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PHYSICS

BOOKS - DC PANDEY PHYSICS (HINGLISH)

SUPERPOSITION OF WAVES

1.In interference, two individual amplitudes are Ageach and the intensity
is Iyeach. Find resultant amplitude and intensity at a point, where

(a) phase difference between two waves is 60°.

A
(b) path difference between two waves is 3

o Watch Video Solution
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2. Three waves from three coherent sources meet at some point.
Resultant amplitude of each is A,. Intensity corresponding to Agisl,.
Phase difference between first wave and second wave is 60°. Path
, . A

difference between first wave and third wave is 3 The first wave lags
behind in phase angle from second and third wave. Find resultant

intensity at this point.

o Watch Video Solution

3. Two waves of equal frequencies have their amplitudes in the ratio of
3:5. They are superimposed on each other. Calculate the ratio of

maximum and minimum intensities of the resultant wave.

o Watch Video Solution

I
4.In interference, —— = a, find.
min

Amax Al Il
(a) . (b)A—z(C)I—2

| o WAL _L vl . ~_ .. ]
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5.The displacement of a standing wave on a string is given by

y(x, t) = 0.4sin(0.5z)cos(30¢)

where x and y are in centimetres.

(@) Find the frequency, amplitude and wave speed of the component
waves.

(b) What is the particle velocity at = 2.4cm att = 0.8s?

o Watch Video Solution

6. The vibrations of a string of length 60 cm fixed at both ends are
. . (TT

represented by the equation y = 4sm(1—5>cos(967rt), where x and y are

in cm and t in seconds.

(a)What is the maximum displacement of a point at z = bem?

(b)Where are the nodes located along the string?

(c)What is the velocity of the particle at x=7.5cm and t=0.25s?

(d)Write down the equations of the component waves whose

superposition gives the above wave.
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° Watch Video Solution

7.1n terms of T, u and |, find frequency of
(a) fourth overtone mode

(b) third harmonic.

° Watch Video Solution

8. A massless rod of length L is suspened by two identical string AB and
CD of equal length. A block of mass m is suspended from point O such

that BO is equal to 'x'. Further it is observed that the frequency of 1st
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harmonic in AB is equal to 2nd harmonic frequency in CD. X' is
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o Watch Video Solution

9. An object of specific gravity p is hung from a thin steel wire. The
fundamental frequency for transverse standing waves in wire is 300H z.
The object is immersed in water so that one half of its volume is

submerged. The new fundamental frequency in Hz is

o Watch Video Solution



https://dl.doubtnut.com/l/_j3Xf8SRB6nhA
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10. Two strings 1 and 2 are taut between two fixed supports (as shown in
figure) such that the tension in both strings is same. Mass per unit length
of 2 is more than that of 1. Explain which string is denser for a transverse

travelling wave.

o Watch Video Solution

1. A sound wave and a light wave are reflected and refracted (or
transmitted) from water surface. Show the changes in different physical

quantities associated with a wave.

o Watch Video Solution



https://dl.doubtnut.com/l/_mbsDjWeitWFK
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12. A harmonic wave is travelling on string 1. At a junction with string 2 it
is partly reflected and partly transmitted. The linear mass density of the
second string is four times that of the first string, and that the boundary
between the two strings is at x=0. If the expression for the incident wave
is

y; = A;cos(kix — wit)

(@) What are the expressions for the transmitted and the reflected waves
in terms of A;, k; and w;?

(b) Show that the average power carried by the incident wave is equal to
the sum of the average power carried by the transmitted and reflected

waves.

o Watch Video Solution

13. From energy conservation principle prove the relations,

_ 2
A = (u) A, and A, — (L) A,
V1 + v2 v1 + V2

Here, symbols have their usual meanings.

o Watch Video Solution



https://dl.doubtnut.com/l/_jXQlV6lp1Sq9
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Example Type 1

1. A stretched wire is oscillating in third overtone mode. Equation of
transverse stationary wave produced in this wire is
y = Asin(6mx)sin(207t)

Here, x is in metres. Find the length of the wire.

° Watch Video Solution

Example Type 2

1. Length of a stretched wire is 2m. It is oscillating in its fourth overtone

mode. Maximum amplitude of oscillations is 2mm. Find amplitude of

oscillation at a distance of 0.2m from one fixed end.

o Watch Video Solution
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Example Type 3

1. A standing wave is formed by two harmonic waves,
y1 = Asin(kz — wt) and y, = Asin(kz + wt) travelling on a string in
opposite directions. Mass density energy between two adjavent nodes on

the string.

o Watch Video Solution

Example Type 4

1. A triangular wave pulse moving at 2 cm/s on a rope approached an end

at which it is free to slide on a vertical pole.


https://dl.doubtnut.com/l/_s80WOXdlJB12
https://dl.doubtnut.com/l/_ZW4HhK9RnfXn

1cm

P 2cm 1cm1cm

1
(a) Draw the pulse at 25 interval until it is completely reflected.

(b) What is the particle speed on the trailing edge P at the instant

depicted?

o Watch Video Solution

Miscellaneous Example

1. A string fixed at both ends has consecutive standing wave modes for

which the distances between adjacent nodes are 18 ¢cm and 16 cm,
respectively.

(a) What is the minimum possible length of the string?


https://dl.doubtnut.com/l/_ZW4HhK9RnfXn
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(b) If the tension is 10 N and the linear mass density is 4 g/m, what is the

fundamental frequency?

o Watch Video Solution

2. The figure shown at time ¢ = 0 second, a rectangular and triangular
pulse on a uniform wire are approcaching other. The pulse speed is

0.5¢cm / s . The resultant pulse at ¢ = 2 second is

r
.
II-’](‘J’T‘l

o Watch Video Solution

3. Two wires are fixed in a sanometer. Their tension are in the ratio 8:1
The lengths are in the ratio 36:35 The diameter are in the ratio 4:1

Densities of the materials are in the ratio 1:2 if the lower frequency in
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the setting is 360Hz. The beat frequency when the two wires are

sounded together is

o Watch Video Solution

4. In a stationary wave pattern that forms as a result of reflection pf
waves from an obstacle the ratio of the amplitude at an antinode and a
node is 8 = 1.5. What percentage of the energy passes across the

obstacle ?

o Watch Video Solution

5. A string of linear mass density 5.0 x 103 kg//m is stretched under a
tension of 65 N between two rigid supports 60 cm apart.

