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When a wave travel in a medium, the particle displacement
is given by the equation y = a sin 27 (bt— cx) where a, band
care constants. The maximum particle velocity will be twice
the wave velocity if

1 1
@ c=— () c=m () b=ac (d) b=—

A thick uniform rope of length L is hanging

from a rigid support. A transverse wave

of wavelength A, is set up at the middle of

rope as shown in figure. The wavelength L
of the wave as it reaches to the topmost

point is

A
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3.

An engine approaches a hill with a constant speed. When it
is at a distance of 0.9 km, it blows a whistle whose echo is
heard by the driver after 5 seconds. If the speed of sound in
air is 330 m/s, then the speed of the engine is :

(& 32m/s (b) 27.5m/s

(c) 60m/s (d) 30m/s

A sonometer wire of length 1.5 m is made of steel. The tension
init produces an elastic strain of 1%. What is the fundamental
frequency of steel if density and elasticity of steel are 7.7 x
103 kg/m3 and 2.2 x 101! N/m? respectively?

(a) 188.5Hz (b) 1782Hz

(¢) 200.5Hz (d) 770Hz
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5.  The fundamental frequency of a sonometer wire of length ¢
is f,. Abridge is now introduced at a distance of A( from the
centre of the wire (A¢ << (). The number of beats heard if
both sides of the bridges are set into vibration in their
fundamental modes are —

BEoAL foAL 26, AL 4f AL
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6. A source of sound S emitting
waves of frequency 100 Hz and
an observor O are located at
some distance from each other.
The source is moving with a 60°
speed of 19.4 ms~! at an angle S
of 60° with the source observer
line as shown in the figure. The observor is at rest. The
apparent frequency observed by the observer is (velocity
of sound in air is 330 ms~1)
(@ 103Hz (b) 106Hz (¢) 97Hz (d) 100Hz

7.  Two identical piano wires kept under the same tension T
have a fundamental frequency of 600 Hz. The fractional
increase in the tension of one of the wires which will lead to
occurrence of 6 beats/s when both the wires oscillate
together would be
(@ 002 (b) 003 () 004 (d) 001

8.  Two sound sources emitting sound each of wavelength A
are fixed at a given distance apart. A listener moves with a
velocity u along the line joining the two sources. The number
of beats heard by him per second is

>0

u 2u u u

@ 5 ® © 3 @ 3

9. A star, which is emitting radiation at a wavelength of
5000 A, is approaching the earth with a velocity of 1.50 x 109
m/s. The change in wavelength of the radiation as received
on the earth is
(@ 025A (b) 25A (¢) 25A (d) 250A

10. An object of specific gravity p is hung from a thin steel
wire. The fundamental frequency for transverse standing
waves in the wire is 300 Hz. The object is immersed in water

so that one half of its volume is submerged. The new
fundamental frequency in Hz is

1/2 1/2
2p-1 2p
@ 300( 2p J ® 300( 2p- 1)

2p-1
o wf) i)

11. Thetransverse dlsplacement Jg_ X,t) of awaveon astringis
- ax 2 +br® +2Jabxt
given by y(x,0)=e

This represents a:
.. . . . b
(a) wave moving in —x direction with speed \/;
(b) standing wave of frequency |/p
. 1
(c) standing wave of frequency N

. L . a
(d) wave moving in + x direction with speed \/%

12. Inthe figure shown the wave speed is v. The velocity of car
is v,,. The beat frequency for the observer will be

2 azf,

7
Z

2 fovv, 21V
(a) Vv, (b) Vv

2wy, fovv,
(c) V-, (d) Vv,

13. A source of sound A emitting waves of frequency 1800 Hz
is falling towards ground with a terminal speed v. The
observer B on the ground directly beneath the source
receives waves of frequency 2150 Hz. The source A receives
waves, reflected from ground of frequency nearly: (Speed
of sound = 343 m/s)

(@) 2150Hz (b) 2500Hz (c) 1800Hz (d) 2400Hz
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14.

15.

16.

17.

18.

