WAVES

transference of energy from point to point in the direction of prop-
odic disturbances transmitted through a medium
from a point of origin called the source. For sound waves, a vibrating body is the source
of disturbance and for light waves, the source of light is the source of disturbance. These
disturbances from the source are handed over to the particles in the medium. The particles
in the medium behave as if they are connected by some elastic forces. When a particle in
the medium is set into vibration, the adjacent particles acquire a similar kind of vibration.

turbance which travels through the medium due to the
bout their equilibrium positions,

A wave is a mode of
agation of the wave. The waves are peri

A wave motion is a form of dis
repeated periodic motion of the particles of the medium a
the disturbance being handed over from particle 10 particle.

A wave is a disturbance which propagates energy from one place t
transport of matter. - ¢ Y obog

A familiar example is the ripples formed on the su
on water in a pond. The ripples travel in concentric circles of ever increasing radius till they

strike the boundary of the pond.- ‘

A wave involves propagation of a physical condition in space
mental differentiation among waves of different types is the nature of the qu
is being transported by the waves and the way in which the vibrations are related to the
direction of propagation. | ol S e

o another without

rface of water when a stone is thrown

and‘ tir’ne; The" funda-
antity which

Mechanical and electromagnetic waves

A wave may or may not require a medium for its propagation. The waves which do

not require a medium for their propagation are called non-mechanical wave. ‘Eg. light
waves, heat waves, radio. waves etc. Non-mechanical waves can travel through vacuumh.
hic

n the other hand waves w

In fact all electromagnetic waves are non-mechanical. O ,
In the -propagation of

require a medium for propagation are called mechanical waves.
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mechanical wgy f
strings Sprihgsves elasticity and density of the medium play an important role. Waves on
» Sound waves etc are familiar examples of mechanical waves:

| g e
A
TYPES OF MECHANICAL WAVES w\”\\

(i) Longitudinal waye

If the vibragiors . . o :
[f the vibrations of the particles of the medium conveying a wave are 1o and fro and

ara __ : iy 1 e
ia llel to the direction of propagation of the wave, then the wave is called a longitudinal
ve. :

_ For example, when a spring under tension is set up
oscillating to and fro at one end, a longitudinal wave
fravels along the spring; the coils vibrate back and forth
in the direction in which the disturbance travels along

the spring. 4 7 —
Sound waves in a gas are longitudinal waves. @WWM’ \_/

When asound wave propagates through a gas, particles g

: - : : 1 : . A longitudinal pulse along a stretched

n tl}e medium vibrate to and fro and parallel to'the di- 5, The disturbance of the medigm-

rection of propagation of the wave. (the displacement of the coils) is in the »

T direction of the wave motion. , /™%

Owing to the longitudinal motion of the particles, ' Fig. 10

sound waves consist of a series of compressions followed by rarefactions.

| I
) N

 Fig. 11

\ , < . . P
moves out, it compresses the air particles. This region of higher pressure is called conden-

sation. Thus a pulse of compression moves outwards. Similztrly a re\fg;'se"' movement of the
prong gives rise 10 2 region of low pressure called rarefaction. This pulse of rarefaction
moves outwards. The particles at the centre of compression move from their equilibrium
position in the direction of the wave; whereas the particles at the centre of the rarefaction

move in the opposite direction.

Figure 2 shows how a vibrating tuning fork sends out a sound wave. When the prong

(ii) Transverse wave

15 of the particles of the medium conveying a wave are perpendicular to

e vibratio! .
ffih agation of the wave, then the wave is called a transverse wave.

the direction of proP . |
For example consider a coil spring ora light rope tied at one end. Hold its other end.
ore ’

: ing. Give a sudden flipping motion by a jerk of the hand
. s nsion by stretching )
It is keg_t u?j::otihe length of the spring. A disturbance in the shape of a pulse can be seen
perpen 1cu
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travelling along the spring towards the fixed end. Th velli '
. The waves travelling along the spri
rope) are transverse. : ' : B

Some waves are neither purely longitu- M) o Smmmm—
dinal nor purely transverse. For example, in .
(] » ' ] : A . —bT -
waves on the surface of water, the particle of et/ Rerrrrrer
water move both up and down and back and ’
forth. In some media such as steel bars both nmzﬁuz’% '
transverse and longitudinal wave motion can B ! \
take place. It is found that generally trans- M,ﬁ?
verse and longitudinal waves travel with differ- ’
. . A pulse travelling on a stretched rope is a
ent specds in the same medium. transverse wave. That is, any element P on
J ; : the rope moves in a direction perpendicular
Waves can also be classified as one, two to the wave motion. :
and three dimensional waves, according to the . Fig. 12

number of dimensions in which they propagate enefgy. Waves moving along a string or a
spring are one dimensional. Ripples on the surface of water are two dimensional. Sound

waves and light waves are three dimensional.

Difference between Transverse and Longitudinal waves

Transverse waves Longitudinal waves
The particles of the medium vibrate I. Particles in the medium vibrate
perpendicular to the direction of ~ ’parallel to the direction of
propagation of the wave. propagation of the wave.

2. The wave travels in the form of crests 2. The wave travels in the form of
and troughs. condensations and rarefactions.

3. One crest and one trough constitute 3. One condensation and one rarefaction
one wave. . _ constitute one wave.

4. These waves can be polarised 4. These cannot be polarised.

Some important terms connected with wave motion

\ _
Amplitude (A)

Amplitude of a wave is the maximum displacement of the wave. In the case of me-
chanical waves it is the maximum displacement of the particles of the medium from their

equilibrium position

Unit : m

Period (T)

Period of a wave is the time ta
plete to and fro motion.

ken by the particles of the medium to execute one con-

Unit : s

Frequency (V)

: ; ‘ ium
Frequency of @ wave is the number of vibrations executed by a particle of the'n ted
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in one second.
| Ay ”-I/T Umt hertz(Hz) .or s~}
Wa"e‘ength(k) =V SHO000,08=sHA0C = SHOS = ju S

g f L
- -.:I\

Wave length

0

Brativh 81 of a wave is the dtsrance rravelled by the wave durmg one complete vi-
ofa parucle in:the medium, ~ | - :

It is also deﬁned as th

—

- W A0

2 d:srance benveen two consecunve particles which are in the

“-same hés, - _
301 :p. : eof‘"braflon H i ',."h‘“ i:l.'.". .".‘Ii-.'- ',l"iij /’J“. ).{{‘ j’\ .“.!III
: S oould (d) brruns | 93553097 e T R _ .
i 2r Tt i) YO ginnawrne o) 21 Yool "nb 107 1ainwr
(Temadakl = 1938w ni hee - . : g ey
3 AR Y n UL =15 01 brooz o H35g2) b2 badim
Unit : m

; [TAADA]
So the wavelength is the distance between two successive crests or troughs'of the'wave.

e A,

ren 34,0 [\ /'\
\/ \//\

f |l s Eig‘1’3‘ ~-‘.! f'}"\! N ‘\: =

.1_!],_ ._..‘ { d‘P

Velocity (v) _ a0 QR = v

Velocity of a-waveis the distance travelled by the wave in one second,
) 1T s ) | 1 T - =

Unit : m

“Relation between velocity (v), frequency (v) and wavelength (x) —  ———— ——

Distance travelled by the wave durmg

one complete vibration of the partlcle = A '
No of vibrations of the pamcle in one second =y

' 10} " M (1630 O ey Ul
et Dlstance travelled by the wavc in one sccond = vl o l-I)‘ ? ol
191111 IR, S\ d b b BT P
i.e. Velocny oflhe wave = pA 7 (HIW 1oV 2avew

