I After studying this chapier, the students will be able to:

#  Usatha principle ofsuperposition ofwaves to schwa problems, | O

& Diffsrantiata batwesn constuctive and destructive Interferance. {:) .

& Apply the principls of suparposition 1o siplaln thewoddng of nolss canceling | ones.

*  |lusiraie sxpermants thal demanstnete sialionary waves [Using microws W stnngs end
aircolumns (% will be assumed fhat end cormrections arz negbgbis; kn fthe concept of end

coreaimsisnol neguired)] [ {J
Explain the formation of astatananywave Lsing graphizal mpuapr!.ﬂirl
Explain the formeton ofhamsonics In stallonary waves, \"{

# Describean experiment that camonstraies diffrection WEWﬂMMWNMWWlm
mlathve to the wavaienpth of the wave: for mample o oot uator waves n 2 dppbs tank]

& Explaln bagts (a3 the pulsation caused by beo i slightly ciffersnt frequancles Interferng with
gach other]

#  |ustrate examples of how bemmgemmﬁﬂ\(m{;hﬂ iresstru e s

#  Useinfensibys powerares (o sobe pro Uaamma‘gu: {amplitudel for o progressive wave to
soivapreslams. Y’

+ Explain thet when a‘ammdmﬂ}"ﬂﬁm}m moves relative to 8 stetlonary observar, the absanved

L

froquency & dfferent rom the' fraquangy [desorbing the Dopplor effect for o slalionary
saurce and a moving nbﬂry‘h‘ requirad].

# Usetheexpression £ = for the obseved frequency when 8 souce of Sound Waves moves
reletive to & siationary observer.

+ Expleinthe %ﬁ thie Doppler effact [such 53 rader, sonar, astronomy, sstallle, radar spead
traps and w& ¢ problams in humans].
o NS

\Jje arewell familiar with various types of waves such as water waves in the ocean
‘¥ ¥ and cicular ripples formed on a still pool of water by rain drops. When a musician
prur:ka & guitar string, sound waves are generated in air which reach our esrs and
prodiy ces sensation of music. The vastenergy of the Sun, millions of kilomeires away, s
transfemed to the Earth by lighl waves. In this chapter, we will discuas, formation,
propegation and applications of different types of waves.

7.1 WAVES

Awava is a regular dizturbancs or variaion that carries enargy, which spreads out from
the spurce. For example, energy is lransferred from the Sun 10 the Eanh in the fom of
light waves called eleciromagnalic waves, These waves can even travel through
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vacuum, However, in a medium, energy is transferred
due to the regular and repeated disturbences that
travel througn the medium, making Its particles to
move up and down or back and forth (to and fro).
Imagine a stone thrown into a pond of watar (Fig. 7.1).

= The stone produces a disturbance (ripple) that Fig 71 Rspresenting a travaliing
travels through the water {medium). disturbance {fpple}

+ Tha water parlicles move up and down about thair mean pnmtmna cragling a
repeating pattem known as wave thatspreadsout

The displacemen! of & parlice of a
wave is its distance in a specified
direction from its rest / equilibrium
position. If the displacement is
plotted along the y-axis and the time
in the direction of energy travel along
the xaxiz, wa get a wavelorm as
showninFig 7 2. e
The waves can be described by the  Flg 7.2 Graphical deacription of a wave

sl il BT ) N
1. Amplitude (A): The maximum e
displacement of the wave (or e engh Direadion 6F
particles of the medium} from its il of wabvw

equilibrium position.

3. Frequency (I The number of
oscillations or vibrations or cycles
parsacond. 7

1. Wavalength (A} The distance o Moot

between two. ecnseculive similar Wiy shope of water vave In 53
polnts on thawave that areIn phase.

4. Perlod {T): The ima taksn by the wave to complete one oscillation or cyde, itis the
reciprocal of the frequency T=111.

5. Epeed (vi: Tha speed at which the wave travals. f a wave crast movas ane
wavelsngth A in one period ofcecllation T, thespeedvisgivenby w=A/T

as #/T=f, so s i (7.1}
6. Phase (8} Therelative position of a pcint on the wave ata given time.
Typss of Waves

VWeves have vanous forms, each with unique characteristics. A brief detail of diffarant
types of waves is given below:
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1. Mechanical Waves

These waves require a physical medium (solid, liquid, or gas} lo propagate. Examples
are watar waves (ocoaan, laks, or pond ripples), sound waves {audible vibrations in air,
water, or solids), seismicwaves [earthquakes), Bic,

Z. Electromagnetic Waves

They do not require a medium to propagate and therefore, can travel through vacuum.
Examples are radiowaves (wireless communication), Microwaves (cooking and
hedting). Infrared waves (IR or heat rediation), Visible light (sunlight. lamp light),
Ultraviclet waves (UV radiation], X-rays (medical imaging), Gamma rays {high-energy
radiation), etc. )

3. QuantumWaves
Quantum waves are associated with particles like slectrons _Thase wave typss arm
and photons. Examples are matter wavaes/particle waves '-“"I‘“?’ rﬂ::m*q:
{electron waves in stoms) or de-Broglie waves, photon waves E;.;m :mhmu andl
{light guanta), etc. everyday life

4. Surface Waves

Surfaca waves propagata slong aurfaces or inferfaces batwesn two mediums.
Examples are ccean surface waves (wind-drivenwaves), seismicsurfzcs waves, elc.
Transverse and Longltudinal Waves Trenavesswaws

There are two main types of waves which are
named as transverss waves and lengitudinal
waves, A transverse wava s one in which the
vibrations of the parlicles ere atright angleato the
direction In which the anergy of the wava Is
travelling wheraas a longiiudinal wave is ong in
which the direction of the vibration of the particles
Ie zlong or parallelto the tha direction In which the
energy ofthe waiveis ravelling.

The fransverse wave and longitudinal wave are
llustrated In Figs. 7.3 (aand b). respectively. Fig. 7.3: Main lypes of waves
7.2 PRINCIPLE OF SUPERPOSITION OF WAVES

If a particle of the medium is simultansously scted upon by two waves, then tha resultant
displacement of the particle is the algsbraic sum of their individual displacemsnis. This
is called principle of superposition.

In other words, the displacements of the individus! waves are sdded logether to form &
new wave pattern as shown in Fig 7.4 (a and b), respectively.

{i) If wo waves, which overap sach cther, have same phasa, their resultant
displacerment will ba:

i®)
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Y=y, ty, L Wave 1
where y,=amplituds of wave 1 T
;. . "
y;=amplitude of wave 2 ST¥ N wewesz

and y=resultant amplitude \\\__/

Particularly, if ¥, = y., then resultant displacement Am 1 and 2 suparpoand

will be: ‘t—‘?
y=2y,ory=2y, m _J

{ii} If two waves, which ocmas each other. have recmamuaw
opposite phase, their resultant displacement YRR
will ba:

7.4 {a) mp«p_;__.ﬁh-;_‘y e
=yo) b
YYo= ]
Particularly, If y, = y,, then resuitant displacemant will be y=0.
Thus, if a paricle of a medium is simultanecusly aded ugon
by n waves such that s displacement due to each of the

]
individual n waves be y, ¥, ..... ¥ then the resultart W
displacament y ot the particls, under the simuitanecus aclion

of these a7 waves is lhe algebraic sum of all the /“

displacemenis, Le., . MR
FEV et et \_n,,-, /*’r

This is called principle of superposition of waves, —

Mathematically, this can aleo be represented as: / / "“\\
yixg=y (b +yixtl v ...+ y )

where yix.l} is the resultant wave, whereas y.(x.1), \/

L7 o PR . ¥ (x tiara the Indhvidual waves. Warve 1 ard 2 supemposed

In the contex! of waves, y{i.t) represenis the wave funclion

or wave displacemeant at a gven polnt x and time £ It

describes H;Tﬂ'l'aps afﬂmwa\gt and E evolution overtime. :,:“L?;mm?::qfeﬁ:

Tha principle of suparposition applias to linear waves or which are exactly out of

small amplitude waves. R

Principla of superposition of waves leads to many interasting phanomena;

{i) Twowaves having same frequency and lravellinginthe | = Fonder upan |
game direction (Interfaranca).

