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WAVES

Important Points:

1. Wave Motion:
It is a form of disturbance that travels througé thedium due to repeated periodic motion of

the particles of the medium about their mean pmssti

2.Longitudinal Waves:

The particles of the medium vibrate parallel todirection of propagation of the waves.

3. Transverse Wave:

The particles of the medium vibrate perpendicudahe direction of propagation of wave.

4.Phase):

It is the state of vibration of a particle thatggvposition and direction of motion with respect

to time.

5.Wave Length(A):

It is the distance between two successive partigleésh are in the same phase of vibration.

6.The general equation of progressive wavg #sAsin(at £ ¢) (or) y = Acos(at + ¢)
7. Stationary wave equation:
y =2Acosgt )sinkx (or) y=2Asin(wt)cos (k|

8. Vibrating String :
a) The waves formed in a string under tension arestranse stationary and polarized
waves.
b) Always nodes are formed at fixed ends and antinatipfucked points and free ends.
9.Resonance:
When the external periodic frequency is equal éortatural frequency of the body, the
amplitude of vibration increases rapidly (Theorgticinfinity for no damping). This
phenomenon is called resonance. Such vibrationsadlexd resonant vibrations (or)

symphethetic vibration.
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10.Newton - Laplace formula for speed of sound iregag, :\/?
Where p= pressure of gas
d = density of gas
y = Adiabatic constant

11.In open pipe, the general formula for frequency-

=% Where p =1, 2, 3..... Number of harmonics

12.In closed pipe the general formula for frequemncy(2p+ ])%where p=0,1,2 3.

13.Beats:
When two sounds of slightly different frequencieperimpose, the resultant sound consists

of alternate waxing and waxing. This phenomenamaied beats.

14.Doppler Effect:
The apparent change in frequency due to relativeomdetween the source and the listener
is called Doppler Effect.

15.Apparent Frequency of sound
o[ VEVe)
V£V,

Where n is actual frequency and V is velocity afrsw

+ Vg (velocity of listener) is used if listener apprbas the source
-V is used if listener moves away from the source

+ Vg (velocity of source) is used if the source mowsayafrom the listener
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16.Limitations of Doppler Effect:

a. Doppler Effect fails when the velocity of sourcetloe listener approaches the velocity of

sound.

b. Doppler Effect fails when source and listemeves with same velocity in the same

direction.

Very Short Answer Questions

What does a wave represent?

a) Waves represents transport of energy an@dttern of disturbance.

b) The disturbance is handed over from one partic other particle without any net

transport of the medium.

Distinguish between transverse and longitudinakaves?

Transverse Waves

Longitudinal Waves

1. Particles of the medium vibrate in
direction perpendicular to the propagation

the wave.

4. Particles of the medium vibrate in
direction parallel to the propagation of t

wave.

he

2. Alternately crests and troughs are formec

2. Alternately compressions and rarefacti

are formed.

DNS

What are the parameters used to describe a progssive harmonic wave?

1. Frequency, 2. Time Period, 3. Wave

ltleng 4. Wave Velocity and 5. Phase.
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4. Establish the relation between the wave velocityy), frequency(v), and the wave length
(1) of a progressive wave.

A. If T is the period of vibration then its frequsnis v =1/T

The wave travels a distance of one wavelerigjhin the time T
The distance travelled in 1 secone_(r‘——
The distance travelled by the wave in 1 sec iedatave velocity -

V=i =V =ul (lzuj
T T

5. Using dimensional analysis, obtain an expressidor the speed of transverse waves in a
stretched string?
A. For atransverse wave in a stretched string, siggaaportional to the tension (Restoring force)

and inversely proportional to the linear mass dg(s).

Dimensions of tension EMLT‘Z]

) ) ) ., Mass J
Dimensions of linear mass densi#y——=| ML™
Length [ ]

Speed of the wave (v) G\/%

Where the constant C cannot be determined by dilmeal analysis. The constant C is chosen

as one -

sz\/-VTvI

6. Using dimensional Analysis obtain an expressiofor the speed of sound waves in a
medium?

A. Let Va d®E® where d is density of medium and E is its elastiestant
=V =Kd°E
On writing dimensions

=[MLT =ML [ML'T]°
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— [M OLlT—l] :[ M a+b L—3a—bT—ZJ]
=a+b=0,-3a-b=1 and -2b=-1

b:}é Alsoa=-b=-1/2
-1/2 1/2 E
=V =Kd E 3V:K\/;