V= v

When a wave passes from one mediitn 16 anothér; the velocity v 4nd Wa‘vbléﬁgth A

Change but the frequency v remams unchanged

‘II : B ;"JII" ’U]"_l'l'-l!i L,'ll} 4 rﬁj]"[‘
i “Alha ‘! - iy ¥
"Bt iy YTy T
Examples . b Srris SAY OF 110i2ns) st 58 ‘ |
1 246001 10 v [ d-'\ 3591111 €1 L L1k 20T] sd B (102ns il 210 \ '.a'f_.r: ' ;.b\--!.\

\» = -
XIIL1. The audible frequency range of a human ear is 20 Hz {650 K1} Colver thiis
- into the corresponding wavelength: ]range. ‘Take the Speed ot‘ S0
ordinary temperature to be 340 ms™

Jid

und inlair at

+ L3l [[‘“'J;

.
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vy =20 Hz; v, =20kHz = 20,000 Hz; v =340 ms™!
=] A=l :
. iaiigeten T 340

' v
V=VA, A= “;2 A= _i_o_ =17m; LAy = 20 000

_...‘17-x‘ 10~ m

XIII 2. A bat emits ultrasomcs of frequency 1000 kHz in air. If the sound, meets the
water surface, what is the wavelength of (a) the reflected sound (b) the trans-
mitted sound? (speed of sound in air = 340 ms™ - and in water = 1486 ms™')
[NCERT]
(a) In air:

v = 1000 kHz = 1000 x 1000 Hz: v =340ms™"
: v 340
e ik e =034 x102 m = 0.34 mm
V=vhl A= = e 000 A X m.

(b) In water

v = 1000 x 1000 Hz (frequency remains constant)

v = 1486 ms™"

¢ 1486 --
A== 1000 % 1000 — 1486 107 m o

SPEED OF WAYE MOTION

Wave motion can be transverse or longitudinal. Generally transverse and longitudinal
waves travel with different speeds in the same medium.

1. Speed of transverse wave in a stretched string

A string is tied to a rigid support. It is stretched under a tension by pu]lin'g‘ét the free
‘end. A transverse wave pulse is produced at the end. The wave travels along the string with
a velocity v given by

v = /T/m, where T is the tension in the string and m is linear densuy or mass per
unit length of the string.

.+ The linear density m is related to volume density. ‘p’ as m = ap where a! = Cross
sectxonal area of the string. . . PRITaT
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Examples

L
v,

XIIL3. A steel’ wire 0.72 Lo

1 Ly
.--tension of 60 N ong has a mass of 5.0 x 10~ kg. It the ‘wire is ‘under a

4 What s the speed of transverse wave on the wnre" [NCERT]

1=072m; M=50x10"kg T=60N; _'v=‘lf'_'.

_A’{ 5.0 x [0*3 - i S RN
072 e =6.9x%x10 kgm / )

bl =94  gqistot 4.7
V—J =N . . 1
m 69 X, 10 —3 93ms 101N\, = .

XIIL4. A steel wire has a length of 12.0m and a mass of 2.10 kg. What should be
the tensmn in the wire so that the speed of the transverse wave on the wire

equals the speed of sound in dry air at 20°C. (The speed ot‘ sound in dry alr at
20°C =343 ms™!) ‘ i

1A

v =343 ms l; =12 m; M =210 kg; T =7 0o L oaniunt
m___ﬂ_ZlO =0.175k oiws kol ar voasgaozib odT
i hn 12 - gm 1 ; (i1 oo vonsaaozrh od

I Ty T c . - . 2 Y 1oy Barpirees 936 r; 5.
v=y[—1 V= Tﬂm ST =mv oofd wd unst oo 2 gedr 1sd)
m N _ S e

T =0.175 x 343 = 2.06 x 10' N _

Ve]ocity of longitudinal wave

Thc general exprcssmn for velocnty of long1tudmai wave in a med:um is gwen by,
E/p: | o
where E is the modulus of elasticity and p the densnty of lhc medmm

=vVY/p

For example in iron ¥ = 20 X 10 Nm"2 and p = 7.7 x 103 kg m™3

| . 20 x 10‘0 TR ' !""' 259185 su'gy 2id ]
1/-——-—"""'5025
.V 7.7 % 103 ms- ouly t gt iin #1olan

(b) In a liquid ey Vo R
'~ E=B, thc bulk modulus of the liquid

! \l ol L1311

(2) In a solid E = Y, the Young’s modulus

Ly b

B/p

9 Ny =2
For example, in water B = 2.1 x 10° Nm

2.1 x 10°
. =1 =1 .
L ol e T s'_no‘“.'sz SISO ST Snstanos YA
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—(.c).-ln_a_gas - ._ P _-_ - e - .-. - .- - - - - ..- -. .. — - - - . 5 -
Newton’s formula 29lqmexd

i o1, Newton assumed that when sound wave is propagated through a gaseous medium, the
change in pressure and volume of the oas due to condensations and rarefactions does not
produce a change in temperature. The bulk modulus of the gas under 150thermal change is
equal to the pressure P exerted by‘lﬁ—gas Hence,

AtS.T.P, for air, P = 1.013 X 105 Nm™%; —p = 1.293 kg m="
o v=+/1013 x 105/1.293 =280ms7" "

7

-y However, the experlmental value of the velocny of sound in arr at S TP. 1s al)o'ut

332 ms - ThlS shows that the ‘result obtamed by Newton s formula 1s 1_6% Ilower than

the accepted expenmental value. R s

\
af \J._

Laplace’s correction - | .10
VNl © VA

The discrepancy in the Newton’s formula: was explained-by-Laplace.- .«

Laplace assumed that the condensations and rarefactions are taking place so quickly
that there is no chance for the medium to exchange the heat with the surrounding. So the
temperature of the gas changes. Hence the change of pressure and volume of the gas 1s an
adiabatic change. The bulk modulus E of the ‘medium is the adiabatic e]astncnty y P. Taking
this into consideration, the Newton’s equation is modified as, =

V= £| SVRYl ."‘""'r. 44 [r ) -".J-;"H'?:"'fr
P

_‘-'f" re ‘.I,._ ,-..., )3 11 itibiils - | : , v I . l 215 *|

: Co
where y = C , the ratlo of the spec1ﬁc heats of the gas, The equanon is called Newton—

b |

Laplace equation. For alr y= I 4

2 si1  boe @ionzels 1o eulybom ot 21 A aredw
Hence, velocity of sound at S.T.P. is calculated as, . .  bitos & al (8)
R ,
v= [T Y, =331.5ms” i
ar g "0 o P, ' 0! % 0% Lot i slgemsze 10
This value agrees remarkably with the experimental result.
Factors affecting the velocity of sound in air -
bigpil £ n? (d

Effect of pressure

L BT s HI

Velocity of sound in a gas is given by Ne{vton%Leplace equation,

V= Z.Ef' ‘01 R L tatpwe g 2lqo
" -

l

At constant temperature P/ pis Constant; Hence v is independent of pressure changes
Provided the temperature remains constant.
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Effect of fempemture
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The formula for velocnty of sound ina gas is,.

1 \
KKKK

. P ! . RRUIRS VRN - ‘—-
vo 7P
'rap ‘(1;""'.;‘:

(!

But, p = - where M »i.s"the mass of a gas oooupying the volume V. 1

yPV
V=, —
M ) 1
[YRT , B
But PV = RT oV = EVE where, M is the mass of 1 mole of the gas and R is
universal gas constant. esigmerd

. VX «/T. The veloczry of sound in a gas is dzrectly propornonal fo the square root
of absolure temperarme PR

If v; and v, are the velocxtles of sound ina gas at temperatmes T, K and T2 K. Then,

\2! n

vl ¥ T

If vy is the ve]ocny of sound ina gas at 0°C and v, the velocxty o o then

vo_ Vi _ /273+r
Y2134 273

RE2ICIS 1y o Veloc:lty ofsoundm air at 0°C = 331.1 m's™
£ Velocity of sound inaitat 1°C = vo\/(273 + t)/273

_331 1v/274/273 = 331.7 ms™!

