Sound Wave

HINT & SOLUTION OF SOUND WAVE

EXERCISE-1
PART - |
HIT - |
Al A= i
n
320 _
A.max(aﬁw) = ﬂ =16 m
320
Xmin(w) = m =16 mm.
A2. (@A¢= ZT—“ At
= 2nfAt
=2 x 80 x 400 x 108
=64
(b)Aq): E AX = Z_Rf AX = —ZRXSOXE E l
A Y 320 100 10
-2
A 3. (a)é:_A :A_k:—ZX]'O sti
A 2nlk  2n 2n 207w
(b) max. velocity partlcle Eaulica) aﬁéw Cl _ Ao _ KA =5 x 2 x 10-2= 1
wave velocity T olk 10
A 4. Po=B. k So
— I:)o
kS,
_ P
2nS,
_ 20x0.4
2r 5x107°
5
_Bx10°
Y
Ab5xw A :X = Amaximum = v = @: 75 m
f fminimum 20
Aminimum = v = 1500 =75 mm
fmaximum 20000
v v 1500
L= - = N iers = =——"=75m
f waure 20
\ 1500
kw = — = =75 mm
fvl/kdre 20000
B 1. T= E = E
5 \%
3 = 2x100 V= 1000 =333 m/sec
5 \%
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Sound Wave
B-2. As Vs = ti or d=Vsts
S

and d=vptp

where d is the distance of occurrance of Earthquake from seismograph.

As, Vsts = vp tp
4ts = 8tp
ts = 2tp
Also, ts — tp = 240 second.
ts = 480 second
Now d =4 x 480 =1920 Km.
Sol. 3‘[\]%3 Vs = ti g7 d=Vsts
S
3R d=vptp

SRt d yoH g den G I @& 99 B g 3§

fj\ﬁ?, Vsts = vp tp
4ts = 8tp
ts = 2tp

I8 I, ts—tp = 240 second.

ts = 480 second

3 d =4 x 480 = 1920 Km.

n,Cp +n,

5
sz _ 1><§R+2><5R

7
_ 19

B 3. a ix =
@ . n, C\,1+n2

Mmix =

n,m; +n, m,

C, 1.3R42x2r 13
2 2

_ 1x4+2x32 _ 68

n,+n,

melxRT

(b) V= E

B 4. Mmixﬁw =

142 3

19 x25x3800x3 _ 00 9 mfsec

13><3><68><10_

1 4R 1

= mMV==—/-—+ —/nT
2 M 2

100 100

My, Mo, | Moo,

M

n,f, +n,f, +n,f,

Ar

40 32 44

_ .6x3+1x5+1x6 _ 12.8

fmix =
n,+n, +n,

12.8 5
— fmix+2_ 26 -

2.6 26

18

M = "¢ 77128
2.6

T 128

[ 18x8.4x300

V_ J’YmIXRT
M \]12.8 100, 1070
26

Ans

12.8x100x1072

\/18x8 4x300%2.6 _ \[921375 - . 303.5 m/s
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Sound Wave
Cl1 €) Po
' 2pV

P _(P
2pV Water 2pV air
PP) _[FR
20V Joq 2pV a

=1

Given f&am a1 & Iw = lair

2
Po st - _Pw My
Pzrrao Par, Vama
P
o waer _ | Pu Vu \/1000 1530 _ o
PO air pair Vair 125 340
Powar _ | Pu Vo _ \/1000 1530 _
P, o \[ Pam, Ve, 1.25 " 340
(b)  Po= \f2IpV
1 ( ‘2|pv)water= ( 42Ipv)air
= (V21pV)__ = (J21pV)
arg
Il = pair Vair = 1
Iair pwater Vwater 3600
l, _ P, Vam, _ 1
b Pom Vo 3600
C2wm Po= ,2IpV
P P
= |2 V oI =
(4nr2 j 2 ( 47ir? j
_ \/2><.8><225Tt><340 — BN /m2
544 x4nx1.5%x1.5
SO — Po = PO = Po (... B — pVZ VkSJ k — 9)
B k ) (Wj 21 pVn v
PV
\%
_ 5x 544
21t x 2251t x 340 x 600
_ 5x544 x3x3.375 = 3x10°m=3um
2x225x340x600x100
Dlw (a)A= 340 A¢:2—n As
850 A
2n =850 > 2 21 x 850
= L 00 124 —2.4}: SRXON  [2.6-24
340 [ 340 [ ]
_ 2nx850 x0.2 =1
340
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Sound Wave ﬂ—

D 2.

D 3.

D 4.

(b) 1= IA+IB+2JIA I cosm
< ([T VT2

e R
4n (2.4)° 41(2.6)°
[ 25 [ 25x :( 5 5 JZ
\4xn x(24) \4n (2.6)° 2x2.4 2x26
§[2.6—2.4j2: 5,02 Y _( 25 Y _(25Y
2\2.4%x2.6 2 24x26 12x26 312
if path difference at detector is always less than A/2 then no destructive interference is possible. Here

max. path difference is 2

IS IS UR UATR SHRMN A2 § HH 81 o1 Dis Al AfTHRor F7a &1 © | Jaf 3ffdes ga=iR 22 |

&>2, k>4mx>4m n<x<g<83Hz

2 n 4 4

S D 0 P

Letd™@T SO+OD—-SD=NX .ccoevrnnne... I constructive interference JuTs! fadroT

=SP+PD-SD=nA+ % .............. 1I destructive interference fa=relt &faazo
I -1 gives A W

SP—SO+PD—OD=%, OP+OP=%

Now new situation of detector is D’ AT gad ol T3 RAfd D' 7|
so path difference for subsequent minima A A fag & ford =R

AS =S1D'— S2D' = %

<+—24cm—>,

= J(B+x)? +24° — x* +24* =1 = x=7cm.

so detector should be displaced by 7 + 1.5 = 8.5 cm
A gad 8.5 cm 1 fawenfid g |
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Sound Wave

D 5.w Initially path difference 2S1 —24 =A/3  ...(i)
= where A=6
T HAT & foT URMAS vk 2S1 — 24 = A/3 (i)
If shifting is x for bring waves in phase 2S:'—24 =) (i)
g wen @ fory favemod x 8 2S1'—24 =1 (i)

E 1.

subtrac'E\‘ (2) and (1)
IHHIOT (2) F A (1) BT TS W

2S:1'-2S; = &
3
Si'—S1= A
3
Si'—Si1= E
3

JE+xP+122 - V5 +12° =

on solving 1 ®%9 WX x =4 cm

m

1l
'_\
>

1l

W

=3 30x10° O=21TN=6 =w 30 x10°

a=2 x 105 m
for stationary wave STRTH! GR¥ &g y = a sin k x cos (o t + 6)

y = 2 x 10-6 sin 67x cos (6 V30 1 x 102t + 0)
atx=0.1Ww

y =2 x 10 sin % cos (6 V30 1 x 103t + 0)
y (0.1,t) =2 x 106 sinf—;E cos (6330 1 x 103t + 6)

y1(x, t) = 1x 10 sin (6rx + 6 N30 1 x 103t + 1)

y2 (%, )= 1 x 106 sin (67x — 6 V30 11 x 103 t + 0y)
atx=0.1

y1 (0.1,t) = 1 x 108 sin (% +6V30 1% 103t + 0))

y2(0.1,1) = 1 x 10 sin(f—g _6v30 1 x 10t + 0)
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Sound Wave ﬂ—
100 = _ g5,
2 x

E2=xw (a)f=

k=107 p=2 o2
k 10 =

v=fA=50x0.2=10m/s

(b) B = pv2 = (10-% x 1000) x 102 = 100 N/m?

Pm = BK So =100 x 107 x 20 x 10-3 = 20t N/m?

x 100cm =20cm

(c) Distance between Pressure Antinode and displacement Node is :I =5cm=.05m

T gg q fawenus s & 959 g9 © ﬁzScm:.OSm

P2 _ (20m) (20m)
2 pV 2x1x10

= 20 n2 w/m?

d 1=

F1. Equation of stationary wave from closed end = a sink x cos ot
g5 R 9 U TR H FHIBT = a sink x cos ot

Now at x = E
7

3rd overtone Y SIfERAR®

Q =/
4
. . . 2n
Amplitude I = a sin kx = a sin U
. 2n Th LT
=asin — =asin —=a
4x7 2

F 2. fundamental frequency of air column
(= V__ 320
4 ¢ 4x0.8
other frequency which resonates are
f=100(2n+1) n=0,1,2,3........
here f < 2kHz Ans

IR W DT A 3ghal

=100

f:izﬁ =100
4 ¢ 4x0.8
=Y AT Igfa =t Bl

f=100(2n+1) N=0,1,2,3 ...
ggif< 2kHz Ans
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Sound Wave

F 3.

F 4.

F 5.

F 6.

A

E:4><1O—2m A=8x102m

P,
First overtone Y2H AfERD
< \VARY

fundamental

= (2100 — 1800)

330 330x100
m =

/= cm =55cm
2(300) 2x300

|
~
[N

~ S
I
Y
N

=/1 A2 =40

f1+ (2 =100
502 =100 /2 =20 cm
Fundametal frequency of open pipe.

el UTsy 31 g fae

f= 320 _ 320 _ 320x100

2cr - = =200 Hz
A 2x 0, 2x80

/1 =80cm
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Sound Wave

F7.

F-8.

3 A

— =Y
4

N>
1
~

and for n" overtone @1 n SfdwaR® & o (2n +1)% =/

(2n+1)_7\':£, }\‘:ﬂ

4 (2n+1)
f= Y @+D 050 1z

470

_ 340 (2n+1)x100 _ o0

4x85
=(2n+1)<125 n — obertone JAfEERS F=T
2n<11.5

11.5

n< —=
n< 5.75 n number of oscillation = 6

n=0,1,234,5
similarly for open organ pipe

f= X(n+1)<1250
2¢

340x10G (n +1) <1250
2x85

n+1l< 12—5
2
n+1<6.25
n<5.25
n = obertone RS & FE=A
n=0,1,2 3,45
number of oscillation el &I F=AT (6)

Fundamental frequency, f = v
4(¢ +0.6r)
Josr
l
N2

.. speed of sound v = 4f (¢ + 0.6r)
or v = (4) (480) [(0.16) + (0.6)(0.025)] = 336 m/s

n Sl &1 A= = 6

S IPR Gel M UIRY =g
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Sound Wave

F-9.

Gl=n

G2

G3n

$oer

“1

h'A
- & @1 A1 v = 4f (¢ + 0.6r)
I v = (4) (480) [(0.16) + (0.6)(0.025)] = 336 m/s

The well can be considered as an organ pipe closed at one end and open at the other. At the
fundamental mode, A/4 = ¢(depth of the well in this case). The given frequencies happen to be 3rd, 5th
& 7th harmonics of the fundamental frequency n = 20 Hz. Now use v = nA so as to obtain depth of the

well = 4.3 m.

FHI TH qY WH AT S GHAT © 1 Yh (R R 98 TN T RR 9§ Gell B | o MIfT W FHY Bl TERE
MA =8| & g AGAl 3rd, 5th & 7th A& B8R AT oI AR n = 20 Hz 8| T1 U Pl T8

43mze S v=nL ¥ ST BT S o 2 |

n+t4 =474
n+4=482 it is possible at n =478

f:!
A
Mmf=—/Ink+ %énT—lfn u
Tdi 5,11
fd 2T
df _1dT  dT _2df _2x6 _ 2
f 2 T T f 600 100

% change "faerd aRadd = % x 100 = 2%

1 [100

— —-n=5 .. 1
20\ & (1)
n-— 1 Bt =5 (2)
20\ p
add equ (1) and (2) THHER (1) T (2) |
i i =10 n :L = 1 :i
20 [ Ju 20 ¢ 20x.5 10
p nr2=0.01
4
p= '0%3 5 = 10 = 40 x 103 kg/m3
(0.5x10™)° n 0.5x05 = T
put u = 0.01 in eq. FHHIOT 1= 0.01 I
1 100 _.
2x0.5 \0.01

n=100-5=95Hz

Y Id 8 N=478 R

n=0.01

1)
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Sound Wave

G 4.