A pipe of length 85 cm is closed from one end. Find the
number of possible natural oscillations of air column in the
pipe whose frequencies lie below 1250 Hz. The velocity of
sound in air is 340 m/s.

@ 12 ) 8 () 6 d 4

The equation of a wave on a string of linear mass density
0.04 kg m~! is given by

. t x
»=0.02(m) 5“‘{2”(0.04@) B 0.50('")] } '

The tension in the string is

@ 40N (b) 125N (¢) 05N (d) 625N

A sound absorber attenuates the sound level by 20 dB. The
intensity decreases by a factor of

(@ 100 (b) 1000 (c) 10000 (d) 10

A massless rod of length L is suspended by two identical
strings AB and CD of equal length. A block of mass m is
suspended from point O such that BO is equal to ‘x’. Further
it is observed that the frequency of 1st harmonic in 4B is
equal to 2nd harmonic frequency in CD. ‘x’ is

L A Z C
@) 5
o L
) 5
3L )
et B —— D
© 4 “«x-> L "
L
(d) 1

An organ pipe P, closed at one end vibrating in its first
harmonic and another pipe P,, open at both ends vibrating
in its third harmonic, are in resonance with a given tuning
fork. The ratio of the lengths of P; and P, is :

19.

20.

21.

22.

Two points are located at a distance of 10 m and 15 m from

the source of oscillation. The period of oscillation is 0.05

sec and the velocity of the wave is 300 m/sec. What is the

phase difference between the oscillations of two points?
27 T
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A uniform rope of length L and mass m, hangs vertically
from a rigid support. A block of mass m, is attached to the
free end of the rope. A transverse pulse of wavelength A, is
produced at the lower end of the rope. The wavelength of
the pulse when it reaches the top of the rope is A, the ratio
Ay/A, is

my m; +m,
@ \m, ® "y
m, m; +m,
© O

Ifn;, n, and n, are the fundamental frequencies of three

segments into which a string is divided, then the original

fundamental frequency n of the string is given by

(@ n=n;+n,+n,
r_r,r. 1

(©) n o n n, n
11 N 1 N 1

R N N A

@ o=y g + g

The vibrations of a string of length 60 cm fixed at both the

. . (4
ends are represented by the equation y = 2sin (ILSXJ cos

(96mt) where x and y are in cm. The maximum number of
loops that can be formed in it is

(@ 4 ®) 16 ) 5 @ 15

8 1 1 1
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23.

24.

25.

26.

RESPONSE

The frequency of whistle of an engine appears to be (4/5)th
of initial frequency when it crosses a stationary observer. If
the velocity of sound is 330 m/s, then the speed of engine
will be

(@ 30m/s (b) 366m/s (c) 40m/s (d) 330my/s

A sonometer wire supports a 4 kg load and vibrates in
fundamental mode with a tuning fork of frequency 416 Hz.
The length of the wire between the bridges is now doubled.
In order to maintain fundamental mode, the load should be
changed to

(@ 1kg (b) 2kg (¢ 4kg (d) 1l6kg

The wavelength of two waves are 50 and 51 cm respectively.
Ifthe temperature of the room is 20°C then what will be the
number of beats produced per second by these waves, when
the speed of sound at 0°C is 332 m/s?

@ 24 b) 14 (© 10 d 25

In a resonance tube with tuning fork of frequency 512 Hz,
first resonance occurs at water level equal to 30.3 cm and
second resonance occurs at 63.7 cm. The maximum possible
error in the speed of sound is
(@) 51.2cm/s

(c) 204.8cm/s

(b) 102.4 cm/s
(d) 153.6cm/s

27.

28.

29.

30.