. Increase in velocity for 1°C rise of temperature = 331.7 — 331.1 = 0.6 ms~!

y at any temperature 2°C is given by;
] | f

Vi = (Vo + 0.61) ms™

In general velocit

[] B » \
9011 1 wirolay

Effect of Humidity,
Pp s wa-Lor
% SV —
The humidity in air depends upon the water vapour present in atmosphere The density

of water vapour is 1€ss than the density of dry air.

- ~ Since the density Of m°‘5t air.is less than that ofidry.air, sound. travels faster'in moist;

= MO9S “11‘ {11

air than in dl’Y all' ‘ ‘ ’ Geguthrl mi 1url
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5547 FUNDAMENTALS OF PHYSICS CLASS X1~

Speed of sound waves through different media

Medium Temperature Speed
(°C) (ms~")
Air 0 3333
Hydrogen 0 1286
Water 15 1450
Copper:. i+ ot one 1120 3560
Iron 20 5130
Granite 20 6000
Vulcanized rubber 0 54

Exaiﬁﬁleé

XIIL5. A piezo-electric!qﬁiirt'z plate of thickness 0.005m is vibra'ti'_ng in resonant con-
dition. Calculate the fundamental frequency, if for quartz ¥ = 8 x 10'°Nm™
and p = 2.65 x 103kgm™", '

V-—‘/;-—”m—-s.SXIO ms .‘

For the fundamental mode, A/2=L; = A=2L=2Xx 0.005=10"2m
Frequency f = % =55 x 10°/1072 = 5.5 x 10° Hz

XIIL6. Calculate the speed of sound in air at STP. The mass of 1 mole of air is 29.0 x
10~ kg [For air, y = 1.40] , [NCERT]

1 mole of a gas occupies a volume 22.4 litres. Density of air at S.T.P,
.. _ mass  _ 29.0x 103
TP = olume T 224 x 1073
y = 1.40; P =1013x10°Nm™% = v=?

P 1.4 x 1,013 10°
i r * 27 2 3316t
0 1.29

XIIL7. Velocity of sound in air at 289 K is 340 ms~'. What will be the velocity if the
pressure is doubled and the temperature is raised to 324 K? W AR

Since the velocity of sound is independent of the pressure of air, the change in

pressure does not affect it. o

w_ [n, 0_ [
V2 - Tz' vz A 324

V012l r < 1l Y 324 3y

vz_-340><,/§—@—-360ms

XIILS. Find the temperature at which the velocity of sound in oxygen is the same as
that in hydrogen at 0°C. (Imol of oxygen = 32g & Imol of hydrogen = 28).

=1.29kgm™
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VP rPV VRT
v [YE_ jrf¥ _ Y8

Let T' K be the temperature of oxygen at whlch its velocxty becomes equal to that of
’ | hydrogen at 0°C. f

Foroxygen: T =? M =0.032kg

- v=/yRT/0.032 o i ' Q)'

For hydrogen: T =273K; M =0.002kg

e L [yR x 273 ) da (2)
' 0.002 F

Equating RHS of equations (1) and (2)

[YRT _ [yRx273
0.032 YV 0.002
273 x 0.032

= 4368 K = 4095°C
0.002

DISPLACEMENT RELATION IN A PROGRESSIVE WAVE — Expression for a pro-
gressive wave — Wave functions — propagation constant

A harmonic wave is one in which the particles in the medium vibrate simple harmoni-
cally when the disturbance propagates through the medium.

A harmonic wave is represented by simple har-
monic function such as sine or cosine function.

Consider a plane harmonic wave starting from. *VG,T : _ ! -
a point ‘O’ and travelling along the positive direc- . sl it
tion of X-axis. k(% ‘ . 5 : /)"\
Every particle in the medium executes simple \/ P
harmonic motion with amplitude A and period T. ; } Sy
The displacement y of the particle at O from its | T X »

mean position at any time ¢ is given by, Distance from 0 -

) 21t Fig. 14 :

y(x,t) = y(x =0,1) = Asinwt = Asin T e ' - (i)
Letv be the velocity of the wave. If we consider a particle of the medium at P dlstant X
from O, the wave starting from O would reach P after a time (x/v). So the particle at P lags

in phase by a time x /v than the particle at O.

Displacement

Hence the displacement of the pamcle P atthe time ¢ is glven by, .,
' 2
= in —(t —x/v) = Asin— _
y Asin 2 = = (e —x/v) smvT(vt X)
Sincev-:vh v/iv="»; ie, vT =24,

b Asm-——(w‘ ) : (:ii:)'
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556~ FUNDAMENTALS OF PHYSICS CLASS X1y

If 4) is the epoch then,

y = Asin |:—(vr —x) +¢] ik s PP 3 Pt (iii)
10 1A wave'travellirig inl the negative direction'of the X-axis is-given by, = - 1 1o
217 )70 nagoibyd it
y = Asin [—(vt +x) + d}] ;o g B _ (iv)
yA CCO J HHZY X0 107

The function represented in equation (iii)-is periodic in _position coordmate x and time
z. It represents a transverse wave propagating in the positive direction of the x-axis. A
wave travelling in the negative direction of the x-axrs 1is replesented by the equation (iv).
Displacement functions, such as given in eqn (111) and (w) are called wave functions.

\-.!
L/ i

The wave function can also be written as

y A dofl ~Fu @) | oo e BT EEE @
) : TRy o) |
where @ =—f~v =2n/T [-v/A=f= ?] ‘00 ¥ T ccoo Y (vi)
- Zn I : ) BN '- B -
P e — A A e L= Vll)

and }. (

The constant k = 27/A is called the propagation constant or the angular wave number.

Its unit is radian per metre (rad m~ ), cu = (2n /jk) = (2:1/ T) 1s called the angular

freqtiency of the wave. Its unit is rad s™'.7 - OITA L8 T DA 921

by tocrir —annintianut gveW — ovewr avives1o
Cl)/k £, V thewave gpeed [ LT 9YE OVG'H 71 f.,f‘_.
tocmred slars - (wt — kx + ¢) is in radians. ,

] "

OGN SOHLCTRID Hri) ey (1L

SO0 21 SYIL DHICAEN A

Characteristics of a ]:vrogressivei wave
(1) A progressive wave is one which travels through the medtum undamped and unob-

, N2 {J-, i 1O

structed.
(2) Each particle in the medium vibrates to'and'fro about 1ts mean position;simple harmon-
1cally with the same amplitude and frequency.- o/ ool vl boe TO” iniog &

3) " The to and fro motion of the particles produce condensanons (crests) and rarefactions!
(troughs) ‘which travel in the direction of; propagation of the wave. : 71
(4) Particles separated by an integral multiple of A haye same dlsplacement velocuy and|

acceleratton at any instant., 23 i ) a9 o v dnsmooslazib odl
(5)7 Energy is transferred from pamcle to pamcle and! there 1s no transfer of matter. whatr.
soever. I .51 o
(6) The vibration of each parttclc bcgms a lttt]e later than that of its predecessor.’
ingizily 7 3 I VRIS R3S TR I H B 11 avew orl _-;}';-',';'x aflt od.v 33

1 A

O 152 sl5ian adtedl o
When a sound wave travelling in a medium strikes the surface separating two media 2
part of the incident wave is reflected back into the: first medium  obeying ordinary laws 0;
reflection; while the remaining part is panly absorbed and partly refracted into the secon
medium.

When sound wave is reflected from a rarer medium or free boundary there 1
n
phase change but the nature of the sound wave is changed i.e.,on reﬂectxon, condensallo
| == 1V f3i# = ¥
is reflected back as rarefaction and vice versa. \% - .

is no
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]

“<If-the incident wave is y = Asin(wt — kx),

then the equatlon for the reflected wave is of the
form, ' J\__‘ —f\_—\

¥y = A'sin(wr -|-'kx) flected
. . L ave
where A’ is riew amplitude of the reflected wave. et waveF' 11? caprn
ig.