(a) If the string is vibrating in its second overtone so that the amplitude
at one of its antinodes is 0.25 cm, what are the maximum transverse
speed and acceleration of the string at antinodes?

(b) What are these quantities at a distance 5.0 cm from an node?

. l
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l @ yvatch video Solution ]

6. An aluminium wire of cross-sectional area (10_6)m2 is joined to a
steel wire of the same cross-sectional area. This compound wire is
stretched on a sonometer pulled by a weight of 10kg. The total length of
the compound wire between the bridges is 1.5m of which the aluminium
wire is 0.6m and the rest is steel wire. Transverse vibrations are setup in
the wire by using an external source of variable frequency. Find the
lowest frequency of excitation for which the standing waves are formed
such that the joint in the wire is a node. What is the total number of
nodes at this frequency? The density of aluminium is 2.6 x (10:)’)I-z:g/m3

and that of steel is 1.04 x 10*kg/m?*(g = 10m/s?)

o View Text Solution

7. Find the resultant amplitude and phase of a point at which N
sinusoidal waves interfere. All the waves have same amplitude A and their

phases increase in arithmetic progression of common difference ¢.

| a8 l
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L ¥ View Text Solution J

Exercise 18 1

1. The ratio of intensities of two waves is 9:16. If these two waves interfere,

then determine the ratio of the maximum and minimum possible

intensities.

° Watch Video Solution

2.In interference, two individual amplitudes are 5 units and 3 units. Find

A max I max
b .
(a) A min ( ) I min

° Watch Video Solution

3. Three waves due to three coherent sources meet at one point. Their
amplitudes are v/24,, 34, and /24, . Intensity corresponding to A, is

lo. Phasse difference between first and second is 45°. Path difference
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https://dl.doubtnut.com/l/_cMZjo2DR8aau
https://dl.doubtnut.com/l/_W3RupYvpZh1W
https://dl.doubtnut.com/l/_jJRyQfu4WnNF

between first and third is % In phase angle, first wave lags behind from

the other two waves. Find resultant intensity at this point.

° Watch Video Solution

Exercise 18 2

s
1. In stationary wave, phase difference between two particles can't be 3

Is this statement true or false?

o Watch Video Solution

2. A stationary wave is given by

y=5 sin(mz)

cos 407t
where £ and yare in cm and tis in second.
a. What are the amplitude and velocity of the component wave whose

superposition can give rise to this vibration ?

b. What is the distance between the nodes ?
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c. What is the velocity of a particle of the string at the position

z = 1.5emwhent = 9/8s?

o Watch Video Solution

3. If two wave of the same frequency differ in amplitude and are
propagated in opposite directions through a medium , will they produce

standing waves ? Is energy transported ? Are there any nodes ?

o Watch Video Solution

4. Two sinusoidal waves travelling in opposite directions interfere to
produce a standing wave described by the equation

y = (1.5m)sin(0.400x ) cos(200t)

where, x is in meters and t is in seconds. Determine the wavelength,

frequency and speed of the interfering waves.

o Watch Video Solution
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Exercise 18 3

1. Sound waves of frequency 600H ; fall normally on perfectly reflecting
wall. The distance from the wall at which the air particles have the

maximum amplitude of vibration is (speed of sound in air = 330m / s)

o Watch Video Solution

2. If the frequencies of the sound and fifth harmonics of a string differ by

54 Hz. What is the fundamental frequency of the string ?

o Watch Video Solution

3. A wire is attached to a pan of mass 200 g that contains a 2.0 kg mass as
shown in the figure. When plucked, the wire vibrates at a fundamental
frequency of 220 Hz. An additional unknown mass M is then added to the

pan and a fundamental frequency of 260 Hz is detected. What is the value


https://dl.doubtnut.com/l/_uVTadrf7B4dk
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of M?

o Watch Video Solution

4. A wire fixed at both ends is 1.0 m long and has a mass of 36g. One of its
oscillation frequencies is 250H z and the next higher one is 300 Hz.
(@) Which harmonics do these frequencies represent?

(b) What is the tension in the wire?

[ o |
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l & Watch Video Solution J

5. Two different stretched wires have same tension and mass per unit
length. Fifth overtone frequency of the first wire is equal to second

harmonic frequency of the second wire. Find the ratio of their lengths.

o Watch Video Solution

Exercise 18 4

1. Two wave pulses identical in shape but inverted with respect to each

other are produced at the two ends of a stretched string. At an instant
when the pulses reach the middle, the string becomes completely

straight. What happens to the energy of the two pulses ?

o Watch Video Solution
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2.The pulse shown in figure has a speed of 10cm /s .

—

AN

(a) If the linear mass density of the right string is 0.25 that of the left

string, at what speed does the transmitted pulse travel?
(b) Compare the heights of the transmitted pulse and the reflected pulse

to that of the incident pulse.

° Watch Video Solution

3. The harmonic wave y; = (2.0 X 10_3)cos (2.0 — 50t) travels along
a string towards a boundary at x=0 with a second string. The wave speed
on the second string is 50m /s. Write expressions for reflected and

transmitted waves. Assume Sl units.

° Watch Video Solution

Level 1 Assertion And Reason
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1. Assertion: Two waves y; = Asin(wt — kx) and y 2 = A cos(omegat-kx)
are O rimposed, thenx=0"becomes a node.
Reason: At node net displacement due to waves should be zero.
A.If both Assertion and Reason are true and the Reason is correct
explanation of the Assertion.
B. If both Assertion and Reason are true but Reason is not the correct
explanation of Assertion.
C. If Assertion is true, but the Reason is false.

D. If Assertion is false but the Reason is true.

Answer: D

o Watch Video Solution

2. Assertion: Stationary waves are so called because particles are at rest

in stationary waves.


https://dl.doubtnut.com/l/_wFictglIdWYx
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Reason: They are formed by the superposition of two identical waves

travelling in opposite directions.

A. If both Assertion and Reason are true and the Reason is correct

explanation of the Assertion.

