CLASS 11 PHYSICS NCERT SOLUTIONS

waves

1. A string of mass 2.50 kg is under a tension of 200 N. The length of the

stretched string is 20.0m. If the transverse jerk is struck at one end of the
string, how long does the disturbance take to reach the other end?

Ans: It is provided that,

Mass of the string, M =2.50 kg

Tension in the string, T=200 N

String length, 1=20.0 m

Mass per unit length, p= ¥ = % =0.125kgm™

The transverse wave’s velocity in the string is given by:

V= I 200 =+/1600 = 40ms™
1) 0.125

Clearly, the time taken by disturbance to reach the other end s,
t:l:Q:O.SOS
v 40

2. A stone dropped from the top of a tower of height 300 m high splashes into
the water of a pond near the base of the tower. When is the splash heard at

the top given that the speed of sound in air is 340 ms™? (g =9.8 ms™?)

Ans: It is provided that,

Tower height, s=300 m

Stone’s initial velocity, u=0

Acceleration, a=g=9.8 ms™

Sound speed inair =340 m/s

The time that stone takes to strike the water in the pond can be estimated using
the motion’s second equation, as:

1
s=ut, +Egt12

:>300=0+%><9.8><tf



We get,

t = /305;‘ 2 _ 7825

Time taken by the sound to reach the tower top, t, = % =0.88s

Therefore, the time after which the sound of splash is heard, t=t, +t,

—=1t=7.82+0.88=8.7s
The time after which the sound of splash is heard is 8.7s.

3. A steel wire has a length of 12.0 m and a mass of 2.10 kg. What should be
the tension in the wire so that speed of a transverse wave on the wire equals
the speed of sound in dry air at 20°C=343ms™.

Ans: It is provided that,

Steel wire’s length, =12 m

Steel wire’s mass, m =2.10 kg

Velocity of the transverse wave, v=343 ms™
m 210

Mass per unit length, p= T S 0.175kgm™

For tension T, transverse wave’s velocity can be calculated using the relation:
T

V= [—
i

=T=vu

=T= (343)2 x0.175=20588.575~ 2.06 x10*N
Tension in the wire is 2.06x10*N.

4. Use the formula v = P to explain why the speed of sound in air
p
a) is independent of pressure,
Ans: We have,
V= bl (i)
p
Where,
Density, p= Mass _M

Volume V



M = Molecular weight of gas
V = Volume of gas
Hence, equation (i) becomes:

V= ,/% ...... (i1)

Now ideal gas equation for n =1 is:

PV =RT

For constant T, PV = Constant

Both M and y are constants, v = Constant

Hence, the speed of sound is independent of the change in the pressure of the gas
at a constant temperature.

b) increases with temperature,

Ans: We have,
V= ® (1)
p

Now ideal gas equation for n =1 is:
PV =RT

RT
P=— ... ii

v (i1)

Substituting (ii) in (i), we get:

V= \/ T _ \/ R (iii)
Vp M

Where,
Mass, M =pV is a constant

yand R are also constants.

We get from equation (iii),

voac/T.

Hence, the sound speed in a gas is directly proportional to the square root of the

gaseous medium’s temperature, i.e., the sound speed increases with rise in the
gaseous medium’s temperature and vice versa.

C) increases with humidity.
Ans: Let v and v, are the sound speed in moist air and dry air respectively and

p,, and p, are the densities of moist air and dry air respectively.



v [P

p
The speed of sound in moist air is:
vV, = o (1)

Pm
The speed of sound in dry air is:
v, = ®o (i1)

Py
On dividing equations (i) and (ii), we get:
V_m:\/ﬁx&:\/& ...... (iii)
Vd pm YP pm

However, the presence of water vapour decreases the density of air, i.e.,

pd < pm

=V, >V,

Hence, the speed of sound in moist air is higher than it is in dry air. Thus, in a
gaseous medium, the sound speed increases with humidity.

5. You have learnt that a travelling wave in one dimension is represented by
a function y =f(x,t) where x and t must appear in the combination x— vt or

X+ vt, i.e. y=f(x£vt). Is the converse true? Examine if the following
functions for y can possibly represent a travelling wave:

a) (X—vt)?
Ans: No.

For x=0 and t=0, the function (x + vt)* becomes 0.
Hence, for x=0 and t=0, the function represents a point.

b) Iog[x+ vt}
X0

AnNS. Yes.

X+ vt

For x=0 and t=0, the function Iog( < ]:Iogozoo
0

Since the function does not converge to a finite value for x =0 and t=0, it does
not represent a travelling wave.



