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‘The observed frequency of light from a moving source
can be calculated using the same equation as for sound,
o r’f—‘)hunhm s an important condition. The

cxv)
speed of the source v, must be small compared to the speed
of light c. For speeds approaching ¢, the equation must be
altered to take account of the theory of relativiy.

QUESTIONS

11 Redlight of wavelength 700nm in avacuum
travels into glass, where its speed decreases to
2.0%10°ms'™. Determine:

a thefrequency ofthe light in a vacuum
b itsfrequency and wavelength in the glass.

12 Anastronomer observes light from a distant star.
Aparticular line in its spectrum has a wavelength
of 550nm. When measured in the laboratory, the
same spectral line has a wavelength of 535 nm.
Determine:

a the change in wavelength of the spectral line
b thespeed of the star
< thedirection of movement of the star
(towards or away from the observer).
(Speed of light in free space =3.0x 10°m s™})

[ cambridge Intern..html A

orwhen they hita target metal at high speeds. y-rays are
produced by nuclear reactions such as radioactive decay. There
s no difference whatsoever in the radiation between an X-ray
and a y-ray of wavelength, say, 10™!m.

Radiation Wavelength range /m
radio waves >10°to 10

microwaves 10710107

nfrared 10°to7x107

visible 7107 (red) to 4 x 1077 [violet)
ultraviolet 4x107t0 10

Xerays 10%10 10+

y-rays. 1010t0 10°!

Table 13.3 Wavelengths (in avacuum) of the electromagnetic
spectrum.

QUESTIONS.

13 Copy Table 13.3. Add a third column showing the
range of frequencies of each type of radiation.
14 Study Table 13.3and answer the questions.

a Whichtype of radiation has the narrowest
range of wavelengths?
b Which has the second narrowest range?

q
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of550nm. When measured i the laboratory, the QUESTIONS
same spectral line has a wavelength of 535 nm.
Determine: 13 Copy Table 13.3.Add a third column showing the
a the change in wavelength of the spectral line range of frequencies of each type of radiation.
b the speed of the star 14 Study Table 13.3and answer the questions.
< thedirection of movement of the star a Which type of radiation has the narrowest
(towards or away from the observer). range of wavelengths?
(speed of ght in free space =3.0x 10°ms™) b Which has the second narrowest range? 4
© Whatisthe range of wavelengths of
microwaves, in millimetres?
d Whatisthe range of wavelengths of visible
Orders of magnitude
‘Table 13.3 shows the approximate ranges of wavelengths © Whatis the frequency range of visible light?
in a vacuum of the principal bands which make up the el e e T e Io o e e e e et
electromagnetic spectrum. This information is shown as a in avacuum, state the type of electromagnetic
diagram in Figure 13.15. radiation to which it corresponds.
Here are some points to note: a 1km ¢ 5000nm e Sonm
= Thereareno clear divisions between the different ranges b 3cm d 500nm f 100m
orbands n the spectrum. The divisions shown n Table 13.3 T
are somewhat arbitrary. A 2
type of electromagnetic radiation to which it
= The namingof subdivisions s also arbitrary. For example, R
microwaves are sometimes regarded as a subdivision of e
Sty a 200kHz € 5x10Hz
W The ranges of X-rays and y-rays overlap. The distinction is b 100MHz d 10%Hz !

[ cambridge Intern..html A





image9.png
G Cambridge Intemationz| X 1M SentMail-aruanmariaG x \(  S702y16.syindd X \( G cambridge AS physis . X

& = C [ @ Secure | httpsy/booksgooglecoid/books?id=SjsDBAAAQBAI&pg=PRA&Ipg=PRABIdq=cambridge+AS+ physics +chapter+ 13 +waves&lsourc

Google cambridge AS physics chapter 13 waves. -

Books Q[ Q] [33] 00| [ Addedion shetves | | et review oo Q1S Wl e <

microwaves, in millimetres?

d What is the range of wavelengths of visible

Orders of magnitude iEFeI anametes
Table 13.3 shows the approximate ranges of wavelengths e What s the frequency range of visible light?
ina vacuum of the principal bands which make up the 15 For each of the following wavelengths measured
electromagnetic spectrum. This information is shown as a in avacuum, state the type of electromagnetic
diagram in Figure 13.15. radiation to which it corresponds.

