PHYSICS

Q1 A closed organ pipe has length ‘¢” The air in it Q.4 In a resonance pipe the first and second
is vibrating in 3 overtone with maximum resonance are obtained at lengths 22.7 cm and
amplitude ‘a’. The amplitude at a distance of 70.2 cm respectively. What will be the end
£17 from closed end of the pipe is equal to— correction -

(A)a (B) a2 (A) 1.05 cm (B) 115.5 g
© a3 (D) zero (Al (C) 92.5¢cm (D) 113.5%€m
2 [A]

Sol. The figure shows variation of displacement of My =3y
particles in a closed organ pipe for 3rd Sol. e= 5
overtone. For third overtone ¢ = %or kzg o= 70.2-3x22.74,70.2-68.1 _ 2.1

n 2 2 2

os=7 =1.05cm

W Q.5  An unknowh.ferk produces 4 beats per second

o withha ‘tuning fork of frequency 288 Hz. When

M2 unkhown fork is loaded with wax it again
Hence the amplitude at P at a distance (/7 from produces 4 beats per second. The unknown
closed end is ‘a’ because there is an antinode at . .
that point frequency of tuning fork is -
(A) 284 Hz (B) 292 Hz
Q.2 Which relation is giving the correct information (C) 290 Hz (D) 288 Hz [B]
for the shown tuning forks — Sol. Unknown known Beats
292 or 284 288 4
284 4
Q.6 A wave of frequency v = 1000 Hz, propagates at
a velocity v = 700 m/sec along x-axis. Phase
difference at a given point x during a time
interval At=0.5 x 10~ sec is -
A B) n/2
) @ A ®)
(C) 3n/2 (D) 2n [A]
(A) ne > ng (B) ne <nq Sol. y = Asin (kx — ot)
(C) np =g (D) None of these
[A] ¢ = phase = kx — wt
t 01= kx — oty
Sol. n,oc 0 np > ng
r? $2=kx — otz

Q3 T he speed of sound in air at N.T.P is 300 m/s. If Phase CAG = do— 1= o(ti— 1)
pressure of air is increased to four times keeping ) N B
the temperature constant, the speed of sound difference  A¢ = ¢2—¢1= — ot~ 1)
will becomes — Ad = — oAt
(A) 150 m/s (B) 300 m/s
(C) 600 m/s (D) 1200 m/s  [B] =-21x10°x0.5% 107