(i) Two waves of slightly diffarent fraquenciss and
travaliing Inthe samedirection (Beats).

{iil) Two waves of aqual frequency travalling in opposita
diraction (Stationary wavas).

Rezutent wive =0

An interfarance patsm formed
with whie light,
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Applications of the Principle of Supsrposition

By applying the principla of supemposition of waves, nolse-cancalling headphanes

effectively eliminate urwanted noise, providing a more immersive and peaceful

listening experencea.

1 The headphones contain one or more microphones thal capture ambient noise (like
background chatterorengine rumble or any environmental noise).

2 The microphone sends the sourd signals to an amplifier and a procassing unit in the
headphones.

3 The pracessing unit generates an "anfi-noise” signal, which is the exact opposile of
the amblent nolse {In terms of amplitude and phase).

4 The ant-nclse signsl s then played through the headphones, along with the desirsd
audio {llke muslc or volca).

3. ¥When the anti-ncize signal meets the ambient noise, the two waves cancel sach
otherout reeulting In e much quletsr (lztening expardanca.

Though the above example is an oversimplification of the aituation, as noise-canceliing

headphones use complax algorthms and multiple microphones to achieve optimal

noise cancellalion, the basic principle of superposition remains a fundamental concept

in understanding how they wark. '

7.3 INTERFERENCE AND ITS TYPES

Superposition of twe waves having the same frequency and travelling in the same
direction results in phenomencn called interferance.

Flg. 7.5{2): An axparimantal salup fo
obsanva Imerfemncs of soundwaves, Flg. 7.6 {b) Inerferance of sound waves

An expermenial setup o cbserve interference effect of sound waves is shown in
Fig. 7.5{a). Two loud speakers B, and 5, act as two sources of harmonis sound waves of
a fixed frequency produced by an Audio Generator {AG). Since the two apeaiers are
driven from the same generator, therefore, they vibrate in phase. Such sources of
waves are called conerent sources. A microphong attached to a sensitive Cathode Ray
Cacilloscope (CRO) acts 83 a detector of sound waves The CHO ia a device to display
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the input signalinto wavsform onite screen. The microphone is placed atvarious paints,
furn by tum, in front of the loud speakers as shownin Fig. 7.5(b)

Constructive Interference

At points Py, P; and P, we find thal a compression meels a compreesicn and a
rarefaction meels a rarefaction. 3o, the displacement of two waves are added up at
thess points according to the principle of supamposition and a large rasultant
displacemeni Is seen on the CRO sereen (Fig.7.5¢). l .

Iryigiens I'hg fase! l

Fg. 7.5¢c): Fig. 7.5{d):

Constructh Interfarance: Desstriciiva Inbarfarsne: Inferference patem produced
Larga diaplacermant s dipioyed  Zem daplacerant i 0BPIEYed by o thin sodp Aim llaringiod
on the CRO soreen on the CRO someen by whitalight.

From Fig. 7.5(b), we find that the path difference AS between thewaves at the point P, is:
ﬁS = Szp1 - Sﬁp1
salr 3l
as=4 2.7_- 35 A=k
Simitarly, at points P, and P, path differenca is zero and A, respectivaly. Hers, A is the
wavelength whichis the distance between sny two successive solid or dashed lines.

Whenevar the path difference is an integral multiple of wavalsngth, tha

two waves are added up. This effectis called constructive interference,
Tharefore, the path diferenca {condition) for constructive interfarence can bawritten as:

AS=n where n=0, 2142, £3, .........
Destructive Interfarence
At points P, and P., a compression meets a rarefaction, so that they cancel each other's
affect according to the principle of supemesition. The resuitant displacement becomes
Zero, as shown In Flg, 7.5(d).
The path difference AS between the waves at points P, and P, is:
AS = 5,P; ~SiP;

1 1
e e )
AS=4L 32x 21
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Simitarly, at P, the path differenca is % r 1

So, at points whers the displacements of two waves canosl each
othier's effact, the path differsnca is an add integral multipie of half
the wavelength. Thiseffecl is called destructive interference.

Tharsfora, tha path differsnes {condition) for destructive Intarfarance can bawrittan as:
AS={2n+ 1) /2 wheren=0, 2132 13,.........

[ Enamgde 70 | Two speakers are amanged as
shown in the figura. The distance batweaan them is ;)y
3.0 m and they emit & conetant tone of 344 Hz. A

microphone P is moved along a line parallel to and

4.0 m from tha line connecting the twao speakers. It |
ig found that tone of maximum loudness is heard i’})}

and displayed on the CRO when micraphana is on By ) AP

the centre of the line and directly opposite to each —

speaker. Calculate the speed of sound.

Wi solution]y .Y & ..,‘1__"" F.
Dislance between speakers 8,5, ' =30m ZT = 5

e
Tona frequancy =344 Hz be
Dielancs betwean speakerz and line ofmotion of PSP =4.0m & o P
Speedof sound v=7

For tona of mapdmum loudneaes nr H'm condition for conslructhve interferencs, the path
differencemustbe O, £14, 25, ¢34, ..

At middlg paint 'O’ the path difference between two sound waves is zera (5,0 = $,0),
thus atthat point'0' conglructive intarferenca takes place.

For the next DDJI'_II P of constructive interference, the path difference betwesn waves
should be k. Sg;; A = Path difference=§,P,~ §,P,

Now, we calculate valuss of 8,2 from right angle riangle 8,3,P,

8. =88, +(5P)° {By PythagorasThaorem)
S.P=JBmE+@mf = J@18)m=+25m=5m
Therafore L=8,P -5F, or i=6m—-4dm=1m
This is the path difference for constructive interference.
As w=fA

Putiing the values, we have ¥=34ms' xTm=344ms"
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|| Example 7.2 [ The wavelangth of a signal from a radio l TFer your miarmasionD i
iransmitter is 1500 m and the frequency is 200 kHz. What
i the wavalangth for a tranamitter oparating at 1000 kHz
and with whai speed the radiowaves iravel?

W Sos i om 59

A =1500m=15x10"m, {=200kHz =20 »10°Hz
£, =1000 kHz =1 x10°Hz, A, =7, v=7 As v = fi
Since, the speed of bath the signals is same, 50

v =fh,
v = 20%10"Hz = 1500 m
v =30 »10%°m g
Alao v o= i,
¥
Ay - .
Morechirerritic Light
I Sodlurn chiords In 2 Nama glves
e T oud purs yallow lighe, Thialightia ned
1":1(1 |-Iz ' mintung of nsd and greon,
Az = 3x10m

7.4 STATIONARY WAVES & THEIR FORMATION

Stationary waves, also known as standing waves, are the waves that oscillate in 2 fixed
posifion, withoul moving or propagating, They are formed by the superposition of feo
waves with the same frequericy and amplitude, travelling in opposite direcions. The
resuling wave pattern remaine stationary, with nodes {poinis of zero amplitude) and
antinodes (points of maximum amplitude) at fixed positions. Examples indude waves
an a string, and sourid waves in a pipa. The term "standing wave' describas that the
wave pattem remains fixed in space, oscillating between positive and negative values,
without moving forward or backward.

