PHYSICS

Q.1

Q.2

Sol.

Q3

Q.4

The following questions consists of two
statements each, printed as Assertion and
Reason. While answering these questions you are
to choose any one of the following four responses.

(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 correct explanation of the
Assertion.

(C) If Assertion is true but the Reason is false.

(D) If Assertion is false but Reason is true.
Assertion : Where two vibrating tuning forks

having frequencies 256 Hz and 512 Hz are held
near each other, beats cannot be heard.

Reason : The principle of superposition is valid
only if the frequencies of the oscillations are

nearly equal . [C]

Assertion : In open organ pipe position Of
pressure node is a little distance out/fromythe

opening of tube.

Reason : Sound waves are, reaching at the
opening of tube are only partially’feflected. [C]

Sound waves are not reflected exactly from the
opening but from_a“little distance away from

opening.

Assertion ;  Sound would travel faster on a hot
summer day than on a cold winter day.

Reason : Velocity of sound is directly
proportional to the square of its absolute

temperature. [C]

Assertion : Two persons on the surface of
moon cannot talk to each other.

Reason : There is no atmosphere on moon. [A]

Q5

Q.6

Q7

Q8

Q.9

Q.10

Q.11

Assertion : Sound passes through air in the
form of longitudinal waves.
Reason : Longitudinal waves are easier to

propagate. [C]

Assertion: Compression and rarefaction involve
changes in density and pressure!

Reason : When particles are compressed,
density of medium,increases and when they are

rarefied, density‘ofimedium decreases. [A]

Assertion.*Seund travels faster on a rainy day
than‘en a.dry day.

Reason : Moisture increases the pressure.  [C]

Assertion : For a closed pipe, the first
resonance length is 60 cm. The second
resonance position will be obtained at
120 cm.

Reason : In a closed pipe ¢, = 3/;. [D]

Assertion : In stationary waves, energy is
confined within the wave region.
Reason : Everything is stationary in a stationary

wave. [C]

Assertion : When two vibrating tuning forks
having frequencies 256 and 512 are held near
each other, beats cannot be heard.

Reason : The principle of superposition is valid
only if frequencies of oscillators are nearly
equal. [C]
Assertion: If two waves of same amplitude
produce a resultant wave of same amplitude,
tlhzego the phase difference between them will be

Reason : The resultant amplitude of two waves
is equal to sum of amplitudes of two waves.
[C]
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Q.12 Assertion : If oil of density higher than that of Reason : This is so because the open end is free
water is used in place of water in a resonance and the gas pressure is close to the atmospheric
tube, the frequency decreases. pressure. [D]
Reason : Frequency does not depends on Sol.  (A) is false but (R) is true.
change in medium in resonance tube. [D] . .

Q.16  Assertion : A sound wave can be studied as any
of the three waves, namely; pressure wave,
_ . i ) displacement wave or density wave.

Q.13  Statement 1 : The velocity of sound in the air Reason : In a sound wave,< préssure,
increases due to presence of moisture in it. displacement and density. change
Statement 2 : The presence of moisture in air Sol Elcn;ultaneously to a maximum or Mmiringum.

. . ol.
lowers the density of air. A sound wave can be studied as any of the three
(A) Both Statement 1 & Statement 2 are correct & waves namely pressdreN\wave, displacement
Statement 2 is correct explanation of wave or density wave)\ All’the three quantities
Statement 1 are never at 4heir maximum or minimum
(B) Both Statement 1 & Statement 2 are correct & simultaneously.
Statement 2 is not correct explanation of
P Q.17  Statement s, l/: When two sounds of equal
Statement 1
(C) Statement 1 is correct & Statement 2 is frequencies and slightly different intensities are
wrong heardhtogether, beats are heard.
(D) Statement 2 is correct & Statement 1 is Statement - 11 : Beats are caused by alternate
wrong constructive and  destructive  interferences
. . between two sounds.

Q.14 Statement —I : For a closed pipe, the first
resonance length is 60cm. The second resonance Sol. (D]
position will be obtained at 120 cm.

Statement-11 : In a closed pipe, /2 = 34. Q.18  Statement-l1 : Equation of a stationary wave
. . TIX
(A) State_ment (1) and (Il) are corrgct, and'Statement can be given by: y = 20 mmsin ™ osot .
(I1) is the correct explanatiofn.of\Statement 4
. Statement-11 : Distance between two
(B) Statement (1) and (II) aré cerregt’but Statement consecutive
(1) is not the “ecopreect” explanation of ) _ -
Statement (). antinodes is A /2= 8 m.
(C) Statement (I)uis correct but Statement (11) is Sol. [C] Statement-1 is true but I1 is false.
wrong. n 2
(D) Statement (1) is wrong but Statement (I1) is =L _E :E _ % —4m
cafract. [D] 2 2 n/4
y . A
Sol If firStesonance is at 1 =60cm
. K78
Next resonance will be at T = 180cm
So statement (1) is wrong.