Frequency of first over tone of string = %

i

fundamental frequency of close pipe

b=V = 30 _o00h2

40 4x0.4

f1 and f2 produce 8 beats so f1 = 200 + 8 or 200 — 8 on decreasing tension f1 will decrease and beats
decreases so it must be 200 + 8

T
2.5x107°
[ 25x107° J
25x107
T=(208 x 25 x 10-3)2 = 27.04 N

W%ﬁzﬁumafﬁwwa%mﬁ:%

N
"

208 =

Ans

I
~
=

f1

I UISY DI ¥ AR

b= Y= 320 _500H2
40,  4x04

fi 3R f,, 8 favde SO~ BT & (T f1 = 200 + 8 IT 200 — 8 BN | -I1d TS W f1 B T "edl & 3R

favgg WY =3 3ra: SHBT A9 200 + 8 BN |

T
2.5x107
(25x102j
25x1072

T = (208 x 25 x 10-3)2

208 =

= 27.04 N Ans
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Sound Wave .
ul e =
= = W
H1lxw = = —
—>V g O > Vemmmmemmeeees 2
@Qf=fS Doppler effect between source and wall €aR Td S0 & Aeg SfeR Y9G |
c—Vv
c_ ¢ c—Vv
A== (cv=
(2) il (c-v) :
C +v C +v . o
Q) f = =f Doppler effect between wall and observer. E1dR T4 U&Th & AT ST@R
UHTT
C+V 2v
4) f = —f=f| ———-1| =f
( ) beat oo |:C—V :| —
u=33cmls

Ts

H 2.
= Y Y poppler effect between source and wall <R T4 d & 7o SfeR G
\
" =f —Y_ Doppler effect after reflection TRTIAT @ TRER SR TG
vV—-u
£ =f V+u
vV—u
ao= Vo V(v —u) v—u
' f(v+u) V+u
Mv—u) 2
A= o= _v*uU x100 = 24 x100=2X033 _ 59,
V+u 330x0.33
u
H3. Re-——-g—>2--
1000Hz
forR1 (R1 & foro)
f, v
foirect = fo v freflected = 0
V+Uu vV—u
fbeat:fo V—fo V: 2f20 u;/leZ
vV—u V+Uu V- —Uu
for Rz (R2 & forg)
f, v f, v
foirect = 0 freflected =
vV—u vV—Uu
foeat = O
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Sound Wave

H 4.

H 5.

—/
(R: & form)
% f, v
f,.=f f = 2
SV ey —y
fm_fo v v_2f20 ullle
V-u V+u vi-u
(R2 & form)
f, v f, v
f .= 2 , f = 20 f.=0
el V—u ENEGIG] V—u g
— v
W
f=f= S~ Y Doppler effect between S and W W <R Td Hd S & AL SR UHd A
fr = —_ Doppler effect between W and O W SR Td Ued O & e SRk J9d A
C+V
_g C-V
C+V
. (V+V 9 V4V, 9 _ ViV,
n' = n = ([ = = =
V-V, 8 V-V, 8 V-V
9V — 9Vs = 8V + 8Vs V=17 Vs VSZ%ZZOm/S

H 6.%

Let frequency of P is n then possible frequency of Q is n +% orn-— g but on loading P with wax

. . 7
frequency will decrease and here beat frequency increases so Q must have frequency ng = n +§

Now from doppler effect for Q frequency echo received by Q.
Ng —Ny 2V,
n, V-V,

Q

no, (ng' =ng=5)

5 _ 2x5
n+7/2 332-5
2n +7 =327 = n=160 Hz Ans

Wpaﬁmﬁn%aﬁQaﬁwﬁamn+gmn—% g A P R AM o & 918 Jgfa

Wﬁﬁ@ﬁ?ﬂﬁﬁ@ﬁ@@%wqﬁ@maﬁ:Qa%wqf?lnqzn+%?ﬁ‘ﬁl
T QR SR Y¥E ¥ Q §RI UTd Agfa ufreafs

Ng =Ny 2VQ

- Q ' —

RIS n, V-V, (ne" =ne =9)
5  2x5

n+7/2 332-5

2n+ 7 =327 = n=160 Hz Ans
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Sound Wave

Al

A2x

A3.

B 1.

B 2.

B 3.w=

PART -1l
HIT - 11

Frequency depends on source not on medium.

AR, Fd W) PR Al 2 91598 R T3 |

o Vo210 210
A 15x107 15
Vmax@ =Aon :5><10—3><%><2n

=70x2x % x 103 = .44m/sec.

(A) fiar=fa A2
(300) (1) = (f2) (1.5)
200 Hz = f2

time to reach sound wave = %
340

time to reach bullet = s = 544

(340-20) 320

At =544 i_i =544 x L =0.1sec
320 340 320x 340
e TR & UgEd H o §HI = %
Thaﬁﬁqg”aﬁﬁamw:i =22
(340-20) 320

At =544 i_i :544><L:O.1sec
320 340 320x340

A o = ﬁx&:\/ > 183 _475
Vv, AM, "y, \3x40 4

The speed of sound in airis v = f%

ML of Hz is greatest in the given gases, hence speed of sound in Hz shall be maximum.

arg ¥ @fy B A v = %

HzmMi,aT@ﬁiﬁﬁW%,w:HzﬁmﬁaﬁwaﬁW%
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Sound Wave ﬂ—
I

C1l B1=10 log Il B2=10 log 1_2
B1—p2 =3.0103 10 log Ii =3.0103
2
10 log L - 3.0103

10x107° x10*
= [=2x10%

C2xa Bo:lOIogll B;Lzlologyzlolog4+1OIogI—I
=20log2+Bo =Bo+ 6
Hence when intensity is increased four times, level becomes (Bo + 6) decibels
T TG qH dadl 4 AT 9 A 8 AN KR (Bo + 6) SHES B I 2|

C3m — =1foran isotropic point sound source. T& wHIfe® fa=g @ & & o

2

4pr
= P =1.4nr?
= (0.008 w/m?) (4.7.10%) = 10.048
=~ 10 watt. Ans.
D 1. In the interference the energy is redistributed and the distribution remains constant in time

Ffdexor # Ioit g AR 81 Skl & den fadRo w99 & a7 & 2 |

D2. Ist minima %A A Ax = (2n+1) A/2 = 12
1" minima fg<ia ™8 Ax = (2n+1) A/2 + L = 36

= A =24cm
= V=330 175,
L 0.24

D 3.w path difference TR =nr— 2 r
AS =71 (n=2) ni = AS
for constructive interference

T IR B ford

nk:r(TC—Z) A= M n:X:L
n Ao (m—2)
y
A
o o o
D 4. T\B" q\i <|iN <ltm n=3
o o o
d=a| § T 7
i——o—lo—l—>x
Al 30 20
P1 P2 PB
D-5. [3=10Iog|l, 60=1OIog|l
[3=10I09ﬂ

o

=1OI098+10Iog|—|=3OI092+60 =69 dB.

(o]
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Sound Wave ﬂ—

E 1.= When a sound wave gets reflected from a rigid boundary, the particles at the boundary are unable to

F 1.

F 2.

F 3.

F4.x

vibrate. Thus, a reflected wave is generated which interferes with the incoming wave to produce zero
displacement at the rigid boundary. At these points (zero displacement), the pressure variation is
maximum. Thus, a reflected pressure wave has the same phase as the incident wave.

9 S R DI g URAHAT F URMERTT B UK PR B, YRAHAT BT BT HF bR H A B | 37
IO ARG T 3 dlell a8 & A1 AFTHIOT BB §g IRAM TR R AR I il 2| 39
fog W (o favermos), <19 gRed= sffead ® | 31d: uRafdd &Td R Aafd aR¥ & FE € dbell @
g

Nni:nz:n3=1:2:3
X:i:l: 1:2:3
}‘1 7\‘2 7\’3

}\.1:7\.2:}\-3:1:E:£
2 3

In an open pipe the ends are points of displacement antinodes and hence pressure node. The midpoint
(for fundamental mode) is a point of displacement node and hence pressure antinode. (variation of
pressure is maximum at pressure antinode and zero at pressure - node).

Yol M UEY # AR fagell W R gw= o g9 o= 81 © 1 7 fag (qa fa=n & o)
e s &1 f9g € IR o/ S U= B | (Y@ ¥ uRadd, 6 U< W f¥fead @ I6 o<
R I Bl B )

Closed 98 Open gefl

vy vV
40, 0,
<« /> <!>

E Fundamental E Y faEn

< 44 > < 4/ >
(2= 4/
l1= €—2= @z 12.5 cm
4 4

Now the tube becomes a closed pipe with length ¢/2.

Vsound - Vsound

fundamental frequency of B =
il a(012) ~ 2t

! ZZIZZL‘-_‘ZZZZZ

which is fundamental frequency of A.

39 el (/2 TH=TS BT < UIRT 2 |
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Sound Wave

F5x

F 6.

V, V,
B @ Hof aMafy = —=_ = =B Gy A ISR
K a2y 20 KO

£:E+.6d, U1=X
2 ™
«—d—>

4
}L—Z =/+.3d, 0221
4 A,
«—d—>

1)
v, _ 2 (C+.6d) _ (£+.6d)
v, 4 (¢+.3d) 2 (¢+.3d)

Second overtone of open pipe = §—€V
i

4 5V
second overtone of closed pipe = —
2

Since, these frequency are same

V_5V_f_4x3 _6
20, 4¢, (¢, 2x5 5
Y
: : 2
Now, the ratio of fundamental frequencies : L Z\il = :
2 R 1
47,

agétns‘qm%—cﬁaeﬁéﬁvﬁzg—v

ly

‘eiaqmm%?ﬁaeﬁaw:ﬂ

40,
f smgfoai wae ®
V.53V | 4L _4x3_6
20, 4¢, ¢, 2x5 5
\%
fo_20, 2

379, ol fqensll &1 rguTa: i

—2-10:6=5:3 Ans.
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Sound Wave ﬂ—

A
F7. Z:£1+e ...... (1)
%:gﬁe ....... o)
THHR (1) T (2) & e=2cm
G 1l Beats

Frequency of tuning fork is 512 Hz. Frequency of sonometer wire either 512 + 6 or 512 — 6

As tension increases frequency of sonometer wire increases nao T
No. of beat reduces. So that frequency of sonometer wire is =512 — 6 = 506 Hz

@R 1 AGRT 512 Hz B 37 WRAM! &1 R &1 JMIRT a1 @ 512 + 6 BF A7 512 — 6 BN | SIF 1@

qEdT ¥ TR AR A MR aedl & no VT den Rwd @ wen sed 2
3T AT AR Y IMIRT = 512 — 6 =506 Hz B |

G2 sin2ant+sin2x(n—1)t+sin2x(n+ 1)t
[2nt(n—1+n+1)] cos [2nt(n +1—=n+1)]
2 2
sin 2zant + 2 sin 2znt cos 2w t

sin 2znt [1 + 2 cos 2x ]

sin 2nnt + 2 sin

= fbeatmz 1
Vv Vv
G 3. S S
LN L
V4

IS TSy B TS YN PR & A © Al g W fawEr @ §=a o) -, :%:gzz

H1. Doppler effect in Frequency depends upon relative velocity between source and observer

Mgy 3 Sfer w97, Fid iR siar & #eg |Anfere 97 iR iR a7

H 2. n = Vv, n, nr= v n
\% V-V,
, V4V, 350+50
n = n=— H— ——X
V-V, 350-50
_ 400

= — x12=16KHz
300
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Sound Wave

H 3.