Let us congider the superposition of two waves moving along a string in opposite
directions. Figures 76 {8) and {b) show the profile of wo such waves al instants
t=0.7/4, T/2 3/4 Tand T, whare T s tha tims period of the wave, We ars Inferestad In
finding gt the displacements of the points 1, 2, 3,4, 5, 8 and 7 at these instgnts as the
waves suparposs. Il is obvicus that tha paints 1,2,..,7 ara distant 2.4 apart, i baing the
wavelength of the waves. We can determine the resultant displacement of these points
by applying the principle of superposition

Figure 7.6 (¢} ahows the resullant displacement of the peints 1,3.5and ¥ at the Instants
1=0, T4, T/2, 374 ang T. It can ba seanthat the rasultant displacement of these poinls
iz always zarc. These points of the medium ars known as nodes. Here, the distance
betwean two conaeculive nodesis /2.
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Fig, 7.8; Stationary weves

Figure 7.6 {d] shows the resultant displacement of the points 2,4 and 6 at the instants
f=0,T14, T2, 374 and T. The figura shows that these points are moving with an
amplitude which is the sum of the amplitudes of thie component waves representad by
arrows. These points are known as antinodes, They are situated midway between the
nodes and ane A2 apart. The distance betwesen-a node and the next anlinode ia A4,
Such a pattern of nodes and antinodes is known es a stetionary or standing wave.

Energy in & wave fransfers because of the motion of the particles of the medium. The
nodes always remain at rest, ao energy cannot flow past these peints, Hence, energy
ramalng “standing” In the medium batween nodes, although It atemates betwesn
potential and kinelic forms at the antinodes. Whan the antinodes ara all at their extreme
diaplacements, the energy. alored is wholly polential end when they ere simultansously
passing through thelr equilibrium posltians, the ansrgy Is wholly kinetlc.

7.5 STATIONARYWAVES ON ASTRETCHED STRING

Consider & siring of length £ which is kept stretched by clamping ity ends s¢ that the
tensioninthestring s F.

(a) String Plucked at its Middle Point

If the string is plucked at its middle point, two lransvarse waves will originata from this
paint. One of them will move towards the left end of the string and the other towards the
right end. When these waves reach the two dlamped ends, they are reflected back thus
giving risato stationary waves. As tha two ands of the string Singsa o

are clamped, no motion will take place there. So. nodeswill = ¢ |
be formed at the two ends and one mode of vibration of the { _,,-"’T"“"\.\J
string will bs as shown in Fig.7.7{a) wih the two ends as | = g
nodes with one antinode in between. Visually, the string £=
seems to vibrate in ons loog. As the distance between w0 5y 7.7ia): First moda of vioration

ha
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conzecutive nodes is one half of the wavelength of the waves st up in the string, 2010
this mode of vibration, the length £ of the string is

Fo= k2

Y e e 5

whara A, Is the wavelangth of the waves set up In thls moda. The spegd vof the waves In
the string depands upon the tension F of the string and m, the masa perunit length of the
siring. It is independent of the paint from whers string is plucked fo generate wave, Itis
given by
v=1£ SO £ T
m N\

Knowing the spead vand wavelangth 2, the frequancy £, of tha wavesis.

v v
0= A 2%
Substituting the value of v o LB e (7.4}
v 1 2¢ '.: m _...1_..-_“_-_-... PR [

Thus, in the first mode of vibraticn shown in Fig.7.7 {a). waves of frequency f, only
will be sat up In tha ghan sting.

(b) String Plucked at Quarter Length

Ifthe same string is plucked from ong guarter ofits length, again stationary waves willbe
sat up with nodee and antinodas as shown In Fig. 7.7 (b). Nota that now the siring
viorates in two loops. This particular corfiguration of nodes and antinodes has
developed becauss the siring was plucked fram the position of an antinode, As the
dislance betwaan iwo consetutive nodes is half the wavelengih, sotha length £ of string
iz egual to the wavelength of the waves set up in this made. IT A, is the measure of
wavelangth of thasewaves, than,

’L-I ;-z T ,-!'."-.\
= =" > J | |
> 2'2 ’ oA
2 T
¢ = 22 ey
2 Fig. 7.5k
;= ¢ Fe e i Second mods of vibraton

Comparison of Eq. {7.5) with Eq, {7.1} shows that the wavelangth in this case is haff of
that in the first case. Equation (7.2) shows that tha spesd of the waves depands on
tension and mass per unit length of the string, itis independent of the point where the
efring s plucked. So, speed vramalne the same In both casas,

Iff, Isfrequency of viaration of siring In its second mede, then

¥

f:=fz




Since o= F
Therefone L= 5
Multipiving and dividing by 2, we have .
f = % I Hraln teaser I
We know that; g= L vttt
2 mrodugadi
So £ = 2f

Thus, whan the string vibrates in bwo loops, its frequency becomes double than when it
viorates in one loap,
(c) String Plucked at an Arbitrary Point
Let the string resonates in o number of loaps with (i + 1) nodesand rrantinodes, Thus,
we can say that if the slring is made to vibrate in » loops, the frequency of stationary
waves sot up on tha string will be:
v
= )

and the corresponding wavelengih i 3,=2" i @)

whersn=123,..
It is clear thet a3 the string vibratas in more than one loop. ils frequency f goes on

increasing ard the wavalangth A gets correspendingly shortar, Howaver, the product of

thefreguency fand wavalength . is aiways equal to v, tha speed of waves,
The above discussion clearly establishesthar;

1. The atatlonary wavas have a dlscrete sat of fraquencles £, 2f, 3, ..,nf, which [&
known as hammonic series. The lowest characteristic fregquency of vibration is the
fundamental frequency {, corresponds to the first harmonic. The frequency f, = 2f,
comesponds to the second hamonic and so on.

2. In other words, guantum jumps in freguency exisl between the rescnance
requencias. This phenomenan is known as the Quantzation of frequencies. I
means f, = nf,where =1, 2, 3, ...{Integral multiples). The stationary wavea can be
set up on the string only with the frequencies of harmonic series determined by the
tansion, langth and mass per unit length of the siring, Waveas which ara not in
harmenicseries are guickly demped oul.

3. The frequency of a string on a musical instrument can be changed either by varying
the tension or by changing the length. For example, the tension in guitar and violin




]

" Phpls 1Y) .' E.-‘ ..ﬂ-ulwfl? YWhaeresy v W rathons

strings is varied by tightening the pega on the neck of the ingtrument. Once the

Instrumant I tuned, the musiclans vary tha fraquency by moving thelr fingers aleng

the neck, thereby changing the length of the vibrating portion of the string.
Harmonlcs

Intha above exampla, the set of all the possible standing waves, having frequencies 1,
2F, 3f,,..., nif,, are called harmenics of the gystem. The lowest or fundamental fraquency
ofall the harmonics is called the fundamental or firsl harmonic. Subsequent frequencies
are called as second hamaonic, third harmeonic, ato.

| Example 7.3 [ A gtationary wave is established in & string which is 120° em-long and
fixed al both ends. The string vibrates in four segments; at a Imqumwnf 120 Hz.
Detemine ita wavelength and the fundamental frequency? -

1 120
« Solutfon = e =
At st & =120 cm 1 m=1Zm

T =
fy= 120Hz
f1=ﬂ

A=17 ’
{i} As the string vibratas in four aagmanh;nd {he distance betwean two consacutive
nodes is /2. so the wavelength of the slring is:

-
£ n 2
2i
W
:n:1 l'ﬂ
A= E‘rfgm
{il} Ifatring vibratasin n loops, than frecuency of siationary waves will be:
]"" '; nf
£, = 4f
120Hz = 4,
120 Hz
= =
f = 30Hz

7.6 STATIONARY WAVES IN AIR COLUMNS

Siationary waves can be et up in other media also, such as air column inside a pipe or
{ube_Acomman example of vibrating air column is in the.organ pipe.
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Organ pipe

An organ pipa is a wind instrument in which sound is produced, due to setting up of

atationary waves in air column. It consists of a hollow long tube with both ends open or

with one and apen and the other closad. Tha relationship betwaan the Incldent wave

and the reflectad wave depends upen whether the reflecting end of the pipe is open or

closed.