Q.15  Assertion : A closed organ pipe vibrates its
fundamental mode. The pressure variation is
maximum at the open end.
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PHYSICS

Q.1 For a closed organ pipe, match the following : Q.3 For a closed organ pipe, match the following :
Column - | Column - 11 Column-I Column-II
(A) Third overtone frequency isx (P) 3 (A) Third overtone frequency (P) 3
times the fundamental is x times the fundamental
frequency. Here, x is equal to frequency. Here, x is equal
(B) Number of nodes in second (Q) 4 to _
overtone (B) Number of nodes in second(Q) 4
Vi
overtone
(C) Number of antinodes in second (R) 5 (C) Number of antinodés ih, . “(R) 5
overtone second overtorie
(S) None (S) none
Sol. (A)—>S;(B)>P;(C)>P Ans.  A->S BHR; CoP;
Third overtone frequency of closed pipe means . )
seventh harmonic. Which is 7 times the Q4 Regading speed of sound in gas match the
fellowing :
fundamental frequency.
A Column-I Column-I1
(A) Temperature of gasis  (P) speed becomes
N made 4 times and 22 times
A pressure 2 times
N (B) Only pressure is made (Q) speed becomes
4 time without change 2 times
A in temperature
N (C) Only temperature is (R) speed remains
Second overtone of closed pipe. changed to 4 times unchanged
(D) Molecular mass of the  (S) speed remains
Q2 Match the following’ gas is made 4 times half
\ Ans. A5 Q;B>R;C—5>Q:;D—>S
Column - 1 Column - 11
(A) In refraetion (P) Speed of wave Q.5 Fundamental frequency of closed pipe is 100 Hz
does not change and that of an open pipe is 200 Hz. Match the
(B)JIn réflection (Q) Wavelength is following (vs = 330 m/s) :
decreased Column-I Column-I1
(€)'In refraction from  (R) Frequency (A) Length of closed pipe  (P) 0.825m
rarer to denser medium  does not change (B) Length of open pipe (Q)1.65m
C) Lowest harmonic of R) 5
(D) In reflection from (S) Phase change of © . L R)
) closed pipe which is
a denser medium 7 takes place equal to any of the
harmonic of open
Sol. (A)—>R; (B)—>P,R; (S) none
(C)—)Q,R, (D)—)P,R,S AnNS. A—)P,B—)P,C—)S
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Q.6 Match the following - (iii) y = 10 mm sin 30xntcos 3n x (R) equation of beats

Column-I Column-I1 (iv) y =6 mmsin (30 nt — 3nx) (S) equation of

(A) Phase difference between (P) Stationary
any two particles can have waves
any value between 0 to 2n

(B) Energy is transferred from (Q) Travelling

one place to other place waves
(C) Phase difference between (R) Sound
waves

any two particles is either

zeroorm
(D) Amplitude of vibration of (S) Standing Sol.
waves

all particles are equal in an open

organ pipe
So. A»QR;B->QR;C->PS;D>QR

Q.7 Match the following -
Column-I Column-I1

(A) Energy is (P) Transverse wave
transferred from one
place to other place

(B) Amplitude of (Q) Longitudinal wave
vibration of all
particles are equal

(C) The phenomenon (R)¢LCengitudinal
of interference can standing wave
take place in

(D) The waves created (S) Transverse
standing
in string is wave

So. A->PQ4AB>P,Q ;C->PQRS;D—>PS

Q.8 Column matching —

Column-1 Column-I1
(i)y=5mm (30nt+gj (P) Equation of
stationary
waves

(if) y =5 mm sin (30nt—3nx+gj (Q) Equation of SHM

+ 6mm sin(28 nt — 3.2nX) progressive wave

(A) (i) = Q, (i) - S, (iii) - P, (iv) > R
(B) (i) — S, (i) — Q, (iii) - P, (iv) >.R
() (i) = Q, (ii) = S, (iii) > R, (iv) 3P

(D) (i) = R, (ii) »> Sa(iii)s> P, (iv) > Q

[A]

(i) in SHM displacement is a function of time but
not position

(i) in progressive"wave displacement is a function
of pasition and time and there is a term of linear
motion

(iff)Im=stationary wave, there is no term of linear
motion

(iv)"In beats frequency of superimposing waves are
different
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PHYSICS

Q1 Velocity of sound in air is 320 m/s. A pipe Q.3 In a resonance tube experiment, a close organ
closed at one end has a length of 1 m. .

) _ ) _ pipe of length 120 cm resonates when tuned
Negllectlng end corrections, the air column in with a tuning fork of frequency 340 Hz. If water
the pipe can resonate for sound of frequency — is poured in the pipe then (given vsr = 340
(A) 80 Hz (B) 240 Hz misec.) :