B. If both Assertion and Reason are true but Reason is not the correct

explanation of Assertion.

C. If Assertion is true, but the Reason is false.

D. If Assertion is false but the Reason is true.

Answer: D

o Watch Video Solution

3. Assertion: When a wave travels from a denser medium to rarer medium,
then ampltitude of oscillation increases.
Reason: In denser medium, speed of wave is less compared to a rarer

medium.


https://dl.doubtnut.com/l/_xFay0XDqxLyV
https://dl.doubtnut.com/l/_z9HyckvHFdb3

A.If both Assertion and Reason are true and the Reason is correct

explanation of the Assertion.

B. If both Assertion and Reason are true but Reason is not the correct

explanation of Assertion.

C. If Assertion is true, but the Reason is false.

D. If Assertion is false but the Reason is true.

Answer: B

o Watch Video Solution

4, Assertion: A wire is stretched and then fixed at two ends. It oscillates in
its second overtone mode. There are total four nodes and three
antinodes.

3\

Reason: In second overtone mode, length of wire should be [ = -

where )\ is wavelength.


https://dl.doubtnut.com/l/_z9HyckvHFdb3
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A.If both Assertion and Reason are true and the Reason is correct

explanation of the Assertion.

B. If both Assertion and Reason are true but Reason is not the correct

explanation of Assertion.

C. If Assertion is true, but the Reason is false.

D. If Assertion is false but the Reason is true.

Answer: B

o Watch Video Solution

5. Assertion: If we see the oscillations of a stretched wire at higher
overtone mode, frequency of oscillation increases but wavelength
decreases.

Reason: From v = fA, A o« — as v = constant.

A.If both Assertion and Reason are true and the Reason is correct

explanation of the Assertion.


https://dl.doubtnut.com/l/_wi1EcYmDoT3E
https://dl.doubtnut.com/l/_Vdr9tVKrgkjU

B. If both Assertion and Reason are true but Reason is not the correct

explanation of Assertion.

C. If Assertion is true, but the Reason is false.

D. If Assertion is false but the Reason is true.

Answer: A

o Watch Video Solution

6. Assertion: Standing waves are formed when amplitudes of two
constituent waves are equal.
Reason: At any point net displacement at a given time is resultant of
displacement of constituent waves.
A.If both Assertion and Reason are true and the Reason is correct
explanation of the Assertion.

B. If both Assertion and Reason are true but Reason is not the correct

explanation of Assertion.


https://dl.doubtnut.com/l/_Vdr9tVKrgkjU
https://dl.doubtnut.com/l/_uKEo23goRNWH

C. If Assertion is true, but the Reason is false.

D. If Assertion is false but the Reason is true.

Answer: D

o Watch Video Solution

7. Asserton: In a standing wave z = 0 is a node. Then, total mechanical
energy lying between x = 0 and x=(lambda/8)
is mequal — thee # rgyly € gbetweenx=lambda/8 and x=lambda/4".
Reason: In standing waves different particles oscillate with different
amplitudes.

A.If both Assertion and Reason are true and the Reason is correct

explanation of the Assertion.
B. If both Assertion and Reason are true but Reason is not the correct

explanation of Assertion.

C. If Assertion is true, but the Reason is false.


https://dl.doubtnut.com/l/_uKEo23goRNWH
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D. If Assertion is false but the Reason is true.

Answer: A

o Watch Video Solution

8. Assertion: Ratio of maximum intensity and minimum intensity in

interference is 25: 1. The amplitudes ratio of two waves should be 3: 2.

s (Al + A, )2
Reason: = | — .
I A1 — A2

min

A. If both Assertion and Reason are true and the Reason is correct

explanation of the Assertion.

B. If both Assertion and Reason are true but Reason is not the correct

explanation of Assertion.

C. If Assertion is true, but the Reason is false.

D. If Assertion is false but the Reason is true.

Answer: A



https://dl.doubtnut.com/l/_xs6dAt0nbIpe
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| o Watch Video Solution

9. Assertion: Three waves of equal amplitudes interfere at a point. Phase

. . . 7r . . .
difference between two successive waves is o5 Then, resultant intensity is

same as the intensity due to individual wave.
Reason: Two different light sources are never coherent.
A.If both Assertion and Reason are true and the Reason is correct
explanation of the Assertion.
B. If both Assertion and Reason are true but Reason is not the correct
explanation of Assertion.
C. If Assertion is true, but the Reason is false.

D. If Assertion is false but the Reason is true.

Answer: B

o Watch Video Solution
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10. Assertion: For two sources to be coherent phase difference between

two waves at all points should be same.

Reason: Two different light sources are never coherent.

A. If both Assertion and Reason are true and the Reason is correct

explanation of the Assertion.

B. If both Assertion and Reason are true but Reason is not the correct

explanation of Assertion.

C. If Assertion is true, but the Reason is false.

D. If Assertion is false but the Reason is true.

Answer: D

o Watch Video Solution

Level 1 Objective



https://dl.doubtnut.com/l/_K6dPaO1rzaBf

1. Two identical harmonic pulses travelling in opposite directions in a taut
string approach each other. At the instant when they completely overlap,

the total energy of the string will be

A

A.zero
B. partly kinetic and partly potential
C. purely kinetic

D. purely potential

Answer: C

o Watch Video Solution

2. Three coherent waves having amplitudes 12mm, 6mm and 4mm arrive

m
at a given point with successive phase difference of 5 Then, the


https://dl.doubtnut.com/l/_l8dy1DJwBzt0
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amplitude of the resultant wave is

A. 7mm

B. 10mm

C.5mm

D.4.8 mm

Answer: B

o Watch Video Solution

3. A wave y = asin(wt — kx) on a string meets with another wave
producing a node at z = 0. Then the equation of the unknown wave is

A. +acos(kz — wt)

B. —acos(kx + wt)

C. —acos(kz — wt)

D. +a cos(wt — kx)


https://dl.doubtnut.com/l/_77vEZxnzsQCb
https://dl.doubtnut.com/l/_06ZBaRDu6v62

Answer: C

o Watch Video Solution

4.1n a stationary wave system, all the particles of the medium

A. have zero displacement simultaneously at some instant

B. have maximum displacement simultaneously at some instant

C. are at rest simultaneously at some instant

D. all of the above

Answer: D

o Watch Video Solution

5.1n a standing transerse wave on a string :