{I) Ifthe reflecting snd Is opan, thaalrmoleculas have completa freedom of motion and
this behaves as anantinode.

{ii} Ifthe reflecting end is closed, then it behaves as a node because the movement of
the moleculesis restricted.

Modes of Vibrations
Stationary longitudinal waves occurin a pipe as discussed by thefollowing two cases:
Case (1): Modes of vibratlons In an organ plpe open at both ends

Let us sonsider an organ pipes of length ¢ which is open atboth ends. As at the open end,
an air molecule has complete freedom of molionso it dels as antinode as shown in
Fig.7.8. In this figure, lcngitudinal waves set up inside the pipe have been represented
by fransverse curved lines which represent the displacament and amplitude of vibration
of air particles at various points alengthe axis of pipe.

{a) Fundamentalmode of vibration

e—p—— - ———
In this case, & shown in Fig.7.8 (a), thara is only E z
one noda N at the middle of the-pipa. A= bath ) -
ends of pipe are open, there are two antinodes r-=£2‘ T
atboth the ends. IFi, is thewavalangth of sound,
m T S ———
A= L& ; bl : h_
g P 1=2¢) fmd L)
P

2
oF NI T m

Iff, is the frequency of sound, then the velocity of soundis:

s=arday h=32.]
b Fig r: .
fi=vi, ‘Stationary ngholinal wevis in
Putting the value of &, we have | fiipe open at boh encs.

fl =S BE e -u-urnﬂﬁvq}
This frequency is called fundamental frequency or first harmanic.,

{b) Secondmode ofvibration
If there are three entinodas and twe nodas, Trequency will be twice that of fundamental
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Irequency. L is second mode of vibration as shown in Fig.7.8 (b). Inthis case, there are
thrae antinodes andtwo nodes,

If, is the wavelength of sound, than

= Az Az, As
Sl

&= {14241) %

or = E
It £z is the frequency of sound, then speed v of sound becomes:
v = faha
or £ = 1L
3 T
. Brain tea !
Putting the valua of 4-, we have | SCTTTTTI
v ) A wtationary wave la formed
= = o & siring 'with & freguency
T g of 100 Hz, If he string 152 m
i long. hww ANy Nodes and
ar f= 2F {E.f‘} antingedes are formed ¥

{c) nth mode of vibration
Sirmilarly, frequency for air column vibrating in n loops is:

F,= niw2s)

f,= nf,
and wavelength is

D= BT s (710}
where 0= 1,208, e,

So, the longitudinal stationary waves have a discrete set of frequencies f, 2/, 3f,...n7,
which is knpwn as hermonic seres. The frequency f, is known ss fundamental
frequency and the others are called hamanics.

Case (2): Modes of vibration in an organ pipe closed at one end
Let us consider an organ pipe of langth £ which is closed at one end. Then at the dosed
end, wegetancde while atthe cpenend, we get an antinodeas shown inthe Fig. 7.9,
{a) Fundamental mode of vibratlon:

Fundamental mode of vibration has one node and ane antinode as shown in Fig 7.8 {a).

If 4, ia the wavelength of fundamental mode, then length of the pipaia:
iy




P‘f-.!'ilr.::lgf “
So, the zpesd v becomes: v =k
f‘; -.E-
Ry
¥
F =— o L. =
N

Tha frequancy f, is called fundamental fraguancy.
{b] Second Mode of Vibratlon:
Sacond mode of vibration contains two nodes and two

anti-nodas as shown in Fig.7.8(b).
If A is the wavelength, thenlength of the pipeis:
= 53. .{.h
4 2
i 5
t= 2h
= W
3
= Y b
A3 =,
Puting velue of ie, we have wv=Ffis
; .
fﬂ = P gk
ar-
e
or fy =%
$0 FE='"$ﬁ Y
R, ‘4"
Thia s callad aﬂi‘mﬂd harmonic.

{€) nth mn-:fenf vibration
If air columin vibration in nloeps, thenfrequency Lis;

v=(3)

f=nf where n =135, ..
and the wavelength A, is:

%=§mmmmmm“mmmj

{huster(F Wwes ane Vbrathons F

=] 5“5{’3‘-‘!'-. Q'EE_:E}
\.,J

rylnrulmlmmmh
g cissd 71 ong And. Only
30 hanmonics ere present

In an ofgan ppe, he peimary
driving mBchanian & eavaring,

which imteracs with the upper Ip

and ihe alr colurr In the plec to o
mintain a slmacky oscillaon.

By studying both cases, wa conclude that tha pips which is open at both ends s richerin

harmonics ihan that of closed at one end.
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| Emampi 7.9 [ An organ plpe has a length of 50 em. Find the freguency of Hs
fundamental note and the next harmeonic, when itis:

{a}open at both ands
{biclosed at one end
(Speedof sound =350 ms’")
& solutlan f=50em 0 m=05m § Ponder opan! |
Dpon pipes produce all harmoenics,
v=350ms" while clused g, prcducnd ooly
a) When pipe is open at both ends: oddhamanics.
Fundamental freguancy fi=2?

Nextharmonic frequency =27
The frequency for ith harmoniain arioper organ pipa is:
"4

f— n=s whenn=123,.........

&0 tha tundamantal fraquancy is,
_1x350ms’
Y 2x05m
f =360 Hz
Next hammonic fraquancy e, n=2ix
=g '
27
gy _S0ms!
£ DBEm
f.=700Hz
b)  Whenpipels closedat one end:
Fundamental freguency f=7
Nextharmonicfrequeney  §=7

put =1

=700s

When the pipe is closed &t one end, then frequency for nth hamonic is
f—n2 whenn=1357 ..

44
So fundamental frequency la:
1=350ms"
= utting n=1
= ax0sm P
f=1T5Hz

MNext hamonic frequency e, n= 3 s




= Ph"."“'-f I1_'.' -

{E} _.ﬂ-ulwi?_' Whaves vt Worsthoms H
3
f ]
3™ ar
_3x350ms’
T 4x05m
f.=525Hz

Wsxompia 75 §

A church organ consists of pipes, sach open &l one end, of different
Inngthn The minimum length Is 30 mm and the longest Is 4 m. Calculste the frequancy
range of the fundamental notes. (Speed of sound =340 ms"}

= 20
o Tolution B { wm3Dmm s ———ma=30«10%m
[ RS £ 1000

fe =4 m

v=340ms"

Freguency range =7

For an orgen pipe open at one end only;
| s
-

{i} Minimum length

.'f Beadn tesyer .

A Nube plenpes nodoas thal theNuls s

Far fundamentsl fraquency, putn =1 |

sraducing & pich which is sightly
~ shar: Whai tould ba ihe cause of
r;m=4~';"' fhia problem?
e
Ax340ms’

S 305107 m
= - 2695.33 Hz
(if) Maximiuimi langth:
For fundamental frequency, putn =1
(1t

foa =5 —

1x340ms’
f g toaid s

4xdm
fom=21.25Hz

S0, the fundamantal frequancy range ls approxdmatsly from 21 Hz io 2833 Hz
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7.7 EXPERIMENT DEMONSTRATING STATIONARY WAVES
USING MICROWAVES

Microwavas are & form of alsctromegnetic

radiations. They are called "micre” waves
betzuse their wavelengths are typically of the roton  Metal T
order of millimetrea or centimetres, much shorter W =i

than radiowaves. Stationary waves, also known
as standing waves, can be produced by
microwaves whan they are confined Lo a specific
regian or cavity such as wave guides or resonant
chambers, In these structures, microwaves can
bounce back and forth, craating a standing wave
pattarn with nodes and antinodes. IL occurs
when the microwave frequency matches the
resonant frequency of the cavity.