When sound wave is reflected from a rigid
boundary or a denser medium the phase of the

wave is reversed but the nature does not change.
The compression is returned as compression and a _F\_{

rarefactlon as rarefacnon
- 1l . Incident wave Reﬂected wave

| The equatlon of the mcndent wave is i Fig. 16
y = Asin(wt — kx)
and the reflected wave will be
y' = —A’sin(wt + kx)

Refraction of waves

If the boundary on which a wave falls is not completely rigid or if a wave pulse is
mcxdent obliquely on a bounclary between two different media, a part of the incident wave
is reﬂected and a part is transmitted. The transmitted wave is called the refracted wave. The

lefracted wave obeys Sne]l s law of refractlon

DV ] PRINCIPLE OF SUPERPOSITION

If two or more waves arrive srrmdraneousfy, the particles of the medium are subjected
to two or more smmlmneaus displacements and a new wave is produced. This phenomenon
of intermixing of two or.more waves to produce a new wave is called superposition of waves.

f In case of superp051t10n of waves the resultant wave funcuon at any point is the alge-
i e wave functlons of individual waves.

braic sum of th
) i) )’“)’1+J’z+}’3+

‘This pnncnple is called prmclple of superpOSItlon and holds good as long as the amplitude

of the wave is not too large.
Important applications of superposition principle are (1) Interference of waves (2) Sta-

tionary waves and (3) Beats.

Interference of tWo waves

Consider two waves of the same amphtude and frequency travellmg in the same direc-
tion. If the two Waves L it :lhat crests méet crests or troughs meet troughs
the displacement of the two Waves add and the resultant wave has twice the amplitude.
These two Waves are said to show cans:mcr‘l‘;e interference. On the other hand, if the crest
of one, wave meets,t the trough of the other, then the two waves cancel each other. The two

waves are, sa:d to show destructive interference.
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When two iden}cql sound waves of 'same ampli- g

tude'A, same wavelenglh\{ and same phase ¢, from'the |
~sources §| and S, interfere ‘at the point P, the path dif-
ferenqe between the waves is, § = $,P — §, P.

If this path difference is an even multiple of A/2 "
the waves interfere constructively at the, point and the
intensity of sound will be maximum at P. The resultant S
amplitude at P is 2A. For constructive interference,

—¥>(8 =2n1/2 = nx, Yhere 11 = 0,1,2,3,.. ,
If the path difference is an odd multiple of A /2, the waves interfere 'deétructively at the point
and the intensity of sound will be zero at the point. The resultant amplitude at P is zero.

For destructive interference, \

—
AR — e =

-—.’%C 5= fn & 1)A/2,}‘here n=01,2,31

2

Fig. 17

Examples

XIIL.9. A transverse harmonic wave on a string is described by, y(x, #) = 3.0sin(361 +
0.018x+7/4); where x and.y are in cm and ¢ in seconds. (i) Is this a travelling or
a stationary wave? If it is a travelling wave, what are its speed and direction of
propagation? (ii) What are its amplitude and frequency? (iii) What is its initial
phase at the origin? (iv) What is the distance between two successive crests in
the wave? e [ e S0 ot [NCERT]

General equation of a harmonic wave moving in the negative direction of X-
axisis given by,.. .

y = A'sin(wt + kx' +¢) = Asin [—;(vr +x) + ¢:|
| Comparing the given equation with the general equation, we get, -
(1) It is a travelling wave and moves in the negative direction Of\ X-axis.
velocity of the wave = w/k = 36/0.018 = 2000 cm s~ =20 ms™!

(ii) Ampiiihde of the wave =3 cm =3 x 102 m
A

=2 _3489cm=3489m

0.018
Frequency = v = v/A =20/3.489 = 5.7 Hz |
,,(iii). Initial phase at the ofigin, ¢ = /4 rad.
" (iv) Distance between successive crests; A =.3.489 m
XIIL10. A wave travelling along a string is described by y(x,7) = 0.005 s_in(30-3x(t;;
N 3.0t)m. Calculate (a) the amplitude (b) the wavelength, (c) the period an a
frequency of the wave. e [NCEF
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Standard equation for the displacement of a particle at a distance x at a time £ 1,
: y=Asin[(2r/A) (vt —x)]if .= 0 i 3

\ o 2Nt AT
_—Asm( o A.)

- The given equation is B.aw 5
y = 0.005sin(80.0x — 3.0¢)
Comparing these equations we get:

(a)Amplitude, A = 0.005 m
(®)27 /A = 80.0; A = 27/80 = 0.0785 m
(€27v/A =2n/T =3.0; T =2r/3=2.09s
@f=1/T=1/209=0478Hz . . . . @ [ ..
XIIL11. Two loudspeakers 'S, and S, as shown in the figure separated by a distance
1.5m are in phase. Assume that the amplitude of sound from the speakers is
approximately same at the position of the listener P who is at'a distance 4m in

front of one of the speakers. For what frequencies in the audio range (20 Hz to
- 20 kHz) does the listener hear the minimum signal? (velocity! of sound in air =

330 m/s) [NCERT]}
: S‘."'w. .
tsm Tl :
fahnmaresn R
Fig. 18

For minimum signal, the pgtl}' difference,
§=2n+ Dr/2

* : o
j = sButiv= FA IR
A 2n+1 ! _f f \ _
: 2 )
f Moo 2 s MBS D og g it
“f @n+1) 2

v=330ms ;8 =8P — 5P = (V1.524+42) —4 =0.27m_

330
i . = 2n+l =611 x 2n+1
ot 2 X 0.27( ) _ '( ) '
Hence the minimum frequencies of the audible range for which the listener would

hear minimum signal are 611 x 1 =611Hzor 0.611kHz, 0.611 x 3 = 1.833kHz
0.611 x 5 = 3.055kHz, ...,0.611 x 33 ~ 20.0kHz.

H ' [} \4 o
STATIONARY WAVES \

. When two waves of the same frequency and amplitude, travel in op

R - ; posite directions i
at the same speed.their superposition gives rise to a new "

a straight line o eamdlig W | _ type of wave called

stationary wav

-
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ul

Stationary waves are produced when a progressive wave and its reflected’ wave are
super-imposed. The displacement of any particle in'the medium is the algebraic sum of the
displacements of; the-individual waves.- When stationary wave is produced; certain particles’
of the. medium always remain at their mean position.and at certain other positions; particles
vibrate simple' harmonically about:the mean position with double the amplitude of each
wave. The positions.of the particles which always remain at their. mean position,are called
nodes and. the positions of the particles which vibrate. with maximum amplitude are called
dntinodes. | e\t OEF,

Node is a position of zero displacement, maximum strain and maximum change in pressure
and density. Antinode is a position of maximum displacement, least strain and no change
in pressure and density. ¥ o

Distance between two successive nodes or antinodes is A/2 and that between a node
and the next antinode is A /4.

Standing waves can be produced in stretched strings or in air columns. Because of the
boundary conditions, the vibrating system can vibrate only in certain special patterns which
are called the normal modes. This means that the vibrating system can be vibrated only
with certain frequencies. The lowest frequency is called the fundamental frequency or the
pitch of the tone and the higher frequencies are called overtones. Integral multiples of the
fundamental are called harmonics; the fundamental frequency being the first harmonic.

/ Characteristics of stationary waves

(1) The stationary waves are not progressive “Le., condensations- (crests) or rarefactions
|, . (troughs) do not trayel forward or backward.

(2)' Since the stationary waves do not-advanice through the. meédium there is: nc;-transfcr of
energy from one particle to another. ~ ' . XHZ 2T X

(3) - Every particle, except those at nodes, executes SHM with same period. - e

(4) Particles at different points of the medium vibrate with different amplitudes.

(5) The amplitude changes gradually from zero at nodes to maximum at antinodes.