Here are some points to note: o il < 5000nm e 50nm
® There areno clear divisions between the different ranges b 3cm d 500nm f 102m

orbands in the spectrum. The divisions shown in Table 13.3
are somewhat arbitrary.
= Thenamingof subdivisions s also arbitrary. For example,

16 For each of the following frequencies, state the
type of electromagnetic radiation to which it

corresponds.
microwaves are sometimes regarded as a subdivision of e
FadipwavES: a 200kHz € 5x104Hz
® The ranges of X-rays and y-rays overlap. The distinction is. b 100MHz d 10%Hz

that X-rays are produced when electrons decelerate rapidly

Xrays visible microwaves

Iy E
CE EEEE O s vl

Yrays ultraviolet  infrared radio waves of the electromagnetic

spectrum. The boundaries

10 10 100 200 100 100 107 1 108 100 10 peryeensomeregionsare
Wavelength /m fuzzy.
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The nature of electromagnetic wave speed=c__»
waves Electric field strength

An electromagnetic wave is a disturbance in the electric
and magnetic fields in space. Figure 13.16 shows how we

Distance

can represent such a wave. In this diagram, the wave is
travelling from left to right

“The electric field is shown oscillating in the vertical
plane. The magnetic field is shown oscillating in the
horizontal plane. These are arbitrary choices; the point is

Magnetic field strength
that the two fields vary at right angles to each other, and
Figure 13.16 An electromagnetic waveis a periodic variation

also at right angles to the direction in which the wave I Slctricand magnetic feds

is travelling. This shows that clectromagnetic waves are
transverse waves.
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Summary
= Mechanical waves are produced by vibrating objects.  ® The Doppler effect is the change in an observed wave
= Aprogressive wave carries energy from one place to e SO o et spee =g

e T

xv

= Twopoints on a wave separated by a distance of one ]

wavelength have a phase difference of 0° or 360°. e e

e = Theintensity of awave is defined as the wave power

= There are two types of wave - longitudinal and transmitted per unit area at right angles to the wave

transverse. Longitudinal waves have vibrations parallel velocity. Hence:

to the direction in which the wave travels, whereas o power

transverse waves have vibrations at right angles to Itensity = oes-sectional area

the direction in which the wave travels. Intensity has units of W2
" Tnefrequency fofawaveisrelatedtoitsperiod TBY . the intensity  of awave s proportionaltothe square

i of the amplitude A (1< A2).

®  All electromagnetic waves travel at the same speed
. 0f3.0% 10°ms" in a vacuum, but have different

®m The frequency of a sound wave can be measured using | hs and i N

acalibrated cathode-ray oscilloscope. wavelengths and frequencies.
& The speed of all waves s given by the wave equation: ™ 1" reglons of the electromagnetc spectrum in order

[ cambridge Intern...html A

wave speed = frequency x wavelength
v=id

of increasing wavelength are: y-rays, X-rays, ultraviolet,
visible, infrared, microwaves and radio waves.
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Longitudinal and ransverse

Figure 137 shows the trace on an oscllscope screen
when sound waves are detected by amicrophone,
The fime-baseisset at sy~ Determine the
frequency o he sound waves.

Figure 137 Ac.ro. trace - what s the frequency of
thesewaves?

Step 1 Determine the perod ofthewaves on the
screen, in scaledvisions. From Figure 137, you can
<es thaton complete wave occusies hree scale
diisions i

perod T=3.0div

Step2 Determine the time nterval represented by
ach scale duision. Tne ime-base control i et at
Imsdiv,so:

scalefactor= 1msciv |

Step3 Conversthaperiod n divisions o ms:

[ cambridge Intern..html A

waves

There are twa distinet types of wave, longitudinal and
transverse. Both can be demonstraced using s slinky
spring lying along a bench.

Puash the end ofthe spring back and forth; the segments
of the spring become compressed and then stretched out,
along the lengtl of the spring. Wave pulses run along the
spring. These are longitudinal waves

Waggle the end of the slinky spring from side o side,
The segments of he spring move from sde 10 side as the
wsove travels along the spring. These are transverse waves,

So the distinction between longitudinal and transvcrse
waves s as follows:
= Inlongitudinal waves thepartictes of the mediumvibrate.

parallel o the directionof the watevelocity
= InUansverse waves, the partices of the medium vibrate at

ightangles o the diection o th wave velociy.
Sound waves are an exsmple of s longitudinsl wave, Light
and all other electromagnetic waves are ransverse waves.
Waves in water are quite complex. Particles of the water
‘may move both up and down and from side to side as 2
water wave travels thraugh the water, You can investigate
water waves in s ipple tank. There is more sbout water
waves in Table 13.1 (page 183) and in Chapter 11.