Sol. Since velocity is independent of pressure so no
change moomx o =om
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Q.7 Consider a plane standing sound wave of Sol. [D]
frequency 10° Hz in air at 300 K. Suppose the | I
amplitude of pressure variation associated with nall frame
this wave is \
1 dyne/cm?. The equilibrium pressure is 108 \
dyne/cm?. The amplitude of displacement of air Vo=Vy V ((<_°)) v R V(( Vs )) v
molecules associated with this wave is : Vs=Vw \
(Given speed of sound : 340 m/s
Molar mass of air : 29 x 10-3 kg/mol)
(A)4x10°%m (B) 40 x 10 m B V-Vy | _ 330-2
Fecho - fac =334
(C) 400 x 10 m (D) 40000 x 10° m V + Vg 330 +2
[€] =334 x 328 330 Hz
Sol. y = Asin (ot — kx) 332
AP =-B ¥, BAK cos (ot — kx) Q.9 Figure shows a%yrectangular pulse and a
X triangular {pulSe, approaching each other along
AP = AP, cos (ot — kx) x-axis. The pulse speed is 0.5 cm/s. What is the
BA resultant displacement of medium particles due
AP, = BAK = © to superposition of waves at x = 0.5 cm and
v £="2%seC.
A= APmV _ APpv / y (cm) oo
B ov2o 05cmis ) 0.5cmis
_ AR,
pv2rf 1L
f=107He 2 1 0 1 2§ oxm
— 2 - _
APm =1 dyne/m (A) 3.5 cm (B) 2.5 cm
v =340 m/s (C)4cm (D) 3cm
M = 29 x 10-3 kg/mole Sol.  [D]
T=300K y
SN 0.5cmls_ 0.5cm/s
where | p=—— 2
RT
Qs A stationary sound, source S of frequency Ik
334 Hz and a stationary observer O are placed > 1 5 1 3 3 >Xx (cm)
near refle_ctlng sur_face moving away _fr0|tn the % =05xt= 0.5x2=1lcm
source{with velocity 2m/s as shown in figure. X, =05xt=05x2=1cm
Velgcity‘of sound waves in air v = 330 m/s. The att=2sec
apparent frequency of echo is — }/
S \ 3
9 . —>2 m/s 2
N 14
N | >x
(A) 332 Hz (B) 326 Hz 05 05_% 2
(C) 334 Hz (D) 330 Hz ax=Sstm, y=stm
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Q.10 A sine wave is travelling in a medium. The vV =nA\
minimum distance between the two particles, _ 1
always having same speed, is - or25=n(100) . n= 4 per sec
(A) M4 (B) M3 T= 1 _ 4 sec
(C) A2 (D) A [C] n
Sol. Particle which vibrate in opposite phase having ) ) ]
different velocity but having same speed Q.14 A tuning fork and an air column in resonance
tube whose temperature is 51°C produces
Q.11 A balloon filled with CO,, then for sound wave 4 beats in 1 second when soundeq together.
this will behave as a - When the temperature of the’Sair “eolumn
(A) converging lens decreases, the number of beats per second
(B) diverging lens decreases. When the temperaturéytemains 16°C,
(C) both of the above only 1 beat per second%is produced. Then the
(D) none of the above [A] frequency of the tuning, forkois -
Sol. (A) 55 Hz
(B) 50 Hz
(C) 68 Hz
(D) none of the'above [B]
Sol. V. Moty T because A = constant
Na _ [324 18
N1 289 17
17N + 68 =18N + 18
50=N
MWCOZ > Muwair
Veo, < Var velocity of sound Q.15 A closed organ pipe and an open organ pipe of
same length produce four beats in their
decrease when sound propagate from air 16°€O- gn P
gas means CO, behave as a denser mediuth 56 fundamental mode when sounded together. If
wave bends towards normal, arfi 02 gas length of the open organ pipe is increased, then
balloon behave as converging lens. the number of beats will -
(A) increase (B) decrease
Q.12 A big explosion on the fhoohycannot be heard (C) remain constant
on the earth because - (D) may increase or decrease
(A) the explosionf produces high frequency Sol. [D] No— Ne = 4
sound waveSwhichrare inaudible \Vi )
(B) sound waves fequire a material medium for where no = P TR TR if length of open
propagation _ organ pipe increases its frequency <
(C) sodnd waves are absorbed in the atmosphere 5o no. of beats also decreases
of meon
(D) st:und \r/]vaves are absorbed in the ear'[[;‘]s Q.16  The path difference between the two waves :
atmosphere = a3 sin (ot — kx
Saf. As the sound waves are mechanical waves they and z; - a; COS(((nt . kx) +0) s -
requires medium for propagation. A) (V216 ®) 1 (¢+ (n/z)j
Q.13 A boat at anchor is rocked by waves whose 2n
crests are 100 m apart and velocity is 25 m/s. o T o
The boat bounces up once in every - © -~ (4)5) (D) (7) o [B]
(A) 2500 sec (B) 75 sec Sol. Relation between phase difference and path
(C) 4 sec (D) 0.25 sec [C] difference
Sol. Wavelength — Distance between the crests Ad= 2n Ax
so A =100 m, v =25 m/sec ¢_7
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y1 = a3 sin (ot — kx)
Y2 = a2 cos (ot — kx + ¢)
From phasor diagram : -

first overtone of a closed pipe of length /¢ . The

value of /¢ is (m)