A. In one time period all the particles are simultaneously at rest twice


https://dl.doubtnut.com/l/_06ZBaRDu6v62
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B. All the particles must be at their positive extremes simultaneously

once in a time period

C. All the particles may be at their positive extremes simultaneously

twice in a time period

D. All the particles are never at rest simultaneously

Answer: A

o Watch Video Solution

6.If A, Ao and A3 are the wavelength of the waves giving resonance to
the fundamental, first and second overtone modes respectively in a string
fixed at both ends. The ratio of the wavelengths A : Ay: A3 is

Al1:2:3

B.1:3:5

C.1:

D.1:

W= | =
o= w|


https://dl.doubtnut.com/l/_ONRWQFulHSUc
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Answer: C

° Watch Video Solution

7.For a certain stretched string, three consecutive resonance frequencies

are observed as 105, 175 and 245 Hz respectively. Then, the fundamental

frequency is

A.30 Hz

B.45 Hz

C.35Hz

D. None of these

Answer: C

° Watch Video Solution
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8. A string Tm long is drawn by a 300 Hz vibrator attached to its end. The
string vibrates in three segments. The speed of transverse waves in the
string is equal to

A.100m /s

B.200m /s

C.300m /s

D.400m /s

Answer: B

o Watch Video Solution

9. Three resonant frequencies of a string are 90, 150 and 210 Hz. (a) Find
the highest possible fundamental frequency of vibration of this string. (b)
Which harmonics of the fundamental are the given frequencies ? (c)
Which overtones are these frequencies ? (d) If the length of the string is

80 cm, what would be the speed of a transverse wave on this string ?


https://dl.doubtnut.com/l/_cXSZiwUAnFUH
https://dl.doubtnut.com/l/_lZoIzlkBzwIQ

A.45m /s
B.75m /s
C.48m /s

D.80m /s

Answer: C

o Watch Video Solution

10. The period of oscillations of a point is 0.04 s and the velocity of
propagation of oscillation is 300 m / s. The difference of phases between

the oscillations of two points at distance 10 m and 16 m respectively from

the source of oscillations is

A 2T

=3 o


https://dl.doubtnut.com/l/_lZoIzlkBzwIQ
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Answer: D

° Watch Video Solution

11. A transverse wave described by equation y = 0.02sin(z + 30t) (where
x and t are in metres and seconds, respectively) is travelling along a wire
of area of cross-section 1mm? and density 8000kg/m?. What is the
tension in the string?

A.20N

B.72 N

C.30N

D.144 N

Answer: B

° Watch Video Solution



https://dl.doubtnut.com/l/_PcPpgeM8zxAq
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Objective Questions

1.In a standing wave, node is a paint of

A. maximum strain

B. maximum pressure

C. maximum density

D. All of these

Answer: D

° View Text Solution

Level 1 Subjective

1. Two waves are travelling in same direction along a stretched string. The

waves are 90° out of phase. Each wave has an amplitude of 4.0 cm. Find

the amplitude of the resultant wave.



https://dl.doubtnut.com/l/_157LKHNqx3oL
https://dl.doubtnut.com/l/_MVbIO4SH2InL

| ° Watch Video Solution

2. Two wires of different densities are soldered together end to end then
stretched under tension T. The waves speed in the first wire is twice that
in the second wire.

(a) If the amplitude of incident wave is A, what are amplitudes of reflected
and transmitted waves?

(b) Assuming no energy loss in the wire, find the fraction of the incident
power that is reflected at the junction and fraction of the same that is

transmitted.

° Watch Video Solution

3. A wave is represented by
y1 = 10cos(bx + 25¢)
where, x is measured in meters and t in seconds. A second wave for which

Yo = 20 cos (5w + 25t + g)


https://dl.doubtnut.com/l/_MVbIO4SH2InL
https://dl.doubtnut.com/l/_xcxdQ3fV3XSW
https://dl.doubtnut.com/l/_mCdDnPO7pbAA

interferes with the first wave. Deduce the amplitude and phase of the

resultant wave.

o Watch Video Solution

4. Two waves passing through a region are represented by
y = (1.0cm)sin[(3.14em ™ ')z — (157s 'z — (157s)¢]
and y = (1.5cm)sin[(1.57em ™ ')z — (3145~ 1)¢]. Find the

displacement of the particle at x =4.5 cm at time t = 5.0 ms.

o Watch Video Solution

5. A string of length 20cm and linear mass density 0.40g /cm is fixed at
both ends and is kept under a tension of 16 N. A wave pulse is produced
att = 0 nearj an end as shown in figure which travels towards the other
end.

when will the string have the shape shown in the figure again?


https://dl.doubtnut.com/l/_mCdDnPO7pbAA
https://dl.doubtnut.com/l/_8ENa5kE0T3Aj
https://dl.doubtnut.com/l/_nneOBfRaTWO8
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o Watch Video Solution

6. A wave pulse on a string has the dimensions shown in figure. The wave

speed is v = lem/ s.

(a) If point O is a fixed end, draw the resultant wave on the string at t=3 s

and t=4 s.

(b) Repeat part (a) for the case in which O is a free end.

| e |


https://dl.doubtnut.com/l/_nneOBfRaTWO8
https://dl.doubtnut.com/l/_0f5XK6ci6ZR9

l & Watch Video Solution J

7. Two sinusoidal waves combining in a medium are described by the
equations

y1 = (3.0cm)sin7(z + 0.60¢)

and yo = (3.0cm)sinm(x — 0.06¢)

where, x is in centimetres and t is in seconds. Determine the maximum
displacement of the medium at

(a)x=0.250 cm,

(b)x=0.500 cm and

(c) x=1.50 cm.