H4x

H-5.

, (V—Vosina
n=n-—— -———

1. :
tan a = = is constant and n’ remains constant and n’ < n.
V -V, cosa 2

tana:%?-r%'rr n' fag 8d 2 @R n’' <n

so. graph. must be
T % AT BT |

At A observer is moving towards source so vi > v .

At B observer is moving away from source so v2< v .

At C observer is moving L to line joining source and observer so va=v .
= Vi>V3> V2

------.S

A TR Y&, B B ARG IR 8 STk vi> v .
B WR VeTd, TG W §X Off &1 8 31k va<v.
C R UeTdh, d g Sl d1 el arell @1 & oaaq T 8 ofd: va= v .

= Vi>V3> V2

fo 320+2 400
320

f' = 320-2 400
320

of = ano 322 318

320 320

Af = 400x 4 _5

320

/\
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Sound Wave ﬂ—

1=

3=

PART - Il
HIT - 11

(@) y=4sin (5x — 4t) + 3 cos (4t — 5x + 1/6)
] g fa=m # IfHM Bell FRIg AR BT ARV B, 39 YPR 961 Jod Wl b 3T Y = 2 |
X . X )
(b) y—10005(t—ﬁj sin (100) (t_ﬁj fdl g W™ S &4 8, x =0 R,
y = (10 cos t) sin (100 t)
fpf A g WR oM ST aRafdd gar 8 | 39 yeR I8 faw=] &) wHieRo 8
(c) y =10 sin (2nx — 120t) + 10 cos (120t + 2nx) = fouid feem & F@Rd & doll F== W Bl
IR = ITHI TR BT FHIBROT
(d) y = 10 sin (2nx — 120 t) + 8 cos (118t — 59/30nx) = &1 TR &1 ALARM =@ mgfoi § w1 <
IR 8 (w1 = 120, w2 = 118)
= U= @ FHIHI

Find all speeds w.r.t. wind and apply doppler effect .

A AT B EAT D AU o TR AR SR YHE H1 SYIRT HRA W)

(A) The wavelength of the waves coming towards the observer from source = (V - Vw + Vs)/f
A A UeH DI IRB S §s IR DI axieed = (V - Vw + Ve)/f

(B) The wavelength of the waves incident on the wall

R TR AR Bkl 8 AR DI AR«

=(V+ Vw - Vs)/f

(C) The wavelength of the waves coming towards observer from the wall = (V — Vw — Vp)/fr
AR A UdH DI AP A W& A DI aeed

(D) Frequency of the waves (as detected by O) coming from wall after reflection=(V - Vw - Vo)fi/(V - Vw
- Vb)

9 IR F WA & 918 a¥9 d1 MgT @(eqd O & gR1 Uferd) = (V - Vw - Vo)fd(V - Vw - Vo)

From standing wave equation

v = (400) (0.8) = 320 m/sec and natural freq. can be -

40’ a0’ a0
80, 240, 400, 560 Hz................
(i) For f = 240, resonance will occur, so only third harmonic will be activated and air column will vibrate
violently with purely third harmonic f = 240 Hz.
(i) For f = 400 Hz, also resonance will occur and air column will vibrate purely with fifth harmonic.
(iii) For f = 320, f = 500 Hz, forcing freq. is not matching with any of the natural freq. So resonance will
not occur and air column will vibrate moderately, and there will be some contributions of all harmonics.
YA TR FHIBROT ¥,
V = (400) (0.8) = 320 Hex/AHvs qA1 { 3Ngfa f+=1 & Faoehl &
v 3v s
a0’ 40’ 4
80, 240, 400, 560 Hz................
(i) f =240 & foQ, FAE BIW, 31 Bad AART GG Al BN g a1 W9 Ygal | AR G181 & A1
Mevr FF= FHRar g f = 240 Hz.
(i) f = 400 Hz & 1Y, TG 8T, IR W Uiad & & A1 Ygal F HFI~ BT 2 |
(iii) f = 320, f = 500 Hz & forg, s 12 omafar fd Wt o omafy & =&t M 2| o orgAe =81 arm
IR AT WP HEGH B B, TAT Jel G G D HB BTN B |

/\
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Sound Wave ﬂ—

5»n

EXERCISE-2
PART -1

During clapping multiple wave are produced with different wave parameters so wave is resultant of all
these wave

dTell S99 @ SRIF fAfI= TR ol & 1t M =T S Bl ® | 37a: a)9 39 |99 a) @1 aRomd
BT |

Time taken by plate to moves a distance 10 x 102 = % gt? = % 9.8t2 = t= % sec
fo no. .of vibrations _ 8 56 HZ3
time taken 1/

Wm@ﬂﬂﬂﬂﬁﬁﬂ"ﬂmlOX10‘2=%gt2=%9.8t2

1
= = —SsecC.
7
f= L = i =56 Hz3
SRIRSEE 1/7

A(

“—

AT B Path difference is O and at A path difference is 41. From nA formula there are 3 maxima position
between A & B . So total maxima in ellipse = 16
BWR TARR O & 3R AW TR 4L &1 nk RiE< ¥ AR B & #e i Seaaw Refa 20| o

<reigd R B ARSI = 16 BN
Note — if there were circle, rectangle, square instead of ellipse, answer is same.

e — af} et ddgd & WM W g, AT A7 G B o1 W SR |GHM BT §

Resultant amplitude TRUH &A™ = NA
Resultant intensity IRUHT diegar = N2Io

First maxima after O will appear when path difference AS = A
SO AP -BP =2

24+ _p4=2 A=0.2

sound velocity =n A = 1800 x 0.2 = 360 m/s
O 915 YIH Ifeass YT BN 79 UATOR AS =L 8 |

3 AP -BP =)\
242 +71? —24=2

L=0.2
=gf 97 = n A = 1800 x 0.2 = 360 m/s

/\
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Sound Wave

6.

Path difference (AS) between direct and reflected wave =130 — 120 =10 m

ceiling
25 m
P < 120 m > S
Direct
for so constructive interference AS = ni
p= 45 _10 =123 ...)
n n
A =10, EEE ..... Ans (A)
2 3 4

Wt iR wRrafcia TR & 7e9 9= (AS) = 130 - 120 =10 m

wd

> S

k:§:9 (n=1,2,3, ... )
n n
A =10, EEE ..... Ans (A)
2 3 4
y1 = A cos (ax + bt)
so here 31: I8 k=a
2 =a = A = 2
A a
ow=b = n= 3
2n
I I a ’
incident — — [ incident ] Areflected = 08 A
Ireflected O . 64 I areflected
2
Lo = I = o A = 0.8 A
| 064 I A sia

For reflected wave Displacement equation

TR a3 & ford favermue e
y2=0.8Acos(—ax+bt+mn)
=—0.8 Acos (ax — bt)
by super position law resultant wave

IR R & IR TR
y=yit+y2
= A cos (ax + bt) + [- 0.8 A cos (ax — bt)]
so incorrect option is D

I T8 faheu DB

/\
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Sound Wave

8. Speed of sound in an ideal gas is given by

Sol.

V =

YRT
M
V o \E [ T is same for both the gasses]

E: &XMHS = @(ij :\/§/5
Ve \7. M, (5/3)\ 28

Y, =715 (Diatomic )
Yy, =5/3 ( Monoatomic )
e 9 | @y &1 99 = iR 9 A S 2
v [FRT
M

Voc\/% [QF 9 & A T 96 99 g

M

He Ve o

N, VNZXMHe _ (7/5)(1) _3Is

(5/3)\ 28

v, =715 (feeRATT)
Yy, =5/3 (VHYRHTIL)

1
V ¢ —
N
Ko (L
Va 1 m,
C
Herey:_”:E
C, 3
UH N H @ @
vie 1B
M
Voci
i
Vi 2 m,

for both the gases (ymonoa‘omic = E] .
v f=1 wu ¥ fean Srar @ -

3

/\
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Sound Wave

10.

11.

12.

Y for open pipe
Y, p pIp

fun. =

Y .
— for closed pipe
4¢ PP

fo \E but f does not depend on pressure.
for closed plpe fast overtone = 3ftundamental.

\'

ol U8y & forg
fun. —

5 4189 & forg

20
v
4

for NT ifthd fam R PR T8 Bxa 2

T UISY B MY oy oo =3

for open pipe first overtone frequency = % X 2
qﬁ@%ﬁqwmﬁmﬁ:%xz
for closed pipe 1st overtone frequency =

Wuﬁqzﬁmqaﬁmaﬁmﬁr:M
C
the two frequencies are equal. &1 AT SRR 2 |

-, e
o, 4

&:ﬁ A=20
2

\%
n= —

20
3_}\':( }\‘:ﬂ n= —
4 3
nz —n1 =100
vV_2v_ v~ 100
40 40 4¢

fundamental frequency of open organ pipe 2% = 200 Hz.

ol A UIEy B o Mg 2X€=200Hz.

/\
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Sound Wave ﬂ—

13.

14.

15.

16.

17.

Sol.

To get beat frequency 1, 2, 3, 5, 7, 8, itis possible when other three tuning fork have frequencies 551,
553, 558, etc.
1,2,3, 57,8, fds amgfd ura &1 & oy a8 9=1a & & o9 W1 w@R= 91 amgfa 551, 553, 558

gIfe B

frequency of two source n1 =50 nz =51 ] Al & 789 3Mgfa ni =50 nz2 =51
so beat frequency = 1/sec. 3 fadg smgfa = 1/sec.
. R . . I 2 ?
Now intensity ratio of maximum & minimum value = ™ = M = [Ej = 4
Imin (al _az) 8 1
2 2
39 SfHTH AR YATH A BT AU = Lnax :—(a1+a2)2 = (Ej _4
Imin (al _az) 8 1
So Ans D 37c: fd®ed D |8 B |
. cC+V
frequency of sound for approaching observer fa= ——f
c
I S ATeY UAS B ford @iy Mgy faz S f
c
: c—V
For receding observer f; = f
R A dqTel UeTdh b ford fr= "%
c
fo+ fa = 2f f= f';fa Ans (A
v Vv
n=n. Sl il = (n" = n) Vsound = N"Viran
Veound ™ Virain Ve — Vi - %
n=n. Vsouns Ver = (n—=n") Vsounde, = n’ Virain,
Vsound +Vtrain Viaﬁ + V?a
(n"=n) n . e .
= = = NN~ —nn"=nn-n'n
n-n" n
. Ny 2 n n’
= 2n'n” =(n"+n")n = s
(n"+n")

The motorcyclist observes no beats. So the apparent frequency observed by him from the two sources
must be equal.

f1 = Frequency recorded by motorcyclist from police car.

f2 = Frequency recorded by motorcyclist from stationary siren.

For no beats = fi=f2

176 ( 330-v j:165 (330+Uj
330-22 330

Solving this equation we get, v = 22 m/s
e} ARfhd dad By fIws T8 A 2, 9ot SWa gRI Gl T8 SFI A &1 M9 3Mghy aRTeR
B+ =Ry |
fi = gford HR & Alex ASfdhd ATadd gRI Gl T 3MgHT
fo = ®@! g8 HR I AlC ASfhal ATAAd §RI Gl T3 MR
PIs fods T g & fog = fi=f
.. 176 (M] ~165 (330”)

330-22 330

B PR WX BH UTd BRd © , v =22 m/s

/\
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Sound Wave .
18. Using the formula

(ot [v+v0
v

)

weget 55=5 (VJFVAJ
v

v = speed of sound

V+ Vg

and 6.0=5 (

here

(1)

(2

va = speed of train A

and

ve = speed of train B

solving eqgn. (1) and (2) we get :

Sol.