(C) 320 Hz (D) 400 Hz -
Sol. [AB.D] (A) minimum length of water column t6 have
For closed pipe, the resonance is 45 cm.
(B) the distance betweenstwo suctessive nodes
f:n[%jnzl,S,B,... is 50 cm.
‘ (C) the maximum™ength of water column to
Forn=1f,= (lj n=135. .. create the resepance is 95 cm
4¢ (D) None aof these
Sol. AB,C
Forn=1,fi= -~ =32 _gopy o [ABg]
4¢  4x1 ASNA="VA
Forn=3, f;=3f; =240 Hz k-v-340-1m
Forn =5, f5 = 5f; = 400 Hz v 340
Q.2 Given are two tuning forks near one another,
one of them is of unknown frequency and the 250m
other is of frequency 591 Hz. We can hear beats 1
of maximal intensity lo, 5 times each second. 75ch I
L
(A) Unknown frequency is 596 Hz 120cm
(B) Unknown frequency is 586 Hz t
(C) Difference in frequency of two turing forks 45°”I
is
5Hz
. . el i
(D) Intensity at time t = g—gsec is ?O first Resonance length
Al
Sol. [A,B,C,D] R: = " = Zm-25 cm
Beat frequency : f1 £ f, = )5
IENEY = 1R 3
= fi=H+5 RZ—T——m—750m
fi=f, 45 orfi=f,-5
3= % = %mleScm
f15596.Hz or f; =586 Hz _ ) )
i.e. third resonance does not establish now H>O
_ is poured
Intensity : 1 = 1o cos? O17® |y P o
2 . minimum length of H,O column to have the
o resonance =45 cm
=lgcos? — (f—f)t . . A
2 .. Distance between two successive nodes = 2
=Iocoszn><5><£ 1
20 =3 m=50cm
=1 cog? 2F = Iy and maximum length of H.O column to create
2 resonance i.e. 120 — 25 = 95 cm.
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Q4 In wave Motion :- Q.7 Sound wave is traveling along positive x-
(A) Energy is transmitted through medium with direction. Displacement (y) of particles from
the net displacement of particles their mean position at position x is shows in
(B) Particle velocity is less than wave velocity figure. Choose the correct alternative(s) —
(C) Rate of transport of potential energy has y
double the frequency as compared to 4
frequency of oscillation of particle N
(D) Rate of transport of kinetic energy is equal '
to the power transported in the medium A L C I.D E »X
B 1
Q.5 A closed organ pipe of length 1.2 m vibrates in
its first overtone mode. The pressure variation is Fig.
maximum at — (A) Particle located4at Ey has its velocity in
(A) 0.8 m from the open end negative x-direetion
(B) 0.4 m from the open end (B) Particle located)at D has zero velocity
(C) closed end (C) Particles located near C are under
(D) 1.0 m from the open end [B, C] compression
30 (D) Change inpressure at D is zero
Sol. I :T [A, B, C, D]
" &:l:O.4m . L (dy)
4 3 Sol: \elocity of particle is given by v, = —v| —=
A - dx
7'}
A Here, v is wave speed and ﬂ the slope.
4 dx
N At point E slope is positive, therefore, v, will be
[=12m . R L.
along negative x-direction. Similarly, slope at D
is zero.
Therefore, v, at D will be zero.
N X dy
Fig. Excess pressure dP = — B. ix
At C slope is negative. Therefore, dP is positive
Pressure variation will( be 9Ymaximum at i.e, particles located near C are under
displacement nodes i.eZ\at’0¥. m from the open compression.
end and at closed end. At point D, slope is zero i.e., dP = 0
Q.6 Which of the following functions of x and t Q.8  The figure shows an instantaneous profile of a
represents/aprogressive wave — rope carrying a progressive wave moving from
(A) y 7sin (4t%= 3x) left to right, then —
(D) o — &
4+ (4t-3x)
©)y=—— A >X
4t +3x B\/ "
(D) All of these [A, B]
Sol. Any function y = f(at + bx) represents a wave if
it is finite everywhere and at all times. The Fig,
function (A) the phase at A is greater than the phase at B
= 1 (B) the phase at B is greater than the phase at A
4t+3x (C) A is moving upwards
is not defined at x =0 and t=0. (D) B is moving upwards [A, D]
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Sol. The wave travels from left to right. Therefore, Sol. Let a = initial amplitude due to S; and S; each.
points lying leftwards are always ahead in lo = k(4a?), where K is a constant.
phase. Further: After reduction of power of S;, amplitude due to
Particle velocity = — (wave speed) slope SDlug.Sc?.superposition, arw = & + 06a =
Slope at A is positive, while at B is negative i.e., 1.6a, and
particle velocity at A is negative and at B is amin = a — 0.6a = 0.4a
positive. Therefore, A is moving downwards e = (nedam)? = (l.6a)2 16
while B is moving upwards. e T T 0.40)%
Q.9 A sound wave passes from a medium A to a Q12 :ou h?ve three tur;izgiofo}:ks C\}hB arf C.dF(;rk B
. . L as a frequency o z. When A an are
medium B. The velocity of sound in B is greater sounded (iogetrir a that Mequency of 3 Hz is
than that in A. Assume that there is no heard. When B and C+are sounded together the
absorption or reflection at the boundary. As the beat frequency ¥s 4 Hz. Select the correct
wave moves across the boundary — statements &~
(A) the frequency of sound will not change (A) The possible frequencies of C are 437 Hz
(B) the wavelength will increase QA3 Hz
(C) the wavelength will decrease (B) Thg fj:s:'ble frequencies of C are 436 Hz
an z
(D) the intensity of sound will not change (€) The possible beat frequencies when A and C
[A B, D] are sounded together are 1 Hz and 7 Hz
(D) The possible beat frequencies when A and
Q.10 When an open organ pipe resonates in its C are sounded together are 2 Hz and 8 Hz
fundamental mode then at the centre of the [B, C]
. Sol. fc:fBi4H§
pipe- = fc =436 Hz or 444 Hz
(A) the gas molecules undergo vibrations” of fa=fs +3 Hz
maximum amplitude = fa = 437 Hz or 443 Hz
(B) the gas molecules are atgest
(C) the pressure of the gas is. constant Q.13  An observer is standing in front of two cliff AB
(D) the pressure of the gaswndergoes maximum and BC making an angle 90° with each-other as
variation [B, D] shown in figure. He blows a sirfan and hears
echo after 3 sec and 4 sec. Velocity of sound is
300 m/s, then -
Q.11  Sounds_fromytwo identical sources S; and S;
reach a'goint’P. When the sounds reach directly, A B
and\in“the same phase, the intensity at P is lo.
The,power of S; is now reduced by 64%, and (')
the phase difference between S; and S; is varied
continuously. The maximum and minimum C
intensities recorded at P are now Imax and Imin — ) o
(A) Inax = 0.64 I (A) D-|stance of nearest C|I.ff |-s 900 m
(B) Distance of farthest cliff is 600 m
(B) Imin=0.36 lo (C) Distance of junction of cliff (B) is 750 m
(C) lmax/Imin = 16 (D) Observer may hear more than two echo
(D) Imax/Imin = 1.64/0.36 [A, C] [B,C]
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Sol. Q.17  Awave travelling in a solid—
(A) must be longitudinal
(B) may be longitudinal
(C) must be transverse
(D) may be transverse [B,D]
Q.18  Mark correct statement(s) -
Leta<hb . i
(A) Maximum pressure variation takes place, at
2a=3x300=a=450m nodes.
2b=4x300=b=600m (B) In case of stationary wavey, relative
- OB=+va?+b% =750m deformation at a point is givar'by AP =1,
v
where u is particles velecity at that point.
Q.14 Sound waves from different source are (C) When a stationary wave is established,
interfering and pressure at same point in space maximum  Nftensity is  obtained  at
is given as — .
: antinodes:
P = Pgsin (200 =t + 7/2) cos (3 mt + ©/3) DN bih AB
(A) Maximum number of different sound waves (D) None-ofthese [A.B]
interfering can be two only
B) Beat frequency is 6 Hz Q.19 _Which%ef the following statements are correct
( quency 9
(C) Beat frequency is 200 Hz about intensity of sound ?
(D) Beat frequency can be 6 Hz as well as 400 Hz (&) It depends only on amplitude of wave
[A.B] (B) It depends both on amplitude and frequency
. T T of wave
Sol. P = Pg sin(200nt + —) cos (3wt + —) can be . - .
0 sin(200m 2) S 3) (C) Its practical unit is decibel
rewritten as - (D) Its practical unit is phon [B,C]
_ PO . 57[ PO . v .
P —7sm(203 nt + F) + 7sm (197 nt+€) Q.20 In case of interference of two waves each of
o o ] intensity 15, the intensity at a point of
Which is combination of two different”wave. L .
constructive interference will be—
Lower frequency correspondso beat frequency (A) 41, for coherent sources
- Beat frequency = 2 x 35,6z (B) 21, for coherent sources
(C) 41, for incoherent sources
0
.15 The velocity of sound,is affected by change in— .
Q y ] y g (D) 21, for incoherent sources [AD]
(A) Temperature (B) Medium
(C) Pressure (D) Wavelength
[A.B]
Q.16  dn which case will there be no change in phase
of displacement wave ?
(A) wave propagating from denser to rarer
medium
(B) wave propagating from rarer to denser
medium
(C) wave is reflected from a denser boundary
(D) wave is reflected from a rarer boundary
[A,B,D]
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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.
SOUND WAVE



