximately, as non-ohre®. = A 300s5. '

' & s
- ¢ ,.adctors include thick metal wire and resistors. Resistors a
W)n of providing resistance to current.

Examples ¢ %
the specific &%

Notice that the letter I is used as an abbreviation for current. This is because And
on current, called it intensité du courant in French, hence the letter I.

The graph is sometimes referred to as the I-V characteristic of an ohmic conducto
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Filament lamps

One example of a non-ohmic conductor is a filament lamp.
As the potential difference across a filament lamp increases,
the current through it also increases. Current warms the
filament (which makes it glow) and increases the resistance.

The graph has this shape because each increase in
potential difference results in a smaller increasei 7

J°
current through the filament. A greater <" ce as a ] | .
smaller gradient. Hence, the /-7 mdi \ c.stic of a —
filament lampis a curve € .a _‘_f,b..-JWh in Figure 3.4. Figure 3.4 The |

Diodes an@-erﬁﬁting diodes (LEDs) and photodiodes

- A diode is like an electrical valve, allowing curr
in one direction but blocking current in the
opposite direction. Some diodes are designed
emit light when there is current in the diode.
These are called light-emitting diodes (LEDs).

Other special types of diodes respond to light
instead of producing it. These are called
photodiodes. A photodiode generates a small
electric current when light falls on it and is usu
operated in reverse bias. The amount of curre
produces depends on the intensity of the light.

Figure 3.5 An image
of biue LEDs.

Diodes and LEDs both have a similar I-Vcharacteri:‘ir At ¢h 2oks like the graph |
; Vo

To the left of the [ axis, the potenf"; 17 ororeeds trying to

pass current through the ;i / ~« *k2 wrong direction.

The resistancggave . - 2= 1510 current flows. The line

on the grap@ws e horizontal axis because the value

of I'is zero a\&@#®dlues of V. To the right of the [ axis, the — |

potential difference tries to pass current in the correct

direction. The resistance decreases with increasing
potential difference, resulting in a curve.

Figure 3.6 The I

Thermistors
The thermistor is a component designed .
so the resistance falls with an increase in E;I:thermlstor—a COPYRIGHT

ponent whose
temperature. For this reason, they are resistance decreases with PROTECTED
sometimes called negative temperature increasing temr rature
coefficient (NTC) thermistors. Fa\'dh'

/ = ;
The I-V characteristic of a thermisto. < ¢ '50/.: »wy the i :
graph in Figure 3.7. The er=.' ~% w5 e thermistor 2" |9

V

at two differecaror ! ) peratures, 09
At higher t@ures, the resistance of the NTC thermistor  Figure 3.7 The I-V ¢ EdUCO‘tiOﬂ

is less, so the gradient of the line on the graph is steeper.
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Light-dependent resistor

Another example of a non-ohmic Light-dependent resistor

conductor is a light-dependent resistor (LDR) —a component whose

(LDR). This is a component whose [EsISINGE decitgses win .
e P = - increasing light intensity

resistance decreases with increasing

light intensity.

The I-V characteristic of an LDR looks like the graa” [ )
in Figure 3.8. o , =
The LDR obeys Ohm’s Iy 4 .,/L--_“'_",.Lm{t I'ig'ht intensity.
However, irg \ng ! o «ftensity decreases the resistance,

so the gradi /;hé line on the I-V graph at higher light Figure 3.8 The I-

intensity has & steeper gradient.

Recall questions 1

1. Write a definition of current.
2. Name a particle that carries the negative elementary charge.
3. What does this symbol mean in a circuit diagram?

I

4. When measuring the resistance of a thermistor at different temperatures usi
what happens to the current if the temperature increases, assuming a consté

Recap questions = Il

Which of these carries mo» g = - :2/ m a copper wire when there is currg
Select one option. ., -, ~ ./~

A Proams ) 3 “Electrons C lons D Atoms
Desc! /at ‘makes the resistance of an NTC thermistor increase.

Worked example

Draw a simple circuit diagram showing how a light-emitting diode (LED) can be ¢
resistor to protect the LED. Label the LED and resistor in your diagram, and indi
current flow through the LED.

+||'
|I
Battery
T @ -/ ~
|y G
A\ = 5 L1
o) o K LED

ule o ,udn'ecied in series with the LED to the battery, and the |
Y)so that it is forward-biased. Then, the current will be limited b

z-:iu"-;'II
from the pdSitive terminal of the battery, through the resistor and LED, to the i
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C2 Equations

! Key points covered
. power = potential difference x current . power = work don
e  voltage = current x resistance ~ energy = potential

',._.1,_.'