Representing waves
Figure 138 shows how we can represent longituding]

and transverse waves. The longitedinal wave shows how
e material theovah which i ravellin s lteenae

°c9
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e 57 Aerataca - whatls i Trequency of
thesevaves? Sound waves are n example of s longiudinal wave, Light
Step: Determine the perodofthewavesonthe and sl other lctromagnetic waves sre transverse waves.
sreen, inscal Gisions. From Fgure 137, you can Waves in ater arc quit complex. Partces af the water
Seethatone completewave occupies thee scale may move bt up and doven and from sid o side a2
ivisons . ‘water e tavels thraugh the wate, You can ovestgste [
perod T=3.00 water e i  ripple tank. There s more sbout war
Y waves in Tabl 13.1 (page 183)and s Chapter 4.
eschscledvson. Thetim basecontol s setat X
e Representing waves
ol TN Figure 1.8 shows how e can represent ongitudinal
e and transverse wavcs The longitudinal wave shows hoe
P2 Convertheperioc o= tome the material through which itis ravelling i alternately
Cr=t RO R (7 campressed and expanded. This give rise to high and Iow.
0ms =30 2075 pressure regions, respectively.
HintNoticehow dvondfy cncel vt
‘step4 Calculate the frequency from the period: N
A
PRSI S S A cartacton compression
R LA AR
Distaned
b
ot
[ ) £ D
2 Whenasound waves displayed on a1, sresn, H e
two complete waves occupy five scale civisions. a-
The callrated time-bases set 100053 per I
division. Determine the frequency of the waves. Figure 13.8 a Longitudinal waves and b transverse waves.
A=ampiitude, 1= wavelength
Showall | x
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However, ths is rather difficult o dravw, 50 you will
often sce a longiudinal wave represented as i it were 2
sine wave. The displacement referred to in the graph is the
displacernent of the partiles i the wave.

We can compare the compressions and rarefactions
{or expansions) ofthe longitedinal weve with the pesks
and troughs of the transverse wave.

Phase and phase difference

Al points sl  wave bave the same patern of vibration
Toweve,diffrent points da ot necsssarily vibra in
step with one another, As e paint on 8 wave vibrates,
the point next o it vibraes ightly ont-ofstep with . We
sy that tey vibrate ut of phase with esch othes - there
s phase diffrence between them. This i the amount by
‘which one ascilion leadsor lag behind anather.

Phase difrence s measored n degrees. As you can sce
from Figore 135, wo poiats A and B with a separation of
onewhole wavclength 1, vibrae in phase with cach ather.
The phase diffeence between thes two points s 360,
(Youcan also say it s 0% The phase diference between
any other o points btween A and B can have any valuc
between 0°and 360° A completecyel f the wave s
thaught of as 360, In Chapter L e will ce what it ncans
0 say tha twa eaves arc i s’ or ‘ot of phase with

Wave energy

Itis important o reslise that, for both types of mechanical
wave,the particles that make up the material through
which the waveis travellns do ot mave along - they only
ascillae ahout a fixed poin. 1t s energy that s ransmitted
by the wave, Fach particle vibratess s it docs s it pushes
itsneighbour,transferring energy to it Then that particle
pushes its neighbour, which pushes is neighbour. I this
way, energy is ransmilted {rom one particl o the next, to
the next, and so on down the ine.

Intensity

The term intemsity hasa very precise meaning i physis. The
intensicy of & wave i deined s the rateof energy transmitted
(. povser) per unit areaat ight angles o the wave veociy.
power

intensity = PO
Cross sectionl azea

Intensityis measured in wats pr square mtre (W m 2.
For example whe the Sun s discety overhead, the
intensity of it radiation s about L0 KW * (1 ilowat per
Square metre). This means that energy arrives at the rate of
about 1KW (10007 on esch square metz o te surace
ofthe Earth, At th fop o the stmosphere, the infensity of
sunlight s greatr about 1,37KW m .

4 A200Wlamp emits electromagnetic radiation in
alldirections. Assuming the lamp to be. point
Source,caleulate the ntensity of the radiation:
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“The phase difference between these two points s 360",
(Youcan also say it s 0°) The phase difference between
any other two points between A and B can have any value
between 0° and 360% A complete ycle of the weve is
thought of as 360" In Chapter 14 we il sec wht it means
o say that twa waves ar fin phesc” or ‘out of phase’ with

Distancd

Displacement

Points A ard B are vibrating; they have s phase
ifferance of 60° o 0. They are n phase

Points € and D have a phase diference of 90"

Figure 13.3 Different points alorg a wave have diferent
phases.

