SOUND WAVES

) 4

Bl Sseif Practice Paper (SPP)

1.

4.*

The displacement sound wave in a medium is given by the equation Y = A cos(ax + bt) where A, aand b
are positive constants. The wave is reflected by an denser obstacle situated at x = 0. The intensity of the
reflected wave is 0.64 times that of the incident wave. Tick the statement among the following that is
incorrect.

(1) the wavelength and frequency of the wave are 2n/a and b/2n respectively

(2) the amplitude of the reflected wave is 0.8 A

(3) the resultant wave formed after reflection is y = A cos(ax + bt) + [- 0.8 A cos (ax — bt)]
and Vmax (maximum particle speed) is 1.8 bA

(4) the equation of the standing wave so formed is y = 1.8 A sin ax cos bt

A source which is emitting sound of frequency f is initially at (- r, 0) and an observer is situated initially at

- A u
Vobserver = 7‘/5\/ i- \/EVJ

(2r, 0). If observer and source both are moving with velocities and

- V- V-

source I+—=]
V20 2 , then which of the following is correct option ?

(1) Apparent frequency first increases, then decreases and observer observes the original frequency
once during the motion.
(2) Apparent frequency first increases, then decreases and observer observes the original frequency
twice during the motion.
(3) Apparent frequency first increases, then decreases during the motion and observer never observes
the initial frequency.
(4) Apparent frequency continuously decreases and once during the motion, observer hears the original
frequency.

A source on a swing which is covering an angle 6 from the vertical is producing a frequency v. The source
is distant d from the place of support of swing. If velocity of sound is c, acceleration due to gravity is g,
then the maximum and minimum frequency heard by a listener in front of swing is

cv cv cv cv
(1) \/ZQd—c ’ J29d+c @) \/2gd(1—cose) -c’ \/ZQd(1—cose)+c
cv cv cv cv

c—\/2gd(1—cose) ' c+\/2gd(1—cose) 4) c—J29d(1—sin8) ! c+\/2gd(1—sin8)

3 (
Two monochromatic sources of electromagentic wave, P and Q emit waves of wavelength A = 20 m and
separated by 5m as shown. A,B and C are three points where interference of these waves is observed.
If phase of a wave generated by P is ahead of wave generated by Q by n/2 then (given intensity of both
wavesis ) :

iC

B P Q A
(1) phase difference of these waves at B is 1800

(2) intensities at A,B and C are in the ratio 2 : 0 : 1 respectively.
(3) intensities at A,B and C are in the ratio 1 : 2 : O respectively.
(4) phase difference at A is Oo.
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A cylindrical tube, open at one end and closed at the other, is in acoustic unison (resonance) with an
external source of sound of single frequency held at the open end of the tube, in its fundamental note.
Then:

(1) the displacement wave from the source gets reflected with a phase change of n at the closed end
(2) the pressure wave from the source get reflected without a phase change at the closed end

(3) the wave reflected from the closed end again gets reflected at the open end

(4) the wave reflected from the closed end does not suffer reflection at the open end

Two narrow organ pipes, one open (length /1) and the other closed (length /2) are sounded in their
respective fundamental modes. The beat frequency heard is 5 Hz. If now the pipes are sounded in their
first overtones, then also the beat frequency heard is 5 Hz. Then:

LI} LI L 3 L 2
(1)£2:2 (2)22:1 (3)22:2 (4)22:3

The effect of making a hole exactly at (1/3rd) of the length of the pipe from its closed end is such that :
(1) its fundamental frequency is an octave higher than the open pipe of same length

(2) its fundamental frequency is thrice of that before making a hole

(3) the fundamental friquency is 3/2 time of that before making a hole

(4) the fundamental alone is changed while the harmonics expressed as ratio of fundamentals remain
the same

In a resonance tube experiment, a closed organ pipe of length 120 cm is used. Initially it is completely
filled with water. It is vibrated with tuning fork of frequency 340 Hz. To achieve resonance the water level
is lowered then (given vair = 340 m/sec., neglect end correction) :

(1) minimum length of water column to have the resonance is 45 cm.

(2) the distance between two succesive nodes is 50 cm.

(3) the maximum length of water column to create the resonance is 95 cm.