(d) Find the three smallest values of x corresponding to antinodes.

o Watch Video Solution

8. A standing wave is formed by the interference of two travelling waves,
each of which has an amplitude A = wem , angular wave number

k = (7 /2) per centimetre.


https://dl.doubtnut.com/l/_0f5XK6ci6ZR9
https://dl.doubtnut.com/l/_M8PX19PkYw3x
https://dl.doubtnut.com/l/_42YUKW4QIQT2

(a) Calculate the distance between two successive antinodes.
(b) What is the amplitude of the standing wave at z = 0.50cm from a

node?

o Watch Video Solution

9. Find the fundamental frequency and the next three frequencies that
could cause a standing wave pattern on a string that is 30.0 m long, has a
mass per unit length of 9.00 x 10 3kg/m and is stretched to a tension

of 20.0 N.

o Watch Video Solution

10. A string vibrates in its first normal mode with a frequency of 220
vibrations /s. The vibrating segment is 70.0 cm long and has a mass of
1.20g.

(a) Find the tension in the string.

(b) Determine the frequency of vibration when the string vibrates in three

segments.


https://dl.doubtnut.com/l/_42YUKW4QIQT2
https://dl.doubtnut.com/l/_fDIGw3SFaoou
https://dl.doubtnut.com/l/_Mzx4XOgdslDV

° Watch Video Solution

11. A 60.0 cm guitar string under a tension of 50.0 N has a mass per unit
length of 0.100 g/cm. What is the highest resonance frequency of the
string that can be heard by a person able to hear frequencies upto 20000

Hz?

° Watch Video Solution

12. A wire having a linear density of 0.05g /cmis stretched between two
rigid supports with a tension of 450N. It is observed that the wire
resonates at a frequency of 420 Hz. The next higher frequency at which

the same wire resonates is 490 Hz. Find the length of the wire.

° Watch Video Solution

13. The vibrations from an 800 Hz tuning fork set up standing waves in a

string clamped at both ends. The wave speed in the string is known to be


https://dl.doubtnut.com/l/_Mzx4XOgdslDV
https://dl.doubtnut.com/l/_onzAEO0J6XIq
https://dl.doubtnut.com/l/_NhPchDfXIp4T
https://dl.doubtnut.com/l/_E0Swns9mX23O

400m / s for the tension used. The standing wave is observed to have four

antinodes. How long is the string?

° Watch Video Solution

14. A string vibrates in 4 segments to a frequency of 400 Hz.
(@) What is its fundamental frequency?

(b) What frequency will cause it to vibrate into 7 segments?

° Watch Video Solution

15. A sonometer wire has a total length of 1m between the fixed ends.
Where should the two bridges be placed below the wire so that the three
segments of the wire have their fundamental frequencies in the ratio 1: 2

137

° Watch Video Solution



https://dl.doubtnut.com/l/_E0Swns9mX23O
https://dl.doubtnut.com/l/_DDznl0v5nCZz
https://dl.doubtnut.com/l/_BwP68ztBr3Vf

16. A guitar string is 90 cm long and has a fundamental frequency of 124
Hz. Where should it be pressed to produce a fundamatal frequecy of 186

Hz?

o Watch Video Solution

17. Adjacent antinodes of a standing wave on a string are 15.0 cm apart. A
particle at an antinode oscillates in simple harmonic motion with
amplitude 0.850 cm and period 0.0750 s. The string lies along the +x-axis
and is fixed at x=0.

(a) find the displacement of a point on the string as a function of position
and time.

(b) Find the speed of propagation of a transverse wave in the string.

(c) Find the amplitude at a point 3.0 cm to the right of an antinode.

o Watch Video Solution



https://dl.doubtnut.com/l/_4cnAKba1PLEf
https://dl.doubtnut.com/l/_WivQ9OJL0lHI

18. A 1.50 m long rope is stretched between two supports with a tension
that makes the speed of transverse waves 48.0m /s. What are the
wavelength and frequency of

(a) the fundamental?

(b) the second overtone?

(c) the fourth harmonic?

o Watch Video Solution

19. A wire with mass 40.0 g is stretched so that its ends are tied down at
points 80.0 cm apart.The wire vibrates in its fundamental mode with
frequency 60.0 Hz and with an amplitude at the antinodes of 0.300 cm.
(@) What is the speed of propagation of transverse wave in the wire?
Compute the tension in the wire.

(c) Find the maximum transverse velocity and acceleration of particles in

the wire.

o Watch Video Solution



https://dl.doubtnut.com/l/_PJ3h6Ya3wdA9
https://dl.doubtnut.com/l/_bI5aKseITYPu

20. Two harmonic waves are represented in Sl units by

yi(z,t) = 0.2sin(z — 3.0t) and y,(z, t) = 0.2sin(x — 3.0t + ¢)
T

(a) Write the expression for the sumy = y; + yof or ¢ = Erad.

(b) Suppose the phase difference ¢ between the waves is unknown and

the amplitude of their sum is 0.32 m, what is ¢?

o Watch Video Solution

21. Figure shows different standing wave patterns on a string of linear
mass density 4.0 x 10~ ?kg /m under a tension of 100 N. The amplitude
of antinodes is indicated in each figure. The length of the string is 2.0m.
(i) Obtain the frequencies of the modes shown in figures (a) and (b).
(ii)Write down the transverse displacement y as a function of x and t for

each mode. (Take the initial configuration of the wire in each mode to be


https://dl.doubtnut.com/l/_JU99IJRkX51D
https://dl.doubtnut.com/l/_EFRFgle46gHz

as shown by the dark lines in the figure).
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° Watch Video Solution

22. A string fastened at both ends has successive resonances with
wavelengths of 0.54 m for nth harmonic and 048 m for the (n+1) th
harmonic and 0.48 m for the (n+1) th harmonic.

(a) Which harmonics are these?

(b) What is the length of the stirng?

(c) What is the wavelength of the fundamental frequency?

° Watch Video Solution



https://dl.doubtnut.com/l/_EFRFgle46gHz
https://dl.doubtnut.com/l/_RZKeFivBO9yo

23. Awave y; = 0.3cos(2.0x — 40t) is travelling along a string toward a
boundary at x=0. Write expressions for the reflected waves if .

(a) the string has a fixed end at x=0 and

(b) The string has a free end at x=0.

Assume Sl units.

o Watch Video Solution

24. A string that is 10 cm long is fixed at both ends. At t=0, a pulse
travelling from left to right at 1lem /sis4.0cm from the right end as
shown in figure. Determine the next two times when the pulse will be at
that point again. State in each case whether the pulse is upright or

inverted .