C2.1 Using equations fo ¢ e cical calculations

Voltage, current a=< A = %ance
The reiatio@ex \ 1 arrent, potential difference and resistance is given by |

potential difference (V) = current (A) X resistance

.-/.

We can use this relationship to conclude that a potential difference of 1 V will driy
resistance of 1 Q.

We can rearrange the equation above to define resistance:

potential difference (V)
airrent (A)

resistance (Q) =

The resistance of a component is the ratio of the potential difference across it to i

Worked example 1
A current of 0.5 A is required in a conductor of resistance 20 Q.
Calculate the potential difference needed to provide this current.

potential differenc- = - 1. “ent X resistance
ne*e ti fﬁ/',;f‘ehce =0.5x 20
s+ |_sutential difference = 10 V

= i

.

Workedzs@n . =~ -
A potentid ence of 6 V across a conductor drives a current of 1.5 A.

Calculate " &sistance of this conductor.

potential ditterence (V)
airrent (A)

resistance (Q) =

. 6
resistance (Q) = T

I
I
I
I
I
I
I
I
I
]
I
I
1
I
I
I
I
I
I
I -
] V% =
; "
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

resistance (Q)=4Q

Calculating electrical power

Appliances are rated in watts (W) or kilowatts (kW), which tells you how much thy
electricity when you use power to run an appliance. The longer you run it for, or |
you pay. You pay for energy, or work done, calculated by power multiplied by tiry

energy (joules) = power (watts) : . » /(. zconds)

This can also be rearranged to calculate (o v

A 3 work done (joules)
- WA r=s —
4 " time (scconds)

S

Adii‘erence connects power and current, you can also write:

power (watts) = potential difference (volts) x current (amperes)

You can therefore calculate energy using electrical quantities, because power in W
is equal to potential difference (volts) X current (amperes).

energy (joules) = potential difference (volts) x current (amperes) x time (se¢
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Worked example 1
A 2 kW electric heater is used for 3 hours. Calculate the total energy consumed

Use the formula:
encrgy (joules) = power (watts) X time (scconds) E=Pt

E =2000%x3x60x60=21600000/]=21.6M]
Worked example 2 o J
An electric kettle operates with a nElR(M] fererfce of 230 V and draws a curn
5 minutes, calculate the era tréf 12rred by the kettle.

4

)=

Worked example 3
A toaster uses 900,000 joules of energy in 5 minutes. Calculate the power rating

Use the formula:
work done (joules)

power =

|

time (seconds)

900000 900 000

= 3000 W =3 kW
5 X 60 300

E Use the fozs

1. A9.0V battery runs a current of 300 mA fo 5.0 - Autes. Calculate the worl

2. Aceiling light runs from mai=_ < '3rr_i/-| o @t 230 V and transfers 96 J of enerlt¢
charge which flows *f.- =, e ight every second. Give your answer to two

- =

9 Recapg’qhestions 2
e

I There is a potential difference of 1.5 V across a 300.0 Q resistor.
Calculate the current in this resistor.
Give your answer in mA.

2 An electric heater has a rated input power of 2.2 kW.
a) State the energy transferred to the heater in 1.0 s.
b) Calculate the current drawn by the heater when operating at a potenti

COPYRIGHT
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C3 Electrical energy usage

! Key points covered

. Energy use of domestic appliances . Energy transferred
. Fuse size and current

A

I
L SN

A

/
C3.1 Relating to differc=. ' o 1.estic appliances to cale

Energy usage devenc's |, % W dng“che appliance is used and its power rating.

The relatior po-tween energy transferred, power, and time is given by
the equation

energy transferred (kilowatt-hours) = power (kilowatts) x time (hours)

E=Pxt

Common household appliances such as kettles, washing machines, and hairdryers
power in watts (e.g. 2000 W = 2.0 kW).

The unit kilowatt-hour (kWh) is used by electricity companies to charge for energ

Worked example

A kettle has a power rating of 2000 W and is used for 0.5 hours.
Calculate the energy transferred by the kettle durine *h - 21 je in kWh.
L ere= 2000 W =2 kW

~ " Time t= 0.5 hours

\

¥

We have § th . adla:
@@ cr gy transferred (kilowatt-hours) = power (kilowatts)

E=PXt
E=2x05=1kWh

1. Find out about the electrical power rating of various domestic appliances (st
components (such as light bulbs). You can do this by looking at labels on ap COPYRIGHT

user manuals) or by searching onlfine. PROTECTED

You should be able to find domestic appliances with poiver ratings ranging

2. Find the potential difference of the mains s' <. *’il,_..:{e JK and use this to ¢:
used by each of your listed appliar .~ * 2n.eriber that appliances such as v
different power requiremar .z (1" sent times in their operating cycles)

g

- .