YTl 89 5.5=5 (VJ“VAJ
\

6.0=5 (V“’Bj
\V

RE| v =& B Are
va=<Sd A D T

q

q

Ve =29 Bd AT ®©

(1)

(2)

JHHIT (1) 9 (2) & B W -

Vg
Va

=2
fi=f 4
V-V,

340

f=f| o2
(340-34)

and 3R

19.%

S

Vsound -

1.2

20. 1 fo
Vsound +V .

train

Tsouns — Vmen = 0,8

sound

\'

fa=fo
sound

1
1.2

Vean

—= fo
Ve Vg

Van “Vam _ g =

Van

340 }
323

- (340—17

1.2 Vsound = Vsound + V V=

f

o
f,

=1.25

U

1.2v

iy +V

= =V,

b5
f2

sound
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Sound Wave ﬂ—

. . . : \Y
21w There is no relative motion between source and observer so frequency remain constant n = o
0

7 0 SR S @ e e T T A @ § o g P @ n= L
0

when wind start blowing in the direction of wave motion then velocity of sound =V + uw

9 B TR D1 M H T IR BN 9 & BT 9T =V + Uw

S0 apparent wave length A' = v+, = VJ\F/UW Ao
ot SRR e 4= Ve Vt/uw Lo
n
Ans (B)
22. frequency heard by listener ST gRT gAY sgha
V-u)\V V+u)\V
ni= — nz = -
Vo)A vV )AL
_u,
* - - - - - - e - - - - - ®
S, 0 S,
beat frequency fa®ig amgfd = n2 — 1 =% Ans A
23. Let the velocity of source at mean position is u observer hear maximum frequency when source

approaching line from mean positions

AT A7 R oR BG B Mgid u B T UeTd ff¥Had Al G oid WA /ey Rerdl @ v H

Ugad ¥ |
Lmax = A%
c—u
and minimum frequency when source reseeding from mean position Lmax =v
c+u
3R S1q S A Rerdl | X G & 99 AT IR Lonax —— = v
c+u
velocity at mean position 1&g Rercl TR a7 u= Jng(1—cosE))
Lmaxsfrem = 0/
¢ —/2gd(1—cos0)
cv
Lmi = Ans ©
e c—~/29d(1—cos 0)
24,
v=20m/s 800m
observer Jerm

f:fow = 600. &: 600 . L

Veound — Vsource 330-vcosH 330-20cos37
f=fo Ve 600 . __ 30 . 600 . __ %30 . 00 . (@j = 630.5 Hz.

Voo — Var 330-vcos6 330-20cos37 314
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Sound Wave ﬂ—

25.»  Due to Doppler effect apparent frequency of Si will continuously decreases. But apparent frequency of
Sz changes to lower value when it crosses o0 so best represented graph is.
Ans (C)
SR J41d & PR Sy 1 MR AR Tl & | Afd Sp @ el Mg 519 I8 0 1 UR 3l § Al
BIC 71 | gRafia & ot 8 ord: & 3% C 8|

source Vi

V.
26. / (2r, 0) / (2r, 0)
S / S /
V,

observer \ RGed

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

Hence apparent frequency continuously decreases. (fapp = f when vapp = 0)

Ueldh 9 WA & e Ugd BT 97 TSl 2 3R HChR I d 918 ¥ [ BT 9 99 SNl B |

3FcT: UM ST IR Eeehl &t & (F,,  =fo@ v, . =0)

27.
Xy
<>
o ® ° * °
S, S Max.  Min. Max.
X1=2A2
Since xa1 depends on A then
Now v = fA

if frequency change, A changes

medium change then v change

amplitude change then no effect on A

b x1, A W R $xall &, a9

g v=_fr

gfe gy § gRed= 8iar & @ A gRafdc 8iar & |
A1emd gRafidd 89 ) v aRafia giar 2 |

MM gRafdd M IR A R Bz UH1d Tl gsdl |

28.  There are two views J&f &I g

Ist: If displacement amplitude remains same than If¢ faweo= MM F9F &1 € A9 [ o f2
I_l_ﬁzl I1200H2 :g

L, f7 9 Lo, 1

I
11t : If pressure amplitude remains same than af& 9 TATH FAM &1 8 09—z :%

400H,

29.

02

- _500Hz
20
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Sound Wave
0. af= G o C g cfau 2l
- c-u c+4+u c*-uv* ¢
Afo 21400 800 _, .,
345 345
PART =1l

1.

<—dx—>

H" |‘v
T, T T,

time taken by sound waves to travel dx & TR §RT dx T T S 4 foran 11 F99

dx dx M

dt= — = =

dx

v \/'y RT v RT

M

2 d T, 2d AT,

{400

_ 2x900

_2d (v, ) _ 0
t'ﬁwﬁ[ﬁ] ) Ve Ve (TR

2.n y =12 sin R—X, att=0
50

. s
=12sin — (x—wvt
y 50( )

. s
=12 sin — (x—100 x 0.25
y 50 ( )

So equation of shape of wave ATy TR TR BT FHIGIN y = 12sin (%—

=2.5sec

100 ++/900

2
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Sound Wave ﬂ—

Sol.

2!

[
path difference = 2 A sin 6 = 0, A, 2\ for maxima
Ifeas & folg gk =24 sin 0 =0, A, 24
= 0=0,+n/6

Phase angle for S1, 61 = (ot — kx1) and for Sz, 62 = (ot — kx2 + 1)

S1® ol HeAl B, 01 = (ot — kx) TAT S ® ford |, 02 = (ot — kxz + 1)

At A phase difference is 4n and at B it is zero so minima in between these will be at &= & 3= phase
difference so total 2 minima.

AR FATR 4n 8 TAT B TR Y B | 37 96 A R n1 3R 31 TR TS 8| or: gt 2
fafes & |

At C phase difference is 61 so - between B & C there will be minima at 1= , 3n & 57 phase difference
total 3 minima

C &R HeI<R 6n & | 3c: BAATC & HeF 1n, 31 TAT 5n bellik IR S 81l | 3 |l FFTss 3 81

ratio 3r74Td =2 : 3

Time interval between beats (initially) = 2—8 =1.5sec

Since t= é
\Y;

15= 2
\%

where S is the initial distance and v is the speed of sound. As the man approaches 90 m towards the
mountain

2S-90) =1 since drumming rate is 60/min
v
Solving for S from the two relations we get
2S —15 S-90 _2
2(S—-90) S 3
= 3S-3x90=2S S=270m
IR™ ¥ g & 9 F9aasTa =% = 1.5 sec
4fé  t=2Sh
1.5=2S/lv

Sl S URM™E g, do7 veafy & ardd 8 orell {6 @fth 90 m 7dd &) R Feran & =1
(b S IO BT &R 60/min B |
3 Q1 T B FA A W UM B
25-90) _,
\

5 = 35-3x90=2S S=270m

/\
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Sound Wave
6. Intensity from a point source varies with distance as I = 4¢ 5
nr

Sol.

where ¢ is the energy flux.

where I\ is the reference intensity

Forr=10m,

Subtracting I and II and putting L = 0 we get

Hence power of 10 is 2.

fg & & g8 @ @ dgar 1= 2

Loudness in dB = 10 log Il

- ¢
L=101lo
I 4nr’l,
L = 20 dB gives,
20 =10log LZ
4n(10)°1,

2

r

r r
20=10log — 20=201log —
glO2 g10

r
1=log —

g10
2

r=102m

Anr?
STl ¢ ol § rvlmtc',ﬁ'qudBﬁi:10IogIl
STEl |, T gad AR B | L:10|og44r’ZI ..... (i)
Tc r
r=10m & for, L=20dB<Tdl &
R [0} |
20=10log ——— ...... ii
J 4n(10)%1, O
2
[T B HeM R 3R g L=0 & IR 8F U 8 20:1OIogW 20:20|og$
1= IogL r=102m
10
3fIY 10 T o1 37h 2 B 2
Strain for longitudinal wave = g—y g Al & forg famfa = ?
X X
Stress = Y strain = Y O gfdee = Y fagfa -y W
dx dx
dy
for max stress, d_ should be max
X
If¥pad gfded & forw g_y , 31frpaH B |
X
y = 0.002 sin “TX sin 1000 it
Y _0.002 & cos *X sin 1000 xt
dx 3 3
x=2 max Y 20002 " cos =2 =—0002 " x 1
dx 3 3 2
stress ufadel = 3 (—0.001 %) - o001 x 102 dyne/cm? Ans

/\
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Sound Wave

8.

If we consider AB part of rod then every particle in AB is doing S.H.M. if we determine max kinetic
energy of S.H.M. of each particle which is equal to mechanical energy of vibration and sum of all these
energy between these (adjacent displacement node) gives mechanical energy confined between it

de
dt

2
kinetic energy of any particle of mass (psdx) = % psdx [—j .

Ife B8 & AB W &1 of I AB &I JAD Pl HodfloTlo PR &l & UM AP PV & HodfloT.o Bl Gl

Iifed St 39 a1 e © g 9T 8l

W(psdx)zﬁﬁﬂﬂwaﬁﬂﬁmm:%psdx (%) :

1 . .
dke = 2 ps dx ®?a? sin? kx sin? ot

dkemax = % psw?a? sin? kx dx

net energy (mechanical) between A to B (0 to A/2)

AT B (0to A/2) & 1 Gl i Froll

a2 . A2 2
:lpS(o?a2 j sin’kx  dx :lpS(ozaZ x—M = 1pSmZa2 2 =1np80)2 a Ans
2 5 4 2k |, 4 2 4 k
| o . 3V
9. (C) For pipe A, second resonant frequency is third harmonic thus f = L
A
(C) sy A, & fordl g8t /g Smafd gt =il 7 | o f= j:l
A
: . . 2V
For pipe B, second resonant frequency is second harmonic thus f = TR
B
mB,%WWWa@%WHﬁ%%:f:%
B
Equating RTER R TR L ., (1.5) = 2m.
., 2, 3 3
10. (a) Frequency of second harmonic in pipe A = frequency
of third harmonic in pipe B
2 Va =3 .liﬁ_
20, 40,
B
or Va o3 (as la =)
Vg 4
(b) Ratio of fundamental frequency in pipe A and in pipe B is
foo Val200 Ve _ 3 (as /a=/g) Ans.
fy Vg /20, v, 4
®
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Sound Wave
Sol.

11.

Sol.

12.

13.

1Sy A @ fgdia G & Agfd = uigy B @1 gaig A€l @l rghd

<

2 Va =3 V_B or V_
20, 40, s

(as la =1s)

uTsY A9 UISY B BT A IMIRIAT BT AU ¢

(as ¢a = IB)

fy Vgl20g vg 4

Let e be the end correction.

0.35+e:3_7»
4

0l+e= ~
4

Solving this equation we get
e=0.025m=2.5cm =25 mm

AT e RRT F9eE B 1 e R,

3L

O.1+e:& 035+e= —
4 4

3
4

Ans.

T PR TR B9 YT BRd & = e =0.025m =2.5cm = 25mm

Let frequency of tuning fork = f
. . v
frequency of wave in wire = E)

when 91§ /=1 m
fl:!

2
when o9 /= 1.05 m

V
f2 = —
2x(1.05)
fi—f =5 and 3R

f—-fa=5

2" 1.05
, - 20x1.05
0.05

or a1 =420 m/s.