(4) the distance between two succesive nodes is 25 cm.

A girl stops singing a pure note. She is surprised to hear an echo of higher frequency, i.e., a higher
musical pitch. Then :

(1) there could be some warm air between the girl and the reflecting surface

(2) there could be two identical fixed reflecting surfaces, one half a wavelength of the
sound wave away from the other

(3) the girl could be moving towards a fixed reflector

(4) the reflector could be moving towards the girl

In the figure shown an observer O1 floats (static) on water surface with ears in air while another observer
02 is moving upwards with constant velocity V1 = V/5 in water. The source moves down with constant
velocity Vs = V/5 and emits sound of frequency 'f'. The velocity of sound in air is V and that in water is 4V.
For the situation shown in figure :

(1) The wavelength of the sound received by O1 is of
(2) The wavelength of the sound received by O1 is V/f
21f

(3) The frequency of the sound received by Oz is 16
16V

(4) The wavelength of the sound received by Oz is of
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A sound wave of frequency v travels horizontally to the right. It is reflected from a large vertical plane
surface moving to left with a speed u. The speed of sound in medium is c.

{c+u)
(1) The number of waves striking the surface per secondis € v [JEE - 95]
c(c—u)
v(c +u)

(2) The wavelength of reflected wave is

—_

c+u
c—-u

~—

~—

(3) The frequency of the reflected wave as observed by the stationary observor is v (
uv

(4) The number of beats heard by a stationary listener to the left of the reflecting surface is €U

Two sound waves one in air and the other in fresh water are equal in intensity .

(a) Find the ratio of pressure amplitudes of the wave in water to that of the wave in air .

(b) If the pressure amplitudes of the waves are equal then what will be the ratio of the intensities of the
waves .

[Vsound = 340 m/s in air & density of air = 1.22 kg/m3, Vsound = 1488 m/s in water ]

Find the number of possible natural oscillations of air column in a pipe whose frequencies lie below vo =
1250 Hz. The length of the pipe is ¢ = 85 cm. The velocity of sound is v = 340 m/s.

Consider the two cases :

(a) the pipe is closed from one end

(b) the pipe is opened from both ends.

The open ends of the pipe are assumed to be the antinodes of displacement.

A metal wire of diameter 1 mm, is held on two knife edges separated by a distance of 50 cm. The tension
in the wire is 100 N. The wire vibrating in its fundamental frequency and a vibrating tuning fork together
produces 5 beats per sec. The tension in the wire is then reduced to
81 N. When the two are excited, beats are again at the same rate. Calculate

(a) the frequency of the fork

(b) the density of the material of the wire .

An observer rides with a sound source of frequency f and moving with velocity v towards a large vertical
wall. Considering the velocity of sound waves as c, find :

(i) the number of waves striking the surface of wall per second

(i) the wavelength of the reflected wave

(iii) the frequency of reflected wave as observed by observer.

(iv) beat frequency heard by the observer.

A source of sonic oscillations with frequency fo = 1000 Hz moves at right angles to the wall with a velocity
u = 0.17 m/s. Two stationary receivers R1 and R2 are located on a straight line, coinciding with the
trajectory of the source, in the following succession : R1 - source - R2 - wall. Which receiver registers
the beatings and what is the beat frequency? The velocity of sound is equal to v = 340 m/s.

Comprehension — (17 to 19)

An Indian submarine is moving in “Arab Sagar” with a constant velocity. To detect enemy it sends out
sonar waves which travel with velocity 1050 m/s in water. Initially the waves are getting reflected from a
fixed island and the reflected waves are coming back to submarine. The frequency of reflected waves
are detected by the submarine and found to be 10% greater than the sent waves.

Sonarwaves
-~ — ¥ - ¥ —¥
submarine )
' Sl Sl Sl Sl S
Fixed
Island

Now an enemy ship comes in front, due to which the frequency of reflected waves detected by submarine
becomes 21% greater than the sent waves.
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17. The speed of Indian submarine is
(1) 10 m/sec (2) 50 m/sec (3) 100 m/sec (4) 20 m/sec.