1

(X+ vt)
Ans: No.
For x=0 and t=0, the function
1 1
X+vt O
Since the function does not converge to a finite value for x =0 and t=0, it does
not represent a travelling wave.
The converse is not true. The requirement for a wave function of a travelling wave
Is that for all x and t values, wave function should have a finite value. Therefore,
none can represent a travelling wave.

o0

6. A bat emits ultrasonic sound of frequency 1000 kHz in air. If the sound
meets a water surface, what is the wavelength of

a) the reflected sound,

Ans: We have,

Frequency of the ultrasonic sound, v =1000kHz =10°Hz
Speed of sound in air, v, =340ms™

The wavelength (1,) of the reflected sound is given by:

A, :ﬁzﬁzmxm-“m
v 10

b) the transmitted sound? Speed of sound in air is 340ms™ and in water

1486ms™.

Ans: We have,

Ultrasonic sound’s frequency, v =1000kHz =10°Hz

Sound speed in water, v, =1486m/s
1486

The wavelength is given as: A, = 10 =1.49%x10°m

7. A hospital uses an ultrasonic scanner to locate tumours in a tissue. What
Is the wavelength of sound in the tissue in which the speed of sound is

1.7 kms™? The operating frequency of the scanner is 4.2 MHz.
Ans: It is provided that,

Sound speed in the tissue, v=1.7Kms " =1.7x10°ms™*



Scanner’s operating frequency, v =4.2MHz = 4.2 x10°Hz

The wavelength of sound wave in the tissue is given by:

v 17x10°

v 4.2x10°
The wavelength of sound in the tissue is 4.1x10™m.

=4.1x10"m

8. A transverse harmonic wave on a string is described by

y(x,t) = 3.0sin(36t +0.018x + %)

Where x and y are in cm and tin s. The positive direction of x is from left to
right.

a) Is this a travelling wave or a stationary wave?

If it is travelling, what are the speed and direction of its propagation?

Ans: The given equation is the equation of a travelling wave, moving from right
to left because it is an equation of the type

y(X,t) = Asin(ot + kx + ¢)

Here, A=3.0cm, o=36rad™, k =0.018cmand ¢=%

.. Speed of wave propagation is given by,

© 36rads™ 36rads™ .
V=—= - = —— = 20ms
k 0.018cm™ 0.018x10°m

The speed of wave propagation is 20ms™.

b) What are its amplitude and frequency?
Ans: Amplitude of wave, A=3.0cm=0.03m

Frequency of wave, v = 0 _ 36 =5.7Hz
21 2m

c) What is the initial phase at the origin?

Ans: Initial phase at origin, ¢=%rad

d) What is the least distance between two successive crests in the wave?
Ans: Least distance between two successive crests in the wave,



21 21

=S A=—= =349cm =3.49m
k 0.018

9. For the wave described in Exercise 15.8, plot the displacement (y) versus
(t) graphs for x=0, 2 and 4 cm. What are the shapes of these graphs? In
which aspects does the oscillatory motion in travelling wave differ from one
point to another: amplitude, frequency or phase?

Ans: All the waves have different phases.

The given transverse harmonic wave is:

y(x,1) = 3.0sin(36t +0.018x +%) ...... (i)

For x =0, the equation becomes:

y(0,t) = 3.0sin(36t + gj

Also, o= % =36rad /s

2T=2Es
36

Now, plotting y vs t graphs using the different values of t, as listed in the given
table.

© [0 [T [z [& [er [eT [er [T
8 8 8 8 8 8 8
y(cm) ﬁ 3 ﬂ 0 32 |-3 32 |0
2 2 2 2

For x =0, x=2, and x =4, the phases of the three waves will get altered. This is
because amplitude and frequency are same for any change in x. The y—t plots
of the three waves are shown in the given figure.



y (cm)

T/8  2T/8 3T%8 \4 5T/8 6T/8 7Tf8 t(s)

10. For the travelling harmonic wave
y(x,t) = 2.0cos 2r(10t — 0.0080x + 0.35)

Where x and y are in cm and t in s. Calculate the phase difference between

oscillatory motion of two points separated by a distance of 4 m, 0.5 m, %

3A
R
a)4m
Ans: Equation for a travelling harmonic wave is given by:

y(x,t) =2.0cos 27(10t —0.0080x + 0.35)
= y(X,t) =2.0c0s(207tt—0.0167x + 0.707)
Where, Propagation constant, k =0.0160x
Amplitude, a=2cm

Angular frequency, o =20nrad/s

Phase difference is given by:



27
=kx=—
¢ A

for x=4m =400 cm
= $=0.0161x400=6.4w rad

b) 0.5 m

Ans: Phase difference is given by:

_n

=kr
¢ A
For x=0.5m=50 cm

— $=0.016mx50=0.8x rad

A
C R
) 2
Ans: Phase difference is given by:

_n

=kr
¢ A

For x =

a N>

:>(|):—><&:n rad
A2

3
d_
)