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
SOUND WAVE



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

The horn is 1.2 m above the surface of the

1.02 x

3

Q.1 A long spring such as a Slinky is often used to
demonstrate longitudinal waves. water. What is the distance (labeled by "?" in
a) Show that if a spring that obeys Fig.) from the horn to the diver? Both air and
Hooke's law has mass m, length L, and force water are at 20°C.
constant k', the speed of longitudinal waves on Sol. USe Vwater = 1482 m/s at 20°C, the saUnd\wave
the springis v = LvKk'/m . travels in water for the same time\as the’wave
b) Evaluate v for a spring with m = 0.250 kg, L travels a distance 22.0 m — 1220 m\="20.8 m in
=2.00 m, and k' = 1.50 N/m. air, and so the depth of the-diver is
Sol. a) Consider the derivation of the speed of a
) Cons P (20.8 m) Vwater — o078 my BE2M/S _gg 6
longitudinal wave. Instead of the bulk modulus Vair 344 m/s
B, the qL_Jantlty of interest is the change in force This is the depth of the diver; the distance from
per. fractional Iength change. The force constant the horn.isi90 8.
k' is the change in force per length change, so
the force change per fractional length change is Q.3  Atatemperature of 27.0°C, what is the speed of
k' L, the applied force at one end is F = (k' tongitudinal waves in
L)(vy/\-/) and Fhe Iongituc.jinal impulse when this a) hydrogen (molar mass 2.02 g/mol)?
force is applied for a time t is k' Ltvy/v. The b) helium (molar mass 4.00 g/mol)?
change in longitudinal momentum s
. . ¢) argon (molar mass 39.9 g/mol)?
((vtym/L)vy and equating the expressions,
. . . ) d) Compare your answers for parts (a), (b) and
canceling a factor of t and solving for v gives v
o (c) with the speed in air at the same
= L%k'/m.
An equivalent method is use, Which temperature.
relates the force cor?stant k' and the “2Young's Sol. a), b), ¢) Using Eq. v = /yRT (speed of sound
modulus" of the Slinky, k' =.YAIL, or Y = M
k'L/A. The mass density is p =\ui/(AL). in an ideal gas),
b) (2.00m) \/(1.50N/m)/(0.250kg) =4.90 m/s. v _ [(1.4D(8.3145]/molK)(300.15K) _
H -_— =
2 (2.02x103kg/ mol)
Q.2 A submerged scuba diver hears the sound of a 1.32 x 103 m/s
boat horn directly,above her on the surface of Vie
the lake. At the same time, a friend on dry land 673145 TmollO GO0IEK
22.0 mfromrthe boat also hears the horn (Fig.). - |L6NE rr;o JB00.15K) _
(4.00x10"°kg/ mol)
i‘ 10° m/s
S220m Va = (1.67)(8.31451/molK)(300.15K) _ 32
Ar — -
(39.9x103kg/ mol)
? m/s.
l d) At T = 300.15 K gives vir = 348 m/s, and so
% Vi, = 3.80 Vair , Ve = 2.94 Vg and va, = 0.928
Vair.
SOUND WAVE



Q4 A jet airliner is cruising at high altitude at a Q.5 An 80.0-m-long brass rod is struck at one end.
speed of 850 km/h (about 530 mi/h). This is A person at the other end hears two sounds as a
equal to 0.85 times the speed of sound at that result of two longitudinal waves, one traveling
altitude (also called "Mach 0.85"). in the metal rod and the other traveling in the
a) What is the air temperature at this altitude? air. What is the time interval between the two
b) With this data, can you determine the air sounds? The speed of sound in air is 344 m/s.
pressure at this altitude? Explain. Sol. The speed of longitudinal waves in“brass, is