18. The velocity of enemy ship should be :

(1) 50 m/sec. toward Indian submarine. (2) 50 m/sec. away from Indian submarine.
(3) 100 m/sec. toward Indian submarine. (4) 100 m/sec. away from Indian submarine.
19. If the wavelength received by enemy ship is A" and wavelength of reflected waves received by submarine
)
is A" then A equals
@1 1.1 3)1.2 42
20. A student is performing an experiment using a resonance column and a tuning fork of frequency

244s.1. He is told that the air in the tube has been replaced by another gas (assume that the column

0.350 +£0.005)

remains filled with the gas). If the minimum height at which resonance occurs is ( m, the

gas in the tube is [JEE (Advanced)-2014,P-1, 3/60]

J167RT =640j"? mole™2 . J140RT =590j"? mole "2

(Useful information) : . The molar masses M

[0
in grams are given in the options. Take the value of M for each gas as given there.)

0_7 \@ 3

(1) Neon (M =20, Y20 10 (2) Nitrogen (M = 28, 128 5
L 10 _17

(3) Oxygen (M =32, V32 16 (4) Argon (M= 36, V36 32)

Il SPP Answers
1.

@ 2 @ 3 ?) 4*  (124) 5% (123) 6%  (23) 7 (24)
POW P 4
P =60 X -28x%x10
8~ (123) 9*  (34) 10t (134) 11*. (123) 12. (a) % ) Fe
~ v
13, (@) va = 4% (2n + 1); six oscillations;  (b) va= 2¢ (n + 1), also six oscillations.
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Here n=0,1, 2, ...

40 10°
14, (@) 95Hz (b) ™ kg/ms
. )5 0
15, (@ n=Cc-V ()yn=a- /=SS
[(c+v)n'}
(i) " = n’ (iv) foeat = c -f

2fu
v=2fovu/(v2-u2)= V =10Hz 17. (2 18. (1)

19.

2 20. (4

- SPP Solutions

1. y1=A cos (ax + bt)
soherek=a
2 ,_ 2
A =g = a
b
w=b = 2n

2
Iinci':hant — ! — { Zincident ]

Ireﬂected 0.641 areflected = 0.8 A
For reflected wave Displacement equation

Arefiected

y2=0.8Acos(—ax+bt+mn) =-0.8Acos (ax—bt)
by super position law resultant wave
y=yi+y2

= A cos (ax + bt) + [- 0.8 A cos (ax — bt)] so incorrect option is D

2.
VS’JWCE
/ (21, 0)
S /
Vobserwer

velocity of approach of observer & source decreases, becomes, zero and finally becomes velocity of

seperation. Hence apparent freqgeuncy continuously dereases. (fapp = f when vapp = 0)
3. Let the velocity of source at more position is u oberver hear maximum frequency when source

approaching line from mean positions

C
Lmax = C-u Z
C

and minimum frequency when source receacding from mean position Lmax = C+u ,

velocity at mean position u= 29d(1-cos0)

put the value at c in heard frequency
4.* From progressive sound wave equation

y = A sin (wt — kx)
For extra path A phase will decreases by 2n
so for extra AS path difference phase will decrease by

2T as

b= *
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so for wave for Q to B phase difference with respect to sound

x, 2n n,2n
P=2 A xaS =2 20 x5=¢
S0 A correct option
T_2% 48
similarly phase difference at A = 2 =0

At B distructive interference so intensity = 0
At A Constrictive interfence so intensity = 4l
At C No tnterfurence so intensity = 2|

5*, When sound wave is reflected from rigid end displacement wave get extra phase at m and pressure wave
get no extra phase So option A, B, C are correct .

6. Fundamental frequency of
v v

open pipe, no = 2L, closed pipe, nc = 4t

vy_V

2k 4y~ g (1)

v v

For first overtone no = L nc= 2L

y_ v

b2, _g (2)

L1
onsolving()and (2) /n=/2 = 2 ]
2 £
7. Making hole at 3 length from close end. Pipe start behaving as closed pipe of length 3
Vv
So new fundamental frequency n1 = 4213
v
original fundamental frequency n = 4113 nn=3n
3
8*, x=4
Vv _340

T Sgfe
1

x=4 m=25cm

For other resonance position
3

x=(@2n-1) 4
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9.*

10*.

11~

12.