Let original frequency is f

A WRA BT emgfa = f
qﬁvﬁaﬂawﬁa@aﬁmﬁr:%

=  f-f,=10

AT IRdfaed 3mgfa £2 1

by the concept of Doppler effect SR THTT &Y AR

frequency of reflected wave
_ V+u,_ 332+12 N
V-u 332-12

’

TR TR B AR
f, f—f=6,

344 320x6
—f —f=6 f= —— =80Hz
320 24
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Sound Wave .
14. Sound received by receiver one is direct and another by reflected sound from wall

frequency direct received = f  f = V\;u f

—u
—é—» f
—o
S R —
f e—=—

Sol.

15.

16.=

Apparent frequency at receiver after reflection from wall " =

so beat frequency received = fp = f —f' = 2u

f

V+u

\Y

f

V—-u

V+u

V +u

ST §RT UTK 3faTSl 3 U el B8R iR O8I 3faTel QAR ¥ URmaferd s |

At et smafer = f f = V\;uf
—u
—é—» f'
— o
S R -
f e—=—
Wﬁwﬁﬂﬂiﬁﬁwmﬂﬁmﬁff":%f':
+u
31a: fer fawie syl =fp=f—f' = 2u_y
V+u
From doppler effect STeR U419 A
s D—Tr—'w
Sa |;| B S
e “o
fmaxa.@_(b_d 3 MX300=@X3OOHZ
" 300-20 280
s D—ﬂ—'w
Sa IA:’ B S
& e
fmin,__. = MXSOOZ 280 x 300Hz
= 300+ 20 0
—
A—-u u«<B
(1) soundof hornof B: B & & @I @fv

V—uf

V +u

f

apparent wave length of sound received by A is a result of doppler effect due to source velocity only

A gRT Ufard saf &1 R SeR U9 I ddd Wid & 97 ) v 2 21

so apparent frequency when only source is moving

AT 519 Bael WId dofal g, Ui amdeh

\%

= xf
V-W-u

fl

/\
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Sound Wave ﬂ—
so apparent wavelength 3TYRIl dRieed A' = X
= Vow-u
f
V—-W+U
frequenc 0= ———f
a y e V—W-u
(1) Sound reflected from B :
B 9§ wafia @y
frequency received & reflected by B,
B gRT Uféra 9 wRafida & @t agfa
fot (v +W+ u}
V+W-—U
wavelength of reflected sound
Rt &af o1 aRaeed
2= V-wW-u_ (v—-w-u) (v+w-—u)
f' f (v+w+u)
frequency of reflected sound
wRafd & @ gfa
_Vv-w+u _ (V-w+u) (V+Ww-+u)
A (v—-w-u) (v+w-u)
7\‘,_}\‘,,=(V_W—U)>< 2U 22
f (v+w+u) 73
Hence 3fd: P =73 Ans.
17.
Position of qu_ition 0: m t
maximun minimum frequency
frequency
Observer
®= E =4
/2
% 330
fm =f = 200
P~ 10 (v—wrj 330-20
fin, = "o ( v ] =330 500
T V+or 330+20
300 25x12
fmax. — fmin= — =
7
Hence P =12 Ans.
®
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Sound Wave
18.
wall
LI
S
0

2%

3*.

frequency of direct sound received by observer = f
frequency of sound reflected by wall
%
I
’v+u
frequency of this sound as received by observer

vV—u

pr= Y=Y _ g (Y2U)o 1700340261 _ 47
Y V+u 340+ 6
. 334
Beat frequency fava=s 3mafd = |f"—f| = 1700 1—%

PART - Il

UeTh gIR1, WY Ufard gy @ amgfa
SR | wREfia ey o sgha

UeTdh g1 Uferd s9 eafy @1 smafa

0o [ 234
346
(@j x 12 ~59 Hz.

346

In case of sound wave, y can represent pressure and displacement, while in case of an electromagnetic

wave it represents electric and magnetic fields.

In general, y is any general physical quantity which is made to oscillate at one place and these

oscillations are propagated to other places also.

g TR B Rfd #, y I iR faxemu= &1 yefRRia |war
FEDI &3 Pl FSRIA PR B |

2, TEfd Jgd g o’ | g8 fAgd &7 &k

AT y BIs Al GG Hifde IR & Sl {6 U6 RF R <o -1 @ ol 9911 SRl 2 den I |red

I WF W) 9 G 8 ¢ |

For stable interference, phase difference should not vary with time.
Hence waves should have same frequency and a constant phase difference.

Wl Aol & U doar G8g & 91 yRafdd T8 g1 =y

YT T B MY THA Td BleAaR R @ a1y |

For constructive interference path difference (AS)
AS = ni (n=1,2,3,4..... )

here AS=2m

So option A & B are satisfied for constructive interference similarly for destructive interference

AS:(2n+1)%

so D option satisfied condition Ans

T FfaHRer & Y gUT=R (AS)
AS = ni (n=1,2,3,4..... )
AS=2m

o

TEt

A, B, D,

rT: Furfl Ffadrer & oy fAwey A iR B fadey w2l & ora: sl axg faamsh aafdawor adiaxor & forg

AS:(2n+1)%
e D fadey IE B

/\
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Sound Wave ﬂ—
4.

Q= A

7>

Xp
Wave emitted from Q & S™RId TRT vy =A sin (ot —kxQ)
Wave emitted from P & I&@fSd a1y = A sin (ot —kxp + 1/2)
Ad = dp—do = ot — kxp + /2 — (et — kXq)
=k (XqQ — Xp) + /2
:2% (XQ = Xp) + g = % (XQ —Xp) + g
ForA @ felUxg—xp=-5

= Ad):% -5+ X =0

For B @ foTg xq—x
= Ad=m

For C® U xg—xp=0 = Ap = /2
Ia:Is:Ic=(I+1+2[cos0): (I+1+2Icosm): (I+1+ 21 cos n/2)

I
2
P=

5

5*=  Energy per unit area associated with progressive sound wave | = 2n?a?n? sV if we increase amplitude to

2 times or frequency to 2 times | will be doubled.
So % increment 41% of either amplitude or frequency Ans-C,D

T & T DI DD &Fhd Bl SHoll | = 2n2a2n2 sV AT &9 A—H Bl \/ETHET ’\Eﬂ—rnaﬂ?gf?f
9gId & a1 [ AT &1 Sl 2 |
r: 3T AT IMafa fH= # f ufrera gfg, 41% wdad= 8”ml Ans-C, D

6.* For a plane wave intensity (energy crossing per unit area per unit time) is constant at all points.
For plane wavefront
12
12 I11 = I22

For point source
But for a spherical wave, intensity at a distance r from a point source of power P (energy transmitted
per unit time) is given by

P or Ioci

1=
4qir? r2

- For a line source Toc =
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Sound Wave -

s
[ >

[ ’

4—r>

because 1=
2nrL

Sol. US |Hdd IR & foR fear (9T Thie wHI A U Uhid eEhd JoRd drell SHol ) Al fIgel w®
e gt B
A AT B fog
12

T o
fag = & forg
WfeT U& el @R & ford P wfte (U Udie ¥9a Scafsid $eil) drel feel fog &a 4 r g W
Fraar =1 w9 & @ SRl B

i1 =12

P 1
1= or Joc =
4nr? r?
L e Y e @ R Lot
r
S

-

—

f— 1
R 1=
2nrk
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Sound Wave ﬂ—

7.

8* .=

9* =

10.*

11*,

At closed end displacement node and pressure antinode are formed

9T RR W favenuq e @R g9 ovE 994 B |

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

W9 @y T g IMYR | WEfdd B 8 @ favenms o) # HfiRed FarR o Ut 8iar § e g9 av
# B3 AfRad darR &1 BT B |
3rd faweu A, B, C H81 B |

making hole at ¢/3 length from close end. Pipe start behaving as closed pipe of length ¢/3.

g RR I /3 dHE R TP B 9914 2| 319 I8 UISY (/3 TS @ 95 UsY Pl d¥g FIgR BT |

So new fundamental frequency 31d: 8 J&¥d 3MIfI n' = %
original fundamental frequency a<ifd® Jyd 3MMgfa n = % n"=3n

So option B and D are correct Ans B, D

I f3rur Bk D 92! = |

n oc v/¢

To increase fundamental resonance frequency of tube.
Tl B e ST AR deM & ford

Velocity of sound in hydrogen can be increased.

S B FTel BISSIo § 96 Fdhdl 8

Length of tube can be decreased.

TN B TR TS S Aobell 2

For tube closed from one end fundamental frequency is v/4/¢

Uh RR | 9 el B qo MIfy vidl B |

For tube open from both ends fundamental frequency is v/2/¢

M1 RRT A Gell Fell 1 Ja 3mafa vi20 8 |

fundamental tone

Terge St
For other resonance position 31 3TgATGI @ & fordy

A
x=(2n-1) —
( )4

SO 3 X =25, 75, 125 CM....ccvvvveeeenen.
Tube length is only 120 cm so get resonance minimum length of water = 120 — 75 = 45

YA (UTgU) B TS BaA 120 cm & A AR UK B B ol Sl B JAqH o s = 120 — 75 = 45

/\
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Sound Wave ﬂ—
maximum length = 120 — 25 = 95
JNfHTH TR = 120 — 25 =95

Distance between two successes nodes = & = % =50
aﬁwﬁ@aﬁiﬁmaﬁzgzg =50
Ans A B, C

12*, Fundamental frequency of

open pipe, No = v closed pipe, nc = v
, M0 — — y NG — —
20, 4¢,

VoV
20, 4,
For first overtone No = v Nc= SV
ly l,
V_3V g (2)
¢, 4¢,
. (, 1
on solving (1) and (2) /(1=/2 = 7 == Ans (B)
2
Sol. ol UISU &I el d AGfd
\%
No = —
20,
g€ 91U Pl FeIqd ATghl
\
Nnc= —
40,
\% \
2 _ Y -5 @
20, 4,
g IfoRaR®d & forg no:X nc=3—v
(, 40,
V_3V g (2)
(, 4,
(1) 3 (2) B & HA R (1= 1> :%:% Ans (B)
2
13*.  Fundamental frequency of wave in wire. TR # T @I Hol¥d 3Mgfd n = 2—1€ T
n

here beat frequency I8l fdwig amgfd =ni—n2 = ﬁ (\/f—\/f)
U

beat frequency remain same fa¥g JMART FAM =M

T2 could be increased or T1 could be decreased

To9¢ Ghdl & a1 T1 TS Hhdl 2 |

Ans B, D

14*, Doppler effect in Frequency appears when there is relative motion between source and observer

9 Wi AR AT & Feg Qe T Bk 2 1 gy H SR JWe S Bl 2 |
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Sound Wave ﬂ—

15w High pitch means apparent frequency is increased in reflected wave so there is relative motion between

16*.

17~

18*.

19*.

girl and reflection and it is of approaching nature so C and D is correct.