(6) The distance between two consecutive nodes or antinodes is A/2

(7)': At any instant the direction of motion of the particles in one segment is opposite to that
of the particles in the preceding or succeeding segment, . . . (O 9D \
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'Fundamental, Harmonics and Overtones

A vibrating system transmits waves through air. This is th
tion of sound by yoice or by musical instruments.
at a number of frequencies v, v, vy, v5, .. '

e basic principle of produc-
The system may be capable of vibrating

- Suchatv < y; < vy < V3 < .... The lowest
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tIr(v.;:lcl;uency v is called the fundamental frequency, and the correspondingsmode-of: vibra-
1s called the fundamental mode. The higher frequencies vy, vs, vy, ... are called the

overtones; with v being the first overtone, v, the second overtone, and so on.”

In.certain systc:ms, the overtones are all integer multiples of the fundamental frequency.
These integer multiples of the fundamental frequency, i.e., 1v,2v,3v, ... are called the
hannomcs The first, second third,. . . harmonics are 1v, 2v 3v,.... wooill aotlvd

_Transverse vnbratlons in stretched strmg—standmg waves -

. I

. Fundamental or first harmonic Vo ‘. Third overtone(Fourth harmomc)

~1NAq OOOO

First overtone (Second harmonic) ' Fourth overtone (Flfth han'nomc)

0000@9

Second overtone (Third harmonic) : Fifth overtone (Sixth harmonic)
Fig.20

© Consider a string stretched between two fixed points. When it is plucked, a wave train
travels along the string which is reflected back and forth from end to end. Superposition of
the wave trains travelling in opposite directions results in the formation of statlonary waves

with nodes at the two ends. _
When the string vibrates in one segment the length of the string | = )./2 or
v
The fundamental frequency, v = 51— where v is the speed of the wave.
. segments, they are called overtones. The overtones

A—ZI

The string can vibrate in 2,3, .
2v 3v 4v

can have frequency — Tk Ik 21 L sovd & _ o Statw 2niode

The frequenc1es are in thc ratio 1 : 2 3« .... Hence all harmonics are present.

'Since the velocity of transverse wave is given by v = JTm
1 T

=i

ring r/

1 to the Icngth I of the string, when

The fundamental frequency is given by, v =

Laws of transverse vibrations of a stretched st
l. The fundamental frequency is inversely proportiona

tension T and linear density m are constants. i
> 4§
VX -:—;‘ vl = constant, when T and m are constants .
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2. The fundamental frequency, is'directly proportional to the square root of tension T when
length ! and linear density m are constants

/ v T § oy, U '
v & VT; —— = constant, when [ and m are constants

3. The fundamental frequency is inversely proportional to square root of linear density i
of the string when length / and tension 7' are constants. | ;i 20 0G0

1 ,
VO —ey va/m = constant, when l-and T are constants

L]
Jm
These laws can be verified using a sonometer.

Sonometer

Fig.21

It is a hollow wooden box over which a wire is stretched. 'One_ end of the wire is tied
to a peg and the other end passing overa pulley carries a weight hanger. Under the wire are
placed two bridges A and B. The distance between the two bridges can be adjusted.

A suitable weight is placed on the hanger. A tuning fork is excited and its stem is
placed on the sound box between the bridges. The distance between the bridges is adjusted
so that a paper rider placed on the wire vibrates vigorously. This happens when the wire
between the bridges vibrates in unison with the'tuning fork. . .: . , SR

Examples
XIIL12. The transverse displacement of a string clamped at its two ends is given by,

y(x,1) = 0.06sin —-J;-f- cos(120m¢) -

a4

£ where x and y are in metre’and t in second. The length of the string is 1.5m

and its mass is 3 x 107?kg. Answer the following questions,

1. Db es the function r_epres_ent a travelling wave?
2. Interpret the wave as the superposition of two waves travelling in opposite

direction. What are the wavelength, frequency and speed of propagation
of each wave?

3. Determine the tension in the string

Scanned By CamScanner




-t LT L WVINLIAWVILIN LI Eand A8 & 202 B iafiud AL

11, As'the equation involves harmonic ‘functions. of X and t separately it'repre-
sents a stationary wave. 45162000 S8 M Y ot bae b o
2. The general form of a stationary wave is

2 2wt
= 2A sin % cos

Comparing this with the givén equation, we'get,” " ' ST '
ot L , : e ..
A oo Fne Bleos. g iy im0
A 3

2 vt

= 1207f; .. v=60)=60x3=180ms '

180 it .
3. Frequency v = il = — =60 Hz 193110102
A 3
3 x 1072
T/m; T =_v2m = 180? X = 648 N

XIIL13. A wire stretched between two rigid supports vibrates in its fundamental mode
with a frequency 45Hz. The mass of the wire is 3.5 x 1072 kg and its linear
density is 4.0 x 1072 kg m~!. What is (a) the speed of a transverse wave on the

string and (b) the tension in the string? ’ [NCERT]
 v=45Hz; M =35x10"%kg m=4.0x10"?kgm™'
v=l T=}

Since m=M/l, |= M/m b 3 5'x 10-2/4 0x 1072 oy 0 '3'75 m_
'(a) For fundamental frequency, A /2 -l N=2=2 % 0.875 =1 75 m i bously
V=1 =45 ¥! 175_7875ms %
(O V= VT/m; T =vim=T875 x 4.0x 102 _248N .

XIIL14. A string I m long with mass 0.01 Kg/m  is under tension of 400N Fmd the
fundamental frequency of transverse vibration of the string. __

I=1m; m=0.0lkgm™"; T =400N; v ="

yo L e 1[40 oy
T 2x1Voor = " UF |
21 o T .SLIIX

XIIL15. Fmd the frequency of the note emltted by a strmg of length 10\/' Ocm under a
tension of 3.14 kg. Radius of the string = 0.5 mm and density = 9.8 x 10° kgm

A= 107/10% 107%m; 0T = 3.14 x:9.8 Ny ~7'=0.5/x:10-3 il
m=:rrp=:r><(0.5><103)2x9.8x103 2 [ anemr o3i bn
il Ay noonuBall 098 1
u_1/2z,/r/ - -
' T 2x lOJ X 10‘2\/3-14>< (0.5 x 10-3)2 % 9.8 x 10°
N —_ _ x4 —_—
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Vibration of air columns ., 1 | 9upott 34

% rige et i b ¢ .
Eabirdid L Jtt b d

An air column-inside a pipe can be set into vibration by holding' an e-:xcited t‘umng
fork a?}it; mouth or by blowing air into it. Then a stationary wave is set up.1n the p1pe by
SUPe.l_'EQ??FiO‘? ,Of_ fﬁl'ééi }}{é}ye and the one reﬂ[éc'tec‘l_'z.lt'. the end of the PIPE. . iy o0 ci vonsup

There are two types of pipes commonly used; (1) a pipe closed atone end '(Iclo_SP-_dIP"Pe)
and (2) a pipe open at both ends (open pipe). When stationary wave is formed in & plp-‘f,
an antinode is always produced at the open end and a node at the. closed end because air
column in contact with the closed end cannot move; whereds at the open end it is free to
move to and fro with maximum amplitude. |

The nature of the reflected wave will be different in the closed pipe and open'pipe. In
the case of the closed pipe the reflection takes place at the rigid wall; while in the case of
the open pipe the reflection takes place at the yielding wall. In'the case of a closed pipe the
incident wave is almost completely. reflected. For an open pipe the air outside is rarer than
the air inside the tube. Whén the wave falls on the surface of the rarer medium oq:t‘:%_i]cljc,thf
pipe, it is partially reflected and partially refracted. So, in the case of an open pipe imen4si§¥
of the reflected wave is less than that of the incident wave. As a result of this, interference
between incident wave and reflected wave is not perfect. iy ! c

The air column inside the tube can vibrate with different frequencies. Thqi!_?\g\(eg._t‘,i:re-
quency is called the fundamental frequency and higher frequencies are called the overtones.
[ntegral multiples of the fundamental are called harmonics. : -

