Waves

Exercise

Section I: Multiple Choice Questions

Select the correct answer.

1.

The fundamental frequency of closed organ pipe is f. If both ends are

open then its fundamental frequency will be:

A)f B) 0.5f
C) 2f D) 4f
. The Doppler effect explains the change in:
A) Frequency B) Amplitude
C) Wavelength only D) Speed of light
. Colored fringes observed in soap bubbles are the example of:
A) Interference B) Diffraction
C) Refraction D) Polarization

. An air column that is closed at one end is used to determine the speed of

sound. The frequency of the tuning fork used is 329. 6 Hz. The length of
the shortest air column producing the resonance is 25.0 cm. The speed

of the sound must be:

A)380.6 ms™! B) 282.4 ms™?
C)3.30 x 10> ms™! D) 3.50 X 10> ms™~!

. Anode is a point located along the medium where there is always
A) A double crest B) Constructive interference
C) A double refraction D) Destructive interference

. On doubling amplitude of the wave, intensity is increased:

A) 0.5 times B) 2 times



C) 4 times D) 3 times

. Two waves, each with amplitude of 0.5 m are superimposed with
constructive interference such that they are in phase. What is the
resultant amplitude?

A)0.25m B)O0m

C)0.5m D)1 m

. A car has 2 horns; one is emitting a frequency of 199 Hz and the other is
emitting a frequency of 203 Hz. What beat frequency do they produce?
A) 4 Hz B) 203 Hz

C) 199 Hz D) 201 Hz

. Which of the following frequencies are higher harmonics of a string with
fundamental frequency of 150 Hz?

A) 200 Hz, 300 Hz B) 250 Hz, 450 Hz

C) 300 Hz, 600 Hz D) 250 Hz, 500 Hz

10. A standing wave is formed by waves of frequency 256 Hz. The speed of

the wave is 128 ms~1. The distance between the nodes must be:
A)2.00 m B) 0.500 m
C)1.00 m D) 0.250 m



Section II: Short Answer Questions

1. Can sound waves be polarized? Explain.

Ans. No, sound waves cannot be polarized because they are longitudinal waves.
In longitudinal waves, particles of the medium vibrate parallel to the direction of
wave propagation. Polarization is possible only in transverse waves, where

vibrations are perpendicular to the direction of wave motion.

2. Suppose that light passes through two Polaroid filters whose polarization

axes are parallel to each other. What will be the result?

Ans. When light passes through two Polaroid filters with parallel polarization
axes, maximum light passes through. The first Polaroid polarizes the light and the
second Polaroid allows this polarized light to pass because its axis is parallel to

the first one. So, the transmitted intensity is maximum.

3. How should a sound source move with respect to an observer so that the

frequency of its sound does not change?

Ans. The frequency of sound does not change if there is no relative motion along
the line joining the source and observer. For example, if the source moves in a
circle around the observer at constant distance, the frequency remains unchanged.
This is because the distance between the source and observer does not increase

or decrease.

4. Two identical waves undergo pure constructive interference. Is the
resultant intensity twice that of the individual waves? Explain your

answer.

Ans. No, the resultant intensity is not twice. In pure constructive interference,
amplitudes add. If each wave has amplitude A, then resultant amplitude is:

AR =A+A=2A



Since intensity is proportional to square of amplitude:
[ oc A?
So,
Ig o (2A)? = 4A?

Therefore, resultant intensity is four times the intensity of each individual wave.
5. What are beats? Write the formula for beat frequency.

Ans. Beats are the periodic rise and fall in the loudness of sound produced when
two sound waves of slightly different frequencies interfere. The beat frequency is

equal to the difference between the two frequencies.

fb = |f1 _f2|

where:

f, = beat frequency

f, and f, are the frequencies of the two sound waves.

6. How is Doppler’s effect helpful in the diagnosis of cardiac diseases?

Explain briefly.

Ans. Doppler’s effect is used in medical ultrasound to study blood flow in the
heart and blood vessels. When ultrasound waves reflect from moving blood cells,
the frequency of the reflected waves changes. This frequency shift helps doctors

measure blood speed, detect blocked vessels, and diagnose heart valve problems.
7. State and explain the principle of superposition of waves.

Ans. The principle of superposition states that when two or more waves meet at
a point, the resultant displacement (y) is equal to the vector sum of the individual
displacements (y;,V5).

Yy=Y1tY2
If the waves are in phase, constructive interference occurs and amplitude
increases. If the waves are out of phase, destructive interference occurs and the

amplitude decreases.