) _ [yRT _ much higher than in air, and so the sound that

Sol. a) Solving Eq. v = \/% (speed of sound in an travels through the metal arrives first>The time
ideal gas) for the temperature, difference is
_Mv2_ At :L- L _ 80.0m
_Y_R - Vair ~ Vprass 344m/s

2 80.0m
(28.8x103kg/ rml)[(%%'_(srg/ hj( 3.(§ITm/ jhrD (090107 (ge00kg I m®) 0208 s.
(1.40)(8.3145 J/mol.K)
=191 K,
or - 82°C. Q.6.4™) What must be the stress (F/A) in a stretched
b) The variation of atmospheric pressure with wire of a material whose Young's modulus is Y
altitude, assuming a non-constant temperature. for the speed of longitudinal waves to equal 30
[%) times the speed of transverse waves?
If we know the altitude, PZDO(l—%yJ o Sol.  The mass per unit length p is related to the
° density (assumed uniform) and the cross-section
Since T =To— ay,
for T=191 K, a = .6 x 102°C/m, dnd T = 273 area A by u = Ap, so combining Eq. v :\/E
K, y = 13,667 m (44,840 ft.),/Although a very .
high altitude for commefeial\aircraft, some (speed of a transverse wave on a string) and Eg.
military aircraft fly 4his’\high. This result Vv :\/Y (speed of a longitudinal wave in a solid
assumes a uniform @decrease in temperature that P
is solely due to the.inCfeasing altitude. Then, if rod)
we use this@ltitude; the pressure can be found: with the given relations between the speeds,
P - Y 900 soFiA=_" .
Po p Ap 900
[ (288x10°kg/ mol)(9.8m/s?) l
(1_ (6x1072°C/m)(13,667m) |\ (8.3151/molK)(6x10*°C/ ) A longitudinal wave of frequency 220 Hz
213K travels down a copper rod of radius 8.00 mm.
The average power in the wave is 6.50 pW.
and p = po(.70)*% = .13 po, or about .13 atm. a) Find the wavelength of the wave.
Using p = .18po, which overestimates the b) Find the amplitude A of the wave.
pressure due to the assumption of an isothermal ¢) Find the maximum longitudinal velocity of a
atmosphere. particle in the rod.
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Sol.

\Y
A=—=
f

a)

WY7p _J@1.0x10%Pa)/(8.9x10%kg /m?)
f 220 Hz

b) Repeating the above with B = yp = 1.40 x 10°
Pa and the density of air gives A = 5.66 x 10°°
mand A =0.100 m.

16.0 c) The amplitude is larger in air, by a factor of
=16.0m.
. . about 60.0 For a given frequency, the much less
b) Solving for the amplitude A (as opposed to .
) dense air molecules must have a larger
the area a = wr?) in terms of the average power .
~ amplitude to transfer the same amount of
Pav = 12, energy.
A= M
pYw? Q.9  a) What is the sound intensity, leyel in a car
; 5 when the sound intensitygs 0.500 uW/m??
= 2(6.50x10 ")W)/(n(0.800 x10~"m)“) b) What is the sound\intensity level in the air
\/ (8.9><103kg / m3)(11.0 ><1010Pa)(27c(220 Hz))2 near a jackhammer,wheh the pressure amplitude
-=329x10°8m. of the sound, is 0:450 Pa and the temperature is
_ — 8y — 20.0°C?
¢) ®A = 21 f A = 21(220 Hz)(3.289 x 108 m) = _
455 x 105 mys. Sol. a) The.soundtevel is
B = (0 dB) IogL, so B = (10 dB)
Q.8 a) A longitudinal wave propagating in a water- lo
filled pipe has intensity 3.00 x 10°® W/m? and 0.500uW/m?
. . log—————,or 3 =57 dB.
frequency 3400 Hz. Find the amplitude A and 10712 W/ m?2
wavelength A of the wave. Water has density b) First find v, the speed of sound at 20.0°C, v =
1000 kg/m? and bulk modulus 2.18 x 10° Pa. 344 mls.
b) If the pipe is filled with air at pressure 1.00.% The density of air at that temperature is 1.20
10° Pa and density 1.20 kg/m?, what willpe the 2 2
. N ka/m®. Using Equation | =Pmax_ _ Pmax
amplitude A and wavelength A of a longitudinal g/m=.Using Equation
. . . 2ov 2,/pB
wave with the same intensity and,frequency as _ _ S
in part (a)? (intensity of a sinusoidal sound wave).
¢) In which fluid is the amplitude”larger, water | = Phax __ (0150 N/m?)? or |
or air? What is the ratiovof the two amplitudes? 2pv 2(1.20kg/m3)(344 m/s) 7
Why is this ratio so different from one? = 2.73 x 10°5 W/m2. Using this in Equation B
Sol. a) The amplitude\is I
=(10dB) log—
A= 2 lo
pBoo2 (definition of sound intensity level),
_ -5 2
c B = (10 dB) log Z'Zix_}gw\/’\rlnlzm ,
2(3.00x10~%W/m?)
3 5 > or B=74.4dB.
/(1000 kg / m®)(2.18 x10° Pa) (2r1(3400 Hz))
=9.44 x 1071 m Q.10 a) Defend the following statement: "In a
The wavelength is sinusoidal sound wave, the pressure variation
noV_ JBlp _ \/(2.18x109Pa)/(1000 kg/m3) given by Eq. p(x, t) = BKA sin(kx — ot) is
FTOf T 3400 Hz greatest where the displacement given by Eq.
=0.434 m. y(x, t) = A cos (kx — wt) is zero."
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b) For a sinusoidal sound wave given by Eq.
y(x, t) = A cos (kx — wt) with amplitude A =
10.0 um and wavelength A = 0.250 m, graph the
displacement y and pressure fluctuation p as
functions of x at time t = 0. Show at least two
wavelengths of the wave on your graph.