Each of the two strings of length 51.6 cm and 49.1 cm are
tensioned separately by 20 N force. Mass per unit length
of both the strings is same and equal to 1 g/m. When both
the strings vibrate simultaneously the number of beats is
@@ 7 (b) 8 () 3 @ 5

The fundamental frequency ofa closed organ pipe of length
20 cm is equal to the second overtone of an organ pipe open
at both the ends. The length of organ pipe open at both the
ends is

(@ 100cm (b) 120cm (c) 140cm (d) 80cm

In a standing wave experiment, a 1.2 kg horizontal rope is
fixed in place at its two ends (x = 0 and x =2.0 m) and made
to oscillate up and down in the fundamental mode, at
frequency 5.0 Hz. At t = 0, the point at x = 1.0 m has zero
displacement and is moving upward in the positive direction
of'y axis with a transverse velocity 3.14 m/s.

Tension in the rope is

@ 60N (b) 100N (c) 120N (d) 240N

The equation of a travelling wave is y= 60 cos (180 t —6x)
where y is in pm, ¢ in second and x in metres. The ratio of
maximum particle velocity to velocity of wave propagation is
(@ 36x1072 (b) 36x10*

(c) 3.6x10° (d 3.6x1071!
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Equation of the harmonic progressive wave given by : AL
y=asin 27 (bt —cx). (=1.5m,7=0,01,
Herev=5 p=7.7 x 103 kg/m? (given)
k= ZTR = 2mc take, % =c y=2.2 x 10! N/m?2 (given)
. Al o
* Velocity of the wave = VA = b% _ g Putting the value of ¢, - P andyineq™ (i) we get,
2 e
— = a2mb cos 2 (bt~ cx) = a0 os (et —kx) S=\7%7F o f=1782Hz
Maximum particle velocity = aw=a2nb=2nab
\%
b 2 1 S. a) fo=—
given thisis 2x— ie 2ma=— or c=— @ h=3
¢ ¢ na Now beat frequency = f; — £
Speed of pulse at a distance x ow quency=h —h
from bottom, v = \/gx . N _ v v vl 1 1
Whiletravelingﬁommidpf)int ]:x 2(£—M) 2(£+A() 2 Lot Lin
to the top, frequency remains 2 2 2 2
unchanged. 2
vi v \g(L/2) e N = (fof ){l 2A( €+2M}
7“_ = 7»_ = }\‘ = A = 7\2 = 27»0
1 A 0 2 g | LH2AL- L2 2”[4M] 8fpAL
\ 09km  nl M Yl 2 -a? 0 ¢
ENGINE ' IL 6. (a) Here,original frequency of sound, f,= 100 Hz
C L Speed of source V= 19.4 cos 60° =9.7
Let after 5 sec engine at point C 194
_AB_BC
330 330
~0.9x1000 N BC
© 330330
- BC=750m 60°
Distance travelled by engine in 5 sec S p—-=-==»0
=900m—-750m=150m 19.4 cos 60° =9.7
Therefore velocity of engine From Doppler's formula
=150m=30m/S s V-V,
Ssec S 0lv-v
S
Fundamental frequency;,
V-0
\f / f=100{ v - (597
2c 20\p 20 ) v
T m =100 7
v v= |—andu=— Vil-—
n { \"%
9.7
Also, y =L -, T_YAL f=100(1 330) = 103Hz
AAL A {
Apparent frequency f= 103 Hz
20\ 1p )



7. (@) Forfundamental mode,

A
20\

Taking logarithm on both sides, we get

log f= log +logL\/7 J
l°g(21f) _l°g( )

1
= — | +=[log T -1
or log f=1log (2€)+2[0g og 1]
Differentiating both sides, we get

df _1dT ( nd p are constants)
Rk as ¢ and p are co
= d—T =2x d—f
f
Heredf=6
f=600 Hz
dT 2x6
= =0.02
T 600
8. (b)) Frequencyreceived by listener from the rear source,
, _V-u _v-u v_v-u
v v A A
Frequency received by listener from the front source,
, Vtu v _ v+u
= X—=
v A A

No. ofbeats=n"—n'

v+u v-u _v+u-v+u _2u
Ao A A
Given : Wavelength (L) = 5000 A
velocity of star (v)=1.5 x 106 m/s.
We know that wavelength of the approaching star (A') =