Education
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C3.2 Relating fuse size to current

A fuse is a safety device that protects appliances from too much current.
It contains a thin wire that melts and breaks the circuit if the current is too high.

To choose a fuse, calculate the current by doing power div+."- 1 by voltage.

Current (A) = Power (W} +~ 'bl"*/‘.;x'{ﬂ “

I3}
A

r
J .‘. _/,' - V

Fuses are t‘@ raced at 3 A,5A,0r13A,

Always use a fﬁse slightly above the calculated current as this means the applianc
breaking the fuse.

C3.3 Calculating transferred energy using the equal
transferred = power in kilowatts x time in hours (kW

The kWh (kilowatt-hour}) is a unit of energy, not power.

1 kWh = the energy used by a 1 kW appliance running f¢
This is a simplified version of the energy transfer equation for domestic use.

This is often used to calculate electricity costs. Joules are t~c small for householt
bill was in joules, you would be dealing with large rur . . ~th >t would be hard to

(7

1 A mi@e 5 d p'EJ;ver rating of 1.8 kVV and is used for 5 minutes every

a) (@ate the energy it uses in one day.
b) How much energy will it use in one week?
c) If electricity costs £0.30 per kWh, how much would it cost to run for

gy o

I ? -
Recap questions ? 2>

BN -
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C4 Energy transfer

! Key points covered

. Joules, kilojoules and mega joules o Energy transfers in change of t&|
. Converting between Celsius and Kelvin . Spec’”. . at capacity
- 3

-
b —

;s ~

7

> "
C4.1 Defining units_ —Ai:._'u_"ﬁ_j.;;,-' kilojoules (kJ), mega

. ¥ A=A _ 4 . -
The joule (]) is the stz ~w. ! n.cof energy in science.

For larger aiREges# of energy, we use:

1 kilojoule (k]) = 1000 joules
1 mega joule (M]) = 1,000,000 joules

These units are commonly used:

joules - in small systems (like heating water)
kJ or M] - in food labels, engines, fuel energy, and power stations

C4.2 Converting temperatures between Celsius (°C|

We use the Kelvin scale in science because it starts at absolute zero, which
is the coldest possible temperature!

The Kelvin scale starts at absolute zero, where particles hax~ = | thermal energy.

To convert from degrees Celsius to Kelvir - 4o 3.

s (€= Wor 773
4

-/

Conve rsely@w T am Kelvin to degrees Celsius you subtract 273.
4 °C=K-273

The table below shows some examples of converting between units:

Degrees Celsius (°C) |
0
100
20
COPYRIGHT
This is used in future calculations for specific heat capacity, and specific latent hez PROTECTED

the Kelvin scale.

C4.3 The transfer of energv o ( WL 4 change of tem

change of state e\ @) 3
=\~ b= |
’ P S/
When energy igadd= ' v -« Tb_<ance, it can: 9
® |ncrea > & \erature (particles move faster) 09
e Change u (e.g. solid to liquid), by breaking bonds without changing te EdUCO‘tiOﬂ

For example, when we heat water from room temperature (22 °C) to its boiling p¢
temperature, but once the water reaches its boiling point there is a change of stai
breaks bonds with no change in temperature.
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C4.4 Temperature change

Specific heat capacity is measured in joules per kilogram per kelvin.

This is a measure of how much energy is required to raise the Specifi

temperature of 1 kg of a material by 1 °Cor 1K. IS reduy

a mater

To measure the specific heat capacity of a solid you need *- Joule;n

measure the amount of energy transferred to the -z &r : ‘and the amount
temperature change that follows. Thisre=:1 = a, - _demeter,

a heater, a thermometerand an i a3 = ¥ luck. Thermi

=y 25 the tem

' = N

For liquids, tesat-u « " Aly different, requiring the use Calorin

of a calorin | = thermal

* substar

The thermal energy is related to the mass, specific heat capacity, phase ¢

and temperature change by the following equation:

Thermal energy (J) = Mass (kg) x Specific heat capacity (] kg-1 K-1) x T
Q=mxCxAT

Knowing the specific heat capacity of a substance is useful, as material with a high
lots of energy without large temperature changes. This is ideal for central heatinj

9 Recap questions 4
J

I A metal block of mass 1.5 kg is heated from 25 °C- ¢ 75 °C,
The specific heat capacity of the mefal i "'J(‘,.l kg K

a) Convert the temperatimc. = 1 1g | rum degrees Celsius to Kelvin.
b) Calculate the er~ — (ar}.:. red to the metal block.