QUESTION
3 Using axes of displacement and distance,sketch
twowaves Aznd B such that Anas twice the

wavelength and alf the amplitude of &

For cxample, when the Sun i diseely averhead, the
intensity of it radiation s about L0 KW * (1 ilowat per
Square metre). This means that energy arrives at the rate of
about 1KW (10007 on esch square metz o te surace
ofthe Earth, At th fop o the stmosphere, the infensity of
sunlight s greatr about 1,37KW m .

4 A200Wlamp emits electromagnetic radiation in
alldirections. Assuming the lamp to be. point
Source, caleulate the ntensity of the radiation:
s stadistance of LOm from the lamp.

b ata distance of 20m from the lamp.
Hink: Think ofthe areo of o sphere at sach of the
two rad.

Intensity and amplitude

The ntensity ofa wave generall decreases 3 it travels

along, Thre are two reasons for this

= Thewave may spreadout sinthe cxampi ofght
spreading out from a light bulb in Question ).

& Thewaue may b absorbedorsattred (s when ght
passes hrough he arts tmosaherel

s wave spreads ou, e amplitude decresss. This

suggeststha the intensity T uf s wave i related 1o its

amplitude A. I fact, ntensity s proportonsl o the

Square of the amplitude:

intensicy = amplitude® (1< A7)
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“The reltionship also implics that for  particular wave: g0 past. o the totsl length of the waves going past in 15 is
intensiy 15m. The distance covered by the wave in onesecond i it
Sampli O speed, therefore the speed of the wave i 15ms |
So,if one wave s twice he amplitude of another i has Clealy, for a iven speed ofwave, the reater he
i e (NS Bt S S wavelength, the smallr th frequency and vice versa The
cacegyat oo anes e rai pced of sound n air i constent for 8 given temperature
and pressure). The wavelengeh o sund can be made
TN mallr by increasingthe frequency af the source ofsound.
Table 13 gives typical valucs of specd (), frequency
T e et Ve an Tl S0t () and wavelngth 1) or some mechanical waves. You
and anintensity of 400 can eheck for yourself that v = {1 is satisfic.
2 The amplitude o the waves s ncreased to
10.0cm. Wnat s theirintensity now? e ina | Soundwaves | Wareson
b e cn 5
200%m . Whatistheir ampitude?
et et anplin Spesdims o sbout 30| about
Frequency[WE | sbons | 2002000 | aboutz
limisor
Wave speed uman hesing)
Thespecd with which cnergy I ransmitted by awave s WOYClengthm| abostoz 15100015 | about 05
Kaown as the wave speed . This i measured in ms . The  Table 13.1 Speed () equency () and wavelength (1)
wave speed forsound i air at  pressareof 1Paanda dataforsome mecharical woves readly nvestigaed n the
emperature of0°C i showt 340ms | whilefor ightina  leboretory.
vacuum it slmost 300000000ms !
X WORKED EXAN 2
The wave equation
An important equstion conecting the speed vof a eave 2 idleCon  pisn tunet o concertptch shacld
with s frequency fand wavelength A can be detcrmnined ave requency of 264z Figure 13,10 the
5 illoin We chr LS SR 6 e Reo Gl speedofsound is330m s, clclate the vavelength
e of the sound produced when this key s played. |
speed - Sitance Step 1 Weusethe above equationnsghtly
[ cambridge Intern..html A Show all ‘ X
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temperature of °C s showt 340ms |, while for light in 3

vacuum it is almost 300000000 ms |

The wave equation
An important equation connecting the specd vof a wave
with s frequency fand wavelength i car be determined
as fallows, We can find the speed of the wave usings:
distance

speed =

P e
Buta wave will travel a distance of ane whole wavelengin
in atime equal to one period . S
wavelength
wave speed =

™ period

.
However, = -and s
! T

awave of frequency 5 Hz and wavelength 3 m going past
you.In 15, ive complete wave cycles, cach of ength 3,

[ cambridge Intern...html A

A numerical example may help to make this clear. Imagine

aborstory.

2 Viddle Con 2 piano tun o concert pitch shald
nevea frequency of 264 e (Figure 13,0 f the
Speed of zound s 230m s, calculate the vavelength
ofthe sound produced when thiskey s played
Step 1 e use the above equation nsighty
‘ewriten form;

speed
Treaueney

wavelengh=

Step2 Substituing the values for mddle C we get:

25m

33
wavelengih= 220

The human esr can detectsounds of frequencies
Detueen 20Hz and 20Kz, . with wavelengths
Betuteen 15m and 15 .

PR

Figure 13.10 Each string n  piano produces 2
aiferentnote,