Value of ‘K’ comes out to be ‘12 V :\/E

7. What is the principle of superposition of waves?

A. Principle of superposition:
The principle of superposition of waves states Wiatn two or more waves are simultaneously
interfere, the resultant displacement of any plartis equal to the algebraic sum of the
displacements of all the waves. {f = f,(x-wt);y, = f,(x—wt).....y, = f,(x-vt) Then

y=f(x=vt)+ f(x=-vt)+..+f (x-vt) =D f (x-wt)

i=1

8. Under what conditions a wave will be reflected?
A. i) Progressive waves get reflected if the densityrandity of the medium changes at any point.

i) Waves get reflected partially when they refrath @mnother medium.

9. What is the phase difference between the incideand reflected waves when the wave is
reflected by a rigid boundary?
A. Phase difference between the incident and reflastaaks when the wave is reflected by a rigid

boundary isrm.

10. What is stationary or standing wave?

A. A stationary wave is formedyhen two progressive waves of same amplitude asguéncy

moving in opposite directions along the same ditdige superpose each other.
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11. What do you understand by the terms ‘Node’ andAntinodes’?

A. Nodes:

In a stationary wave the points where the amgditis zero are called nodes.

Antinodes:

In a stationary wave the points where the amnnbditis largest are called anti nodes.

12. What s the distance between a Node and an Antide in a stationary wave?

A. The distance between a node and the adjacenbdstis equal t(E%)

13. What do you understand by ‘natural frequency’ @ normal mode of vibration?

A. Natural frequency:
If an impulse is given to a body and it is leftdr® itself, it vibrates with a finite frequency.
These vibrations are called natural vibration.
Ex: The air column in a closed (or) open pipe cancharacterized by a set of natural

frequencies (or) normal mode of oscillations.

14. What are harmonics?

A. Harmonics:
Harmonics are the notes of frequencies which ategmal multiple of the fundamental

frequencies.

www.sakshieducation.com



15.

16.

www.sakshieducation.com

A string is stretched between two rigid suppod. What frequencies of vibration are
possible in such a string?

When a string is stretched between two rigid psuts, the fundamental frequency

U, :%\/f where ‘T’ is tension in the stringy' be linear density of the string.
u

‘ ) p T
In general, for ‘p’ loops) =~ |—
20\ u

If p=1loop= v, :?1“/f = fundamental (or) 1st harmonic
U
_ 2 [T .
p =2loopss y, :5\/: = 2nd Harmonic (or) 1st overtone
U

p = 3 loops = v, :g\/f = 3rd Harmonic (or) 2nd overtone and so on.
7

The air column in a long tube, closed at one dnis set in vibration. What harmonics
are possible in the vibrating air column?

In the case of closed pipe only odd harmoniesmtbeven harmonics are absent in a closed
pipe.

First mode of vibration is 1st harmonifp:%

Second mode of vibration is 3rd Harmonic (or)dstrtone, :wl:%

Third mode of vibration is 5th Harmonic (or) 2odertoneu, :5u1:%

17. If the air column in a tube open at both endssi set in vibration, what harmonics are

possible?

If the air column in a tube open at both ends isrseibration all harmonics are formed. Hence

v v A

the possible frequencies a%fle,—,—,— ..... where v is velocity of sound in air column anid

the length of the tube.
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What are “Beats”?
Beats:

The phenomenon of waxing and waning of sound duééd interference of two sound waves

of slightly different frequencies travelling in tlame direction is calleBleats

Write down an expression for beat frequency andxplain the terms therein?
Expression:

Number of beats per secamng=v, ~v,.Where n and @ are frequencies of two bodies.

What is “Doppler Effect”? Given an example?
“When a source of sound (or) an observer ohlawe in motion relative to each other there
is an apparent change in frequency of sound asil®y the observer. This phenomenon is
called the Doppler’'s Effect”

Ex: The frequency of the whistle of a fast movingrirdecreases as it recedes away from us

where as it increases and appears to be highéegitas it approaches us.

Write down an expression for the observed freqncy when both source and observer

are moving relative to each other in the same daction?