8. Why is it difficult to recognize beats when the frequency difference is

greater than 10 Hz?

Ans. When the frequency difference is greater than 10 Hz, beats occur too
rapidly. The human ear cannot distinguish such quick changes in loudness
separately. Therefore, clear beats are usually heard only when the frequency

difference is small, normally less than 10 Hz.
9. State and explain the Malus’s law of polarization.

Ans. Malus’s law states that when plane-polarized light passes through an
analyzer, the transmitted intensity depends on the angle between the transmission

axes of polarizer and analyzer.

[=1,cos?0

where:

[ = transmitted intensity

[, = maximum intensity

0 = angle between the polarization axis and analyzer axis

10. Define intensity of a wave. Also write the formula for the intensity of a

wave.

Ans. The intensity of a wave is the amount of energy passing per second through
unit area perpendicular to the direction of wave propagation. It tells us about the
strength of a wave.

Power carried by the wave

Intensity of a wave = - -
Area perpendicular to wave motion

I=—
A




Section II1: Extensive Answer Questions

1. What is interference of waves? Discuss its types and corresponding
conditions.

Ans.

Interference of Waves

Interference is the phenomenon in which two or more waves superimpose and
produce a resultant wave of greater, smaller or zero amplitude.

Types of Interference

There are two main types of interference:
e Constructive interference
e Destructive interference
Constructive Interference
Constructive interference occurs when two waves meet in the same phase. In this
case, crest falls on crest and trough falls on trough. The displacements of the

waves are in the same direction, so their amplitudes add.

If two waves have amplitudes A; and A,, then resultant amplitude is:
AR =A; +A,
For two identical waves:
AR =A+A=2A

Conditions for Constructive Interference
Constructive interference occurs when path difference (d) is:

d =nA
where:

n=0,1,2,3,.. and A = wavelength of the waves



Destructive Interference

Destructive interference occurs when two waves meet in opposite phase. In this
case, crest of one wave falls on trough of the other wave. Their displacements are

in opposite directions, so the resultant amplitude decreases.

AN
VaVaV

If two waves have amplitudes A; and A,, then resultant amplitude is:
Ar = A1 — Ayl

For two identical waves:
AR =A-A=0

So, the resultant intensity becomes minimum or zero.
Conditions for Destructive Interference

Destructive interference occurs when path difference (d) is:

1
d = (n + 5) A
where:
n=20,123,..

2. Describe an experiment to demonstrate the interference of sound.
Ans.

Interference of Sound

Interference of sound is the phenomenon in which two sound waves meet and

combine to produce loud or weak sound.

When two sound waves reach a point in phase, they produce constructive

interference and loud sound is heard.
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When two sound waves reach a point out of phase, they produce destructive

interference and weak or no sound is heard.

Apparatus

e Loudspeaker

e T-shaped tube

e U-shaped tube with adjustable upper path
e Receiver or ear piece

e Rubber tube

Upper path U-shaped tube

Receiver (R)

T-Junction (P)

—Loudspeaker
Rubber tube (Q)

Lower path

Procedure

Sound from a loudspeaker S is sent into a tube at point P, where the tube
divides into two paths.

One part of the sound wave travels through the lower path of length r;.

The other part of the sound wave travels through the upper path of length r,.
The lower path r; is kept fixed, while the upper path r, can be changed by
sliding the U-shaped tube.

The two sound waves meet again at the receiver R.



Observation and Explanation

Case 1: Constructive Interference
If the two path lengths are equal,
(ry =712)
then the two sound waves reach the receiver R in phase. So, their amplitudes add
up and a loud sound is heard.
This is called constructive interference.
Condition:
Path difference = r, —r; = nA
where:
n=0,123,..
A = wavelength of sound
Case 2: Destructive Interference
If the upper path r, is adjusted so that the path difference is an odd multiple of
half wavelength:

A
rz—r1=(2n+1)§

then the two sound waves reach the receiver R out of phase. So, their amplitudes
cancel each other and no sound or very weak sound is heard.
This is called destructive interference.
where:
n=0,123,..
Case 3: Closing One Path
If the sound waves are stopped at point Q by pinching the rubber part of the tube,
then sound travels through only one path.
In this case, the destructive interference is removed, and loud sound is heard

again.



3. Discuss the formation of stationary waves in a stretched string fixed at
both ends. Derive the frequency relation for the harmonics produced in
the string.

Ans.