AnsC, D

I= U (pitch) & Aded URTEITT ORI BT ATHTAT MG 98 T § | 3 gal dsd] AR WRAdDH & A
Ae A ERT MR I8 A ygpfay @ B8R ord: C ok D wE 7

Ans C, D

By the concept of doppler effect Apparent frequency (no. of waves ) striking the wall =v'= C+u

SR YA/ &I ATYR ¥ AR A THI arell AT A (G P F&=40) = v’ = Cgu

u
C+u
C—-u
IR AR B SR (SR S 99 = 2) w:é*h‘
C _C(C-u)

v v(C +u)
so option A, B, C are correct  3r: fd®ed A, B, C 98! 2 |

frequency of reflected wave (wall become source ) v" =

Apparent wavelength TRl dRieed =

For observer O1, A1 = B —
f f 5f
For Oz, there is change of medium hence at the surface of water, keeping frequency unchanged
Y&h 01 P forg, A = V_fvs = V_fV/5 =%
0. & foIy #1ed¥ 9aal ST B SHfely Ul & dol OR JAGRT HI uRafia W@+ W)

v_4av AN oy = d0g = 1OV Ay 4V
e Ay, 5f
velo. of wave relative U&id & ATUE TR av sV
¢ = 1o observer Ealcul VA E  2wvs f 21 f
A A Ay 5 16V 16
A vadT V increases 9adT ¥ A increases ¥adr 8
(because frequency is constant) (Fifd Mg Fad 2)
Po = B k So, B1 ki1 S1=B2k2S2 here I@1 B1 = B2 of same medium JHF H1e09
2
Si_k_ Mo, Power Wi = <
S, ki A 2pv
Po is same for both waves p is same for both waves

v is same for both waves

Po QI @R & forw |9 p QI T & fore HAH
vaH T @ forw |aE e

So, A P1=P2

/\
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Sound Wave ﬂ—

20. |262 — f| = [256 — f| x 2
= (262 -f) =+ (256 —f) x 2
= f =250, 258 Hz
Unknown Frequency can not be greater than 262 Hz. because no. of beats heard with 262 Hz is more
then the no. of beats heard with 256 Hz.
Hindi |262 —f| =[256 —f| x 2
= (262 —f) =+ (256 —f) x 2
= f =250, 258 Hz
ST AGRT 262 Hz | AT 81 81 Fabell &, Fifdb 262 Hz & A1 J T fawdal &1 d&a1 256Hz &

AT G T fRE[ B G § eI 2
PART - IV

1. & =(0.1 mm) cos z—g (y + 1cm) cos 2xn 7(400) t

end correction is 1cm. ,so aty = -1 cm.
&=(0.1 mm) cos (-1 cm+ 1cm) = (0.1 mm) cos (0) = Antinode

So upper end is open.
at lower end y =99 cm

&= (0.1 mm) cos :—g (99 + 1)

=0.01 cos 5—; =0 = Node

tube is closed at lower end So tube is open closed.

& =(0.1 mm) cos :—g (y + 1cm) cos 2x (400) t
=1 9 1em. 3@y =—1cm ™
& = (0.1 mm) cos :—g (<1 cm+ 1cm) = (0.1 mm) cos 27(0) = U<

safery S RIRT Gl gam ®
Hraet AR Wy =99 cm =0.99 m

& = (0.1 mm) cos :—g (99 + 1)

:0.010055—2n:0:ﬁﬁ=l1v_qr
Tl el R R 95 2| sHfo el gell 9< @
2n  2xm

2.1 —=— SoA=80
80 A
and effective length of air column =99 + 1 =100 cm
So % = %: = 5% , so five half loops will be formed
open
closed

f=5 [%j so second overtone.
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Sound Wave ﬂ—
Hindi E:@ 31 A =80
80 A
IR W BT YHTE! ofH=Ts = 99 + 1 = 100 cm
aferg %%: |ﬂ%§ﬁﬁmﬁwﬁﬁ
Open (Y
Closed (§<)

K-\

)\4 (N [N
=5 Z XTIV qXART S[ENCR D

Pex=—B %
dx

2n

= (5 x 10°%) x (0.1 x 10—3) — sin— (y + 1cm) cos 2n(400) t

80

= (125 1 N/m2) sin % (y + 1cm) cos 27(400%)

End correction = (0.3) d =1 cm

d=10/3 cm
2
vol. of tube —(n%j (= — (%j x 100 cmS® (take | =0.99 m~1m) = 10 = lit
moles = . moles (22.4 It. contains 1 mole 10—Tclt contains m—nmole)
36x22.4 36 36x22.4

=1 HeNgs = (0.3)d = 1 cm

d=10/3 cm

d? 10Y’

el Bl YA = T ¢ = Z 3 x 100 cm3 (1=0.99 m ~ 1 m fAafRm)

_ 10 =

36
10 n 10n

A= ——— moles Al (22.4 AR HLATA 8| — @lex H ———— HIdA 81)

36x22.4 36x22.4

\%
f = v f= fo( J
L \v-vy V-V,
—s —>
“ )
D Cowt) o *
f, Island fy <Ig

F = fo (V“’l], v = 1050

{f"_ff’ =o.1}
f,

vi1 =50 m/sec.
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Sound Wave

6.

Indian 50m/s
marine
v+ 50]

V-V,

(v+v,)(v+50)
(v—-v,)(v-50)

-

=t V+V,
v-50

j =1.21fo [21% greater then sent waves]

get v2 = 50 m/sec toward Indian submarine

Hindi.
Frof v+50 v+v2
V-V, v-50
= fo WYV SOy 5 [21% o T dear 9
(v—Vv,)(v—50)
vz = 50 m/sec g g El @I IR
,_ VvV wrt to observer _ v+v, v-50
7. A= , = =
f (V+v,) f,
° (v-50)
v +50 _ (v—v,)(v-50)
(V+V,)(v+50) fo(V+Vv,)
®(v-v,)(v-50)
A _v+v, _1050+50 _
ATov-v, 1050 -50
sol. =V ﬁ?ﬂ?ﬁ’iﬁ ATUE v+v, _v-50
f (V+Vv,) f,
(v-50)
. v +50 _ (v-v,)(v-50)
A= =
¢ (V+V,)(v+50) f(V+V,)
®(v-v,)(v—-50)
A _VHV, 1050 +50 _
ATV, 1050 -50
8. V= B
p
= 1050 = B
1000
B = 10° N/m?2
®
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Sound Wave

EXERCISE-3
PART — |
A - |
1. 2nf, =1007 f1=50
2nf> =921 fo =46
beatfrg=50-46 =4
fawrg amgRy =50 - 46 =4
2 V= o _ 100n
k 0.5n
Speed @7l v = 200
3. Atx =0,
y=Yy1+Yy2=2Acos 96 nt cos 4 nut
Fory=0® fo, cos 96 nt=0 or 3T cos 4 nt = 0
= forO<t<1cos4ntbecomeOatt= l § E ! sec
8 8 8 8
1 3 5 7
0<t<1® folgcos4nt, ALt = o gﬁ'cm@:ws]fam
but cos 96x t is not O at these values but cos 96 « t become 0, 96 times in 1 sec.
Therefore net amplitude become zero 100 times.
W cos 96n t 39 AMI & forg I 78I 2 lfd cos 96 n t, 1 Hbvs 3 96 IR I BN
31t A A 100 IR Y BNl ¢ |
(4-6)

Vsia = 340 + 20 = 360
Vs = 340 — 30 = 310

20 30
—> |—>
2 |A
Ly «—+—
20 340 340
Because
Vs =Vo =20
so as seen from passengers of train A,
f =fo
2
%]
c
2
£

»

o= f,=f fr(:quency

As seen from B

f'min = M (800)
340-20

(3402300 4450
340-20
f,max _f,min =310

®
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Sound Wave

SOLUTIONS: (4-6)
Sol.4. Vs =340 + 20 = 360

20 30
—>

2 A

Ly «—t+——>
20 340 340

Vs =340 —-30 =310

Sol.5. wifs
Vs =Vo =20
¢ A® e g§RT <@ T
:
f1_f1 fz=f2 >
amqf
f=fo
Sol.6. B gRI <@ 41 |
f'min = M (800)
340-20
o= 340-30 (1120)
340-20
[P
7. As string and tube are in resonance f1 = f2

[fi—n| =4 Hz.
3 i 2
N E

frequency=n

N
When T increases, f1 also increases. It is given
that beat frequency decreases to 2 Hz.

= n-fi=4

n=4+f
as fi=f
n=4+f
f= 3V _ 3x340 _
4¢ 4x(3/4)
n =344 Ans. (A)
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Sound Wave
Sol. Tf% RN qen cgg SR H B fi=to
[ft—n|=4Hz.

59 T 9gal 8 f1 9od1 & <ife I8 foar i 8
3 i Z
3 E

N
& fawr<s emafy g 2 Hz Bt 2|

= n-fi=4
nN=4+f
as fi=f2
n=4+fs
1 3V _ 3x340 _ 40
4¢  4x(3/4)
n =344 Ans. (A)
8.* (A) The intensity of sound decreases with increases of order. The intensity of
sound is maximum for first resonance.
antinode
M4 L,
node

(B) The prongs vibrate in vertical plane.

(C) The prongs does not vibrate in amplitude of that order.

(D) Consider end correction, the length of air column is slightly less than A/4
So ans are (A) and (D)

Sol. (A, D)
(A) %9 F71 W @ & daal gel & | ¥o e & oy &y &1 Fara
BT B |

PRaeE
M4 /,
g

(B) WRF fgys Seafer I # 9= a7d B |

(C) W= gyl 59 %9 & MM H H¥I~ 78l B 2 |

(D) RIRT e &1 o7 W, a1g WA B 18 /4 B! W B B |
31 SR (A) T (D) B |
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Sound Wave

9.

10.

Let speed of cars are V1 and

frequency received by car f1

V2

_(V+V, fo
\'%

frequency reflected by car fzz[VJerj [ v ] fo
%

Af:bu42:[V+V2—liﬁJfo

V-V, V-V,

V-V,

Af = [(v+v2><v—v1)—(v+v1)(v—v2)j b
(V=V,)(V-V,)
ZV(Vz _Vl) fo N 2(V2 _Vl) fo
S v-v)v-v) v
Given M = E fO

\% 100
= V2 —V1=7.126

Answer in nearest integer is 7.

AT BRI B Al Vad Vod |

Wawwﬁﬁamqﬁfz:(

V+V,
V-V,

Af:fz’—f2=(

Wamwaﬁ{%fl:(ujfo
\'

V+V, v ;
0
v V-V,

V+V
. |
V-V,

- [(v+v2><v—vl>
(V_V1

)V =V,))
)(V—Vs) ’

2v(v, —v,) f, N 2(v, —v,) f,

S (v-v)v-v,) v
fan ey & 22 V)h 12
v 100
V2—V1=7.126

=
fAdmeaw quie § SR 78|

Fundamental frequency of close organ pipe = %

1

1

9 QTS AN B T omghy = L

40,
. . v,
Second harmonic frequency of string = —=
2
: 2V,
&= @ fgd S emgfa = o
2
Soeﬂa:'i:_zzﬂ_i @
40, (¢, 4x0.8 05 \p
2500 = 50
n
1 m
=== — m =10 gm.
"“50 " 05 g
®
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Sound Wave ﬂ—

11.

Sol. (A)

12.

f

fﬁrf@m

___ , 36kmh

- 5 _
Q O —36x@—10m/s

§\\\\\\\\\\\\\\

finisident = freflected = ﬂ x 8 kHz
320-10
320+10
fobserved = ————— freflected
320
8 x 330
310

8.51 kHz ~ 8.5 kHz

___, 36kmh

=f S
amiien w320 -10

_ 320+10
320 T

. 5 -
O O —36xﬁ—10m/8

320

§\\\\\\\\\\\\\\

x 8 kHz

f
330

=8x — =8.51kHz ~8.5kHz
310

(A)

(B)

(©)

(D)

- L,A=4L,

4

Sound waves are longitudinal waves

L L,A=2L

2

Sound waves are longitudinal waves

e L,A=2L

2

String waves are transverse waves
A=L

String waves are transverse waves

/\
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Sound Wave ﬂ—
Sol. (A %:L,k:4L,

e a3, argaed a9 Bl 8

(B)%:L,kZZL

e a3, argaed a9 Bl 8

(C)%:L,kZZL

Al UR AR U ORI B B

(D)=L

Al UR AR U ORI BNl B

13*, At open end phase of pressure wave charge by m so compression returns as rarefraction. While at
closed end phase of pressure wave does not change so compression return as compression.

ol AR TR T T H 7 P AR ol & HRY GHred fIRed & w4 § WEfid e S6fd 9 (/R
TR TG TR T Hell H BA A TR AR & wY | URM@fid s |

\Y
4(0 +e)

14.