c) The displacement y in a nonsinusoidal sound
wave is shown in Fig. as a function of x for t =
0. Draw a graph showing the pressure
fluctuation p in this wave as a function of x at t
= 0. This sound wave has the same 10.0-um
amplitude as the wave in part (b). Does it have
the same pressure amplitude? Why or why not?

y (um)

10.0

/\ 0.250 /\ 0.500
| | | | X(m)

-10.0

/NN

d) Is the statement in part (a) necessarily true if
the sound wave is not sinusoidal? Explain your
reasoning.

d)

Q'

Sol.

The pressure amplitude is not the same. The
pressure gradient is either zero or undefined. At
the places where the pressure gradient is
undefined mathematically (the "cusps" of the y-
x plot), the particles go from moving at uniform
speed in one direction to moving at the same
speed in the other direction. In the limitthat Eig.
shows given in question is_4an “accurate
depiction, this would happea in a Wanishing
small time, hence requiring a vewy large force,
which would result from“a very large pressure
gradient.

The statement” s/ true, but incomplete. The
pressure (is 4indeed greatest where the
displacement+is’zero, but the pressure is equal to
its(largest value at points other than those where

the-displacement is zero.

Many airports have noise ordinances restricting
the maximum sound intensity that an aircraft
it takes off. At one
California airport the maximum allowable

may produce when

sound intensity level is 98.5 dB as measured by
a microphone at the end of the 1740-m-long
runway. A certain airliner produces a sound
intensity level of 100.0 dB on the ground when
it flies over at an altitude of 100 m. On takeoff,
this airliner rolls for 1200 m along the runway
before leaving the ground, at which point it
climbs at a 15° angle. Does this airliner violate
the noise ordinance? You can ignore any effects
due to reflection of the sound waves from the
ground.

The altitude of the plane when it passes over the
end of the runway is (1740 m — 1200 m)tan 15°
= 145 m, and so the sound intensity is 1/(1.45)2
of what the intensity would be at 100 m. The
intensity level is then

100.0 dB — 10 x log[(1.45)?] = 96.8 dB,

so the airliner is not in violation of the
ordinance.

Sol. a) Mathematically, the waves given by Eq. y(X,
t) = A cos (kx — wt) and Eq. p(x, t) = BKA
sin(kx — wt) are out of phase. Physically, at"a
displacement node, the air is most coppressed
or rarefied on either side of the nadeyand ‘the
pressure gradient is zero. Thusfdisplacement
nodes are pressure antinodes.

b) (This is the same as Rig.Hp(x, t) = -
B%). The solid cure is the pressure and
the dashed curvelisithe displacement.
N \(\/ /
0 2 4 6 8 10 1z
c)
o
S N S S .
: X
v
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Q.12 A common lecture demonstration is as follows: pa1 = 2.7 glcm?,
hold or clamp a one meter long thin aluminium pair = 1.165 x 103g/cm®  (at 30°C),
bar at the center, strike one end longitudinally Vair = 6.83 x 1072 x 5000 = 341 m/s.
(i.e. parallel to the axis of the bar) with a b) va1 = 5000 m/s.
hammer, and the result is a sound wave of ¢) Suppose the bar is held at distance x from the
frequency 2500 Hz. struck end. We have
a) From this experiment, calculate the speed of AV 5000 1
sound in air. T4 4y 4x3750 3
b) From this experiment, calculate the speed of )
) . . p P Hence the bar is to be held at £\m from the
sound in aluminium. 3
c¢) Where might you hold the bar to excite a struck end. If it is so held but steuckyat the other
frequency of 3750 Hz? end, we would have
Explain. Does it matter which end of the bar is 2_v
struck? Explain. 3 4v
d) Suppose you hold the bar at the center as and the frequencywwould become 1875 Hz.
before, but strike the bar transverse to its length, d) If the bar.ds struck transversely, the wave
rather longitudinally. Qualitatively explain why generated.will be transverse, not compressional,
the resultant sound wave is of lower frequency anddhe.veloeity of propagation is then given by
than before. N
Sol. a) The point where the bar is struck is an VoL
. . . p
antinode and the point where it is held a node. Fere N is the shear modulus. As the shear
With the bar held at the center and its one end W ! o uis. .
. . modulus of a solid is generally smaller than its
struck, the wavelength X is related to its length .
bulk modulus, v is now smaller. And as
L by A = 2L. Hence the speed of sound
propagation in the aluminium bar is - |
Vai = VA = 2vL = 2 x 2500 x 1 = 5000 m/s: 2L _
The speed of sound in a solid is the frequency generated is lower.
V= I , Q.13  Longitudinal standing waves can be produced in

P . . . a solid rod by holding it at some point between
where Y is the Young's modulus,of its material _ o
and p its density. The spegdhoPsound in a fluid the fingers of one hand and stroking it with the
is other hand. The rod oscillates with antinodes at

M both ends.
v= |—,

p a) Why are the ends antinodes and not nodes?
where M, is its,bulk modulus and p its density. b) The fundamental frequency can be obtained
For adiabatic compression of a gas, M = yp, by stroking the rod while it is held at its center.
Wher? s Its_ p_)ressure and y the ratio O_f Its Explain why this is the only place to hold the
principal specific heats; y = 1.4 for air, a ]
diatomic gas. Hence rod to obtain the fundamental.

c) Calculate the fundamental frequency of a
Vair _ [14PPar ) ey
Va Ypair steel rod of length 1.50 m.

d) What is the next possible standing-wave
With frequency of this rod? Where should the rod be
p=1013x10°dyn/cm?  (standard held to excite a standing wave of this
atmosphere), f ,
Y =7.05 x 10% dyn/cm?, requency:

SOUND WAVE



Sol.