The apparent frequenay = (\\; :x‘) ju

V - Velocity of sound
V, - Velocity of observer
V. - Velocity of source

v - Actual frequency of sound
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Short Answer Questions

1. What are Transverse Waves? Give illustrative exaples of such waves?
A. Transverse Waves:

The wave in which particles of the medium vibnagéependicular to the direction of propagation
of the wave is called a transverse wave.

Example: Let a string tied to a rigid wall and a continuqesiodic up and down jerk is given
to the other end of the string. The resulting distnce on the string is then a periodic wave. As
the wave passes through the sting, the elemerntsea$tring oscillate about their equilibrium

position. These oscillations are normal to thedliom of wave motion in the string.

This wave s mow (104

im thas dimex ton »
A N
AN A N S,
v | { \ [ .
Y Y,
mnlitude "\ Owsa covm et
s ; fr:-u:\.:h\; [ oydd 1
2. What are Longitudinal Waves? Explain with an eample?

A. Longitudinal Waves:

The wave in which the particles of the medium atbr parallel to the direction of

propagation of the wave is called a longitudinaveva

Ex: Sound Waves.

I I

Explanation: Let a light spring is held horizontally and a liglush is given to it in the same
direction. The spring gets compressed sending sepoil pressure along the spring. The
compressions and rarefactions are formed in thegstrThese waves can travel in solids,

liquids and gases.
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3. Write an expression for progressive harmonic way and explain the various parameters

used in the expression?

A. Consider a particle ‘p’ at a distance of ‘X’ fnothe origin let its amplitude is ‘A’ and angular
frequency isw'.

If '¢' is the phase difference between the point ‘p’ amgin ‘O’, then equation of

progressive wave is given by= Asin(at — @)

(Or)

y(x,t) = Asin(wt —kx) Along +ve x-axis

If the wave travels in -ve x-direction then
y(xt) = Asin(wt +kx)

In the above equations

y(x,t) — Displacement of the wave as a function of positod time

A - Amplitude

(Maximum displacement of the vibrating partiofehe medium from its mean position)
K - angular wave numbezrz—”

Sn(wt-Kx) - Oscillating term

(wt —Kx) — Phase (which describes direction and positionwéee at any given point)

X —» Position
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w - Angular frequenc;(277T (or) 27m)

t -~ Time

4. Explain the modes of vibration of a stretched sihg with examples?
A. Let a string of lengthl* stretched between two fixed supports.

1. When the string is plucked at the middle ofdtveng it vibrates in a single loop

" é‘is_l.l...._ =

i o
w==T__ Fundamental - —— ===
-'-_-"*——__

W op=h

(R B aurnies

Tage
Warmonias pa streiched sirings

0 Length of the string=A/20r A=2.

Frequency of vibratiom, :% :%

Herev 1 is called fundamental frequency or first harmonic.

2. When the string is plucked at a point at th;aaadlcelz from fixed end, it then vibrates with

two loops.

Herev 5 is called second harmonic.

3. Similarly if three loops are formed =2—3;V=3U1

Hereu 3 is called Second Overtone or Third Harmonic.
In generalu,, :%lv Where P is the number of loops .is P then,

Hence the Harmonics are in the ratio 1: 2: 3.... n
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5. Explain the modes of vibration of an air columnn an open pipe?
A. Open Pipe:

An open pipe means both ends are open. At the epda of the pipe always antinodes are
formed. Let ‘v’ be the velocity of sound.

1. When the air column vibrates with two antinodad one node as shown in figure .Since the

distance between two successive antinodes is

Length of the pipe, :)\_2l or A, =2l
. . vV Vv
Frequency of vibratiow, = —=—
A, 2

Whereu, is called fundamental frequency or first harmonic.

2.In the second mode of vibration, the air colummraies with two nodes and three antinodes
as shown in the figure.

]

Zi-4

Length of the pipe, | :2—;20r/12 =4

Frequency of vibration,

Whereu, is called second harmonic or first overtone.

3. In the third mode of vibration the air column \abgs with three nodes and four antinodes as
shown in the figure.

Length of the pipel, =3—;3or/13 =

Whereu, is called third harmonic or second overtone.

Hence for an open pipe harmonics are in the datib 3: ....
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What do you understand by ‘Resonance’? How wodlyou use resonance to determine
the velocity of sound in air?
Resonance:
If the driving frequency (applied force frequendy)equal to any natural frequency of the
given body, then the body will vibrate with largamplitude at that frequency. This
phenomenon is called ‘Resonance’.
At Resonant frequency, the object vibrates witkximam Amplitude.