Tha slationary waves can be created using
microwaves by the following simple methed as
shownin Fig. ¥ 10

Wirelew fhsa fina

metal mesh mverk
Mlcrowave Prabe Weldal
BOLIMDE dateatior roflmsbhor

“Fip 710 Expermantsl seb g for stationany weves Lsing micmas

The experment setup consisis of @ microwave souroe (Irmnsmitter), a prebe detector
angd a metal refizctor (38 metzlic plate for the eflection of microwave). Threz of the
menfionad ars placed in fine.

The waves coming out of microwave source are mowving towards the metal plate and
then reflactad back. The reflected wave and Incident weve superposs and create a
stationary wave pattern. This can be delected by a probe detector placed between
transmitter and metallic plate. The intensily of the signal can be obsarved by the
detector. You can move the plate of detactor to observe antinode and node. By finding
the distance from one antinode to the naxt antinode, the wavalength of elationary wave
canbe found.




Ifhultr[?' Warves ore AV rathons -

I oW e
Pt 1) | &

7.8 DIFFRACTION OF WAVES

Diffraction of waves is the bending of waves around the shamp edges or comers of
obetacies or the 2preading of waves beyond a barmier, it occurs when a wave encounters
a physical barrier or an opening (a slit) that is comparable in size to the wavelength of the
wave. The langer thewavelength, the greaterthe spreading and vice versa.

Diffraction can be observad in various typos of waves, including water waves, sound

waves, lightwaves and eleclromagneticwaves.

Some sxamplas of the phenomenon of diffraction include:

= Hearing of sound waves around comers or through door way from whare they were
gener@bed as sound waves bend around the comers,

« Diffraction of X-rays by crystals as the spacing between the reglular amays of atoms
is of tha ordar of X-rave wavalength,

Difraction is a fundamental aspect of wave behavicur and has many practical

applications in various fisids.

The Ripple Tank

Figura 7.11 shows a ripple tank. I is 2 very useful apparatus not only to genarate watar

waves, but also to demonstrate weve properties (such as reflection, diffraction and

refraction).

Fig. 7.11: Aripple tenk

Rippla tank containg water, vibrater "

{e.g. amoctorizad oscillating naedie), \ J

chstades (ag a small rectangular

block or a semicircular barrer) and /

gap widths of different sizes. It

craatas a safas of concantriccircles  Smal gp, iIncuasnd dffocion Lame gap, Decreased difracion
Fig. 7.12
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or parallel waves using the vibrator. An cbstacle is .__'Fcrrﬂur s.-srwmmri_“_"-
placed for creating a gap with a specific width. The
experimentcan be repeated with differentgap widths.
It s oheorved that whan the gap width ls small
compared to the wavelength, diffraciion | significant
and the waves bend amund the obhstacle, crealing a
samiclrcular pattern. As the gap width Increases
relative to wavelength, diffraction decreases and e  pimaclion ofwhile light isshewn by a
waves pass through the gapwith |2ss bending. fina diffraction grating..,

This exparimant damonsirates the qualitative effect of gap width on diffrzction in a rippie
tank, ilustrating how the relationship between gap width snd wavelengih affects wave
bahaviour.

§ Exampia 7.5 i I :;lnl::-n:s_')?!bﬁ freformstion|} l
I & ripple tank, a wave generator produces 500 pulses. :
in 10 &. Find the frequency at time perod of the pulses |
produced? sl

W soluien’ p- 50Cpulaes, f= 10s, =7

Number of pulses
As  Frequency = Time ‘o The fine rulngs; each 0.5 wmwide,
& on & compact diec funchon 38 &
£ 500 50 Hz difffaction grating. When & smail
10s - 3 sourca of white Iight lluminates a
y ’ diss, tha d¥fracted Ight forma
; WY colouted lanes that ere composits
We knowthat: T- ¥ " BoHz of the difraction petterns from the
T- 0g2s Gk

79 BEATS -\~

When twowaves ofelightly different frequencles, fravelling Inthe samedirection ovanap
each other then thera is a pericdic varialion of sound between maximum and minimum
loudnesswhich is called as beata,

Tuning forks give cut pure notes (single frequency). If two luning forks A and B of the
same requency say 32 Hz are sounded separately, they will give out pure notes. If they
are sounded simultanaously, it wil bs dificult te differentiata the notes of one wning fork
from that of the other. The sound waves of the two will be superposed on each ctherand
will e heard by the human 2ar as a single pure nole.,

If the tuning fork B is loadad with some wax or plasticine, its frequancy will ba lowerad
slighlly. sey it becomes 30 He. [Tnow the two Wning forks are sounded together, a note of
atternadaly increasing and decrsasing intensity will be heard. This notsis called beat riote
orabeatwhich is due to interference between the sound waves from buning fork= A sand B,
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Fig. 7.13 (a) shows the waveform of the nots emitled L AR

from s tuning fork &, Similarly, Fig. 7.713{b) shows the |“ lur ﬂbﬁl n
wavaform of the note emittad by tuning fork B. YWhan . ernu fu lL

hoth the tuning forks A and B are sounded togsther, e
the resultent waveiorm is shown in Fig. 7.12{c) | ® mf ﬁhuﬂj‘ﬁj ll..ﬁ“ L‘,I"
ghowe how do the baat note cccur. Al some Instant X,
the displacement of the two waves is in the same
direction. The resultant displacermeant is large and a
lowd sound s heard.

After 1/4 s the displacemant of the wave due 1o ong
tuning fork Is apposite to he displacemeant of tha wave
due to the other wning fork resulling in minimum
drsplacement at Y, hence, faint sound or no sound is

heaard.

Ancther 174 s later, the displacements are egainin the mﬁ dru-utlun and & loud sound
is heard again atZ.

Thus, during ore second, we obsarve two famtmt sounds or two loudest. As the
difference of the frequency of the two tuning forks is elsc 4 Hz so, we find that the
number of baats paer second Iz aqual to the drl'l'mnna betwaan the frequencias of the
tuning forks.

f,=32Hz, ,=30Hz f,>f,
No.of peats = f,—f,=32Hz-30Hz=2

However, when the difference between the frequencies of the two sounds is more than
10Hz, it bacomas difficultia recognize tha heats,

Pictorial Comparison

Longitudinal wave

mmm Rasefadion _
]]II'I ||| LTI '
Hr - Direction
VAL AT L
—J mﬁlm Ear
Havelengih
TrArEwrEs Wl

. {\\ﬁ{;t /\\j/\\ @
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Thadifferanca betwean the frequencies of the
twowaves [ stenmed as beal frequency £,

Onacan Usa basts to tunea sting instrument, such as plano arviclin, by beating a note
ageinst a note of known frequency. The string can then be adjusied to the desired
frequancy by tightening or loosening it until no beats are heand .

Tuning Musical Instruments
Hare ara some axamples of how beate ars gansrated Inmuslcal Instruments:

T Dt Mo papd v st e

slightly different tunings, beats are §

created. For example, playing a standard n s -
tuned string and a string tuned a few | =47 o ,;;;'f,;::é_”'-* e
cents higher or lower LRATET g e
2. Piano: Playing two keys white and black, e
arjacantto aach other, creates beats. 2 /{;., -r'{_:"~fmm planc
3. Vielin: When playing two strings wilh ! {brb
slightly different bow pressures ar 1 f ﬁf

speads, beats are generated,

4. Druma: When two drums with
glightly different tunings are playsd
simultanaously, beats sra created,

5. Flute: When playing two notes with
glightly different embouchure (lip and
facial musclas) positions, beats are

generaled. The seund preducet by most of string and wind

. . = z muscal insiruments B dus o the farmation of

6. ﬂ!'gnn. “!hﬁl!i.p!ﬂfmg. two pipes with e i S il o
slightly different tunings, beals are pamuments.

created.