Q.15

¢) These data show that a displacement antinode
is slightly outside of the open end of the tube.
How far outside is it?

a) The second distance is midway between the

first and third, and if there are no other distances
for which resonance occurs, the difference
between the first and third positions_is the
wavelength A = 0.750 m. (This wouldhgive the
first distance as A/4 = 18.75 ¢cm, but“at the end
of the pipe, where the air “is” not longer
constrained to move along the tube axis, the
pressure node and“displacement antinode will
not coincide exactly with the end). The speed of
sound in the aimis then v = fA = (500 Hz)(0.750
m) =-375-m/s.

B)=Selving Eq. v = 1{% (speed of sound in

an ideal gas) for vy,

_ Mv® _ (28.8x10kg/mol)(375 m/s)? _
RT ~  (8.3145J/mol.K)(350.15K)

1.39.

c) Since the first resonance should occur at t/4
= 0.875 m but actually occurs at 0.18 m, the
difference is 0.0075 m.

A platinum wire (density 21.4 g/cm3) is 225 pm
in diameter and 0.450 m long. One end of the
wire is attached to the ceiling, while a 420-g
mass is attached to the other end so that the wire
hangs vertically under tension. If a vibrating
tuning fork of just the right frequency is held
next to the wire, the wire begins to vibrate as
well.

a) What tuning-fork frequency will cause this
to happen? You may assume that the bottom
end of the wire (to which the mass is attached)
is essentially stationary, and that the tension in
the wire is essentially constant along its length.

b) Justify the assumptions made in part (a).

Sol. The steel rod has standing waves much like a
pipe open at both ends, as shown in Figure.
C D
D
e—— L =22 —>
%
a)fi=—
@fi=or
A l A ; A
L D
— L2 —— 12—
e——L =202—>!
Y
b)f,=2—=2f
Oyh=25r=20
N NC '€
& A2 Sl A2 Sl )2 >
fe——L = 32—
Y
c)f3=3—=3f
V=35 =%
An integral number of half wavelengths must fit
on the rod, that is, f, = v .
2L
a) The ends of the rod are antinodes because the
ends of the rod are free to oscillate.
b) The fundamental can be produced whenythe
rod is held at the middle because a~node™is
located there.
o) f1 - DG MIS) _gon s
2(1.50 m)
d) The next harmonic.is\a’="2; or f, = 3961 Hz.
We would need to hold the’fod at an n = 2 node,
which is locatedwat ¥4”from either end, or at
0.375 m from either end.

Q.14 A long tube contains air at a pressure of 1.00
atm_andi\a temperature of 77.0°C. The tube is
opeh/at” one end closed at the other by a
mayable piston. A tuning fork near the open end
IS' vibrating with a frequency of 500 Hz.
Resonance is produced when the piston is at
distance 18.0, 55.5, and 93.0 cm from the open
end.
a) From these measurements, what is the speed
of sound in air at 77.0°C?
b) From the result of part (a), what is the value
of y?

SOUND WAVE



Sol. a) From Eq. f; = L JF (string fixed at both
2L \p

ends), with m the mass of the string and M the
suspended mass,

_ \/ F _[ Mg _

fi=|—= |———=
4mL nd?L%p
(420.0x107°kg)(9.80m/s?)
n(255x107°m)2(0.45m)2(21.4x10%kg/ m?)

Hz
and the tuning fork frequencies for which the
fork would vibrate are integer multiples of 77.3
Hz.

b) The ratio m/M ~ 9 x 1074, so the tension does
not vary appreciably along the string.

= 773

Q.16  Figure shows the pressure fluctuation p of a
non-sinusoidal sound wave as a function of x
for t = 0. The wave is traveling in the +x-
direction.

p(Pa)

40.0
0.100 /\ 0.300 /\
O 1 1
\/ 0.200 \/ 0.400 < (M
—40.0

a) Graph the pressure fluctuation p as & funétion
of t for x = 0. Show at least two cycles of
oscillation.

b) Graph the displacement y-n this sound wave
as a function of x at t(="0. At x = 0, the
displacement at t = 0 is\zero, Show at least two
wavelengths of the wave.

c) Graph the displacement y as a function of t
for x = 0. Showwyat least two cycles of
oscillations

d) Caleulate sthe maximum velocity and the
maximuin=acceleration of an element of the air
throughywhich this sound wave is traveling.
e)\Describe how the cone of a loudspeaker must
move as a function of time to produce the sound
Wave in this problem.

b) From Eg. p(x, t) = BKA sin(kx — ot), the
function that has the given p(x, 0) att = 0 is
given graphically as shown. Each section is a
parabola, not a portion of a sine curve. The
period is A/v = (0.200 m)/(344 m/s) = 5.81 x 10~
4 s and the amplitude is equal to the area under
the p — X curve between x = 0 and x=Q and X =
0.0500 m divided by B, or 7.04 x 10%6,m.

™\

O N w

y

[

g /

0 0.1 0.2 0.3 0.4
X

¢) Assuming a'wave moving in the +x-direction,

y(0, Buis-assshown.