" Owing to’the difficulty of representing the longitudinal stationary waves diagramati-
cally, it is customary to represent them by transverse wave curves. &

1. Closed pipe

. N co5e ol
() ' — - CV\C‘I{

\ Jﬁ\{ \[_ { o ¢ {"f'
: UF{"‘\ (_: (AN

“SYedt Gue

! }

. ' A 1 YOk
damental ) A
i fun g ﬁ.rst overtone . |« second overtone
f I . | 3 |
first harmonic third harmonic fifth harmonic

T3 brt ' ! Fig.22 .. I . Ji &l Ji ¥
srormed vinomed b ALY ' ;

Consider a tube of length / closed atoneend. ' -

When vibrations are produced by blowing air into the pl
ing a tuning fork of suitable frequency, stationary waves
simplest mode of vibration, a stationary wave is produce
closed end and an antinode at the open end. This.isithe fy

pe at the open end or by hold-
are produced in the tube. In jts
d in the tube with 2 node at 'th'é:
ndamental mode of vibration and
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End Correction (Edge Effect) . ) RS g
: _}(Ejleerimente{l re':sults show that antinode at the opén ehd of thé
tube does not coincide exactly with the open end of the tube; but

projects. slightly outside it by an amount ‘e’ which is called the end
correction.” ' e .

If f(:_lf_';s'lhe _diamgtér of the tube, the end correction,

e=03d ('~ aqm YLL

i1 (]

*To determine velocity of sound in air-Resonance column experiment

The resonance column consists of a long tube held vertically:in a tall jar containing
water. The length of air column can be adjusted by raising or lowering the tube. To perform
the experiment a vibrating tuning fork is held above the mouthof the resonance 'tube and the
length of air column is adjusted till resonance is obtained. If /j is the length of air column
and A the wavelength of sound, )

v

ik 7034 , L) o

where ¢ = end correction.
If I, is the second length of resonance with the

same tuning fork,

3A
[, +e = T o '_(2)

T

3 i da ke .
" Subtracting (2) = (1); bL—-L = = =20 - L)Y

The velocity of sound in air at room temperature,
Cv=vi . v=2v(— 1),

where v = frequency of tuning fork.

Examples

XIII.16. Calculate the fundamental frequéncy of the note emitted by a pipe of length
17cm closed at one end. (Velocity of sound in air at room temperature =

1 348 ms™Y) : , ey
I=17em=17 %107 m;  v=348ms7} .,

2n + 1)v (3
v="—"r wheren =0,1,2,... =

For the fundamental, n = 0;

k_,/"

v _ 348 |
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XIIL17. What is the fundamental frequency of an open pipe of léngth 32:6¢m? Veloc!
ity of sound in air = 334 ms™" |
' oy ' 334

—_— ) —

R (= §12/27Hz! 02 100 @
- : G2 2¢32.6 %1072 1 obigsue Wlidzil: arsiong
XIIL.18. A pipe 30.0 cm long is open at both ends. Which of the harmonic modes of the
~pipe is resonantly excited by a 1.1 kHz source? Will resonance \?{illll the same
“sotirce be observed if one end of the pipe is closed? (velocity of sound in air =
330 ms™!) 5 [NCERT]
(a) Fundamental frequency of the vibration of air column inside _th(':r_qun:p_ipc,

v = v/21 = 330/(2 x 0.30)' = 550 Hz. R - -
o111« The harmonics are, 550 x 1 Hz, 550 x 2 = 1100 Hz = 1.1 kHz, 550 x 3 = 1650 =
it o 165 KHZ. o) « jpisiny ol w051 10 dizns RS
.- So the second harmonic mode is resonantly excited by 1.1 kHz source.
(b) For the closed pipe, v = v/4l = 330/4 x 0.3 =275 Hz, O sl
Since a closed pipe can produce only odd harmonics, the harmonics that can be
produced by the pipe are, 275 Hz, 275 x 3 = 825 = 0.825Hz, 275 x 5 = 1375 =
1.375kHz,.. .. So the air column does not resonate with 1.1 kHz. .
XIIL19. A metre-long tube open at one end with a movable piston at the other end,
' shows resonance with a fixed frequency source, a tuning fork of frequency

340 Hz, when the tube length is 25.5 cm or 79.3 cm: Estimate the speed of
sound in air at the room temperature. "1 - [NCERT]

v=340Hz; [, =255cm; [, =793cm; v =" R
v=2u(l, — ) = 2 x 340(79.3.— 25.5) = 26584 cms™' = 365.84 ms ™!

XTIIL.20. A steel rod 100 cm long is clamped at its middle. The fundamental frequency

of longitudinal vibration of the rod is 2.53 kHz. What is the speed of sound in
steel?

. ‘ . . [NCERT]
I=100cm = 1m;  v=253x 10’ Hz;v =7
A2=l s A=21=2m |

v=vA =2.53 x 10’ x 2 =5.06 x 10° ms"'= 506 kms~! ' *"""

fivrngl Yo ot rel 8 Vi ! e BEATS

I.H1X

; RIS (o s T v : \ . i
Wben two sound waves of nearly equal ffequeﬁéieé:travelliﬁg in a medium allong the
same direction superimpose, the intensity of the resultant sound at a particular position
nises and falls regularly with time. @his phenomenon of regular variation in the intensity of
sound. with time at a particular position when nwo sound waves of nearly equal frequencies
Superimpose on each other is called _bza/rs) N

The number of beats heard

‘ per second is called beat frequency. It'is equal to the
difference in frequencies, : e :

q?
3

If vi and v; are the frequencies of the sound waves, beat frequency = v; ~ vy
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Graphical representation of beats

1 AMAAARAAAAAAAARAAASAAAAAAAAAAAAAAAAAARARAAAADADAAADLSARS— -
Flg.(a) Y1 AR T T U VYTV TV VYV TV YV TV VUV

. AL AAAAAAAAAAAAAAA AR AAA AAAAAN
Fig. (b) Y, H,‘llli,l!i”lr !lrl'lll!tl‘i'lllllvitl'l!liﬁi!i'l,'”””””””””””“”

Fig. 26

Figures (a) and (b) represent two harmonic waves of frequencies 49 Hz and 56 Hz. Fig-
ure (c) is the resultant wave. It shows that the amplitude increases and decreases alternately.
It is clear that the beat frequency is seven which is equal to the difference in frequencies of
the waves (a) and (b).
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DOPPLER EFFECT IN SOUND

. Itis a matter of common experience that when a train travelling at a high speed with
its whistle blowing approaches an observer on the platform, the pitch of the whistle appears
to rise and then falls at the moment the train passes him. When a source_of sound and a
listener are at rest or moving in the same direction with the same speed, the listener-hears
a sound of the same frequency as the frequency of vibration of the source. But there i;
an apparent change-in frequency when there is relative motion bet\;Eé“‘ﬁ“th&source and the
listener; the pitch rising when the source and the listener approach each other and falling
when they recede away from each other. .