:>/6+er :E:X—e
Af

here J&f e = (0.6)r = (0.6) (2) = 1.2 cm
. 336x10?
"~ 4x512

—-1.2=15.2cm

15%

Source
Ig u
V
If wind blows from source to observer
(Vv+w)+u
fo= | ———|f,
(v+w)—u
= fo>f1
If wind blows from observer to source

W
W
Source

u
| | vV
(= [(v—w)+ujfl
(Vv—-w)-u

= fo>f1
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Sound Wave . ﬂ—

O
w
Source
|;| u
V
Hindi.
Ifg a1 A | YeTd B 3R 98 T8 ¥
_((v+w)+u
fo=| ————|f,
(v+w)—u
= fa>f1
If a1 UeTd § A B IR 98 T8 ®
W O
W
Source
l;I u
V
f2 = w fl
(v-w)-u
= fo>f;
16. f:if_VRT &A_f=¥
4\ M fov
(A) M =20 x 103 f =320 Hz Af=+45Hz Not possible 9¥a &l 2
(B) M =20 x 102 f =253 Hz Af=+3.6Hz Notpossible G¥a &l 2
(C)M=32x103 f=237 Hz Af=+3.4Hz Notpossible §¥a &l 2
(D) M =36 x 102 f=242.8 Hz Af=+35Hz possible §9d &
17.
A A
/3
A < £ 3 »A
lo oc A2

Let amplitude of individual wave be A then amplitude of resulting wave 2A cos Egj - J3A

WWH?WWWAHHWWWWZACOS(%)=“\EA'§I

(&

1 =3lo
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Sound Wave
18.
Car
4__
Ve =2m/s
fo
()

19.

Frequency observed at car R &I Uférd mgfa
fi=fo ( V+Ve J

\Y,

Frequency of reflected sound as observed at the source

wRrafia @fy o mafy S Sd g1 Ufe W

fo=f1 v =T, s
V—V; V-V

beat frequency fa&r= 3frgf

—fo| I Ve ) =g | 2o | Z402x 2X2 g beatss
V- Ve V- Ve 328

=fo—fo

12m™.

\9 0" 1m/s
S; 2m/s | 5m Sp;ng X

i v
vV —2c0s0

f, :f(—" j
V +C0Ss0

Beat frequency = f1 — f2

fav Qmdfay = fi—fo
_ fvx3cos 6 _ 3fcos6 _ 5
(v —2cos 0)(v +cos 0) " v
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Sound Wave
20*.

(2n+1) % =50.7cm +e

(2n + 3) % =83.9cm +e

usingn=1e=-0.9cm & WA §RI
A =66.4cm
v=fL=332m/s

PART -l

HIT - 11

10000 = 9500 x _300
300-V

300-V=3x%x95
V =15 m/s Ans

P—
N

B1=10log 11_1 B2 =10 log

0

—
o

Bl—BzzlologII—lzzo

2

IogI—1:2 = L =100

I L

—RT
Vo2 = E = ZE =460 VHe = E = 3_
M \l5 32 \J M 4

= \/i 460 x 460 x 32 x 2 - 1419 m/s
12 7

During summer speed of sound increases. So wavelength increases.

sox>3x18 sox>54
TG F ey B e ged) B 31 aviesd 9 |
Md: x>3%x18 3d: x>54

Motor cycle has travelled a distance s. Its velocity at that point

v = V2as

The observed frequency
Fot 330-v . 0.94 = 330-v
330
= v =0.06 x 330 m/s = 19.8 m/s
v:  19.8°

s= — =
2a  2x2

=9.92=98m

/\
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Sound Wave

Sol.

AR A s T T IR 2| I g W sHqB1 99

v= v2as
EIECECICIS]

fof 330—-v
330

094 = 330-v
330

v =0.06 x 330 m/s
=19.8 m/s

_ Vv 19.8°

5 2x2

=9.92=98m

(2n+1)v

For closed organ pipe f 5 8ifti9 ugy & fogf= ~—— 2 (n=0,12......

(2n+1)v
A 7 < 1250

(2n + 1) < 1250 x 2x0-85

A

85 cm

v
(2n+1)<125

2n <11.50

n<5.25

So n=0,1,2, 3.5
So we have 6 possibileties

T BH 6 TGN 8 |

foefore crossing E—— > T fo (

fatercross =f,| —
after crossing v ooy & qre— 10

2cv,
Af =fo (W]

Af oogs = 2%320%20
f 300 340

C+Vg

Open organ pipe
V .
(1)

f= —
2(0
For closed organ pipe

c
C-Vg

x100 = 12.54%

40

320-20

320+ 20

=~ 12%

Ans. (3)
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Sound Wave ﬂ—

G AW U8y
Y .
f 27 (1)
§g 3 U3y & forg
PV Vg TR, (3)
()
2

v'=10x 1.73=17.3 GHz

10
10. = |Y=_1 4,9'27”03 = 4.9 x 10°Hz = 5 kHz
20\p ~ 2(06)\ 2.7x10

HIGH LEVEL PROBLEMS (HLP)

SUBJECTIVE QUESTIONS

fawIT % 99 (SUBJECTIVE QUESTIONS)

1. Vs = Speed of source ( whistle)
=R
=( 1.5) (20) m/s
Vs =30 m/s

Q

Maximum frequency will be heard by the observer O in position P of whistle and minimum in position Q
of whistle. Now—

fmax =f ( v j where V = Speed of sound in air

V-V,
=330 m/s
- @0 (=30,
330-30
fmax= 484 Hz
and foin = f v
V +V,
330+30
fmin = 403.33 Hz
Therefore, range of frequencies heard by observer is form 403.33 Hz to 484 Hz. Ans.
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Sound Wave ﬂ—
Sol. Vs=4ma (A ) @ a1
=Rwo
=( 1.5) (20) m/s
Vs =30 m/s

e el 31 P R R a1ffia smafd @ Q Rafa wR =gaw smgfa gAg <7 o
- v o -
fmax -f(v VJ 'l V =491y #§ @ $ g

S

=330 m/s
 (a40) [ 330_
330-30
fmin = 484 Hz
Sﬂ“\’ fmin = f i
V +V,
 (aa0) [ 330
330+30
fmin = 403.33 Hz
SfeTY Ueld §IRT Gl T8 AGfAl @ IR 403.33 Hz ¥ 484 Hz. & | Ans.
y V 292
2 The fundamental frequency of open pipe is n = eV = ), =292 Hz
X

Let L be the initial length and L + AL
the stressed length of the wire then L + AL =.98 +.02=1m
1 T

The fundamental frequency of stressed wire n = 5
2 (L+AL) Vrred

where r is the radius and d is the density of wire.

The stressed wire and the organ pipe (frequency 292 Hz) produces 8 beats
n=292+8

By decreasing tension velocity decreases At the same time number of beats also decreases.
n =292 + 8 = 300

By eqgn. we have Lz =4n?d (L+AL)?
nr
T

a? _ 4n’d (L+AL)?  _ 4x(300)2x10* x1°
AL AL -02
L L .98

Sol. q@fqﬁqaﬁaﬁra@%n:% = %ZZQZHZ

AT YRS TR TS La L+ AL
TIEU AR & g L+ ALE @9 =.98+.02=1m
1 T
2 (L+AL) \nrid
&l raR & s 9 d 99 B |
T g AR 9 T UIEY (MR 292 Hz) § Sao+ fawa= 8 ® |
n=292+8
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Sound Wave . ﬂ—

TAT geM R I g SR W 99y o ff "e Sl 2
n=292+ 8 =300

THHROT B YT BRA & %:4n2d (L + AL)?
T

T
— 2 2 2 4 2
yo mr’ _And (L+AL’ | 4x(300°x10° X1 _ o o) a0 /e
AL AL 2
3. Q=2n(1l-cosa)
s=Q.a?2=2ra? (1 -cos a)
Energy 9l = powezrr s ﬂﬁﬁz s = Power Sk (1-cosa)
4ma 4ma 2 2
_ power  fad
Io= 2 TR
Arl 4nl
Anl1
= Energy %ol —— 2 = (1-cosa)
de
a_~dg @
asin 6

% [
J?+0.52

~ 20uw Ans
e
4, | | u
A B

For observer A, who is stationary, source B is moving away at speed u.

Verh A D ford St fav™ oraRen § ® SAIB ‘U AT W X Of W& B
voC _ 343x256
343+10 353

r —

Number of beats o= & T&=1 = vo o G 0. 725 Hz
353 353
For observer B, J&f& B & foru
_ vo(C-u,) _ 256x333
C 343
Number of beats faw=<1 @ I = 256 1—§ - 256x10 _ 7.46 Hz
343 343
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Sound Wave ﬂ—

5.

Sol.

y1 =4 x 10~ sin 2n (t—%)
y2 = 4 x 1078 sin 21 (t+§j

y1+y2=4x 1073 {sinZn(t—gj+sin2n(t+gﬂ

=8 x 103 cos nx sin 2n t
Att=0, and3Rx=0, Wy +y2=0
At x=2.333 W, y1+y2=8x 102 cos 0.333n
=4x103m
Autinodes at IRU= x = 1,2 ST TR

Nodes at fFa< x = % g TS TR

The antennas radiate symmetrically in all direction and in phase with each other hence radiated waves
from the antennas can suffer constructive or destructive interference
(a) The radiated signal will be a maximum in a direction perpendicular to the array since in this direction
the waves are all in phase with each other.
(b) If f is the frequency and C is the velocity of radio waves, then their wavelength A is given by
8

=8 = 30 o 200 m,

f 15x10
Note that ¢ = speed of light since the waves form part of EM spectrum
Now the spacing between the antennas in EW direction is 50 m = A/4. Hence, in the EW direction,
antennas 1 and 3 are out of phase with each other by A/2 and so cancel each other by destructive
interference. Similarly 2 and 4 cancel each other.
Thus the net signal in EW direction is zero.
T 9t faRn | 99 ®U ¥ a9 GHME Gl § Aoldl @ s9fory Ul 9 el a9 dwrey ar famreh
TR BR HH 2 |
(a) TaARd XY@ & TFdd T AR AT H FHH dell | 21 gAfery 9 foen # sifdewan diaar g |
(b) If ISA T & AT fFM 91 C 8 O A% <& A BN |

_¢ - 3x10° o 200m.

f  1.5x10°

I : ¢ =YD BT I & | STafe a_A1, g g Wagd &1 9o 91 © |

39 URHT & drF @I g¥l, Yd ulRFd H 50 m = A/4 & sHfely qd—uf¥Ed fazm W 1 denm 3 UM A2 9§
TH—gEN A AU denm # 810 © | ofk: IRl Jfev §R1 Ue—g@y @l fFRE &% <d T | S ISR 2

ToIT 4 Yh—gaR Bl AR R <d 8 | 37a: qd—uf¥em § derar I 8l |

The pipe with nitrogen has lower density, higher speed of sound and ... high frequency
ASEISH Tl W™ BT 8-cd HH © Al I 7S B qAT I AfH BHT |

So let frequency be 440, 441 Hz as shown
sqferg afe == o MIRT 440, 441 Hz o

O, 440
O,+N, 441
02 440
O2 + N2 441

Since c = fﬁ = Af and p o« molecular weight
P

/\
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Sound Wave

Sol.