Ex: - In the case of organ pipes, if the vibratinging fork frequency is equal to natural

frequency of vibrating air column, resonance occurs

Determination of velocity of sound in air:

Let us consider a long vertical glass tube (T)lmflong and 1cm diameter. The lower end of
the glass tube is connected to a reservoir ‘R’ afewthrough a rubber pipe as shown in figure.
The water level in the tube can be adjusted by atigistable screws attached with the

reservoir. The entire apparatus is fixed to a senahgement with proper adjustments.

- Reservior

= Rubber
tube

‘1.!] qC ='Pinch cock

|
!%}%‘ﬁ -Leveling screw

1) By keeping a vibrating tuning fork over the opend of the tube and by lowering the

Procedure:

water level, the first resonance is observed ahgth'l,"
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A A

(As we know/ =uA)

Here ‘e’ is end-correction of the pipe.

End Correction: The antinodes do not occur precisely at the aets of the pipes, due to
the pressure from outside the pipe. Their positiepends on the diameter of the pipe. Due
to this the vibrating length of the air column idended slightly beyond the open end. This

correction ‘e’ to the vibrating length to be appliat the open end is called end correction
End correction can be empirically written as e 3dQwhere‘d’ is the diameter of the pipe.

2) The water level is lowered further and obsemfed2nd resonance at a level, with the same

vibrating tanning fork(, >1,) =1, + e=% =g(\ij .......... (i)
U

Subtracting equation (i) from (ii)

-, =Y (3 0 2 Y
2t ula o4) TP w

0 V=2u(,-1,)
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7. What are standing waves? Explain how standing was may be formed in a stretched
string?
A. Standing Waves:

When two progressive waves with same amplitude &eduency moving in opposite

directions along the same straight line superpash ether a standing wave is formed.
Standing waves in a stretched string:

Consider a wave travelling in positive x-directiand its reflected wave of same amplitude and

frequency in the negative X-direction.

v (xt)=a sin(kx-wt) And y,(xt)=a sin(k«+ wt)
The resulting wave in the string is given Pfk.t) =a sin(kx-wt) +a sin(kx+wt) (Or)
y(xt)=2a sinkx cosat

Here A =2a sin xis called the amplitude of the resultant wave.
Nodes:

These are the points where amplitude is zero.

sinkc=0 (or) kx=nm

Wheren=0, 1, 2, 3...
_m
(Or) x= > [

Antinodes:

These are the points where amplitude is maxininkd =1 (or) kx:[n +%]n

Wheren=0, 1,2, 3........ (OK):(N_]%.

For a stretched string of length L, the ends x ar@lx = L are the positions of nodes.

L=n—2)\ orA=£[Where n=1,2,3........
n

The harmonics formed a[e:% wheren=1, 2, 3.....

The fundamental mode of vibration is given whenlni.e. the fundamental frequency is given

by
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v =2—‘L . Where v is the speed of the wave

8. Describe a procedure for measuring the velocitgf sound in a stretched string?

A. The velocity of a longitudinal wave in any mediusgiven byv:\/% where B is the bulk
modulus of elasticity ang is the density of the medium.
In the case of solids velocity of sound is givenvbcy\/% where y is the Young’'s modulus.

The Young's modulus of elasticity of the stretchstdng is determined from the formula

Where F = load on the wire
L = length of the string

A = Area of cross section
e = elongation

By knowing the density of the material of the wivelocity of a sound wave can be known.

9. Explain, using suitable diagrams, the formationof standing wave in a closed pipe. How

may this be used to determine the frequency of a gice of sound?

A. Closed Pipe:

The stationary wave equation is given fi,t) = 2a sinkx cosat wWhere 2a sinkx is the amplitude

of the resultant standing wave.

Nodes:

These are the positions of zero amplitude gir K (or) k= nn wheren=0, 1, 2, 3.....

psx- (=)
2 A
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Antinodes:

These are the positions of maximum amplitude (me)(n +%)n
Where n=0,1,2,3.....

inx=(n+1]A
Again x—(n+ 2] 5

|.._._1‘ . {f..,I o
N
RN

& tHurd ] SRVt mintn alEwsrn
first harmeaic harmomic Narmonic Rarmenic  harmenic  hanmanic

[a) i)
Fuu relserseital

Modes of Vibration:

In a closed pipe one end is closed while the a¢heris open. At the closed end node and at the

open end antinodes are formed.