Doppler effect is applicable to all-types_of wave-motions. Doppler had acutally put
forward this principle in the year 1842 in respect of light in his sttemnpt 1o ex laii lt)h
colour of stars. ‘ _ Y e

ilr- @e phenomenon of the apparent change in the frequency of sound d
source as heard by a listener whenever there is relatiy e ot

€ motion between ¢}
listener is called Doppler e_ﬁ’ecq n the source and the
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General expression for apparent frequency

n
. ‘ ”Consxder a source S producmg sound of frequency v. Let Couaie
V'be the velocity of sound in the medium and A'the wave- SRpagaW
]ength of sound when the source and the listener are at rest. | edooq) L \
Then the frequency of sound heard by the listener'is' : }/
A it N EPR AR S ' Y F1g27
b (VL o 51 B JE [iitaMomAAL % 0 of banube

Let the source ‘and the listener be' movm with ‘velocities V, ‘and V; in'the dlrectlon of
£
propagation of sound from source t& listéner.’ The diréction S to'L is taken poq:twe

The relative velocity of sound wave with, resp_e_ggp___t_h_e__g_@_r_qe—v 17
V.~ V

v

Apparent wavclength of sound JL =

Since the listener is moving with a Velocny V,, the relative velocny of sound with
respect to the listener= V' =V =V,
oRe B =

..; .- Apparent frequency of sound-as heard by the listener is given by, Y awi ECINY
it oo, Relative velocity of sound with respect to the listener ' V01
T : e \
Plyeanien 2l 01 iApparent'wavelength oty Dottt YA onn Ay
V-V B ol r DI PO g* e
| V| e | %Y - ; _
., V — V ol m= T : b | S s
-~ ; ) SN ~3
Note: -

Velocities in the direction in which the sound travels in order to reach the listener are
taken positive; while those in the opposite direction are taken negative.

=

/ 'Case (1) Listener at rest and source in motion e R —

(a) When the source moves towards the stationary listener, Vy is positive and V; = 0

73 1 AVNEIO0
V=\v -,

\ - 1
. : i e £ 0 gnid . P P s Ay ey ]—-.
Xb)* When the source moves away from the stationary listener, Vs 1s negative alnld ["’! =0
' ’ u ] ) . cizy s i 150 -.,-I. ' 1 ‘ s, __.1‘_:“ .T{
"" { Ir Uf == | - .__v i X'V | ol 1L 18R 150 1.|i". S¢11 C ]
_ o o {1z Vid Ve oty (1 snisors 3o 121 3 916 19a912il
L B s — . ) 4 ) :
.\ ) { i t 16 (13 10 DU

Case (2) Listener in motion and source at rest
|'

(a) When the listener moves towards the sranonary source V} 1s negatwe and V o 0

—y ‘-\\ ; ( v + ‘fl) : - .
11 Vi 1l 15 Ji |. i ' A .-. V. = X v s ) 99113 TL00

-
V; is posmve and V, =0

1 micloes o) lgmes

(b) When the listener moves away from the stationary source,

i v—w)xu S—
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NN 3
Case (3) When both the source and the listener are in motion

(a) Whe’t i the source and the listener move towards each other, V; is positive and Vj 1s
negative -~ \ '

(:.‘ ’ = V+W 3 /
A = x v
: vV =V, s

(b) th-’ff the source and the listener move away from each other. Vs is negative and V; is
positive ° & T :

i/ ’ V ey vr! i

Ly = XV

V + Vs J

(c) When the source moves away from the listener and the listener-mov
source, V; is negative and V; is negative

' V+V
v = p 0
V+V i

(d) When the listener moves away from the source and the source moves towa
tener, V,'is positive and V; is positive '

¢ i PR ; .
V= V‘—V xXv Ly o= S )

es towards the

¢ ks
rds the lis-

Effect of motion of medium

“When a wind is blowing with a velocity W in the Idirec_:tion of propagation _of sound,

the resultant Velqdi;_y of sound will be (V + w).

’ ( V+W-=YV s ' '
P = m————— | X \ g ¢
pnt 555 6 GHrE vew—v.)*" ;
If the wind is blowing in a direction opposite the direction of propagation of scf)’und,mr
ihe resultant velocity of sound will be (V — W). %o el Uy

Limitation of Doppler effect

| ‘Doppler effect is applicablé as long as the relative velocity between the source and
the listener is less than the velocity of sound. The principle is not applicable if the source

moves towards the listener with supersonic velocity.

Doppler effect in sound is asymmetric

Let the listener be at rest and the source be moving with a velocity v’ towards the

n the apparent frequency,
V. R arn wagatins -
. DETI(T)

If the Sourcé.is at rest and the lis
thé ap'p‘arent frequency,
(V+Vy

(2)

Un=_____v____.

listener. The

19
tener is approaching the source with thé same velocity v’

" These two frequencies, v’ and v”, are not equal

d frequencies differ wh
It means that the observe when the source or list
ener approaches

the other with the same speed. Hence Doppler effect in sound is asymmetric
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Doppler effect in light .

Doppler effect is observed in light also. When a source of light, such as a star, ap-
proaches earth or recedes from it, Doppler effect is observed. When a star recedes from
earth with a very high velocity (> 20 x 10°km/s) the frequency of light decreases or wave-
length increases and hence its spectral lines are shifted towards.the red end by about 200 A.
This is called red shift. When the star approaches earth the spectral lines are shifted to-
wards the violet end. This indicates an increase in frequency. Most stars are found to show

red shift.
S The'Doppler effect in light is symmetric

" Applications of Doppler effect
1. To estimate the speed of a submarine (Sonar)
Ultrasonic waves are transmitted from the ship and their reflected waves obtained
by reflection from the submarine are observed. By finding the difference in frequency
of the transmitted wave and the reflected wave, we can calculate the velocity of the

submarine.

2. To estimate the speed of aeroplane, automobile etc.
Short radio waves are emitted from an observation centre. These waves are re-

flected from the plane (or automobile) and received by the centre. By measuring the
change in frequency of the transmitted and the reflected waves, the ‘'velocity and the
direction of motion of the plane (or the automobile) can be calculated. -
3. To track artificial satellites : .

Doppler effect provides a convenient method for tracking an earth satellite. The
earth satellite emits radio signals of constant frequency v. The apparent frequency v
of the signal as received by the tracking station on the earth is noted. From this the
velocity of the earth satellite can be obtained.

3 4. To estimate the velocity and rotation of the sun

By the study of Doppler shift from the light received from the western and eastern
‘edges of the sun, it has been found that the shift is due to a velocity of 2 kms™".
"'Since no such shift is observed from light received from north and south edges, it is

concluded that sun rotates about north—south axis with a velocity 2 kms™".

Exa'mblés
XTIII.26. A railway engine blowing a whistle of frequency 636 Hz approaches a per-

son standing on a railway platform with a velocity 108 km/hr. Calculate the
apparent frequency of the whistle as heard by the person. (Velocity of sound

=348 ms™")
v"=(V— VI)]}
V-V 3
V=348 ms~!, V, = 0; V,=108km/h=30ms"; v==636Hz;Vv =7

\

w348 .

Scanned by CamScanner



YWAYLY, 7 oo a0 ¢ ¥4 X -t F

XHL27. A car sounding its horn of frequency 740 Hz -is moving away with a velocity
7? km/hr from a person standing by the side of the road. Find the appa:‘ent
pitch of the horn as heard by the person. (The velocity of sound = 350ms™ )

vl_ ( V - V,
“\v=v,)’ .
V =350ms™"; V;=0; V, = —72 km/h = —20 ms™'; v = 740 Hz; v' =7
350 o
'=| ———— ) x 740 =700 H
b (350+2o) o740 z

XIIL.28. A boy stands on the side of a railway track. He blows a whistle of frequency
700 Hz. A train passes at 72 km/hr. What is the frequency of the whistle appear-
ing to a man sitting in the train as the train (a) approaches the boy (b) moves
away from the boy. (Velocity of sound = 350ms™")

i ' ,(V—W)

arl ¥ i V= v

: | V-V,

DT @)V =350 ms™!; Vi=—T2km/h = —20ms™': V, = 0; v =700 Hz, v =?

(350 +20 : L

(b) V =350 ms~': V,;=72km/h =20 msfl; s el V= :700 HZ# _.U'- =3
' (M)mo = 660 Hz

-

=\ "T350

XIII1.29. A police jeep is approaching a stationary observer at a speed of 90km/hr
I “sounding siren. The pitch of the siren heard by the observer is 480 Hz. Cal-

culate the true pitch of the siren, (Velocity of sound = 350 ms™!)