> (A) 15 (B) 0.75
¥ (©)2 (D)1 [B]
N
Y1 Q.22 What is the base frequency if a pipe gives notes
| of frequencies 425, 255 and 595 and=decide
Ap= (EﬂbJ whether it is closed at one end or.open at'both
2 ends :
Ax= 20 0 (A) 17, closed (B) 85\ ¢closed
21 (C) 17, open (D) 85, open [B]
_ 1 (= 2
" on §+¢ Q.23 Aclosed organ pipé,and an’open organ pipe are
tuned to the sarie fundamental frequency. What
) is the ratiofof lengths :
Q.17  An observer standing at the seacoast observes 54 _ _
waves reaching the coast per minute. If the (A) 122 (B)2:1
wavelength of the waves is 10 m, its velocity is - (@) 25,3 (D)4:3 [A]
(A) 90 m/s (B) 90 cm/s
(C)9m/s (D) 900 m/s [C]
54 Q.24 “Consider the three waves z3, z; and z3 as
Sol. Frequency of waves n = — per second . .
60 z1 = Assin (kx — ot), z2 = Asin (kX + wt)
7»:10n}1 and zz = A sin (ky — ot). Which of the
S.v=n
54 following represents a standing wave :
= — x 10 =9 m/sec.
60 (A)z1+2, (B) z2 + z3
Czz+z D)z1+z2,+2 A
Q.18 If fundamental frequency of closed, pige Js 50 ©zra D) zi+z:+2 (Al
Hz. then frequency of 22" overtonetis., s A . f lenath 33 ‘ ith
(A) 100 Hz (B)SOH? Q. n open pipe of leng cm resonates wi
(C) 250 Hz () 150 Hz [C] frequency of 100 Hz. If the speed of sound is
) 330 m/s, then this frequency is :
Q.19  Tube A has both ends open while tube B has )
one end closedyotherwise they are identical. (A) Fundamental frequency of the pipe
The ratio of-fundamental frequency of tube A (B) Third harmonic of the pipe
and B is : (C) Second harmonic of the pipe
(A) I N2 (B) 1:4 (D) Fourth harmonic of the pipe [C]
(C)\ 2L (D)4:1 [C]
26 Stati t in ai lumn.
Q.20%=.In Jone meter long open pipe what is the Q 8 |or1ary waves are. 5 ) up? N aircotumn
h . . . . Velocity of sound in air is 330 m/s and
armonic of resonance obtained with a tuning
fork of frequency 480 Hz frequency is 165 Hz. Then distance between the
(A) First (B) Second nodes is -
(C) Third (D) Fourth [C] (A)2m  (B)Im  (C)0.5m (D)4m
Sol. [B] Distance between the nodes = A/2
Q.21  Fundamental frequency of an open pipe of 330
length 0.5 m is equal to the frequency of the V=VA= A= 165 2
1m
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(A) The wave C is ahead by a phase angle of