Stationary Waves in a Stretched String

A stationary wave is formed when two waves of the same frequency, same
amplitude, and same speed travel in opposite directions and superimpose.

In a stretched string fixed at both ends, a wave travels along the string and reflects
from the fixed end. The incident and reflected waves interfere with each other
and form a stationary wave.

Fundamental Mode

Consider a string of length L fixed at both ends. In the fundamental mode, the
string has two nodes at the ends and one antinode in the middle. The length of the

string contains half wavelength:

M
L==
2
So,
)\1 = ZL

=
—_ _ —_——
- e e e

Using the wave equation:

v=_f\
For the fundamental frequency:
v
f, = 7\_1
f = —



First Overtone or Second Harmonic
In the second harmonic, the string has three nodes and two antinodes. The length

of the string contains one complete wavelength:

L=A2
e ~— _.--""J[:-‘?“"- EEEEEE -“.F.-
L=A,
Frequency is:

[ = \%

Z_AZ

f _V

L

\%

fz =2f1

Second Overtone or Third Harmonic
In the third harmonic, the string has four nodes and three antinodes. The length

of the string contains three half-wavelengths:

323
2
So,
2L
A=
- ,_-.-"""\_ _‘_,.-""-"-_‘
. -~ T \f’ "\‘\ ;.-F \\
] - N P “
\x____‘_,-" C \\-.,__,_."‘“‘ D\“,____..""J
L = (3/2)?“3
Frequency is:
\



General Relation

For the n'! harmonic:

So,

Using:

where:

f, = frequency of n™® harmonic
n=123,..

v = speed of wave in the string

L = length of string

A%
f3=ﬁ
3
f_3V
37 2L
f3=3f1
2L
)Ln=?
v =1\,
f—V
n }\n
A%
fnzx
n
f_er
2L




4. What are organ pipes? Explain the formation of stationary waves in open
and closed organ pipes. Also derive the frequency relations for open and
closed organ pipes.

Ans.

Organ Pipes

Organ pipes are tubes filled with air in which stationary sound waves are formed.
These pipes are used to produce musical sounds.
There are two main types of organ pipes:

e Open organ pipe

e Closed organ pipe

Formation of Stationary Waves in Organ Pipes

When air is blown into an organ pipe, sound waves travel through the air column
and reflect from the ends of the pipe. The incident and reflected waves

superimpose and form stationary waves.

Open Organ Pipe

An open organ pipe is open at both ends. At an open end, air particles can vibrate

freely. Therefore, an open end is always an antinode.

Fundamental Frequency of Open Organ Pipe
Consider an open pipe of length L. In the fundamental mode, there is one node in

the middle and antinodes at both ends. The length of the pipe is:

A
=
So,
A= 2L
Using:
v=_f\
f, = —
M



Second Harmonic of Open Organ Pipe

For the second harmonic:

L=}\2
So,
f__V
2L
f2:2f1

Third Harmonic of Open Organ Pipe

For the third harmonic:

323

L=
So,

N _ 2L
=3

\%
f3=7\—3

3v
f3=Z
f; = 3f;

General Relation for Open Organ Pipe

For open organ pipe:

nA,
L=7
2L
Ay = —
A\
f= o
nv
fo =57

where n=1273,..



Closed Organ Pipe

A closed organ pipe is closed at one end and open at the other end. At the closed
end, air particles cannot vibrate freely, so the closed end is a node. At the open

end, air particles vibrate freely, so the open end is an antinode.
Fundamental Frequency of Closed Organ Pipe

Consider a closed organ pipe of length L. In the fundamental mode, the pipe

contains one-fourth of a wavelength.

A
-5
So,
A = 4L
Using:
v="_fA
\%
f, = 7\_1
%
f, = L

Third Harmonic of Closed Organ Pipe

The next possible mode contains three-fourths of a wavelength.

3
L=
So,
N _4L
373
\"%
f3=7\—3
3v
Q—H



Fifth Harmonic of Closed Organ Pipe

The next possible mode contains five-fourths of a wavelength.

5As

L=
So,

N
57 5

v
f5=E
.

AL
f. = 5f,

General Relation for Closed Organ Pipe

For a closed organ pipe:

nA,
L=—
4
where:
n=173,5,7,
So,
4L
Ay = —
Using:
¢ _ A%
n — }\n
£ _ nv
o4
where:

n=1357,..