1cm,1cm

——
y
Y

4 cm

oy
Y

10 cm



https://dl.doubtnut.com/l/_9xdiGHaSBVyc
https://dl.doubtnut.com/l/_OXjI1P8q3cM3

| Y Watch Video Solution J

Subjective Questions

1. A thin taut string tied at both ends and oscillating in its third harmonic

has its shape described by the equation

y(z, t) = (5.60cm)sin { (0.0340$m) a:] sin[(E)0.0%)t] , Where the

origin is at the left end of the string, the x-axis is along the string and the
y-axis is perpendicular to the string.

(a) Draw a sketch that shows the standing wave pattern.

(b)Find the amplitude of the two travelling waves that make up this
standing wave.

(c) What is the length of the string?

(d) Find the wavelength, frequency, period and speed of the travelling
wave.

(e) Find the maximum transverse speed of a point on the string.

(f) What would be the equation y(x;t) for this string if it were vibrating in

its eighth harmonic?

| oo ]


https://dl.doubtnut.com/l/_OXjI1P8q3cM3
https://dl.doubtnut.com/l/_V1ompbp73y85

I & View Text Solution ]

2. A 160 g rope 4 m long is fixed at one end and tied to a light string of
the same length at the other end. Its tension is 400 N.

(@) What are the wavelength of the fundamental and the first two
overtones?

(b) What are the frequencies of these standing waves?

[Hint : In this case, fixed end is a node and the end tied with the light

string is antinode.]

° View Text Solution

3. Two pulses travelling in opposite directions along a string are shown
for t = 0 in the figure. Plot the shape of the string at 't= 1.0, 2.0, 3.0, 4.0

and 5.0s respectively .

Lo

° View Text Solution



https://dl.doubtnut.com/l/_V1ompbp73y85
https://dl.doubtnut.com/l/_yqOZCKyUy4er
https://dl.doubtnut.com/l/_l3OqrtPDJZVt
https://dl.doubtnut.com/l/_Az1qKnOSmFYh

4. Sources separated by 20 m vibrate according to the equation
y1 = 0.06sin7t and y, = 0.02sin7t. They send out waves along a rod
with speed 3m /s What is the equation of motion of a particle 12 m from

the first source and 8 m from the second, y;, y, are in m?

o View Text Solution

5. Three component sinusoidal waves progressing in the same directions

along the same path have the same period byt their amplitudes are

A
A, 5 and 3 The phases of the variation at any position x on their

path at time ¢ = Oare0, — % and — 7 respectively. Find the amplitude

and phase of the resultant wave.

o View Text Solution

6. A metal rod of length 1m is clamped at two points as shown in the
figure. Distance of the clamp from the two ends are 5 cm and 15 cm,

respectively. Find the minimum and next higher frequency of natural


https://dl.doubtnut.com/l/_Az1qKnOSmFYh
https://dl.doubtnut.com/l/_TOyYznnbLQUf
https://dl.doubtnut.com/l/_RMJ4vLcP2Eti

longitudinal oscillation of the rod. Given that Young's modulus of
elasticity and density of aluminium are Y = 1.6 x 10 Nm =2 and

p = 2500kgm 3, respectively.

‘5 cmT 80 cm | 15 cmwr‘

° View Text Solution

Level 2 Single Correct

1. When tension of a string is increased by 2.5 N, the initial frequency is

altered in the ratio of 3:2. The initial tension in the string is

A. 6N

B. 5N

C.4N


https://dl.doubtnut.com/l/_RMJ4vLcP2Eti
https://dl.doubtnut.com/l/_KbsmWDDe1EIZ

D. 2N

Answer: D

° Watch Video Solution

2. The lengths of two wires of same material are in the ratio 1:2, their
tensions are in the ratio 1:2 and their diameters are in the ratio 1:3. the
ratio of the notes they emits when sounded together by the same source
is

A2

B./3

C.2¢/3

D. 32

Answer: D

o Watch Video Solution



https://dl.doubtnut.com/l/_KbsmWDDe1EIZ
https://dl.doubtnut.com/l/_F5Q9U89W00Qy

3. When a string is divided into three segments of length [, I, and I3 the
fundamental frequencies of these three segments are fi, fo and f3

respectively. The original fundamental frequency f of the string is

Afo=fH+fot+ f3

1 1 1 1

B'foz fi+t fot E
1 1 1 1

C.— = — + =
Vi VRV WV

D. None of these

Answer: B

° Watch Video Solution

4.Three one-dimensional mechanical waves in an elastic medium is given

as

y; = 3Asin(wt — kx), y, = Asin(wt — kx + 7) and y3 = 2A sin(wt + kz
are superimposed with each other. The maximum displacement amplitude

of the medium particle would be


https://dl.doubtnut.com/l/_8yhCmHdyaykG
https://dl.doubtnut.com/l/_IGCaklF5ijew

A 4A

B.3A

C.2A

D.A

Answer: A

o Watch Video Solution

5. A string is under tension so that its length is increased by 1/n times
its original length . The ratio of fundamental frequency of longitudinal
vibrations and transverse vibrations will be

An:l

B.1:n

C. \/’7]: 1

D.1:\/n


https://dl.doubtnut.com/l/_IGCaklF5ijew
https://dl.doubtnut.com/l/_hC92kAlrj0TS

Answer: D

o Watch Video Solution

6. A sting of length 1m and linear mass density 0.01 kg /m is stretched to
a tension of 100 N. When both ends of the string are fixed, the three
lowest frequencies for standing wave are f;, fo and f3 . When only one
end of the string is fixed, the three lowest frequencies for standing wave

are ni, ny and ns. Then,

A. ng = 5n1 = f3 = 125Hz
B. f3 = 5f1 = N9 = 125H 2

C.fs = ny = 3f; = 150Hz

_ i+ f

5 = ThHz

D. ny

Answer: D

o Watch Video Solution



https://dl.doubtnut.com/l/_hC92kAlrj0TS
https://dl.doubtnut.com/l/_AwhqmODwq4Ee
https://dl.doubtnut.com/l/_IjIECqkcbimI

7. A sonometer wire has a length of 114 cm between its two fixed ends.

Where should the two bridges be places so as to divide the wire into

three segments, whose fundamental frequencies are in the ratio 1: 3:47

A ly = 72cm, ly = 24cm, I3 = 18cm

B.l; = 60cm, Iy = 40cm, l3 = 14cm.