Q.27  In open organ pipe, if fundamental frequency is
. n/2 and the wave B lags behind by a phase
n then the other frequencies are :
(A)n, 2n, 3n, 4n (B) n, 3n, 5n angle of /2
(C) n, 2n, 4n, 8n (D) None of these  [A] (B) The wave C lags behind by a phase angle of
n/2 and the wave B is ahead by a phase
Q.28 In a resonance pipe the first and second angle of n/2
resonances are obtained at depths 22.7 cm and (C) The wave C is ahead by a phase angle of =
70.2 cm respectively. What will be the end and the wave B lags behind by-a phase
correction : angle of ©
(A) 1.05¢cm (B) 115.5¢cm (D) The wave C lags héhinhd by a phase angle of
(C) 92.5cm (D) 113.5¢cm [A] n and the B akieadkby a phase of & [B]
Q.29 Two loudspeakers L; and L. driven by a Q.31  The diagram below shows the propagation of a
common oscillator and amplifier, are arranged wave. Which.points are in same phase :
as shown. The frequency of the oscillator is E H
gradually increased from zero and the detector A /\ //\ .
: . . D
at D records a series of maxima and minima. If A F\\//G
the speed of sound is 330 ms then the c
frequency at which the first maximum is (A)F,G (B)Cand E
observed is : (C)Band G (D) Band F [D]
L, 40m . .
T | =D Q.32 Fig. below shows the wave y = A sin(ot — kx)
i at any instant traveling in the +ve x-direction.
: What is the slope of the curve at B
Im ! o
! // y I/\
1 //, B
x v’ 0 »X
o ! T\
A) 165 H B H
(A) 165 Hz (B) 330 Hz (A) w/a (B) KIA
(C) 496 Hz (D) 660 Hz [B] (C) KA (D) wA [A]
Q.30  The figuresshows four progressive waves A, B, Q33 The abs_olute temperature of air m_a region
) _ ) linearly increases from 0°C to 819°C in a space
C apdyD with their phases expressed with of width 'd". Time taken by sound wave to travel
respect to the wave A. If can be concluded from through this space is: [Velocity of sound at 0°C
the figure that : is Vo]
2d 6d
B A D _- A) — B) —
, BAL S B Sy ®) >
\\ I, \\ /I 2d
| ok o ©2 (D) None of these  [C]
LSRN A Sol. Velocity of sound at a distance 'x' is given by
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273+ % x819 © L v (D) \E Vo [A]
Vi) = 273 v !
% m
. Time taken Sol. 2 |12 4
d Vi Y1 M2
= J'd_x _2d v = velocity in nitrogen
v(x) 3v vi = velocity in helium
=V = 3 Vi
2= — Vo
Q.34  If the speed of the wave shown in the figure is 5
330 m/s in the given medium, then the equation
of the wave propagating in the positive x- Q.38  Velocity of sound in air is 320\ms ™, The pipe is
direction will be (all quantities are in M.K.S shown in figure can not¥fibrate with a sound of
units) :
frequency —
y
0.05f A~y
AWAWES |
VRVARY. S
—025m— \l/
(A) y = 0.05 sin2(4000t— 12.5 x) (Fig.)
(B) y = 0.05 sin2x (4000t —122.5 x)
(C) y =0.05 sin2x(3300t— 10 x) A) 80 H BY 240 H
(D) y = 0.05 sin 27(3300 x — 10t) [C] (A) 80 Hz ®) z
z z
(C)320H (D) 400 H [C]
Q.35 In a resonance tube the first resonance with a Sol Fund ol § v 320 S0 H
ol. undamental frequencyn=—= — = z
tuning fork occurs at 16 cm and second\at 4L 4x1
49 cm. If the velocity of sound is 330.-Mfs;the frequency which can produces from this pipe
frequency of tuning fork is : is=n,3n,5n, 70 ........
(A) 500 (B) 300 = 80, 240, 400 Hz.......
(C) 330 (D)\165 [A] Q.39  Two closed end pipes when sounded together
produce 5 beat per second. If their length are in
Q.36 An open pipe is suddenly)closed at one end with the ratio 100 : 101, then fundamental notes
the result that the frequency of third harmonic produced by them are —
of the closed pipe’is found to be higher by 100 (A) 245, 250 (B) 250, 255
4 D D
Hz, then.the ‘fundamental frequency of open (C) 495, 500 (D) 500, 505 [D]
pipetisy Sol. N__ 100
N+5 101
(A).480 Hz (B) 300 Hz 101 N = 100 N + 500
(C) 240 Hz (D) 200 Hz [D] N = 500 Hz
N + 5 =505 Hz.
Q.37  Velocity of sound in He at certain temperature is
‘V_ol’l.bVelomty of sound in N> at that temperature Q.40  One end of a thin metal tube is closed by thin
Wit oe - diaphragm of latex and the tube is lower in
N N water with closed end downward. The tube is
(A) = Vo (B) - Vo filled with a liquid 'x'. A plane progressive wave
inside water hits the diaphragm making an angle
SOUND WAVE | 6 |



‘0" with its normal. Assuming Snell's law to hold
true for sound. Maximum angle '6' for which
sound is not transmitted through the walls of

(B) y1, y2 and y4 only
(D) y1, Y2, ys and ys
[D]