Zfdb C:\/E:M qAT p oc AfVIH AR
P

we can write 89 forRg d&d %

where n = fraction of Na.
SId N = N2 Dl A

8-n _ (ﬂ)j
8 441

F \/321 n) + 28n

giving TT & n = 0.03624 or AT 3.6%

for the wire , v = L
m/

fundamental frequency— —= / - = /

for the closed pipe , frequency of

v
1st overtone = —%nd x 3
tube

since the two frequencies are equal

v X3 _ 1 |T

2 \'m¢

sound

4€tube

330 x 3
4 x 1

2
Y T= [330X3
4

TR & fog v = fT

=
2

- r
10° x 0.3

J X 22x0.3x102=734.4N

wonsielf AT

I UISY B fol¢ Y SffoRaR® =
Tf% Q1 mgferai TR B |

Voo X 3 _ 1 T

4€

Y/ 2 \m¢
330 x 3 _1
4 x 1 2 102 x 0.3
[330)‘3] X 22x0.3x102 =734.4 N

for closed pipe, fundamental frequency &< U8Y & oIy a1 emgfa

Y - 110Hz
40

Vv

330

=0.75m

=

" 4x110  4x110

frequency of 1st overtone i 3AfSRER® @I 3Mgfd = 330 Hz.
for open pipe : ol ST & foIy
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Sound Wave ﬂ—
frequency of 1st overtone Ui 3AfEER® @I 3Mgfd = 2'216 = %
Now 319 # =330+£2.2
= £=0.99m orar  1.006 m
N
N
R
10.  ,Observer o Source .L-LS ..... )
Vm Vb Vm Vb N
N
N
N
., observer e source , I .
V. V., Vs Voo oL 2)
Frequency received in case 1 Reifa 1 5 ufera smafa
f=f | LV using frof[ YV || o g e W
VvV, Vv,

andincase2 QiR Rafd 28 fo=f (V+Vm]

Obviously e

. Beat frequency fawowg amgfd  fo=fo—fi=f £V+VmJ it [V+Vm]

_ 2% (VAL

V-V, V+V,

or g1 fo 5 Ans.
V2 -V,
11. Given length of pipe =3 m
Third harmonic implies that 3 A =/ A= u= 2x3 =2m
2 3 3

k = ZL =r

Y
BkS =P
B S =100
B=pV2=330%2x%x1
S = @

B

100

13307
S = ;

1089 =«
Bulk moduls of elasticity

- % Volume = 1288 _ M

(dv/v) density p

dV:@dp:ﬂ d_V:_d_p dP =B d_p
P v P p
2
Apmax = £ A Pmax = # = LZ i kg/m3
B v (330) 1089
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Sound Wave .
Sol. f&¥ ¥ Uy @ =1 =3 m
GRIBASEICUICRI I 3 hoy a2 0-2x3 o0
2 3 3
k = ZL =7
A
BkS =P
BnS =100
B=pV2=3302x1
S= @
nB
_ 100
n330°
S = ;
1089 =«
YT YA YOl
- _—9p R = St _ M
(dv/v) g p
dv:gdp:ﬂ = d_V:_d_p dP:B%
p \Y P P
2
Apmax = e A Pmax = A F:max = 4 5 —— kg/m3
B v (330) 1089
12.
x=0;AP =0
(@) Lzsx X =X ; AP = + AP,sin kx

Frequency of second overtone of the closed pipe
vV

= 5(—) = 440 Hz (Given)
4L
5V
m
4 x 440
Substituting V' = speed of sound in air = 330 m/s
5x330 _15
e m
4x440 16
_ 4L _4(15/16) _ Em
5 5 4

Ans.

A

(b) Open end is displacement antinode. Therefore, it would be a pressure node

or atx=0;AP=0
Pressure amplitude at x = X, can be written as
AP = + APo sin Kx

where K:Z_ﬂ: :2_75 :8_7-E m1

/\
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Sound Wave .
Therefore, pressure amplitude at x (:% = % m) will be

AP =+ APosin 8_7: E
3 32
+ APy sin (5—nj
4
AP,

i
(c) Open end is pressure node i.e. AP =0

Hence Pmax = Pmin = Mean pressure (Po)
(d) Closed end is a displacement node or pressure antinode.

AP =

Therefore Pmax = Po + APo
and Pmin = Po — APo
x=0;AP =0
Sol. (a) |_:5j‘ X =X ; AP = £ APsin kx
g gy & fgdiy sifeRears #1 agfa
= [1)=44o Hz (fe= garm )
4L
5V
= m
4 x 440
V &1 HM & W) =9rg ¥ = $ °ara = 330 m/s
L = 2x330_15 Ans.
4x440 16
o AL _4(15/16)_ 3
5 5 4
(b) Ger Rix1 favenmys yeu< & gafeg 78 <9 g 2|
1 atx=0; AP =0

X =X, I} STd 3IH B foRg Ghd 8
AP = £ APo sin Kx

Ans.

Ans.

Ans .

oTEl :2_71::2_71: =8_TC m1
A 3/4 3
ERIEM (:%:—15;16m)wa1€rsrr€rmm
AP =+ APogsin on E :J_rAPosinS—Tc
3 32 4
ap = +2%0
2

(c) Fel =1 319 fawg= g 10fd AP=0
31cl: Pmax = Pmin = H1&Y <14 (Po)
(d) = RRT favemus g ® 1 <9 U
31d: Pmax = Po + APo
AR Pmin=Po— APo

AnNs.

Ans .

Ans.
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Sound Wave ﬂ—

13.

Sol.

First detector (D) and source (s)
> X < B

D S
are at O. Now source
start receding with acceleration a and in time t1 it reaches at B and sound emitted at that moment
reaches to the detector in time t2 here in question t1 +t2 =t =10 second.
At B velocity of source Vs = at1
if we consider two consecutive sound wave reaching to D starting from B

first wave will take t2 = é
X+at, T+ 1 aT?
1 - 2
next wave fil=T + 2 _ 2VT+2at,T+aT
Y 2V
VT +at, T+ Lare
time period =t —t> = 2
Vv
2V 2V f?
frequency = 7 =
2VT +2at, T+aT 2Vf+2at, f+a
2
= - N = 1)
2f (V+at) +a
1 1
Now X=Vt2=V (t—ty) X = Ea(t—t2)2= Eatl2
% ati?2 =Vt-Vt ati? + 2Vt1 — 2Vt =0
ty = —2V ++/4V? + 4ax 2Vt
2a
t1 is positive so
ty = V? + 2avt v
a a
Put this value of t1 in equation (1)
2
fl= 2V M = 1.35 khz. Ans

" 2f WP+2avi+a V2 +2avt
g YA (D) T Hd (S)
O > X ¢ B A

D S
OW 2 3 SId acVl ¥ YUY gedl & t1 999 W Siid B IR o9 @ Sca—1 gl I8 @fy Ul & g

t I R gl § Al gl 99I 1+ t2 = t = 10 second.
B WR WG &1 I Vs = at
Y &A1 Q1 AR &9 TR W D W Uga § ol B A werh 71

qz?fﬁa'\fnﬁwwtzzé

X +at, T+%aT2

Tl TR H =T +

Y;
1
VT+at, T+28T° oyTy2atT+aT?
JAgd blcd =t —tp = = =
Y; 2V

/\
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Sound Wave ﬂ—

14.

_ 2V _ 2V f2
= 2VT+2at, T+aT> 2Vf+2at, f+a
2
1= vt )
2f (V+at) +a
1 1
K| X=Vt=V (t-ty) X:E a(t-t)’= Eatl2
% ati2 =Vt— Vi1 ati?2 + 2Vt — 2Vt =0
o= —2V +4V2? + 4ax 2Vt
2a
t1 gFTHD B gAY
b YVir2avt v
a a
TE t, BT A FHIGIOT (1) H @ R
2
fl= el = i = 1.35 khz. Ans

2f V2 i2avt+a V2 +2avt

Wave emitted at A when reach at detector gives maximum apparent frequency during this time source
reaches at E.
R\3

Time taken by sound to reach at C = ——
%
Ry3 3307 _ 557R

63 v

.. Distance travelled by the sources within this time =

.. Angle from horizontal = 30°
Hence coordinates (R«Tﬁ + gJ

Also; nN'min=

/\
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Sound Wave

Sol.

T AR SN & o9 I8 Fad U Ugadl © Al fShad MR gl UKl Biil & Jo1 39 99d 4
A1 E W Ugd SR |
WﬁQWC:ﬁq’\’q’g;ﬂﬁﬁWW
: Ry3 330r _ 557R

’;ﬁ ffil?ﬁ = =

d gRI Sa- 99 RERCA - v
557R L
VR 6

safely 0'=

15. Apparent frequency

e (v+voj ¢
v
_ (1450 +100

x 40 x 103
1450
=4.27 x 104 Hz

This frequency is reflected by the enemy submarine (now source) and is observed by SONAR (now
observer)

In this case; vs = 360 Km/h = 100 m/sec.
.. Apparent frequency ;

fr=| Y = (&j 4.276x10% = 45.9 x 10° Hz 46 KHz.
V—Vg 1450-100
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Sound Wave
Sol. 3wl amgfa

(o) o

=4.27 x 10 Hz

1450+100

x 40 x 103
1450

I8 IMgfa UG (319 ) ¥ wWEfid 8 3R AR gRT Ul 8 |

IEl WR; vs = 360 Km/h = 100 m/sec.

- 3Tl Srgfa;
f= v f = (ﬂj 4.276x10% = 45.9 x 103 Hz 46 KHz.
V — Vg 1450-100
16. Let the truck velocity be vs
then, 600 = (éj 500 ..(i)
V — Vg COSO
R C
(M=7T% ;
!
(M)?nan
As 2vs = vs + at
vs =at ...(ii)
where 'a’ is acceleration.
As vtz —
sin®

where v is velocity of sound.

Also, /¢ cot6 =vst+ % at?

éc.ose = e at? (from eqn (ii))
sin® 2
fcosb _ 3 [ 0 Jz
sin® 2 vsinod
EY/ (Esinecosej v ..(iii)
\Y; 3
from (i)
6 _ Y v
5 v-atcos® a( e
vsino
put 2 from (i)
v
c 0 =60°
Sol. WMIEH BT IT vs &
9, 600 = (;j 500  ....(i)
V —VgCoSs0

— C
(T) ~~~.)O '
.~~~~~ Ef
(M)}nan
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Sound Wave

17.

ij\]%ﬁ 2Vs = Vs + at
~ vs=at ...(ii)
T8l 'a’ @Rl B |

T8l 91, ¢ cot =vst+ % at?

feosh _ g at? (TR (i) )

(cosO _ Ea ¢V
sin® 2 vsino®

The apparent frequency is
JMARAT Mg B |
ot (V+V00035J
V —Vg CoSa
Y

N

330+(10>< 50 j

2513

= x 1000 = 1030 Hz

75
5

330—(5><

8l

N

50m

/\
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Sound Wave ﬂ—

18.

Assume a spherical surface of radius a passing through the ring. The waves passing through ring also
pass through sphere.

g | U Bl B a oA B TP el FA8 Bl Heudl PR 8 | AR qAd D AH—AY Mol F Al
ol B

area of ds = 2ra sind add
ds ®T &%l = 2ra sind ado

s =2rna? jsinede
0

s = 2n a?[-cosa + cos 0]
s = 2n a?[1- cosa]

Energy Soll = powir s Eﬁﬁz g = power M (1—cosa)
4na 4ma 2 2
_power =i

Io= a

4l 4n¢

4nl°1
= Energy $uil = nz 9 (1-cosa)
a_~de ade
asin g
0

2l (1_ ;J
\/I2 —0.52

~ 20uw Ans.
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