7. Syntheslzer: Generating two oscillators with slightly different frequencies creates
beats.

It mach af these examples, the slighl diference in frequency bebween the iwo sound
sources creates a periodic increase and decrease in amplitude, resulting in 2 “beat” or
pulsation effect.

Musicians ofien use beals inentionally to create inleresting mythmic effects, add
taxture, or produce a sensa of tenslon and release. However, In some cagas, beats can
be unwented and may require edjustments to tuning, pitch, or playing technigue to
minimiza thelr impact,
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|| Example 7.7 [ Two tuning forks ecthibit beats at a beat frequancy of 3 Hz. The
frequency of one fork is 256 Hz. s frequency ia then lowered slightly by adding a bit of
wayx 1o ona of its pronge. The two forks then exhiblt 2 baat frequency of 1 Hz. Determine
the frequancy ofthe second tuning fork.

{foksion| Frequencyoffirstiuningfork =f =256 Hz _—— —
Beatfroquency befare loading = 3 Hz
Beallreguency slterloading =1Hz '

Frequency of sacond luning fork=F="7

A3 f,- f.=%n

Then E=fgn

Putting the values, we have

f, =258 Hz £ 3Hz

Either f, = 266 Hz+ 3Hz:

v/ In AT 11, F. ). Sherg, who was
or f, =256 Hz — 3Hz = aroyal TuRgewr and Liwmgl

f,=250Hz  or 253Hz ol
Let us consider 259 Hz as comect enswer (ie.| fraqueruy of sacand tuning fork). When
first fork & loaded with wax, the fr&m.lanc},rnfﬂrﬁ fork must fall below 256 Hz l.a., 265 Hz,
254 Hz and thus the number of besals pm:ll.md par gecond will increase and will be
greater than 3 beats. Since the ﬁumtm‘nf beats par second decreases on loading first
fork Is orie, therefore 259 Hz ks not carract fraguency of second tuning fork.

Thus, Correct frequency. =f=233Hz

7.10 INTENSITY ([YOF AWAVE

Intensity is defined as fiieamount of energy transmitted per unitares per unit time in the
direction of propagalion of progressive wave.

It it & measure of the power of a wave and is ususlly denoted by the eymbol "I " it is
measuredinunits ofwalts per square metra (Wm').

A prograssive wave or travalling wave is one that fravels through a madium in a
congiztent direction and ransferring energy from one point lo another. It iz a wava that
propagates or moves forward, as opposed lo a stationary or standing wave. Examples
of progressive waves include watarwavas, sound waves, lightwavas, ste.,

By definition, the intensity of a wave s:
E

i
Axt
E.:
[ SR i
A
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P ]
o (= Ef =P

= Intansity of wave In (W m~)
E =Enengy in joules {J}
= Time In seconds ()

P =Powar in watls (\V)
We know that in mechanical waves, such as sound waves, waktar waves, or waves on g
vibrating siring, energy is stored as kinetic energy and potential energy of the medium's
particies. How much enargy is stored depends upon the displacement (amplituds) of the
particles from the maan pasition. Therefore, the intansity | of waves is propertional o the
squsrae ofthe ampltude A, Le.,

Y

or PR el

Here & is the constarl of proportionality and depends tpon the physical properfies of
the wave and tha medium,

E;mrlF‘- 7H |
{a} Awave has an Intensity of 0.5'W m"vﬂla dﬂmnu& of 3.0 m from the source. What s
the power of the wave?
{b} Two progressive wavas hah'ﬂ intanaities of 0.5 ¥ m* and 0.25 W m™. Find total
Inlenslﬁ&a of twa waves. 1
M satutien®
@) ! = 05wt BT - TH
F= 30m Frequegney and amplitude of a
- ; travelling weve =re independent of
P= 7 pach otrier, That by why you can tum
B up the volume of 3 2ong (increacs
= P amplituda}witheut changing ite piteh
(which depends on fraguency).
oo m,-E
Putting the valuae, G ey e
. g2 4 31430 mf
P = 0.51=x13.04
P = BeH2W
{b} f, = DEWm”
f = 0.25Wm*®
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= 7
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Y | i

* % Can you find Be decibel level
05Wm™+0.25Wm af & ravellng wave whoes

075Wm* irstensity is 10 W m %2

m— Rmn me by
1]

| Brmeple 7.9 [ A speaker is smitting sound waves with a power of 50 walts. If the
sound waves are spreading out evenly in all dirsctions and the intensity of tha sound
waves is messured at a distance of 5 m from the speaker, what is the intensity of the
sound waves If the area of the sphers (the surface area of a sphara) at that distance s
approximately 314 m*?

Haeludon PowerP = S0W

Area A = 34m’ .___" i 5

. Peaear und camnot travel through
Intengity = Area Ewltn as ihere are na parlicles
P | oto tranamftihe sound wave.
§ = —_ y
A
_ 50w
314 mt

I 0,159 Wmd

7.11 DOPPLEREFFECT.

The apparent change in the frequency {or pilch} of waves due to the relative motion
between the source and observer{listener) is called Doppler Effect.

This effect was first obsened by Jehn Doppler while he was observing the freguenoy of
light emitted from a star, In some cases, the freguancy of emitted light was fourd to be
slightly diffierent from that emitted from 2 similar source on the Earth. He found that the
changa of frequency of light depands upon motion of star relative to Earth.

This affect can be obsarved with sound waves also. For exampla, when an cbearveris
standing on a raibway platform, the pitch of whisfle of an engine coming towarnds the
platform appears to bacome higher 1o an observar standing on the platform. Howevar,
the pitch of whistle of an engine going away from the platiorm appears to become lowar
o an observer standing on the platform.

Consider a source of acund S atreat which amits sound waves having wavelangth L. Lat
speed of the sound for & stationary cbserver (i.e., listener)is v then the number of waves
receivad by cbasrver inone second i.a., requancy £ is:

v

A
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Case 1: When source of sound moves towards the stationary
ohserver

Whien the source moves towards the stationary obsenver A with velodty u, then waves
are compressed and their wavelength is decreased as shown In Fig. 7.14. In this cass,
tha'waves ara compressed by an amount given as

-

Ak= ”'T r* oy x
(
The comprassion of the wavas is due to the fact that
same number of waves ars contained ina shorter space - n %
depending upeon the velocily of the source. The l:lmwerﬂ /I

wavalangth abaerved by tha abaarvar Az than,

‘,I,“ = & — AJ __
- Flg ‘f.:l-ll‘
or Py = == BOUECE Moving with velocity 1,
o ‘ﬁuﬁm 5 staticnary observer A
v-1u Jand away from etationsry
Ay = P ' nhn&nrgjrh B respectively.
Obzerver AR increased
Hara Ak |5 the decraase Inwavalength In one second and 5,4 gh“wﬁs E i Hags &
is called Doppler=hift. decreaned freguensy.

Thus, the number of waves received by nbsewerA in one second (e, changed or
apparent freguency)is

h=1

.3
Puiting the value of A.. wa have

DL '

v-u).

“%
¥

W, )

As = 5
V-

Theraiore > f

Thus, the appament frequency of sound heard by the obsarverincreasas which in turmwill
increase the pilch of sound.

Case 2: When source of sound moves away from the statiunary
observer

When the source moves away from the stationary cbserver B with velocity &, , then
WEves are expandad and their wavelength (2 increased. In thia case, the waves
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expanded by an amount:
hy =t
f

The expansion of the waves is due to the facl that same number of waves are now
contained ina large distance, Thewavelength observed by the observed B is then,

Az= A+ AL
whare Ak isiha increase inwavalengihinone second andis called Doppler shift

Thus, the number of waves received by observer B in one second {i.e.. changed ar
epparant raguancy) is:

. ¥
LA 1
Putting the value of )., we have
¥
fe = {weu) -
“F
v
s ‘[W]f
v ?
As Vg =1
Therefore fosd

Thus, the apparent frequency of apund neard by the observer decreases which in tum
will decreasa the pitch of sound..

