1. (b): The distance between two consecutive crests or troughs
is defined as the wavelength of wave.

2. (c) : When the sound wave travel through air, adiabatic
changes takes place in medium.

3. (b): Ifastring is vibrating in n™ loops, number of nodes will
be (n + 1) and number of antinodes will be n.

4. (a): Speed of sound is independent of pressure of the gas
provided the temperature is kept constant.

5. (c) : Mechanical transverse waves can propagate through
solids only as solids have shear modulus of elasticity.

6. () : Beat frequency = @=5Hz

4
7. ()
8. (a)
9. (a):Light wave is an example of transverse wave, where
the oscillations are of electric and magnetic fields, which point at
right angles to the ideal light rays that describe the direction of
propagation.
10. (d) : The number of waves per unit length is known as angular

wave number and given by expression k = 2%
11. (a)

12. () : A compression is a region of medium in which particles
are compressed /.e., particles come closer i.e., distance between
the particle becomes less than the normal distance between them.
Thus there is a temporary decrease in volume and a consequent
increase in density of medium. Similarly in rarefaction, particle get
farther apart and a consequent decrease in density.

13. (i) (a) : The two equations are

y1 = A c0s(0.5mx — 100 7tt)

y7 = A cos(0.46mx — 92 mt)
The two waves are travelling in the same direction along x-axis.
Their frequencies are slightly different. By their superposition,
beats will be formed and intensity of sound will be maximum and
minimum alternately.

w;=1007 (D)
2o = 1001

V1 =50 Hz (i)
w; =927

v, =22 _ A6 H;
2 T

Beats per second =v;—v,=50—-46=4
Intensity will be maximum 4 times per second.

(i)
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(ii) (c) : Wave velocity will be same whether the sound is louder
or fainter. Wave travels with same velocity in the same medium.

Wave velocity = vy,
v=50x4=200ms""
(iii) (d): Consider (y4 + y,) at x = 0.
y1+ Y2 =A cos(100 mt) + A cos(92 mt)
0 =A cos(100 7t) + A cos(92 mt)
or cos(100 t) = — cos(92 mt)
or ¢cos(100 mt) = cos[(2n + 1)1 — 92 mt]
wheren=0,1,2, ...
or 100mt=(2n+ 1)m—92 mt

or 1927wt=(2n+ N)n
: t_(2n+1)

where n=0,1,2, ........

2n+3_2n+1_i_i
192 192 192 96
In 1 second, y; + y; = 0 at x = 0 for 96 times

14. The reflection at an open boundary will take place without
any phase change.

15. Yes, the superposition principle applies to all electric and
magnetic fields, including those comprising electromagnetic waves
created by different sources.

16. The two prongs of a tuning fork set each other in resonant
vibrations and help to maintain the vibrations for a longer time.

OR
Y0xygen _ PHydrogen =\/I=l
VHydrgen Poxygen 16 4

17. Yes, beats are formed but they cannot be heard due to
persistence of hearing.

18. Transverse wave can propagate through solids only because
solids have shear strength of elasticity. Mechanical transverse
waves requires a medium for their propagation.

19. At resonance, a compression falls on a compression and a
rarefaction falls on a rarefaction. On account of this, the amplitude
of the vibrating particles increases. Since the intensity of sound is
directly proportional to the square of the amplitude of the vibrating
particles, hence maximum sound is heard at resonance.

20. (i) The points on the same wavefront are in same phase.

(i) Between two successive crests, path difference is A and phase
difference = 2.

As, Aq):%xAx =Txk=2n

At=t, -t =




OR
YRT A ; ;
V= T s we go up, pressure and density decreases, while the

temperature remains constant, hence there is no change in velocity
as pressure and density decreases.
21. Frequencies in a string fixed at its two ends is given by

v, =n’

2L

For 1loop,n=1, 2 loops, n =2

3 loops, n =3, 4 loops, n = 4
120230

2L 2L 2L 2

22. Intensity = Power/Area.

From a point source, energy spreads over the surface of a sphere
of radius r.

" 01100310y = 12:3:4

P 1
4ur? 1P
(Amplitude)?

. P
Intensity = i
But Intensity =

1
- (Amplitude)? e — or Amplitude = 1
r r

At distance 2r, amplitude becomes A/2.

23. (i) Thedisturbance is confined to a particular region between
the starting point and the reflecting point of the wave.

(i) There is no onward motion of the disturbance from the
particle to the adjoining particle beyond this particular region.

(iii) The total energy associated with a stationary wave is twice
the energy of both of incident and reflected wave but there is no
flow or transverse of energy about the wave.

(iv) There are certain points in the medium in a standing wave,
which are permanently at rest. There are called nodes. The distance
between two consecutive nodes is A/2.