Taking the closed end as= 0, andx = L (length of the pipe)

[EEN

L=(n+%)% (Or) A -2 ,wheren=0, 1,2, 3,.......

5

The natural frequencies ar@=(n+%j% wheren=0, 1, 2, 3...

N

The fundamental frequency (n = o), :4—"L

The higher frequencies are odd harmor%s% etc

Hence the harmonics are in the ratio 1: 3: 5...

(b) An open pipe is placed in water as shown awithr@ating fork of unknown frequency’ is
kept just above the rim of the pipe. Now the pipegiadually raised. For certain length of the

air column in the pipe, resonance between the &n#t air column occurs and a humming
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sounds is heard from the pipe. The length of the@umn () is measured. If ‘v’ is the velocity

of sound air, the fundamental frequency is giveml;yA\r/—I

As the air column is in resonance with the turfim, this frequency is equal to that of tuning

fork (source).

10. What are ‘beats’? When do they occur? Explainiteir use, if any?

A. Beats:

The phenomenon of waxing and waning of sound dubdsuperposition of two sound waves

of slightly different frequencies travelling in theame direction is called Beats. As the

persistence of sound on the human eei%i@f a second, the frequency difference must not be
more than 10,

Uses:

1. To detect the dangerous gases in mines

2. To tune the musical instruments

3. To produce special effect in cinematogyap

11. Whatis ‘Doppler effect'? Give illustrative Examples?

A. Doppler Effect:
“When sources of sound (or) an observer or boghiramotion relative to each other there is
an apparent change in frequency of sound as heatblebobserver. This phenomenon is

called the Doppler’s effect”.
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Examples:
1) SONAR (Sound Navigation and Ranging)

1) It is a device to locate the position and speledn enemy submarine and also to locate
some hidden objects such as an iceberg insidectiheHere the object (submarine) acts like

reflector of sound. The echo is picked up. SONARBteay records the frequency difference
(n*—n) (which is called Doppler shift) are so calibrateito read the position and speed of
an approaching object.

2) Like radar (or) sonar, bats also estimate #lecities of moving objects around them by

observing the change in frequency of the ultrasaaices emitted by them.
3) Doppler Effect is used in police radar systeéonsieasure the speed of motor vehicles.

4) Meteorologists use a similar technique to mesasuind speed of potentially damaging

storms.

5) Doppler Effect is used to find whether a paiac star or a galaxy is approaching the

Earth (or) moving away from Earth.
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Long Answer Questions

Explain the formation of stationary waves in stetched strings and hence deduce the laws

of transverse waves in stretched strings?

Consider a string of length’ ‘and linear density /' be fixed between two supports under a

tension ‘T’. A stationary wave is formed in theirsgy due to the superposition of the waves. At

the points (ends) where the string was fixed rigiiddes are formed. The velocity of transverse

Tension [T

vibration in a stretched string is given W9y | — = |—
Linear density U

1. When the string is plucked at the midufléhe string, it vibrates in a single loop.

Length of the stringg=A/2 or A =2

If v, is the fundamental frequency of string, then

2. When the string is plucked at a point atdistancel/4 from fixed end, it then vibrates in

two loops.

The frequency of vibrationy, 2T 2 1T 2,
2\ u A\ u

Hereu, is called Btovertone or second harmonic. Similarly if threefds are formed

3 [T _

S o2A\

Here v, is called 2d overtone or third harmonic. If the number of lodpsned in the string is

P then,
Frequency of vibrationy, = ?F:\/% :
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Hencey, :v,:v,..0,=1:2:3..P.

Laws of Transverse Vibrations:

First Law (Law of Lengths): Fundamental frequencyw () of a stretched vibrating string is

inversely proportional to its length (its tension T and linear density being constant.
v a % When (¢ and m are constant.)

Second Law (Law of Tensions)Fundamental frequency () of a stretched vibrating string is

proportional to the square root of tensioWir() in the string, its length and linear densjty

being constant.
v ONT When (and g are constant).

Third Law ( Law of Linear Densities ). Fundamental frequency ob () of a stretched string

vibrating string is inversely proportional to thguare root of linear density of wire, its tension

and length being constant Di when ( T and are constant).

T

Explain the formation of stationary waves in anair column enclosed in open pipe.
Derive the equations for the frequencies of harmons produced.