Orearizpping Shociarave

-
e

?%ﬁmw _ it B 5_:_'5-a
Crganksmg Frequences in Hz apaed Waveiront m'
Dalphi 150 — 150,000 (a) ] (=)
Aa o plany accelerntes, it builds vp o front of

. HRen 1000 allr pressurs by puehing airnfrond of L When
= e o i o oot s Rt = A
Doy 15 EO,000 ;mm.m_ % g &
Human 20 = 20000
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| Ewemple .90 Two trucks Pand Q travelling along a motorway in the same direction.

The loading truck P fravels at a stesdy speed of 12 m s”, the athartruck O, travelling ata
sleadyspesed of 20 ms”, sound its horn o emita steady note which P's driver estimate,
hasafrequancy of 830 Hz. What frequency doss Q's own drivar hear?

{Speed ofsound =340ms™)

{ Saiutian
¥ o= 12ms’ Sautes ZIme'] Listeaier {12 M e
% = 2me N
v = 340ms’ .ﬂ. __QP.
{ = B3DHz
E = 7
Speed of Qrelativeto P= k=g — = 20ms' —12ms! =8 ms?
¥ - :
:‘=L i
V-t

i ¥
- f
2 [v—u,]"

Futting the value, wa have

HMims' %
Bap b -[Hﬂms" -Ema"]_rﬂl
HM0ms
BEUHZ ﬂ[ﬁ'—'—‘|q
830 Hz :g:iﬂ?_ma‘l
or fa=
g [ M40ms’
fo = 81047 He

i Exampie 7.1 u!if Afrain sounds ita horn before it 2ets off from the station and an obasrvar
walh ﬂsmﬂle platiorm estimates its frequency at 1200 Hz. The irain then moves off and
accelerates steadily. Fifty seconds after departure, the driver sounds the hom apgain and
the: platform observer estimates the frequency at 1140 Hz. Calculate the traln speed 503
afer departure. How Far from the station i the train after 50 5.

(Spesd ofsound = 340ms")

':_ Soiimtine j__
Original frequencyofhorn =f =1200Hz
Apparent fraquancy =f'=1140Hz

Speedof sound =y=340ms’
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Tima =f=5ls
Speedof source (l.e., train) =7
Distanca coverad hy thatrain = S ?

(0 rf—[ L ]r
s T
Putting the valuss, we have
1140 Hz — |M) «1200 Hz
J0mE

3M0ms =1200Hz

MOms' +u,=

1140 Hz
u, — 357.82 — 340
u,= 17.89ms"
(i S= i TL_T“
v + v
B+ TT 5
G5 Bots navigate and find food by
acho kcatian.
S= 44& m j,
7.12 APPLICATIONS OF- DOPPLER EFFECT
Doppler sffact is aiso applicable to slsctromagnetic oL — -
waves. One of iz important applicatons is the ;QAJ\‘
radar system, which uses radio waves 1o delerming ) :.Li :
the elevation and speed of an aeroplane. RADAR 3j.
(RAdio Detection And Ranging} is a device, [\ rﬁ‘}ﬁﬁ T
which transmils and receives radio waves, If an ! g:;'u .‘jf-'
geroplane approaches towards the radar, then the .ii' = = iy
wavelength of the wave reflected from seroplane (4, = ,:_‘_-.f /

would be shorter and if it moves eway, then the '\ P i Lk
wavalength would be larger as shown in Fig.7.15 k

{8) & Fig.7.15 {k), respeclivaly. Similary, speed of ™%,
satellites maving around the Earth can also butlﬂ-lf-
determined by the same principle. Flg. 715

A shit iz 1=368d & =dar o
Mrﬁdﬁm.
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SONAR is 8n egronym derived from "Sound Navigation And Ranging”. [tis the genersl
name for sanic or ultrasonic underwater echo-ranging and echo-sounding eystam.
Sonar ks the name of a technique For detecting the presenca of objects under water by
acoustical echo. In Sonar, "Doppler detection” ralies upen the relative spaed of the
targst and the detector o provide an indication of the tarpet speed. It emplays the
Doppler eflect, in which an apparent change in frequency oceurs when the source and
the observer are in relative matien to one anather. Its known military applcations include
the deteclion and Iocation of submarines, control of antisubmarine weapons, mine
hunting and depth measurementof saa.
In Astronomy, astronomers use the Doppler effect o calculate the speeds of distant
stars and galaxizs. By comparing the line specirum of light from the-starwith light froma
laboratory scurcs, the Dopplar shift of the star's (Ight can ba measured. Than, the apeed
ofthe star can be cakculated. '
(i} Stars moving awey from the Eerth show a red shift as
shown in Fig.7.16{b). The emited waves have a

4 ¢ 93
longarwavelangth than If the star had been atrast. So,
the spactrum iz shiftad towards longer wavelength, (2 - .
i.2., towards the red end of the spectrum:Astronomers
have also discoversd that all the distant galaxies ars
maving away from us and by measuring their red i .
shifts, they have estimated their speeds. receding 0
(i) Stars moving towards the Earth show a blue shift as
shown in Fig.7.16{c). Thigis because the wavelength

of light emitted by the star are shorler ihan if the star I
had been &t rest. So, the spectrum is shifted towards &)
gharter wavelength, l.e., to the blue end of tha

spectrum.

alectromagnetiz waves Is the radar speed trap.

Microwawves are amitted from a transmitier in short bursts. L
Each burst ia refiected off by any car in the path of -
microwaves in between sending out bursts. The

transmitter Is open to detect raflectad microwavas. If tha
reflaction is caused by & moving obstacle, the reflacted (o) . II
microwaves are Doppler shifted. By measuring the

Doppler shift, the speed at which the car moves is Fig. T.18

Another imporlant application of the Doppler shiff using ?;mwmm‘;f *
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calculated by computer program me.
Satellite Navigation uses Doppler shift fo detemine satellite velocity and position,
enabling accurate losation tracking.
Satellite Communication alsc uses Doppler shift compensation ensuring stable
communication signals.
Doppler radar datects wind valccly and pracipitation pattams. Doppler shift halps
reasura Earth's suface velocity and daformation.
Doppler echocardiography messures bloed flow velocity and defects cardiac
abnormalities, such as valve stenosis or regurgition. Doppler echocamdiography
optimizes pacemaker seftings.
Doppler ulirazound measures blood flow and caculatss cardiae output Deppler
ultrasound detects vascular stenoaisorocclusion.
| Exmmple 7120 The wavelength of one of its lines of the absorption spectrum of a faint
galaxy is identified as Ca-u line found 1o bs 473 nme. The wavelength of same line is
observed and meesured 85 397 nminthe laborstony.
(8} Is the galacy moving towards or away from the Earth?
{p) Compute the spesd of the galexy relefivetd the Earth.
il Solution B .
Laboratory measured original wavelengih

P 4=397nm =297 x10"m
Changed orApparentwavalength  A'=478nm=478x10"m

Speed of ight ¢ =3x10"ms"
(e) \ ¢ v oy = A
G =rh |: 1.F|='l':}
= f =:'.E
i 3x10°ma’”
3‘9?::13'“"1
f = TA6x107 »10% «10%"
Laboratoy fraquency f = 7.56x10"Hz
Apparent frequency 1 = %
478x10"m

= |
Il

6.28x10" Hz
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sk or =< f
‘. The galaxy is moving away from the Earth.