A PY=U\) L (v—u L
= |- iy —t Vv

v =350ms~!, V, =90km/h =25ms™"; - V;=0; v =480; v=?
(350—25 :
i, [

4

480 = 445.
350 )x‘ 0 5.7 Hz

Ii.SO. The pitch of the whistle of an engine appears to drop, to 5/6 th.. of .the true
. yalue when it moves away from stationary observer. Calculate the speed of the

engine. (Velocity of sound = 340ms~')

) V—V,) e/
= X v _——=

XI

A
A

\/)

%:5/6; v=350ms""; V,=0; V,is negative

5 340

—_ : 1700+ 5V, =20 . _ -1
6 340+ V; : 40 Ve = 68 ms

X111.31. Two trains travelling at.72 km/hr and 180 km/hr are crossing each other while
the second train is whistling. If the frequency of the note is 800 Hz., find the ap-
parent frequency of the note as heard by an observer in the first train (a) before

4
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the trains cross each other (b) after they cross each other. (Velocity of sound ifr
- air=350ms™") - b for b ¥
ﬁf=(v._"vr)v. o§ g SO
V -V , |
(@ V=350ms""; V,=-72km/h =L30ms "
110 Vo= 180 km/h = 50ms™ - v=800Hz, v=7" -
V' = (g%g{%%) %800 = 986.7Hz) v
ey V=350 msT! V= T2 km/h =20 msTH 10
v o —lsokm/= S50msT!; [y = 800 HE! TS

v = (_———350 - 20) %800 24660 10012V ) <00 it moTl (RWE
350 + 50

XIIL32. A rocket is moving at a speed of 220 ms™' towards a stationary target. While

moving it emits a sound of frequency 1000 Hz. Some of the sound reaching the

target gets reflected back to the rocket as an echo. Calculate (a) the frequency

of sound wave as detected by a detector attached to the target and (b) the fre-

quency of the echo as detected by a detector attached to the rocket. (Velocity of

1+ 1o ._v;-.u e 15 _.\I-: £ :”__.iil;

sound = 330ms™}) [NCERT]
@V, =220ms-'; v = 1000Hz; V = 330ms~hy =050/ =2 '
L (VW) [ 330=0)
YV = — —_ —_—_—— —
( ehuri 06 1o wosee w2 (v = vs) ’ (330 -220) % 1RO = BEE woiil
> (b) Here target is the source giving sound of frequency 3000 Hz and the rocket is the
listener. : : e

V, =0; V, = =220 ms~!; v = 3000; v’ =?
i i (V_ V’) g e (M) % 3000 = 5000 H
ay Lol LT = ;

XIIL.33. A train standing in a station-yard blows a whistle of frequency 400 Hz in still
air. A wind starts blowing in the direction from the yard to the station with a
speed of 10 ms™'. (a) What are the frequency, wavelength and speed of sound
f_or an observer standing on the station’s platform? (b) Is the situation exactly

""equivah_e_nt to the case when the air is still and the observer runs towards 'th'é
yard at'aspeedof IO0ms~'? - trean #seom s o su[NCERT]
[Velocity of sound in still air = 340 ms™'] ERCTAIT,

(@) v=400Hz; W=10ms™; V=340ms™' v =?

: '(V+W—Vf)
V=|——))Xv=v

e VI+W-=V,
P (. Vy=0and V;, =0)
' . v =v =400 Hz |
 Speedof sound = v+ W =340+10=350ms™' Ak
V350 -
Wavelength, A = — ="— = 0.875 (hee i syl baoasz ol
g “aevln 400 8m {y°
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of
Thus we see that the frequency does not change; but the speed and wavelength
sound change, |

' also
(b) No, because when the observer runs towards the source, the frequency

——changes (increases) _ ‘ v -
XII1.34 A\Rolice man on duty detects a fall of 10% in the pitch of the horn of a moto

' car as it crosses him. If the velocity of sound is 330 m s~', calculate the speed of
the car. ’ ™

Let v" and v” be the apparent frequencies of the horn before and after the car
crosses the police man,

Vv = Ll = ¥ X V] v”=( L )D
- V‘—Vs i V'“Vs ' V‘F\Vs *

LV = (VA V)Y = V) (100/90) = (330 + V,)/(330 — V)
3300 — 10V, = 2970 +9V,; V, =17.36 ms™' = 62.5 km/h

-

XIIL35. A sonar system fixed in a submarine operates at a frequency 40.0kHz. An —
enemy submarine moves towards the sonar with a speed of 360 kmh~'. What
is the frequency of the sound reflected by the submarine? Take the velocity of
sound in water to be 1450 ms~!. ' ' * [NCERT]

For the incident sound, take sonar as the source and the enemy submmarine as
the listener: : ' '

v=400kHz, v, =0; v =—360km/h=—100m/s: v 1450 m/s; v =?

, (v=u) _ _ [1450+ 100
U—(U_US)XU—(‘ﬂs—o:-—(]—)x40_42.76kHz

For the reflected sound, consider the submarine as the source and sonar as the
listener:

u;=100m/s; v =0;v=1450m/s; V' =42.76 kHz: v"” =9
vrr_(v—vg)xv,_( 1450 - 0 )X4276—-42 .
“\e=y, LT\ 1450100 10 = 42.76 kHz
XII1.36. The wavelength of yellow sodium line (5896 A) emitted by a star is red-shifted
" to6010 A. What is the component of the star’s recessional velocity aldng the line
of sight? :
Since the wavelength of light increases due to Do
quency decreases, the portion of the star from which ¢
away from the observer. . V; is negative

ppler effect i.e., since fre-
he light is observed moves

Vi=0; =589 A =5806 x 10~10 m:

N =6010A =6010 x 1070 m; v = 3} |48 AT
w=(V'-V1) e A

V-V

|74 |4 ) "4 1%
| — x._. -"'p--
A V+V A ¥ "-'i-

Xv
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V + Vg
'A".;—_( _:; )xl

(3 %108+ V)

6010 x 10710 = X 5896 x 10~'°
X

1 . ._I : . # 103 -..

3% 1084 V, = 60105"8;’6" — 3.058 x 108

V, = 0.058 x 10° = 5.8 x 105 ms |

 IMPORTANT POINTS =~
WA= Ur” |
V = JEJP; In solid, V = JYTP; In fuiid, V = VB]P
The velocity V of sou;zd in a gas ddej not depend oh rhe- pressure of the gas.
m Vi) Va = /Ti] T3; Vol V, = /23] 2T3 4 1);
=Vo/ (273 +.1)/273 meD R 8 ' Ml it
OrV_(V0+06><r)nv’s : \
5. Displacement y of a particle at a distance x at a time t due to a progress:ve wave
‘ propaganng along the positive direction of the x-axis is :
3= Asm[ZJr/z\.(Vt x) + ¢] ory = Asm(wt k)é ¥ ¢)
{f there is no initial phase. ¢ =0, then '
Uy = Asin[2n /A (vt — x)] or y = Asin(wr — zoé‘) Eain
wherek =2r /X, 0 =27V /A =27/T; V = w/k
6. Velocity of transverse vibration of a stretched string is V JT/m; m = linear

density = mass / length = wr*d .
T = Mg, if a mass is suspended at the end of the strmg

i : Fundamenral ﬁequency, Vs (1 /Ql)m
T For Sranonary waves m a Stretched strmg, e L

V=V v = 2V/2! vz' - 3V/21',". %

i For the yib’r&ti'on of air column,” - : -
" (a) Ina'closed tube, v = V /41, v = 3V /4l; v, = 5V/4z
(b) Inan open tube, v = V /21, v =2V /2l; vy = 3V /2I,..
End correcnon, e=03d;:"

PE-”.!“*-‘E"‘

For resonance column, v, =21 (lz - 1)

8. Beat frequency =V — Vv 0rvy— :
For a string vl = a constant, As | increases v decreases and vice versa

9. Doppler frequency, v' = [(V-w)/v - Vs)] v
The direction from rhe source to the listener-is taken as-_p_os;'tive.
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