Open pipe: A tube open at both ends is called open pipe.

a) When a compressional wave (sound wave) isteemtigh an organ pipe, the wave gets
reflected at the ends of the pipe. These incidadtraflected waves which are of the same
frequency, travelling in opposite directions, wertgerimposed along the length of the pipe
and forms longitudinal stationary waves.

b) At open end of the pipe, air is free to moved &ence an anti-node (AN) is produced at
this end.

c) In an open pipe antinodes are formed at bathofren ends nodes (N) are formed at its
middle.
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1. In the first mode of vibration, the air column rakes with two antinodes and one node as

shown. Since the distance between two successti®des is

Length of the pipe, :% or A, =2l
Frequency of vibrationp, = — =~
N, 2

Wherev, is called fundamental frequency or first harmonic.

2. In the second mode of vibration, the air colunoraies with two nodes and three antinodes
as shown in the figure.

Where is called second harmonic or first ovezton

3. In the third mode of vibration the air column \abes with three nodes and four antinodes as

shown in the  figure.

Length of the pip€, _34 =, _2
2 3
Frequency of vibration is given by, =— = =3u,
3

Whereu, is called third harmonic or second overtone.

Hence for a open pipe harmonics are in the gati: 3 : ....
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How are stationary waves formed in a closed pie Explain the various modes of
vibrations in a closed pipe and establish the relain between their frequencies?
Closed Pipe A tube closed at one end is called a closed pipe.

a) If a vibrating tuning fork is kept at open ewoidthis pipe, compressions and rarefactions
start moving inside the pipe they get reflectedhat closed end. The reflected wave and

incidence waves are interfere with each other preduationary waves.

b) At closed end the air particles are in conteith fixed wall and they cannot move freely,

hence a node is formed at this end.
c) At open end an Antinode is formed.

1. If the air column is vibrating like as shown ig.fthen one anti node and node is formed.

The distance between node and anti noeﬂe IS

uf :%:mlzm

Frequency of vibratiow, ZAX

This is called fundamental frequency (or) firatrionic.

2. If the air column is vibrating with one and halbfthen two anti nodes and two nodes are
formed.

The distance between node and antinoeﬂa snd node and node%.

N<A>< A
VAP
4 2

4
4
A==
* 3
Frequency of vibratiow, :% :%
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This is called 3rd harmonic (or) first over tone.
3. The air column is vibrating with two and half I@then three nodes and three anti nodes

are formed.

The distance between node and antinoef]e snd node and nodeé

4 2
N<A><A><A
al A A A DA, I N N
2

=34
2

Uy =50, e, 3

This is called 5th harmonic (or) 2nd overtone.
From equations 1, 2 and 3

The ratio between fundamental frequency and iestones is

What are beats? Obtain an expression for the be&requency. Where and how beats are

made use of?
Beats:

The phenomenon of waxing and waning of sound dubé superposition of two sound waves

of slightly different frequencies travelling in tBame direction is called beats.

Expression:

Consider two progressive wavep Sa coswqt and $ = a coso ot

Using the principle of super positiof=S +S, =a(coswt + cosvt)

= 2acos(ml —zooz)t coéw1 +2c02)t (Or) s=(2a cosyt] cost
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Wherew, =% and w, =% this is the resultant wave with average angulagqdency
and amplitude varies with time.
Condition for maximum (waxing)
Cos(%]t =+1 Or 21{%} =N\ where n =0,1,2,3.....

n 1 2 3

v, -V, (Ul—uz)’(ul—uz);(Ul—uz)"'

Hence time internal between two maxim%’sl—)
v, -V,

Condition for minimum (waning)

2r(u, - v,) 2r(u, - v,)

2

co t=0 Or t:(2n+1)1—;

(2n+7) 1 3 5

t= 2(v,-v,) 2(v,-v,) 2(v,~v,) Au,~v,)

L, ~U,

The time interval between two successive minin'(a—isl—J

Hence the beat frequenay (v, -u,)

Uses of Beats:

The phenomenon of beats can be used

1. To detect the presence of dangerous gasesgsmi
2. To determine an un-known frequency of souné.not
3. To determine the frequency of a given tunimy.fo
4

. To tune a musical instrument.