]
oy

¥
= f Y=
[ﬂ+ u,.} F=c)
Putting ihe values, we have

Ax10°ms N
ﬁ.ﬂﬂ xﬂl“HZ = (m ]TEE 10“ HZ Gﬂlﬂﬂﬁﬁﬂ ﬂﬂﬂ
fi 4 Augalany Ay fron Ls at
310" hiu = 3310 ms’ ﬁ?.&&x'lﬂ 2ﬁﬂ'}h@mwmuh}
62810 Hz baere'a spestralline from this
) g hnmnlllyﬂmnl
U= %‘z’f—;xm’ms‘ iavalergin o1 500 n m.
4= 612x10'm s' ¥ e

oy ¥
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[ Multipie Choite Questions ||

Tick (v} the corractanawer. _
7.1 Thesimple wave speed équation is represented by
{alv=ri tﬁ}v—s'/ fe) v =ra )y v=8d/,

72 The prim:ipleurs,;lpefmmul inwaves s stated as:

{a} the displaceament of a wava iz the sum of the displacements of itz Individual
mmpahmis

(b} tha velogity of a wava is the product of itsindividual components
{c) thelrequency ofawave is the difference of isindividual components
{d) theampiiiude ofawavels the ratlo of its Ind Mdusal components

7.3 Anodeinestationanywave is:
{a)apointof madmum digplacamsnt  (b)a pointofintarmediate displacamant
{c) a point of zero displacement {d}a pointof infinite displacement

74 Anantinede In a statlonary wave |s:
(a) a pointof maximum displeczment (b} a pointof minimum displacement
(¢)a point of 2zaro displacement (dya point of Infinlte disglacomant
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7.5 Siationary waves are dafined as:
{a)waves that move with a corstantvelocity
{b) waves that move with a changing velocity
{c) wavesthat oscillate in a fcad position
{d) waves that propagate through 2 medium
76 Hammonics are;
{a) integer multiples of a fundzmenial frequency
(b) Imager submuitiplas of 2 fundamantal freguency
(e} random frequencies
{d) non-imteger muliiplesof a fundamental frequeney
7.7 Tha resultaf conafructive intarfenanca bahvesan two wWaves |5 agresantad as:

{a) adecreass inamplitude {b)an increassin amplliude

{c) no change inamplitude (d) a shift in phase
7.8  Ifthe ampiituds of the wave s tripled, then the amount of 8hergy is incraased by:

{a) Ilimes (b}Glimes (c)9times (d} 12 times
7.9 Whattype of waves do hesdphones use (o produce sound?

{a) Elsctromagneficwaves (b) Machanical waves

{6} Pressure waves (d) Longitudinal waves
7.10 Tha typleal fraquency rangs of micrwavas is:

(@) 10°-10°Hz  (b)10*-10'Hz (c)10°-10°Hz {d)10*- 10" Hz
7.11 Tha banding of waves around anobstachsis callad as:

(a)refraction  (b)reflaction {c)difiraction (d)intsrference

7.12 The Doppler Efectuzadinastronomy is for
(&) measuring the diameters of stars
{b) detenmining velocity of galaxies
{c)analyzing properies of black holes
(d) studying behaviour of slectromagnetic waves
[§  Short Answer Questions |
7.1 Whalare the conditions for interference lo ocour?
7.2 Differentiate between constructive and destructive interference of waves.
7.3 Whatare coherentwaves and coherant sources? Give examples.
7.4 Distinguish between longitudinal and transverse waves.
7.5 lsit possible for two identical waves travelling in the same direclion along a string bo
give rise io a stationary wave? How isit 507
76 Howwould youapply Doppler effeci in studying cardiac problems in humans?
7.7 Whatis meant by diffraction of waves? For what purpose, the ripple tankis used?
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|@ Constructed Response Questions b

7.1 Which measurement of a wave is the most important when delermining the wave's
irtensity?

7.2 Canyou apply Doppler effect to light waves? Describe briefly.

7.3 Can you compere the comprassions and rarefactiona of the longitudinal weve with
the poaks and froughs of the transvarse wave'? Discuss.

7.4 How should a source of sound move with respect to an observer so that the
frequency ol its sound does not change? Wrile two examples.

7.5 Why is it difficult to recognize beats when the frequency differerce is greater than 10
Hz? Examplify.

|§l Comprehensive Questions [

7.1 State and explein the principle of superposilion of waves. Apply this principle to
alaborata the working of noise canceling haadphonas,

7.2 What are standing waves? llusirate a detaied papenmenl that demonstrates the
standing waves using stratched strings.

7.3 Find the frequencies of the harmonics produced in an organ pipe when it is open at
both ands and when itis closed atone end.

7.4 Define and exemplify diffraction of waves. Describe this phenomenan by ripple lank
experiment

7.5 Whet is meant by the term beats? Prove thet number of beats per second is egual to
the differesice between the fraquericies of vibrating tuning forks,

7.6 What do you undarstand by progressive wavaes? Dlscuss the Intansity of progreseive
waves,

7.7 Keaping In mind “Doppler effect’, analyza the following casas:
[a)when source ofsaund moves away from the stationary observer
(bywhan source of sound moves towards tha slationary cbeerver

§  Numerical Problems Pl
7.1 The speed of a wave on a typical string is 24 m s". What driving freguency will i

rasonataifits langth iz 86.0m? {Ana: 2 H2)
7.2 The lowest resonance frequency for a guiter atring of length 0.75 m i 400 Hz.
Calculate thespesd of a transvarsa wava on the sting. {Ans:B600ms")

7.3 Atuning fork & produces 4 beats per second with another tuning fork B. It is found
that by loading B with same wax, the beat frequency increases to 6 beats per
second. Ifthe fraquency of Als 320 Hz, delermine the frequency of Bwhen loaded.

[Ans: 314 Hz)
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7.4 A stesl wire hangs vertically from a fixed peint. supporting 8 waight of 80 N at its
lower end. The diamater of the wire is 0.50 mmand s length from the fixed point to
tha weightiz 1.5 m. Calculets the fundamental fraquency emitted by the wire whan
itis plucked. Density of steel wireis 7.8x 10" kgm™, (Ans:76.2 Hz)
7.5 Awverage intensity of sunlight on the surface of the Earh is nearly 500 W m™.
Determine the amount of energy thatfallz on a solar panel having an eres of 0.50 my*
in faurhours. (Ans:36x10°J)
7.8 (&) IFthe inensity of a wave is 18 W ™ and the amplilude is 2 m, whatis the value
of constant k? (Ans: 4 Wm™)
{b) If the intensity of a wave is 25 W m™ and the constant k is & W m™, what is the
amplltuda? [Ans: 2.24 m)
7.7 (a) Asound system produces 200 watts of power. If the sound is directed at 2
crowc with an araa of 150 m', whatistha intensity of the.sound?
{Ans:1.33Wm®)
(b) ATight bulb emits 100 walts of power. If the light is spread out evenly over a
aphara with a surface ares of 400 m®, what s the intensity of the Tght7
[Ans: 0.25Wm”)
7.8 Aradio antenna broadcasts 500 watts of power. If the signal is received ata distance
of 10 km, what is the intensity of the slanal 7 (Ars: 4x107Wm?)

7.9 Anorgan pipe has a lengih of 1 m. Determine the frequencies of the fundamental and
the first ko hammonics;
{a) ifthe pipeisopanatbothendsand (b} ifthe pipeisclosed atone end.
{Speed ofsoundinairis 340 ms')
(Ans AT Hz, 340 Hz, 5§10 Hz; 85 Hz, 255 Hz, 425 Hz, respeciivaly)
7.10 A train is approaching a station at 90 km h”, sounding & whistle of frequency
1000 Hz. Whal will be the apparent frequency of the whistle as heard by a listener
eitting on the platiorm? What will be the appareni frequency heard by the same
listener if the train moves awey from the station with the seme speed? (Speed of
soundis 340 ms") (Ans; 10789.4 Hz, 5315 Hz, respactively)