-

e
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C5 Change of state

! Key points covered

. Specific latent heat fusion and vapourisation s  Thermal energy =1

S

C5.1 Measuring specific la*~ ~ I.=acfusion and vapo

— 7 - .
The specific latent heat of » -\ ~ 3 rz.s the energy required to
change the stasa of 7' ¢ = _ﬁhusta'nce without changing its temperature.

o

There are tvXE5##%s of specific latent heat, separated by their associated
state changes:

Latent heat of fusion — energy to melt or freeze.
Latent heat of vapourisation — energy to boil or condense.

To calculate thermal energy required for a phase change, you require the mass
and specific latent heat of an object. This is related by the following equation:
Thermal energy (J) = Mass (kg) x Specific latent heat |
Q=mL

This is important in heating and cooling systems such as fridges, air conditioners, |
substances that absorb or release large amounts of energy as they change state.

C5.2 Using the equation: Thermai é'/J--;\’rgy =mass X §

In the previous section we descrik . 1. 4 t Jespecific heat capacity is used when'
temperature, but thiseq: - ) - =suwhen changing state, not temperature.

Below shov@ta.-rdar"d units used when using the equation.
i

Quantity Stal

Mass (m) Kile

Specific latent heat (L) Joules pe

Thermal energy (Q) E

It might be necessary to change from grams to kilograms (+1000),

or from kilojoules to joules (x1000). Before st COPYRIGHT

equation,
Remember that the specific latent heat of fusion and everythiric PROTECTED

vapourisation do not have to be the same values. g

Water has a much larger value latent hea* ~ oL “sation (2260 000 J kg) than

-

(334 000 J kg™*). This means ittak - 1 " aure energy to boil or condense watet
./ =

g

es.-.aon'.'s 5 0‘9
Education

I a How much energy is needed to evaporate 0.2 kg of water?
(Specific latent heat of vapourisation for water = 2 260 000 | kg-')
b) Explain why the temperature of a substance remain constant during a ¢
energy is still being transferred.
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Answers

Al Working with waves

Wave basics

1. a)

b)

(i) Wavelength —The distance from any point on a w=: } to the correspondinj
crest to crest or from trough to trough) M a. . <d 1 metres [m].

(i) Frequency —the number of comr'e 2 ¢ ":cf',', .onsin one second. Measure
(ili) Period —The time taken £ofe ¢ noalete oscillation. Measured in secong
{iv) Amplitude - Tho - mn, ) Jrsplécement distance from the point/line of n
oscillatinr . {e 4L g " metres [m].

lav s oie= [s the actual distance (and direction) from the point/line b
p'c an oscillation. Measured in metres [m].

Eve! ,-usmllatlon each point in the medium moves from its undisturbed point ¢
direction returning to the point of no displacement and then repeats thisin the
point of no displacement to complete the cycle. At all pointsin the cycle, excef
the displacement of the medium can be quantified in both distance and directit
displacement is at its maximum value, but in opposite directions. This maximui
irrespective of direction, so amplitude is a scalar quantity and direction a vectot

(v

Interference

1

2. a)
b)

The answer would look the same.
The displacements for each wave add together and this is not affected by the d
(because the medium is displaced, but does not move in the direction of the en

Diffraction spectroscopy

1. a)

b)

The suggestion that this spectrum is from a protostar in a nearby galaxy is subst
both hydrogen and helium being present.

Further explanation — In the young star, hydrogen will be being fused to helium
atoms of both elements are likely to become excited with electrons moving bet
characteristic photons. The spectrum is not greatly red-<'/ifted because the sta

All electrons associated with atoms and moIP" S b natural, base state. 1

configuration for that atom or moleru'~> nc i /.uq(?'n as the ground state. In &t

heated or irradiated, electrm" < 1 /Bi =) uatra energy and become promoted tc

known as being in ar = - =d Sl fhe atom or molecule cannot remain in ar

its ground stote g = energy in the form of a proton which has a discrete |
Laar.
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