C.l; = 52cm, ly = 30cm, I3 = 32cm.

D.l; = 65¢cm, ls = 30cm, I3 = 19cm.

Answer: A

o Watch Video Solution

8. The frequency of sonometer wire is f. The frequency becomes f/2
when the mass producing the tension is completely immersed in water
and on immersing the mass in a certain liquid, frequency becomes f/3.

The relative density of the liquid is

A.0.32


https://dl.doubtnut.com/l/_IjIECqkcbimI
https://dl.doubtnut.com/l/_8vHWcmdtvUv5

B. 1.67

C.1.41

D. 118

Answer: D

o Watch Video Solution

9. A string of length 1.5 m with its two ends clamped is vibrating in
fundamental mode. Amplitude at the centre of the string is 4 mm.
Minimum distance between the two points having amplitude 2 mm is:

A 1Tm

B.75cm

C.60 cm

D.50 cm

Answer: A

[ - |


https://dl.doubtnut.com/l/_8vHWcmdtvUv5
https://dl.doubtnut.com/l/_tSzUHIl9MhFa

| @ Watch Video Solution J

10. A man generates a symmetrical pulse in a string by moving his hand
up and down. At t = 0 the point in his hand moves downward. The pulse
travels with speed of 3m /s on the string & his hands passes 6 times in
each second from the mean position. Then the point on the string at a

distance 3m will reach its upper extreme first time at time ¢ =

A.1.25s

B.1s

c 11
TR

23

D. ﬂs

Answer: C

o Watch Video Solution



https://dl.doubtnut.com/l/_tSzUHIl9MhFa
https://dl.doubtnut.com/l/_ByIumfMr7LGk

11. Among two interfering sources, let S; be ahead of the phase by 90°
relative to Ss . If an observation point P is such that PS; — PS; = 1.5),

the phase difference between the waves from S; and S, reaching P is

Answer: B

o Watch Video Solution

12. A wire having a linear density 0.1kg/m is kept under a tension of
490N. It is observed that it resonates at a frequency of 400 Hz. The next

higher frequency is 450 Hz. Find the length of the wire.

A.04 m


https://dl.doubtnut.com/l/_195Oi69Fn50z
https://dl.doubtnut.com/l/_77L9wAn2y90a

B.0.7m

C.0.6m

D. 0.49m

Answer: B

° Watch Video Solution

13. A string vibrates in 5 segments to a frequency of 480 Hz. The

frequency that will cause it to vibrate in 2 segments will be

A. 96 Hz

B.192 Hz

C.1200 Hz

D. 2400 Hz

Answer: B

° Watch Video Solution



https://dl.doubtnut.com/l/_77L9wAn2y90a
https://dl.doubtnut.com/l/_U9F5UFqFVzDe

14. A wave travels on a light string. The equation of the waves is
y = Asin(kx — wt 4+ 30°). It is reflected from a heavy string tied to an
end of the light string at x = 0. If 64% of the incident energy is reflected,
then the equation of the reflected wave is

Ay = 0.84sin(kx — wt + 30° + 180°)

B.y = 0.8Asin(kx + wt + 30° 4 180°)

C.y = 0.84sin(kz — wt — 30°)

D.y = 0.84sin(kz — wt + 30°)

Answer: B

o Watch Video Solution

15. The tension, length, diameter and density of a string B are double
than that of another string A. Which of the following overtones of B is

same as the fundamental frequency of A?


https://dl.doubtnut.com/l/_U9F5UFqFVzDe
https://dl.doubtnut.com/l/_w9HjsFqTy21n
https://dl.doubtnut.com/l/_n78ZIAN7THq4

A. st

B. 2nd

C.3rd

D. 4th

Answer: C

° Watch Video Solution

Level 2 More Than One Correct

1. If the tension in a stretched string fixed at both ends is changed by

21 % , the fundamental frequency is found to increase by 15H z, then the

A. original frequency is 150 Hz

B. velocity of propagation of the transverse wave along the string

increases by 5%.


https://dl.doubtnut.com/l/_n78ZIAN7THq4
https://dl.doubtnut.com/l/_D9rswogn6Yww

C.velocity of propagation of the transverse wave along the string

increases by 10% .

D. fundamental wavelength on the string does not change.

Answer: A::C::D

o Watch Video Solution

2. For interference to take place

A. sources must be coherent

B. sources must have same amplitude

C. waves should travel in opposite directions

D. sources must have same frequency

Answer: A::D

° Watch Video Solution



https://dl.doubtnut.com/l/_D9rswogn6Yww
https://dl.doubtnut.com/l/_DbVzP8CvgezQ
https://dl.doubtnut.com/l/_WRL2a0RSvnGA

3.Regarding stationary waves, choose the correct options.

A. This is an example of interference

B. Amplitudes of waves may be different

C. particles at nodes are always at rest

D. Energy is conserved

Answer: A::B::D

o Watch Video Solution

4. When a wave travels from a denser to rarer medium, then

A. speed of wave increases

B. wavelength of wave decreases

C. amplitude of wave increases

D. there is no change in phase angle


https://dl.doubtnut.com/l/_WRL2a0RSvnGA
https://dl.doubtnut.com/l/_oSwPTdDohu9S

Answer: A::C::D

° Watch Video Solution

5. A wire is stretched and fixed at two ends. Transverse stationary waves
are formed in it. It oscillates in its third overtone mode. The equation of
stationary wave is

y = Asinkz cos wt

Choose the correct options.

A

A. Amplitude of constituent waves is 5
B. The wire oscillates in three loops

. Am
C.The length of the wire is =

. . W
D. Speed of stationary wave is A

Answer: A::C

o Watch Video Solution



https://dl.doubtnut.com/l/_oSwPTdDohu9S
https://dl.doubtnut.com/l/_q8kYEyBMZlWc
https://dl.doubtnut.com/l/_AdBUp6aJguLR

6. Which of the following equations can form stationary waves?
(i)y = Asin(wt — kx) (i) y = A cos(wt — kz)
(iii) y = Asin(wt + kz) (iv) y = A cos(wt — kz) .