What is Doppler Effect? Obtain expression fortie apparent frequency heard when the

source is in motion with respect to an observer aest?
1) Doppler Effect:

The apparent change in the frequency of sounddheae to relative motion between the

source and observer is defined as Doppler Effect.
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Case 1: Apparent frequency when the source is motion and observer is at rest:

Let us choose the convention to take the diredcliom the observer to the source as the

positive direction of velocity. Consider a sourcen8ving with velocityV, and an observer

who is stationary in a frame in which the mediunalso at rest. Let the speed of a wave of

angular frequency and periodT,, both measured by an observer at rest with respdbe

medium, be V. We assume that the observer haseztdetthat counts every time a wave

crest reaches it. As shown in Figure, at time t thé source is at poing , located at a

distance L from the observer, and emits a cress Theaches the observer at tinpevk.

At time t =T, the source has moved a distance and is at podatied at a distande- +V.T,)

from the observer. At poing,, the source emits a second crest. This reachesbdexver at

: (L+V,T,)
time t,=T ++—=2
U, —»
(8] S 15,
[
1
[
[
1
L. e :
[
1
[
[
i
|
[
:-'
L+uT 1
—
v, )
[
Doppler effect (change in frequency of
wave] detected when the souwrce (s moving
and the obhserver is at rest in the mediun.

At timenT,, the source emits its (nfFrest and this reaches the observer at time

n+l

Time interval between 1st crest and (rﬂﬂl:)est to reach the observer

Atztn+1_t1: nTo +—(L+nVSTO) —L
\% \%

__[v+v,
_n 0 V
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The observer’'s detector n crests in time intetMalthen the observer records the period of

the wave as T given by :%

Equation (1) may be rewritten in terms of thegtrencyu, that would be measured if the

source and observer were stationary, and the freyue observed when the source is

U:UO(“%T .............. 2) ( =%}

If V, is small compared with the wave speed V, takingimial expansion to terms in first

moving, as

order inV,/V and neglecting higher power, Eq.(2) may be writien

By equation (3), the observer thus measures arlreguency when the source recedes from
him as compared to when he is at rest.

By equation (4), the observer measures hiffeguency when the source approaches him.

What is Doppler's shift? Obtain an expression fothe apparent frequency of sound
heard when the observer is in motion with respeciota source at rest?

If the relative motion between the source andeober is to separate them more with time,
the apparent frequency is lower than actual frequen

Doppler’s shift: The change in the frequeney) @nd apparent frequency of sound heard
(v") is calledDoppler’s shift.

Doppler shiftAv =v-u".
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Observer moving towards a source at rest:

Let the source be at rest and the observer bengavith a velocity \j towards the source.

In the reference frame of moving observer, the@and the medium are approaching at a
speed .

The speed with which the wave approaches is y/+V

At t=0, let ‘L’ be the distance between the souacel the observer. The time taken by the

crest emitted by the source to reach the obsesver i

L
V+V,

t1:

At t=Tq, the observer has moved a distanggTyj and it is located at (L-§Tg) from the
source.

At t=nTp, the source emits (n#i‘)crest and this reaches the observer in a time

g =NTo+ Sl
V+V,

The time interval between the arrival of first a(ndl)th crestis

-nV,T, L
At=t,, -t =nT,+ = volo | _
V+Y, | V4V,
At =nT, - Volo
V+Y,
:
| i ' N
— 1 0T |
FL=F .

The observer measure the time perioc‘fas,A—t
n

T=T,[1-—%
V+Y,
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-1
T=T, (1+£j
\

Oou :uo[l+ﬁj
\Y

Hence if the observer moves towards the soureegpparent frequency increases.

Similarly it the observer moves away from the seuat rest.

U=U, (1—%)
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PROBLEMS

1. A stretched wire of length 0.6m is observed toilwate with a frequency of 30Hz in the

fundamental mode. If the string has a linear massfd.05 kg/m find
(a) The velocity of propagation of transverse aves in the string
(b) The tension in the string?

Sol:1 =0.6m, n, = 3MHz; m=0.05kg m™

a) Fromn, :%:30: 2(\(;6)

v=30x1.2= 36ms’

T T
) m:> 5x10*

T

— 36x 36= _
5x10

=T=68.4N

2. A steel cable of diameter 3 cm is kept under amsion of 10KN. The density of steel is
7.8 g/cm'g. With what speed would transverse waves propagatdong the cable?
Sol: T =10KN =10x 16 = 10N

p=7.8gmcm™ = 7800kgm °
D=3cm, r =

v= /l: 55 10f = 42.6ms™
AP 7><Z><10’4><7800

N | O

:§><102m
2
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3. Two progressive transverse waves given by, =0.07sinr( 1% - 500) and

y, =0.07sinm( 1% + 500) travelling along a stretched string form nodes andintinodes.