(A) y1, y2 and yz only
(C) y1 and yz only

tube is (velocity of sound in liquid x = Sol. Interference is phenomena of more than one
740 /3 m/s and in wave reaching at same point in space
water = 1480 m/s) simultaneously.
(2 (2
-1 -1
(A) sin (g] (B) sin [EJ Q.43 Intensity and phase of three sofind Wave
. reaching at some point in space is Ign4 1o} 1o and
(C) sin™t [%) (D) sin™? (EJ [C] 10°, 130° and 250° respeCtively, "Resultant
intensity at that point willbe —
Sol. Figure shows condition for just transmission of (A)6 | y P B2l
sound wave through the wall of tube. 0 0 i
2++/3
C) lo D | C
©) (D) ( 72 j o [C]
oY Sol. Amplitude( of the three sound wave would be in
' ratio 1 : 2 I'=IFet amplitude of first wave be A.
i // —— Diaphragm
7
= 2A
| A
- 50° 10°
sini _ vy 70° >X
sinr v,
[v1 = velocity of sound in water A
vz = velocity of sound in liquid] Figure 1
=sini= 1480 . Sin(90°- 6¢) l
40+/3
1 2A
=i=sin?| =
(ﬁ J
60° .
60° A
Q.41 A wave is represented by, y= A sin? (kx — ot + A
¢). The amplitudesand wavelength of wave is Figure 2
. AR =A
given by - o A2
27 21 Llr=1
A) 2y /= B) A,— - RTT0
(A) % (B) ”
A Ton A n Q.44  The nature of sound waves in gases is-
©) 2 Kk 0) 2k ) (A) Transverse
Solt y = Assin? (kx — ot + ¢) can be rewritten as (B) Longitudinal
A A (C) Transverse and longitudinal
y = 5~ 008 (2kx 20t + 29) (D) None of these [B]
Q.42  Four waves are represented by y; = A sin i, Q.45  Sound waves of wavelength greater than that of
y2 = Agsin (nt+m2),ys = Ay sin (2t +7/2) audible sound are called-
and ys = Ap sin (nt—m/3). Interference will (A) Seismic waves (B) Sonic waves
happen with — (C) Ultrasonic waves (D) Infrasonic waves
SOUND WAVE



(D]

Ar = wavelength of the reflected sound =

Ou+u _ 1lu X 19 = 11x19 u
Q.46  The wavelength of ultrasonic waves in air is of f, 18f 18 f
the order of- A _19u  18f _9
(A) 5x 105 cm (B) 5x 108 cm )\,r 2f 11x19u 11
5 8
(€)5x10°cm (D) 5x10%cm [A] Q.49  Three sound waves of equal amplitudes have
frequencies (v —1), v, (v + 1). They superpese, to
Q.47  Two tuning forks A and B are in unison with give beats. The number of beats produced per
. . second will be —
strings of length 0.96 m and 0.97 m respectively (A) 4 (B)3
produces 2 beats per half second. The frequency (C) 2 (D) 1 [C]
of Aand B are in (Hz) — Sol.
(A) 384, 388 (B) 384, 386 viz=v-1
(C) 388, 384 (D) 388, 386 [C] 65
Sol. For natural frequency of string VoA X @)
Vnoc — 1)
L va= vt 1
VA 97 - -
= 5 = — . (D) Three'sounhd wave of equal amplitude superpose
vg 9%
and produce "2" beats.
Also, va—vg =4 .. (ii)
- Beat frequency = 4 QB0 A point source is emitting sound in all
From (i) and (ii), directions. The ratio of distance of two points
va =388, vg =384 from the point source _where the difference in
loudness levels is 3dB, is (logio 2 = 0.3) -
1 1
Q.48 A wall is moving with velocity u and a“souirce (A) 2 (B) E
of sound moves with velocity u/2 in\the same 1 2
direction as shown in the figure. Assuming that € = (D) = [B]
the sound travels with velocity20u. The ratio of 4 3
incident sound wavelength<onthe) wall to the )
reflected sound wavelength,byathe wall, is equal Sol. dB = 10 log {L} =10 log [K/r }
to - o o
u =10 [log (K') -2 log 1]
dB1 =10 (log K' -2 log ry)
Se———>u/2
dB; =10 (log K' -2 log r2)
(AN9% 112 (B)11:9 r,
(€ 4:5 (D)5:4 [A] 3 =dB; — dB2 = 20 log " = (03) =
Sol. i, = wavelength of the incident sound !
u 2
o log {r—z}
f 2f n
fi = frequency of the incident sound
— n)_ 1
- 10 Efzgfzfzfrzfrequency of the = (EJ__Z
-4 19
2
reflected sound
SOUND WAVE | g |



PHYSICS

Q.1 In a quink tube experiment a tuning fork of Q.4 A metal rod of length 5 m is clamped by two
frequency 300 Hz is vibrated at one end. It is rigid support separation between which is 2 m
observed that intensity decreases from as shown in figure. Longitudinal standing wave
maximum to 50 % of its maximum value as are set up in the rod using a device having
tube is moved by 6.25 cm. Velocity of sound (in frequency range 10 Hz — 10 kHz. Velocity of
m/s) is. [300m/s] wave in rod is 4000 m/s. Numbers oef=atural