SOX=25,75,125CM....cccevvvvrrennn.

Tube length is only 120 cm so get resonance minimum length of water = 120 — 75 = 45
maximum length = 120 — 29 = 95

A 100

Distance between two successes nodes= 2 2 =50
High pitch means apparent frequency is increased in reflected wave so there is relative motion between
girl and reflection and it approaching nature so C and D is correct.

V-V, V-V/5 4V

For observer O1 , a= fo= f 5f
For Oz, there is change of medium hence at the surface of water, keeping frequency unchanged
V_4 16V
ha SMw=dha= O
Ay 4V
velo. of wave relative av vV
to observer i 5 21V 5f 21f
f = hw - A - 5 16V - 16
By the concept of doppler effect
C+u
L= v
Apparent frequency (no. of waves) striking the wall = C
u
. C+u
L = v
frequency of reflected wave (wall become source ) C-u
C _ C(C—-u)
Apparent wavelength = V" V(C+U)
P2
€)) 2pV - I Given lw = lair
2
P P
2pV 2pV )
Water = air
2
(M] Pw Vv VW
Palr palr air
Po water / 1000 1488
Poair Pair V. 122 340 _g59g9 =60
b) o= V2PV
( ’ 2Ipv)water = ( ' 2|pv)air
1y, Pair Vair
lair = Pwater Vwater =278 x 104
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13. 4=y
3x (2n+1)l =1
4 =y and for nth overtone 4
2 44
@2n+1) 4 =7, A= (2n+1)
V(2n+1) 340(2n+1)x100
f= 4 <1250 Hg = 4x85 <1250
=(2n+1)<125 n — overtone number
2n< 115
11.5
n< 2 n=0,1,23,4,5
n< 575 number of n oscillations =6
simillarly for open organ pipe
vV 340x100
f= 20 (n+1)<1250 = 2x85 (n +1)<1250
12.5
n+1< 2
n+1<6.25
n<5.25
n = number of overtone
n=0,1,2,34,5
number of oscillations (6)
1 [100
14. 2 NH  _pn=s5 (1)
181
n- 28 VH -5 2)

add equ (1) and (2)

%HO W

prr2=0.01
.01 104

0= (0.5x10°Yn _ 0.5x0.5%

put u=0.01in eq.

1 100
2x0.5 V0.01 _n=5
n=100-5 =95 Hz
Cf

1
202 _ 20x.5 - 10 w=0.01

40
= T x 103 kg/ms
@
C-V
(ii) M= f

L 4

L 4



SOUND WAVES

) 4

(iii) nii = ni

(iV) Nbeat = (

C+V
C

) -
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£
n =1000 Hz —
< =
| 5 R E
16. =
for R1 for R2
v \'
NDirect = V+u n NDirect = V-u n
for R1 for R2
vV vV
Nreflected = V-u n Nreflected = V-u n
So R1 will observe be along
s v Vin 2u un
an= V=unp_ V+uy =VE-u® =V z1hg
17.
t=n
fI = 0
V=V,
—
T
Island
(v+v1] {f f—fo=0-1}
- =fo \V "Y1/ v =1050 0
f -1, _ 2V,
fo V-Vq v1 = 50 m/sec.
18.
Indian _50m/s v
marine f, ’
(V+50J [v +V, ]
prop WV V2 f1=fo v—-50
((v+v2)(v+ 50)J
f=fo (Vv=v)(v=50)) _ 1.21fo [21% greater then sent waves]
get v2 = 50 m/sec toward Indian submarine
v+v,  v-50
v wrt to observer f, (V+vy) fo
19. N = f = (v-50)
v +50
¢ (VHva)(v+50) - (v—vp)(v—50) A VYtV 1050+50
N= (V=vo)(v=50) _ fo(vvy) 5 A7 = V=V2 ~ 1050-50 — 11
A [RT - at_ar
20. f=4HVM g f [
(1) M =20 x 10-s f=320 Hz Af=+45Hz Not possible
(2) M =20 x 10-s f=253 Hz Af=+3.6 Hz  Not possible
(3) M=32x%10-3 f=237 Hz Af=+3.4Hz Not possible
(4) M =36 x 103 f=242.8 Hz Af=+35Hz possible
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