5. Define Doppler effect. Discuss the change in apparent frequency when:
(a) The source moves towards a stationary observer
(b) The source moves away from a stationary observer
(c) The observer moves towards a stationary source

(d) The observer moves away from a stationary source

Ans.
Doppler Effect

The Doppler effect is the apparent change in frequency of a wave due to relative

motion between the source and the observer.

For sound waves, the apparent frequency changes when the source of sound or
observer moves toward or away from each other.

Let:

f = actual frequency of source

f' = apparent frequency heard by observer

v = speed of sound in air

v = speed of source

v, = speed of observer

(a) The Source Moves Towards a Stationary Observer
When the source moves toward a stationary observer, the wavefronts in front
of the source get compressed. Therefore, wavelength decreases and apparent

frequency increases. The apparent frequency is:

\"%
fr =

vV — Vg

where:
v = speed of source toward observer
Since denominator becomes smaller, f' becomes greater than f.

ff>f



X

Observer

(b)The Source Moves Away from a Stationary Observer
When the source moves away from a stationary observer, the wavefronts
reaching the observer are spread out. Therefore, wavelength increases and
apparent frequency decreases.

The apparent frequency is:

v
f' =

= f
vV + Vg

Since denominator becomes greater, f’ becomes less than f.

f'<f

K (o

Observer Source

(¢) The Observer Moves Towards a Stationary Source
When the observer moves toward a stationary source, the observer receives
more wavefronts per second. Therefore, the apparent frequency increases. The

apparent frequency is:

f,_V+V0

\%

where:



v, = speed of observer toward source
So,
f'>f

PO [ (o
Ol \\ \ \

(d)The Observer Moves Away from a Stationary Source

When the observer moves away from a stationary source, the observer
receives fewer wavefronts per second. Therefore, the apparent frequency

decreases. The apparent frequency is:

V—V
fr = >f

So,

o)\
i

Observer

o S
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Section I1V: Numerical Problems

Q1. The lowest resonance frequency for a guitar string of length 0.75m is
400 Hz. Calculate the speed of the transverse wave on the string.

Given

Length of string (L) = 0.75m
Lowest resonance frequency () = 400 Hz

Solution

For the lowest resonance frequency of a string fixed at both ends:

A=2L
Substitute the value:
A =2(0.75)
A=15m
Wave speed is given by:
v=fA
Substitute the values:
v=400x%x1.5
v = 600ms™!

Therefore, the speed of transverse wave is:

600 ms™!

Q2. A tuning fork A produces 4 beats per second with tuning fork B. It is
found that by loading B with some wax, the beat frequency increases to 6
beats per second. If the frequency of A is 320 Hz, determine the frequency
of B when loaded.

Given

Frequency of tuning fork A (f4) = 320Hz



Initial beat frequency = 4 Hz
Beat frequency after loading B = 6 Hz

Solution

Beat frequency is given by:

Jo =1fa— 18l
Initially:
1320 — fp| =4

So, the possible frequencies of B are:
fB=320+4 =324Hz

or
fB=320—-4=316Hz

When wax is loaded on tuning fork B, its frequency decreases.

After loading, beat frequency becomes 6 Hz.

If original frequency of B were 324 Hz, loading would decrease it toward 320 Hz,
so beat frequency would decrease, not increase.

Therefore, original frequency of B must be:
fB =316Hz

After loading, its frequency decreases further. Since beat frequency becomes
6 Hz:

320 £} =6
fi=320-6
fp=314Hz

Therefore, frequency of B when loaded is:
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Q3. Average intensity of sunlight on the surface of the Earth is nearly
500 Wm™2. Determine the amount of energy that falls on a solar panel
having an area of 0.50 m? in four hours.

Given

Intensity of sunlight (I) = 500 Wm™
Area of solar panel (A) = 0.50 m?
Time (¢) = 4hours = 4 X 3600 = 14400

Solution

Intensity is power per unit area:

P
I =—
A
So,
P=1IA
Substitute the values:
P =500 x 0.50
P =250W
Energy is:
E =Pt

E = 250 x 14400
E = 36000007
E=3.6x10°]

Therefore, energy falling on the solar panel is:

3.6x10°]

Q4. An organ pipe has a length of 1 m. Determine the first three allowed
harmonic frequencies:

(a) if the pipe is open at both ends and



(b) if the pipe is closed at one end.
Speed of sound in air is 340 ms~.

Given

Length of organ pipe (L) = 1m
Speed of sound (v) = 340 ms~!