Sol. I = Imcosp longitudinal oscillation that can be/setup in rod

(¢ = Phase difference, is.
Im = maximum intensity) +«<3m— <«2m—
| 7l 7
| = _m [
2 < G
. N
= cos%p = 5 -
] amp [0005]
=Ccosdp= — Sol.
\/E <= él -—r 52 -
= KAx= % | Z -
1 A &
= K= E X B C
4 2x6.25 Det+ad oscillate in with (n; — 1) loop in AB and n;
=A=1m loop'in BC
oo v =vA =300 m/s v Vv
S~ (@n-1) —=n,—
Q.2 A tuning fork of frequency 200 Hz is vibrating 40, 20,
with a sonometer wire to produce 10 beats/sec. (2n, -1)
When the tension in sonometer wire is increased == >t 2
beat frequency decreases. Original frequenty of. ] 3
Sol Vi v =10 =1,3,5,7,9,11, 13
' tuning fork = ¥sonometer wire = Those lying in range 10 Hz — 10 kHz are equal to 5.
+ Vionometerwire = 200 - 10 = 100,z Q5 Three plane sources of sound of frequency

Q.3 A tuning fork is in unison with‘a-sonometer wire ny = 400 Hz, n; = 401 Hz and n; = 402 Hz of
vibrating in its fourth- overtohe. Mass hanged equal amplitude ‘a’ cach are sounded together
with wire is 9 kgi When additional mass is q P g ’
hanged wire vibrates in-Gnison with tuning fork A detector receives waves from all the three
in its 3rd harmoni€¢. Additional mass hanged in . Lo
kg is. [0016] sources simultaneously. Then the period in sec.

of one complete cycle of intensity received by

Sol. For sonemeter wire detector is

F . .
n E Sol.[1] y =vy1 + y2 + y3 = a [sin 800 =t + sin 802 mt
Vn = o +sin 804 t] = y = a (1 + cos 2xt) sin 802nt
A= +
= n+/F = constant A=a(L+ cos 2nt)
[..v, u,¢ are constant fortwo cases
of comparison] Q.6 Due to a point isotropic sonic source, loudness
Y Fy= g R at a point is L = 40 dB. If density of air is
n2 = B ygm® and velocity of sound in ai
— m, = 25 kg p = m g/m® and velocity of sound in air
. Additional mass = 16 kg _
V = 330 m/s then the pressure oscillation
SOUND WAVE



Sol. [3]

amplitude in 10° N/m? at the point of

observation is (assume lo = 102 Wm2)
(AP)max = y/2lpv =3 x 103 N/m

. L
where | = lp antilo —
0 J10 [1())

_ K
Sol.[5] v= L\/%

v=4.9m/s
~5m/s

Q.10  Two identical s tationary sound sources, emit
sound waves of frequency 10 Hz, and speed 300
Q.7 Two small sound sources m/sec as shown. An observer .iS\ maving
A and B emit pure Ae -2M - Im_.g between the sources with a veloCity, 30”m/sec.
I Find the beat frequency as“xecorded by the
sinusoidal waves in phase. ! observer (Hz).
If th f i 4mi . - .
e speed of sound is ! S AR
350 mfs, for what Pl Sol. 2]
minimum frequency does - 300+30 ;
destructive interference occur at point P. ' 300
Answer is in the form of n x 102 Hz. What is n ? f,= 300=30 f
Sol.[5] AP =4.47m 300
BP=4.12m V=i, =2 Hz
d=0.35m
destructive
d= &
2
A=2d
f= Y =500 Hz.
2d
=5x10%Hz
s.n=5
Q.8 An observer at a distanée of 800 m from a
sound source heard first the sound signal which
travelled through water/ and 1.785 later the
signal which travelled through air. The velocity
of sound ‘in Wwater is (x-y) x 10% m/s. Where x
and y iséthe"single digit non zero number, find
X. The air temperature is 17°C —
Sol,[1]
Q9 A long spring such as slinky is often used to
demonstrate longitudinal waves. If mass of
spring is m, length L and force constant K, then
find the speed of longitudinal waves on the
spring where m = 0.250 kg, L = 2.00 m K =
1.50 N/m.
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