What is displacement at the (a) Nodes (b) Antinod@3sWhat is the wavelength of standing

wave?

Sol:y, =0.07sin( 12x- 50@t) and 'y, =0.07sin 12x+ 500t)
Resultant displacement,y =y, +v..
y=2(0.07) sir( 12x) cof 508)..... (1)
Comparing (1) witly =2a sin kx coswt

2a =2 (0.07) = 0.14

a) Displacement at nodes =0
b) Displacement at antinodes is maximum and gbxei2a’

i.e., 2a =2 (0.07) = 0.14m.

c) A :%:O.lﬁm.

4. A string has a length of 0.4m and a mass of 04.6f the tension in the string is 70N, what

are the three lowest frequencies it produces wherlycked?
Sol:l = 0.4m, mass = 0.16 gram = 16x1%g.

_mass _16x10°
I 0.4

T=70N

1T 1 [ 70
=—,|== =523 H
k 2|\/; 2(0.49\ 4x 10° ‘

n, =2n, = 2x523= 104aHz

=4x10* kgm™

n, =3n, = 3x 523= 156%Hz

www.sakshieducation.com



www.sakshieducation.com

5. A metal bar when clamped at its centre, resonagein its fundamental frequency with
longitudinal waves of frequency 4 kHz. If the clampis moved to one end, what will be
its fundamental resonance frequency?

A. When the clamping positions has been changed femtreto one of its ends.

6. A closed organ pipe 70 cm long is sounded. If@hvelocity of sound is 331 m/s, what is the

fundamental frequency of vibration of the air colunm?

Sol:l, =70cm= 70x 10°m
v=331lms™
Q:L:i = 118.2 Hz.

dc  4(70x10?)

7. A vertical tube is made to stand in water so thathe water level can be adjusted. Sound
waves of frequency 320 Hz are sent into the top theabe. If standing waves are produced
at two successive water levels of 20cm and 73 cmhat is the speed of sound waves in the

air in the tube?

So

:n=320Hz.

l,=20cm, I, =73cm

v=2n(l,-1,)

=2(320)( 53« 10°)

=339ms™

8. Two organ pipes of length 65 cm and 70 cm respgeely, are sounded simultaneously.

How many beats per second will be produced betweédhe fundamental frequencies of the

two pipes? (Velocity of sound = 330 m/s).

Sol:l, =65cm= 65< 10°m
|, =70cm= 70x 10°m
v=330ms™
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Number of beats n, —n,

vV _ v :330 1 B 1 - 18
2, 2, 2 |(65x10%) (70<10?)

A train sounds its whistle as it approaches androsses a level-crossing. An observer at
the crossing measures a frequency of 219 Hz as tinain approaches and a frequency of
184Hz as it leaves. If the speed of sound is takém be 340 m/s, find the speed of the

train and the frequency of its whistle?

For the apparent frequency

By applying componendo and dividendo
Vs Ul _ Ull Ul _ Ull
v’ (ﬁ] N [ﬁ]v

V, = (w (340)=29.5m /sec
219+184

b) Frequency of the whistle

= i U
V-V,

S 219Hz=(

340 j“
340- 29.5
= (219) x 310.5 (34Q)

,-219x3105
340

Hz

= 0=199.99= 206iz
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10. Two trucks heading in opposite direction with geeds of 60kmph and 70kmph respectively
approach each other. The driver of the first truck sounds his horn of frequency 400Hz.
What frequency does the driver of the second truckear? (Velocity of sound = 330 m/s).
After the two trucks have passed each other, whatéquency does the driver of the second

truck hear?

Sol:v, =v, =60 kmph = 60x~ =20 gt
18 3
Vv, =V, =70 kmph = 70> =170 et
18 9

n=400Hz,v=330ms™

When they approach each other

"y 330+ 172
:( Ojn: —E?O 400 = 445.94Hz
V=V 330—?

When they move away from each other

_[VZVe |, -(330-194 (400) =358.45Hz
VHV, 330+ 16.6

n,
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