(v) There are certain other points in the medium in a standing
wave, the amplitude of vibration of which is maximum. These are
called antinodes. The distance between two consecutive antinodes
is A/2. The distance between a node and antinode is A/4.

OR
The frequency of vibration of a stretched string depends upon
(i) length of the stretched string
(i) tension in the string
(iii) mass per unit length of the string.
24. The frequency of sound produced in an air column is inversely
proportional to the length of the air column. As level of water
in the vessel increases, length of air column above it decreases.
Hence, the frequency of the sound produced goes on increasing.
The sound becomes shriller.
25. Density of mixture,
W xpy+Vxpy 2V xpy+Vx1dpy
Prac =70y v v
16

?PH

Pmix =

WUEG 100PERCENT Physics Class-11

m|x / ,pH X3 \/7 \/_
pm|x 16 PH

Vnix = ><1300 3253 mis

273+27
Vmix(27°C) = Vmix(0°C) X 3
Vmix(27°0) = 32543 X 300 _335%1.732%1.048

=590 m/s

26. (a) Inasound wave, anode is a point where the displacement
is zero as here a compression and a rarefaction meet and the
pressure is maximum, so it is also called pressure antinode.

While an antinode is a point where the amplitude displacement
is maximum but pressure is minimum. So this point is also called
pressure node.

Hence displacement node is a pressure antinode and displacement
antinode is pressure node.

(b) The quality of the sound produced by an instrument depends
upon the number of overtones. Since the number of overtones
is different in the cases of sounds produced by violin and sitar
therefore we can distinguish through them.

() When a wave passes through different media, velocity and
wavelength change but frequency does not change. Therefore,
frequency is independent of the nature of media through which
the wave is propagating. Hence, frequency is most fundamental
property of wave.

OR

Wave velocity Particle velocity

The velocity with which
wave travels in space is
called wave velocity.

vV ="'\

The velocity with which the
particles are vibrating to
transfer the energy in form of a
wave is called particle velocity.

[t remains constant (keeping
density of medium, frequency
of source constant).

It depends on the time.

27. In an organ pipe closed at one end, longitudinal stationary
waves are formed.
Wave can be taken as

. 2n

=rsin—(vt+x
JZ 2 ( )
The reflected wave from the closed end of the pipe can be written
as

. 2w
¥y = —rsmT(vt —X) [Phase change of x|
According to superposition principle, we have
y=n+hn
This gives, y= 2rcosz—nvt~sin2—nx
A A

It represents a longitudinal stationary wave in the pipe.



Waves

At the closed end of the pipe, x =0

sinz—nx=sin0°=0
A

s y=0
At the open end of the pipe of length L, x = L
Yy = maximum
ie., sin271tL=i1=sin(2n—1)E
ZLL :(Zn_1)£
A 2
41
This gives, A= ———
J 2n—1)
First normal mode of vibration (n = 1)
41
A==
"1
v L (Fundamental frequency)
4L quency
Second normal mode of vibration (n = 2)
A 41 4
272)-1 3
v -y or vy =3v
2 A 2= 2V

Similarly, v3 = 5v;
It is clear that, only odd harmonics are present in closed organ
pipes (1%, 314 5t ).
28. Let the frequency of last fork is n.
Frequency of I* fork = 2n
Frequency of I fork = 2n -3
Frequency of I fork = 2n =6 = 2n —3(3 — 1) and s0 on
Frequency of 25t fork = 2n =325 1) =n
orn=72
Frequency of I* fork = 2n = 144 Hz
and frequency of 16M fork = 144 —3 (16 — 1) = 99 Hz

29. Newton's formula for velocity of sound in gases : Newton's
gave an empirical relation to calculate velocity of sound in gas

V= \/E , B = Bulk modulus
p

p = density of gas.
He assumed that changes in pressure and volume of a gas when
sound waves are propagated through it are isothermal. Using
isothermal coefficient of elasticity /.e., B;, formula becomes

v= |2

p

dp

aviv
But there was = 16% error in Newton's formula. He put forward a
number of arguments but none of them was satisfactory.
Laplace correction : Laplace pointed out that the pressure variations
in the propagation of sound waves are so fast that there is little

Here, B, =

3

time for the heat flow to maintain constant temperature. Therefore,
these variation are adiabatic not isothermal.

(i)  Velocity of sound in a gas is quite large.
(i) A gasis a bad conductor of heat.
Using coefficient of adiabatic elasticity i.e., B,

B
p

Calculation of B, : Consider certain mass of gas. Let P be initial

pressure and V be initial volume of gas.