14 \
: \ / \
0 \ / \ ]
. / \.

y

0 20 40 60 80 100 120
t

d) The maximum velocity of a particle occurs

when a particle is moving throughout the origin,

and the particle speed is vy = —%v :m. The

X
maximum velocity is found from the maximum
pressure, and Vymax = (40 Pa)(344 m/s)/(1.42 x
10° Pa) = 9.69 cm/s. The maximum acceleration

is the maximum pressure gradient divided by

the density,
=800 Pa)/(0.1030m) = 6.67 x 102 m/s2.
(2.20kg/m?)

e) The speaker cone moves with the
displacement as found in part (c); the speaker
cone alternates between moving forward and
backward with constant magnitude of
acceleration  (but changing sign). The
acceleration as a function of time is a square
wave with amplitude 667 m/s? and frequency f
= v/ = (344 m/s)/(0.200 m) = 1.72 kHz.
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Q.17

a) Plot the pressure and air displacement
diagrams along a pipe closed at one end for the
second mode.

b) What is the frequency of this mode relative

to the fundamental?

-2

\Y

t=

<[>

where v is the velocity of sound relative to the
pipe.

When the air in the pipe is still, v is equal to the
velocity of sound in still air, ¢, and the

Sol. a) The pressure and air displacement as fundamental period is
functions of distance from the closed end are 9|
sketched in Fig. o e
i L d When the air in the pipe moves with velocity
pipe I 1 c/2, the pipe can be considered ‘to move with
' velocity —c/2 in still dir. Thus v = ¢ — (- ¢/2) =
1 . =
pressure  p DQ 3‘i/22;"m_d;re &
i 3 3
displacement & L Hencewehave the ratio
! L2
ty. 3
b) For this mode, L = 3A/4, while for the
fundamental mode, L = A/4. Hence if ay is the QI A verticzf\I cylinfjrical pipe, open at the top, (?an
be partially filled with water. Successive
fundamental frequency, the frequency of this resonances of the column with a 512 sec-
mode is 3co. tuning fork are observed when the distance from
the water surface to the top of the pipe is 15.95
Q.18  An organ pipe of length | open on-othends is cm, 48.95 cm, and 80.95 cm.
used in a subsonic wind tunnghto “measure the a) Calculate th? speed of so.und in air.
Mach number v/c of air invthe tunnel as shown b) Lgcate precisely the antinode near the top of
the pipe.
in Fig. c) The above measurements are presented to
you by a team of sophomore lab students. How
would you criticize their work?
% > pa— Sol. ‘_':1) The Wave forms of the su_cces_sive resonances
in the air column are shown in Fig.
The pipe when fixed in the tunnel is observedto N |~ ] U \_/ ______ 0
resonate with a fundamental period t. If vic = | A\[77" "7 Y it =]~~~ 15.95¢m
1/2, calculate the ratio of periods t/to where tq is
the fundamental period of the pipe in still air. >< ______ &rz _____ | _l____._ 48.45 cm
Sol. As the organ pipe is open at both ends, the
fundamental wavelength of sound in resonance v
with it is given by A/2 = |. The corresponding = T 1 80.95 cm
period is — — —
SOUND WAVE | g |



It is seen that for successive resonances, the air
columns differ in height by half a wavelength: d
=A2. As

d = 48.45 - 15.95 = 80.95 — 48.45 = 32.50 cm,

A =2d =65.00 cm.

The velocity in air is then

v =2Av =0.6500 x 512 = 330 m/s.

b) As A/4 =16.25 cm and 16.25 cm — 15.95 cm
= 0.30 cm, the uppermost antinode is located at
0.30 cm above the top of the pipe.

c) This method of measuring sound velocity in
air is rather inaccurate as the human ear is not
sensitive enough to detect precisely small
variations in the intensity of sound, and the
accuracy of measurement is rather limited. Still,
the data obtained are consistent and give a good
result. The students ought to be commended for

their careful work.

1
AV

M=—-p| — ,
p(vj

p being the excess pressure and V the original
volume. Consider a cylinder of the gas of cross-

sectional area A and length Ax. We have

AV _AAE 38
V.  AAX ox
Then
o8
=M=
P OX

= — M k& cos(kx)e“et
= — po cos(kx)eY
where pg = M Kk&o = pv2k&o is the amplitude of

the excess+pressure. Hence

£y = Po

pvzk .

For the lowest mode

n=1 Ar=2l,
. ] _2n_2nv
Q.20 Consider a plane standing sound wave Of k_T_T’
frequency 10° Hz in air at 300 K. SuppaSe)the :
q y PR v being the frequency of the sound wave. Thus
amplitude of the pressure variation<asseciated
with this wave is 1 dyn/cm? (compared with the Eo= ZnFj)OVV .
ambient pressure of 10° dym/em?). Estimate )
) / For an ideal gas
(order of magnitude) , the, amplitude of the
m
displacement of the™ air \molecules associated paV=MRT,
with this wave. L
giving
Sol. The longitudinal  displacement & from
o o ) _m_pM
equilibrium of-a point in a plane stationary p‘ﬁ‘ RT '
compressional wave in the x direction can be where p., T are the ambient pressure and
expressed as temperature respectively. As po = 1 dyn/cm? =
— H —iot
&= Gosin(kxje ™, 10 N/m?, pa = 10° dyn/cm? = 105 N/m2, M =
with k = nrt/l, | being the thickness of the gas 29 x 10~ kg/mol, R = 8.31 Jmol/K, T = 300 K
andn=1, 2 ..... The velocity of the wave is v = 340 mis, v = 103 Hz, we find & = 4 x 10
- ’ - l 0 —
V= M _ m as the amplitude of the displacement of the
P air molecules.
Here the bulk modulus M is by definition
SOUND WAVE | 9 |