2 SV
c
A c—v %
o, —=——=1-—
c c
or, Y _k__u_A—k.Therefore,
c A A A
1.5x10°

AL = x> =5000 x —=25A.
c 3x10
[where AL = Change in the wavelength]

10. @) Inair:T=mg=plg

_ 1 ol .
f= 2\ m (D)

In water : T=mg — upthrust

(p Po)

1/_(2p Po) /Vgp (20 pm
m 2[

14
=Vpg- S Po8=

11. (@

12. (o)

13. (b

14. (o)

S |2p—pe (20-p,)""

Fv e )

2p-1 1/2
=300 ——| Hz
2p

Given wave equation is y(x,f)
= e(— ax®+br +2\fab. xt)

_ e—[(\/;)2+(\/5t)2+2~/;x.\/5t]

— e—(\/;x+\/5t)2

( )
A

It is a function of type y = f(x + v¢)

= Speed of wave = \/%
fov

S = v+,
The wave which reaches wall f| is reflected.

The reflected frequency is f; as the wall is at rest.

Jov SV _ 2/
B s = —_ = - =
ear fi f‘z V= V+VO VZ—VOZ
Given f, =1800Hz
Vt =V
f;= 2150 Hz

Reflected wave frequency received by A, f," =9
Applying doppler’s effect of sound,

£ = vef
VS - Vt
f
here, v; = vs( —A]
fp

_ 343(1_@j
2150
=55.8372m/s

Now, for the reflected wave,

343-55.83
= 2499.44 ~ 2500Hz
Length of pipe =85 cm =0.85m
Frequency of oscillations of air column in closed organ
pipe is given by,

_(@n-p
/= 4L

_ [M)xlgoo



15. @

16. (a)

17. (@

_(@n-o For rotational equilibrium of massless rod, taking torque

S TARE 1250 about point O.
Tpxx=Tep(L-x) .. (i)
(2n-1)x340 ., For translational equilibrium,
0.85x4 Tt Top=mg ... (iii)
= 2n-1<125~6 On solving, (i) and (iii), we get
. t X mg 4mg
=0.02 2 - Tep=—% -~ Tpp=—%
y (’”)sm[ “(0.04@)] 0.50(m)} @5 A s

Substituting these values in (ii), we get
But y = asin(o? — kx) L
ﬂxx=E(L—x) = x=—_

27 1 5
) =— V=——= 25 H
004 =" o004 . o
18. O —=2>V, RS
k=2 ~3=05m 40p 20y L 6
0.50 19. () Here, T=0.05sec,v=300ms.
- velocity, v=yA =25x0.5m/s=12.5m/s
Velocity on a string is given by Now A=~ =vT = (300%0.05)m
v
T
V== s T=vExp=(1257x0.04=625N o, A=15m
oo T=vxu=(1257 Phase of the point at 10 m from the source
( I ) (1) 2n 21 4n
= L. L, =10log| = =—xx=—Xx10=—rad
We have, L, IOlOgLIOJ ) gLIOJ 3 X s 3
(1 (1) Phase of the point at 15 m from the source
. Li—=L,=10log L—l} —IOIOgL—ZJ 2n 2n
IO IO TXX=EXIS=2TEI’ad
or, AL =10log ( I y 1_0] or, AL =1 Olog( I J . The phase difference between the points
Iy I I 4 2m
=2n—-—=—rad
(1) (1) o3
or, 20 = IOlogL—IJ or, 2= lOgL_]J 20. (b) From figure, tension T| =m,g
L L T, = (m, +m,)g
Azs we ki‘low 2 Rigid support
L2 L AN
on ¢, =107 on I =155 Velocity o [T So, T N
N
= Intensity decreases by a factor 100. Aec T L § -
1 [T N |
Frequency of Ist harmonic of 4B = 2% % N ﬂ - % l § T
7»2 T2 >1,
. 1 TCD \\\\\\\ m,
Frequency of 2nd harmonic of CD = —,[——
LN m Ay  [my+my
Given that the two frequencies are equal. = 7»_1 - m,
1 Ty _1 /Tc_D - “4B_r
T,z=4T (D) 21. (b A
A B
LTI 1 [T
m—(’iui :“"":: 7“CD=£ 2\ m
Trs Tepif! or, N« 7o n/ = constant, K
(0) b soml =K,
B exm, L= ml, =K, nl,=K
m Also, =1, + 1, +1,