Ans: Phase difference is given by:

_2n

=kr
¢ A

For x:%
4



:>¢:Ex%:1.5nrad
A4

11. The transverse displacement of a string (clamped at its both ends) is given

by y(x,t)=0.06sin%cos(120nt) Where x and y are in m and tin s. The

length of the string is 1.5 m and its mass is 3.0 x 107kg.
Answer the following:

a) Does the function represent a travelling wave or a stationary wave?
Ans: The general equation of stationary wave is given by:

y(X, t) = Asin(kx) cos(mt)

This given equation is similar to the equation of stationary wave:

y(X,t) =0.06sin 2%Xcos(ﬂom)

Hence, the given function is a stationary wave.

b) Interpret the wave as a superposition of two waves travelling in opposite
directions. What is the wavelength, frequency, and speed of each wave?
Ans: The transverse displacement of the string is given as:

y(x,t) =0.06sin (2—375 xjcos(lZOnt)

From above equation, k = %ﬂ

. Wavelength, A = 2n = 2r =3m
k2
3
It is given that:
1207w =2nv
Frequency, v=60Hz

Wave speed, v=vA=60x3=180ms™"



c) Determine the tension in the string.
Ans: The transverse wave’s velocity travelling in a string is given by the relation:

V= |— (i)
)

Where, Velocity of the transverse wave, v=180ms™
Mass of the string, m =3.0x10kg
Length of the string, | = 1.5m

w
o

~ %102 =2x102kgm™

Mass per unit length of the string, u= .

m
I

o1

Tension inthestring = T

From equation (i), tension can be obtained as:
T=vu

= T =(180)*x2x107?

— T =648N

The tension in string is 648N.

12.

I) For the wave on a string described in Question 11, do all the points on the
string oscillate with the same

a) frequency,
Ans: Yes, all the points on the string vibrate with the same frequency, except at
the nodes which are having zero frequency.

b) phase,
Ans: Yes, all the points in any oscillating loop have the same phase, except at the
nodes.

¢) amplitude? Explain your answers.
Ans: No, all the points in any oscillating loop have different vibration amplitudes.

i) What is the amplitude of a point 0.375 m away from one end?
Ans: The given equation is:

y(X,t) =0.06sin (2—37[ xjcos(lZOnt)

Forx=0.375mandt=0



Amplitude:O.O6sin(2—;xjcoso
. (21
= a=0.06sIn (? X O.375) x1
= a=0.06sin (0.251) = 0.063in(%)

= a=0.06x . 0.042m

N

The value of amplitude is 0.042m.

13. Given below are some functions of x and t to represent the displacement
(transverse or longitudinal) of an elastic wave. State which of these
represent, (i) a travelling wave, (ii) a stationary wave or (iii) none at all:

a) y=2c0s(3x)sin(10t)

Ans: This equation demonstrates a stationary wave because the harmonic terms
kx and wt seem separately in the equation.

b) y =2vx— vt

Ans: This equation is not having any harmonic term. Therefore, it is not
representing either a stationary wave or travelling wave.

c) y =3sin(5x—0.5t) + 4cos(5x — 0.5t)
Ans: This equation demonstrates a travelling wave as it is having harmonic terms
kx and wt are in kx —wt combination.

d) y =cosxsint+cos2xsin2t

Ans: This equation demonstrates a stationary wave because it is having harmonic
terms kx and wt separately in the equation. It is the superposition of two
stationary waves.

14. A wire stretched between two rigid supports vibrates in its fundamental
mode with a frequency of 45 Hz. The mass of the wire is 3.5 x 10°kg and

its linear mass density is 4.0 x 10°kg m™. What is



a) the speed of a transverse wave on the string, and
Ans: Provided that,

Mass of the wire, m =3.5x107kg
Linear mass density, p= ? =4.0x10%kgm™

Frequency of vibration, v =45Hz

-2
Length of the wire, | = m_ w =0.875m

n 4.0x107
The wavelength of the stationary wave () is given by:

A= 2—' where, n =number of nodes
n

For fundamental node, n=1:
A =2l
A=2x0.875=1.75m

The speed of the transverse wave in the string is given as:

V=vA=45x1.75=78.75ms™

The speed of transverse wave is 78.75ms™.

b) the tension in the string?

Ans: The tension produced in the string is given by the relation:
T=vu

= T =(78.75)* x4.0x107* = 248.06N

The tension in the string is 248.06N .

15. A metre-long tube open at one end, with a movable piston at the other
end, shows resonance with a fixed frequency source (a tuning fork of
frequency 340 Hz) when the tube length is 25.5 cm or 79.3 cm. Estimate
the speed of sound in air at the temperature of the experiment. The edge
effects may be neglected.