PVY = constant (D)
where, y = Cp/Cy, = ratio of two principal specific heats of gas.
Differentiating (i), we get
PGV dV) + VY dP =0
yPVY T dV = -\Y dP

Y
TARANG1% v v
By =vyP
Corrected formula is v = P
p

The value of v depends on nature of the gas.
30. Other factors such as  and v remaining the same,

I = A% x constant (K), or Az\/z

On superposition K
Amax = A1 + Az and Amin = A1 —Az
A2 = AT+ AT+ 2AA,

_ e _h h WK
K K K K
AL = AT + AL - 2AA,
_ i _h b A
K K K K

AN /max + /min = 2/1 + 2/2

31. Here, A,y =100cm=1m
A;=10Tcm=1.01m

Let v be velocity of the sound in the gas. Then

v v

1)1=r1=1— and v, =

y_v

A, 1.0
24

Beat frequency, v —v, = 5= 4 Hz

v
v—m=4 or v=404m/s

32. Let displacement on y-axis is given by
y=asin ot

where a is the amplitude, w is angular velocity and t is the
instantaneous time.
Then velocity is given by

dy

. T
V:—=80)COS(,!)Z‘=60)SIH(O)Z‘+—)
dt 2



The displacement and velocity of a body executing SHM is out
of phase by /2.

Path difference for a given phase difference §is given by, Ax = 2&8
Given that, § = 60° = /3 T
A m A
AXx = I X 3%
33. (a) Given, y; = a sin (kx — o)
¥y = a sin (kx — ot + ¢)
By principle of superposition,
y=n+hn
= a sin (kx — ot) + a sin (kx — ot + ¢)

:a[ZSm((kx—mt)Hkx—qu)) )cos%:|

2
Using sinA+sinB = Zsin(#)cos(g)
y=2acos%sin(kx—mt+%) )

Equation (i) is also a harmonic wave travelling in positive direction.
Comparing it with general equation, we get, initial phase of

resultant wave is % and amplitude of wave is 2acos%

(b) Given: v=20m/s, v =50 Hz

Wavelength, A = Y- & =04m=40cm
v 50

n 2n T
Ap=—-Ax==—x5=—rad.
A 40 4
34. Diameter of earth is shown in the figure.
A
(6400-3500 km .
2900 km) Solid part
(350()5%88 m) Liquid (Molten state)
1000 km Solid part
1000 km 7 | Solid part
2500 km Liquid (Molten state)
2900 km Solid part

B
Total distance to be travelled by the P-wave in the solid parts, i.e.,
51 =2900 km + 1000 km + 1000 km + 2900 km = 7800 km
Total distance to be travelled by the P-wave in the liquid parts, i.e.,
S5 = 2500 km + 2500 km = 5000 km
Speed of P-wave in solid parts, u; = 8 km s~
Speed of P-wave in liquid parts u, = 5 km 57
Time taken by the P-wave to travel from A to B, i.e.,

U
_ 7800krr11 +5000k”1‘ — 9755+10005
8kms™' 5kms”

=19755s=32min 555

WEG 100PERCENT Physics Class-11

OR

(@) y =10 cos(4x) sin(20t)
It represents a standing wave with amplitude 10 cos(4x).
(b) y=4sin(5x—t/2) + 3 cos(5x — t/2)
= R c0sO sin(5x — t/2) + R sin® cos(5x — t/2)
=Rsin(5x—t/2 + 0)

=5sin (5x — t/2+0) [ R=4*+3 =5m]

It represents a travelling wave along positive x-axis.
(0 y=10cos[(252 — 250)xt] cos[(252 + 250)nt]

It represents beats, with 24 =10 or, A=5m,

v1 = 252 Hz, vy = 250 Hz.

(d) y =100 cos(100 mt + 0.5x)

It represents a travelling wave along negative x-axis.

35. Here, y = 5 5sin (100nt — 0.47x)

Compare this with the standard equation

y = A sin(ot — kx)

A=5m o=100mrrads" k=0.4rrad m™
(@) Amplitude, A=5m

(b) Wavelength, A = 2n = 2n =5m
k 04xm
() Frequency, v= o_ 100m =50Hz
27 T
(d) Wave velocity, v = o_ 100m =250ms”
k 04n
OR

The given equation can be written as:

y =2 cos (20nt — 0.0160mx + 7m)

Comparing it with

y = A cos(wt — kx + ¢), we get

w=20rnrads™", k=0.016 nrad cm™'

(@) As Ap = k Ax when Ax =4 m =400 cm,
A9 =0.016 x 400 cm = 6.4 rad

(b) A9p=0.016 x50 cm=10.8rad

© Ab= (%‘)Ax _ (%)@) _ nrad

(d Ad= (%)(%) =(3n/2)rad

2T
() Att=T ¢=T><T = 21 rad

andatt=5s,
¢'=2_n><t=2_nx5=100n rad [+ T=0.1¢9]
T 0.1

Phase difference = ¢" — ¢
= 1007 — 21t = 987 rad
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