K K K K 25. () 2A;=50cm. A, =351 cm.
or, ~ = —t—+—
> n n n n
R veedT = L= T—2=,/273+2° = v, =319.23.
l _ i L L \b) T] 273
Cun m o ony o m —v2—319'23—640H
22. (b) Let the string vibrates in p loops, wavelength of the V1= 7~_1 T 050 z
pth mode of vibration is given by
v, 31923
A _2 Vp =t =———7 =625.94=626 Hz.
L Ay 51x10
dmx No. of beats = v, — v; = 14 Hz
Given, Yy =2sin (?) cos(96mt) 26. (© | 1 ¥ o T
! []+C \\ /,

’

-
-,
N
| ~
AN
4

~ h+e

. (4mx . (4nx
= —+96mt |+ ——96mt
ory 2[5“1( 15 ) Sm( 15 )

Comparing it with standard equation, we get

[ .
,

u=96—n=48Hzandk=4—7t = —
27 15 = ::::
1 _2x60 _ 4n = =]
48 p 15x%6m For first resonance For second resonance
=>p=16. A 31
23 (b) = ny (1) €]+e=z ﬂ2+e=7
) v-v, But v=vA
= @) o vEve(ly o) o re= )
v+ v 3 4v
n’  v+vg v .
From (1) and (2), F_v—vs ....... 3) soov=Evd(Li+e) = (1+e=E ... (ii)
] ] n 5 Subtracting (i) and (ii),
According to question, =7 V=2v(ly — L)) < AV=2v(ALy +Aly)
V=?v=330mis @ =2x512x(0.1+ 0.1) cnv/s =204.8 ey
From eq. (3) and (4) 27. (a) The frequency of vibration of a string is given by,
5 330+v, 1 [T ) ]
e [m} f= 7V where m is mass per unit length.

9v =330 1 IT 1 [T
o Vg=36.6m/s f1=5\/;f2=7 \/%

24. (d) Load supported by sonometer wire = 4 kg 1 2
Tension in sonometer wire=4 g

If p = mass per unit length f,—f = 1/TG-b)
2 1 2\V\m ll 12
1 |T
then frequency v = o
1 T 20
—= = =V2x10°=1414x 100
ao-L [ o
= BRI = 1414
When length is doubled, i.e., /' = 2/ h=h  (51.6-49.1)x10?
Letnewload=L W, ~ 51.6x49.1
AS, v'=v _2‘SXI02_L
L§=l4_g 50x50 10
'\ 2\ R %xl41.4x%=7beats
- 1 Lg_1 i 28. () Fundamental frequency of closed organ pipe
4\ p 20\np v V

— JL=2x2 = L=16kg © A



29.

@

Fundamental frequency of open organ pipe
V

Vo=,

k14
Second overtone frequency of open organ pipe = E

From question,

y_3¥
41, 21,
= [,=61,=6x20=120cm

u=%=0.6kg/m

f=5Hz, A=2(=4m
v=nA=5x4=20m/s

Using v=\/I:>T=202x0.6=240N
u

(ﬂ) =3.14m/s

max

30. ()

A)0=3.14
3.14 3
2x(3.14)x5
Equation of standing wave is
y=(0.1) sin (/2) x sin (10m) t
y=60 cos (180t — 6x) (D)
2n

A

=@=30 m/s
6

Amplitude 2A = 0.Im

©=180,k=6=>—=6

o 2n A
V=—=—X—

k T 2=n
Differentiating (1) w.r.t. t,

v =(:i—)t[=—60><180 sin(180t — 6x)
Vmax = 60x180 um/s

=10800 pm/s =0.0108 m/s

Vmax _ 0.0108
\% 30

=3.6x107*
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