Solution
Part (a): Pipe open at both ends

For an open organ pipe:
ny

fnzi

For fundamental frequency, n = 1:

1%

f1=ﬁ

340
fi= D
£ = 170Hz

Fundamental frequency / first harmonic:

Second harmonic, n = 2:

2v
fa= Z
f2=2fi
f>» =340Hz
Third harmonic, n = 3:
f3=3h
f3=510Hz

Therefore, for open pipe:

fi=170Hz, f>=340Hz,

f;=510Hz




Part (b): Pipe closed at one end

For a closed organ pipe, only odd harmonics are present.

Fundamental frequency is:

1%
fi= yYa

340
fi= 6]
fi = 85Hz

Next allowed harmonic is third harmonic:

=31
f3 =3(85)
£, = 255Hz

Next allowed harmonic is fifth harmonic:

fs =5/
fs =35(85)
fs = 425Hz

Therefore, for closed pipe, these are the first three allowed harmonics in a closed

pipe:

fi=85Hz, f;=255Hz,

fs = 425Hz

Q5. A train is approaching a station at 90 kmh~!, sounding a whistle of

frequency 1000 Hz. What will be the apparent frequency of that whistle

as heard by a listener sitting on the platform? What will be the apparent

frequency heard by the same listener if the train moves away from the

station with the same speed? Speed of sound is 340 ms~!.

Given

Actual frequency of whistle () = 1000 Hz

Speed of train (vy) = 90kmh™! = 90 x 10 — 25 yg-!

3600



Speed of sound (v) = 340 ms™
Listener is at rest

Solution
Part (a): Train approaching the listener
For a source moving towards a stationary listener:

%

= f
Vv — vy
Substitute the values: 340
"= —— (1000
;= 340 — 25( )
340

"= —(1000

fr= 3 5( )

' =1079.4Hz

Therefore, apparent frequency when train approaches is:
1079.4 Hz

Part (b): Train moving away from the listener
For a source moving away from a stationary listener:
v

f'= f

v+ v

Substitute the values:
340

340 + 25
340

"= —(1

f = 36 5( 000)

£ =931.5Hz

f = (1000)

Therefore, apparent frequency when train moves away is:
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Q6. A polarized light of intensity I is passed through another polarizer
whose axis makes an angle of 60° with the axis of the polaroid filter. What
is the intensity of transmitted polarized light from second polaroid filter?

Given

Initial polarized intensity (/o)
Angle between axes (8) = 60°

Solution

According to Malus’s law:
I =1 cos? 0

Substitute the value:
I = Iy cos® 60°

We know that: |
60° = —
cos >

So,

Therefore, transmitted intensity is:

Q7. Suppose that a string is 1.2 m long and vibrates in first, second and
third harmonic standing wave patterns. Determine the wavelength of the
waves for each of the three patterns.

Given

Length of string (L) = 1.2m
Harmonics = 157,274 _3rd



Solution

For a string fixed at both ends:

So,

First harmonic

Forn = 1:

Second harmonic

Forn = 2:

Third harmonic

Forn = 3:

Therefore:

I nA,
2
2L

Ay =—
n
2L

/11 - T

A =2(1.2)

/11 =24m
2L

==

=L

/122 1.2m
2L

==

2(1.2
1= 202

/13 =0.8m

A1 =24m

/122 1.2m

/13 =0.8m
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Q8. Two tuning forks of frequencies 440 Hz and 437 Hz are sounded to-
gether. How many beats will be heard over a period of 10s?

Given

Frequency of first tuning fork ( f;) = 440 Hz
Frequency of second tuning fork ( f,) = 437 Hz
Time (t) = 10s

Solution

Beat frequency is:

o =1hA- Ll
£, = |40 — 437|
fb =3Hz

This means 3 beats are heard in 1 second.

Number of beats in 10 seconds:

N = fpt
N=3x10
N =30

Therefore, number of beats heard is:

Q9. Ultrasound of intensity 1.50 x 10> Wm 2 is produced by the rectangular
head of a medical imaging device measuring 3.00 cm by 5.00 cm. What is
its power output?

Given

Intensity of ultrasound (1) = 1.50 x 10> Wm ™2
Length of rectangular head (/) = 3.00cm = 0.0300 m
Width of rectangular head (w) = 5.00cm = 0.0500 m



Solution

Power is related to intensity by:
P
I =—
A

So,
P=1IA

First find the area of rectangular head:
A=lw

A = (0.0300)(0.0500)
A = 0.00150 m>

Now calculate power:
P = (1.50 x 10%)(0.00150)

P=0225W

Therefore, power output is:
0.225W