A. (i) and (ii)

B. (i) and (iii)

C. (iii) and (iv)

D. (ii) and (iv)

Answer: B::D

° Watch Video Solution

More Than One Correct Options

1. Two waves

y1 = Asin(wt — kz)


https://dl.doubtnut.com/l/_AdBUp6aJguLR
https://dl.doubtnut.com/l/_57OIHUAVrPnd

and yo = Asin(wt + kz)

superimpose to produce a stationary wave, then
A.z = 0Ois anode
B.z = 0is an antinode.

C ™ is anod
. = — IS a hode.
2

2m )
D.m = ? is an antinode
Answer: B::D

° View Text Solution

Level 2 Comprehension Based

1.Incident wave y = Asin(ax + bt + %) is reflected by an obstacle at x
= 0 which reduces intensity of reflected wave by 36%. Due to
superposition, the resulting wave consists of a standing wave and a
travelling wave given by

y = — l.6sinax sinbt + cA cos(bt + ax)


https://dl.doubtnut.com/l/_57OIHUAVrPnd
https://dl.doubtnut.com/l/_GIDeSQ65vsbk

where A, a, b and c are positive constants.

1. Amplitude of reflected wave is

A. 0.6A

B. 0.8A

C.04A

D.0.2A

Answer: B

o Watch Video Solution

2.Incident wave y = Asin(aw + bt + g) is reflected by an obstacle at x
= 0 which reduces intensity of reflected wave by 36%. Due to
superposition, the resulting wave consists of a standing wave and a
travelling wave given by

y = — l.6sinax sinbt + cA cos(bt + ax)

where A, a, b and c are positive constants.

2.Value of cis


https://dl.doubtnut.com/l/_GIDeSQ65vsbk
https://dl.doubtnut.com/l/_TkIvy4iCoHjJ

A.0.2

B.0.4

C.06

D.0.3

Answer: A

o Watch Video Solution

3.Incident wave y = Asin(aw + bt + g) is reflected by an obstacle at x
= 0 which reduces intensity of reflected wave by 36%. Due to
superposition, the resulting wave consists of a standing wave and a
travelling wave given by

y = — l.6sinax sinbt + cA cos(bt + ax)

where A, a, b and c are positive constants.

3. Position of second antinode is


https://dl.doubtnut.com/l/_TkIvy4iCoHjJ
https://dl.doubtnut.com/l/_zwONd6aQJXVM

B.x = —
a
Czx = 3_7r
2a
D.x = 2_7r
3a

Answer: C

° Watch Video Solution

Level 2 Subjective

1. Three pieces of string, each of length L, are joined together end-to-end,

to make a combined string of length 3L. The first piece of string has mass
per unit length w4, the second piece has mass per unit length ps = 4,
and the third piece has mass per unit length pu3 = p; /4.

(a) If the combined string is under tension F, how much time does it take
a transverse wave to travel the entire length 3L? Give your answer in

terms of LF and p; .


https://dl.doubtnut.com/l/_zwONd6aQJXVM
https://dl.doubtnut.com/l/_WdrMwRY1GsMi

(b) Does your answer to part (a) depend on the order in which the three

piece are joined together? Explain.

o Watch Video Solution

2. In a stationary wave that forms as a result of reflection of waves from
an obstacle, the ratio of the amplitude at an antinode to the amplitude at

node is 6. What percentage of energy is transmitted?

o Watch Video Solution

3. A standing wave £ = asinkz. cos wt is maintained in a homogeneous
rod with cross — sectional area S and density p. Find the total
mechanical energy confined between the sections corresponding to the

adjacent displacement nodes.

o Watch Video Solution



https://dl.doubtnut.com/l/_WdrMwRY1GsMi
https://dl.doubtnut.com/l/_E2BHPrWG1yHi
https://dl.doubtnut.com/l/_u3AIQ6OxW9XA

4. A string tied between z = 0 and x = [ vibrates in fundamental mode.
The amplitude A, tension T and mass per unit length p is given. Find the

total energy of the string.

o Watch Video Solution

5. A long wire PQR is made by joining two wires PQ and QR of equal
radii. PQ has length 4.8m and mass 0.06kg. QR has length 2.56m and
mass 0.2kg. The wire PQR is under a tension of 80N. A sinusoidal wave-
pulse of amplitude 3.5c¢m is sent along the wire PQ from end P. No

power is dissipated during the propagation of the wave-pulse. Calculate,


https://dl.doubtnut.com/l/_TaZ42WJmSRhN
https://dl.doubtnut.com/l/_L3d0awoVNGKo

(a) the time taken by the wave-pulse to reach the other end R of the wire,
and
(b) the amplitude of the reflected and transmitted wave-pulse after the

incident wave-pulse crosses the joint Q.

o Watch Video Solution

6. A light string is tied at one end to a fixed support and to a heavy string
of equal length L at the other end as shown in figure. A block of mass m
is tied to the free end of heavy string. Mass per unit length of the strings
are p and 9u and the tension is T'. Find the possible values of frequencies
such that junction of two wire point A is a node.

L

|-

o Watch Video Solution

7. A string fixed at both ends is vibrating in the lowest mode of vibration
for which a point at quarter of its length from one end is a point of

maximum vibration . The note emitted has a frequency of 100Hz. What


https://dl.doubtnut.com/l/_L3d0awoVNGKo
https://dl.doubtnut.com/l/_BX7t3GGDcWTs
https://dl.doubtnut.com/l/_f2kOhlgX1ZJF

will be the frequency emitted when it vibrates in the next mode such that

this point is again a point of maximum vibratin ?

° Watch Video Solution

8. y; = 8sin(wt — kx) and y, = 6sin(wt + kxr) are two waves
travelling in a string of area of cross-section s and density rho. These two
waves are superimposed to produce a standing wave.

(a) Find the energy of the standing wave between two consecutive nodes.

(b) Find the total amount of energy crossing through a node per second.

° Watch Video Solution



https://dl.doubtnut.com/l/_f2kOhlgX1ZJF
https://dl.doubtnut.com/l/_PfExZYVjCTGr