Ans: It is provided that,

Frequency of the turning fork, v =340 Hz

Since the given pipe is attached with a movable piston at one end, it will behave
as a pipe with one end closed and the other end open, as shown in the given figure.



{ A/4

Such a system gives odd harmonics. The relation of fundamental note in a closed
pipe is given by:

Where, length of the pipe I, =25.5cm =0.255m
= A=4l,=4x0.255=1.02m
The relation of sound speed is given by:

V=vA=340x1.02=346.8ms™

16. A steel rod 100 cm long is clamped at its middle. The fundamental
frequency of longitudinal vibrations of the rod is given to be 2.53 kHz. What
is the speed of sound in steel?

Ans: We have,

Length of the steel rod, | = 100cm = 1m

Fundamental frequency of vibration, v =2.53kHz = 2.53x10°Hz

An antinode (A) is formed at its centre, and nodes (N) are formed at its two ends
when the rod is plucked at its middle, as shown in the given figure.



F 3
Y

A
2

The distance between two successive nodes is %

L=t

2

A=21=2x1=2m

The sound speed in steel is given by:
V=VA

= Vv=2.53x10%x2

—Vv=5.06x10°ms™

— v =5.06kms™

The speed of sound in steel is 5.06kms™.

17. A pipe 20 cm long is closed at one end. Which harmonic mode of the
pipe is resonantly excited by a 430 Hz source? Will the same source be in
resonance with the pipe if both ends are open? (Speed of sound in air is
340 ms™).

Ans: Provided that,

Length of the pipe, I=20cm=0.2 m

Source frequency = n™ normal mode of frequency, v, = 430 Hz

Speed of sound, v=340 m/s



In a closed pipe, the n" normal mode of frequency is given by the relation:

\Y;
v =(2n-1)—
=@n-D

Where, n is an integer = 0,1,2,3.....

(2n -1)340
4x0.2

=430 =

_ 430x4x0.2
340

=2n-1=1.01

=2n-1

=n=l1

Clearly, the vibration frequency’s first mode is resonantly excited by the given
source. In a pipe open at both ends, the n™ mode of vibration frequency is given
by:

_nv

vV, =—
2

_2lv,
v

=N

_ 2x0.2x430 _
340

Since the number of the vibration mode has to be an integer, the given source
does not generate a resonant vibration in an open pipe.

=n 0.5

18. Two sitar strings A and B playing the note ‘Ga’ are slightly out of tune
and produce beats of frequency 6 Hz. The tension in the string A is slightly
reduced and the beat frequency is found to reduce to 3 Hz. If the original
frequency of A is 324 Hz, what is the frequency of B?

Ans: It is provided that,

Frequency of string A, f, =324Hz

Frequency of string B =f,
Beat’s frequency, n=6 Hz
Beat’s frequency is given as:



n=|f, +fg|
=6=324+f1,
=f, = 330 Hz or 318 Hz

Frequency decreases with a reduction in the tension in a string because frequency
is directly proportional to the tension’s square root. It is given as:

v T

Hence, the beat frequency cannot be 330 Hz
~.f3 =318Hz

19. Explain why (or how):

a) In a sound wave, a displacement node is a pressure antinode and vice
Versa,

Ans: A node is a point where the vibration amplitude is the minimum and
pressure is the greatest. An antinode is a point where the maximum vibration
amplitude and pressure are the lowest. Therefore, a displacement node is a
pressure antinode and vice versa.

b) Bats can ascertain distances, directions, nature, and sizes of the obstacles
without any “eyes”,

Ans: Bats emit powerful high-frequency ultrasonic sound waves. These waves
get reflected toward them by obstructions. A bat takes a reflected wave and
measures the distance, size, direction, and nature of an obstacle with the aid of its
brain senses.

¢) A violin note and sitar note may have the same frequency, yet we can
distinguish between the two notes,

Ans: The overtones generated by a sitar and a violin, and the powers of these
overtones, are different. Hence, one can differentiate between the notes produced
by a sitar and a violin even if they have a similar vibration frequency.

d) Solids can support both longitudinal and transverse waves, but only
longitudinal waves can propagate in gases, and
Ans: Solids have a shear modulus. They can provide shearing stress. Since fluids



do not hold any definite shape, they produce shearing stress. The transverse wave
propagation is such that it provides shearing stress in a medium. The propagation
of such a wave is probable only in solids and not in gases. Both solids and fluids
have their respective bulk moduli. They can provide compressive stress. Hence,
longitudinal waves can pass through solids and fluids.

e) the shape of a pulse gets distorted during propagation in a dispersive
medium.

Ans: A pulse is a combination of waves having various wavelengths. These
waves move in a dispersive medium with varying velocities, depending on the
medium's nature. This results in the shape distortion of a wave pulse.



