WAVE MOTION

EXERCISE -1

Single Choice

10.

A=100m, v=25m/s, T =

Waves on surface of water are combination of
longitudinal and transverse waves.

v 600/2 3
=—=—=—nm

f 500 5

600 600x5
.. Number of waves = T= 3

=1000

y, = asin ot

y,= a cos ot = a sin (ot + 1/2)

y, lags y,behind by phase g

2waves
f= =2Hz;A=5m
1sec

- v=fA=10m/s

t
y =4 cos? (5) sin 1000t

t
=2cos— sin(1000+l)t+sin[1000—L)t
2 2 2

=sin 1001 t + sin 1000t + sin 1000t + sin999t
=sin 1001t + 2 sin 1000t + sin 999t

1
y, = cos kx sin ot = 5 [sin (ot + kx) + sin(ot — kx)]

(Stationary Wave)

1
y,= cos’(ka +ot) = 5 [1+cos2(kx+ wt)]
(Progressive Wave)

y, propagates in +x-axis and y, along —ve x-axis.

y=y,sin 211(1’[ —%] ; V=y,(2nf) cos Zn(ft —%]

sovoo=y2naf;v  =fA

max 0 > " wave

e v = _ _ o
Given:v_ =4v = y@2n)=4(fd) = A= >

wave

- 2n’pA’y

HINTS & SOLUTIONS

11.

y1=10sin(3 Tt +§] 3Y,= 5 (sin3nt + \/gcos3nt)

(1 )
= IOLzsin37tt+gcos3nt) = 10sin(37tt+§j
LA /A =10/10=1:1

=0.25 cos(2nt—2mx) fA = const.
f=12 = A=2A
2 nx)
+ —_—
2

T
= \/af +a) +2a,a, cos = Ja +a;

2t
y,=2x0.25 cos[TTc = 0.5 cos(mt + 7x)

1
. Toc A2and IOCETCRL

Il RZ
L_R / / =5:3
L R, A2 = A

. voc+/Tension = v_\/_

J15=122 =v=122v

= Jk(1.5x) = —=

_coeffofo 30
coeff of k

=>T=ux900=13x10*x900=0.12N

. T, =t, (m — no. of loops in steel wire n — no. of loops in

aluminium wire)

m f T n T
: E— U
2I"l plAl 2L2 p2A2
. m / 80 _.n f 80
2x60Y7800x10° 2x45Y2600x3x10°

m
= —== (m1n1mum)

m |1 N ~337.5H
T2L \p A, 2x0.6\7800 x z
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ALAY LaBAY
L

abAY 70/
\/ dA ¥

20. The right end will shoot up on the wire.

TL
19. AL=—=T= =o 0 Ay
AY

T
21. v= /—: b6 _ gx = v2=gx
p [
(symmetrical about x)

22. The equation represents a progressive wave moving
along x-axis of single frequency.

24. y, =y +y'=0(atx=0) = asin (kx — o) +y' =0
putx=0andgety =0

20

v
f=—=—=5Hz

A 4

26. Distance between position having 3 nodes and 2
antinodes = wavelength = 1.21 A

27 = L. pe Tl_i ff2p
2L 2Lu 2p

28. n101:n2.2:n303:n.
I nl nl l:L 1 1

n
=010 +0-0 —+—+—=] = +—t+—
n, n, n, n n, n, n,

A A
25. L:55:>10:55 =A=4m ..

3

29. d=vt=330%x5.5=1815m
30. 7A=0.14;1=0.02
v 3x 10®

A 0.02

=1.5%x10"Hz

31 v=f =f, = 512x4L=f,x 2L = f,= 1024 Hz

YRT
32. v V:} My b0, <Moo Vi Lo, > Vo,
33. f = mr:i:LO}: Smm
air water fair 60 X 1 0
v \
34. f1:f2’k_:}b_:>7\'1:4L1: 2:§L2
1 2
L 2 1
: R —
L, 3x4 6
35 v=fA =fh, = fx2L=x2L = f=f

36. v=fA=333=333A=Ar=1
= Length of pipe in second harmonic.

37.

38.

39.

40.

41.

42.

43.
44.
45.

46.

47.

flklzv

4L
fl(?]_vzf;_4L f(2L) V:}f 2L
Given that fl—f2:100

3v v

——-—=100 —7200Hz
RATIETY = oL
- v 330

f 330

L=)4,3)\/4,5MA4....
Minimum length of water column =120 -75 =45cm

=25cm, 75¢cm,125¢cm

v=fA(M4=L)=336=20x4L=L=42m

500m 506m

f = o =250; f,= e =253
S Af=3s1=3x60min"'= 180 min!
A .
i L+0.6r, (closed organ pipe)

A=L +1.21 (openorganpipe)
=4(L+06r)=(L+12r)=r1,-2r =25L

For sonometer wire

nx 100=(n+1) x 95 = n=no of harmonics = n=19

L f= 19( j+4 20( ] 4= 1L=16
2 2

= f= 20(%]—4:156Hz

Iff,>f, ;f,=260Hz; Iff <f,;f =252 Hz
2f=fx15x8=f=120Hz
v=1x 50=f x51

,___:01
:>f f2 50 51 = v=255m/s

A, =210, =2(L~y)

=
2AL-yL 20

c] A [c] s

f 256Hz f2 262 Hz

1

2(f -256)=(f —262) = f =250Hz
2(f, —256)=(262— )= f =258 Hz

|é



WAVE MOTION

L
48. dB=10log % =20= 1010gI—2

1 1
=1,=1001 (taking antilog)
I, 400
49. dB=10log ——=10log ——=1010g20
I, 20
=10(1+0.3)=13dB

50. Af—fapp—fozg[ Y ]—fo
V=V,

0
51. £= fOLV_VDbSJ

(observer is approaching)

330
:450(—j_
330_33) ~00Hz

52. f.—f( ) :385($j =374Hz
oA v+ R 340+20x0.5

(Vv ) 450[330+1oj_425HZ

53. £ =f = —_—
V+VAJ 330+30

B A

EXERCISE -2

Part # I : Multiple Choice

27
TIIOTC:>7L:0.2m

>

L3NS
Nod tx=—,—,
ode oceurs atx= -7

Antinode occurs at x =

N> h‘

50m
0.3m,......; wavespeed v= mZS m/s

c+v
No. of wave striking the surface f=f ( . )

freqeuncy of the reflected wave

el 5 =)

Wavelength of the reflected wave

C cC[C—V
k‘?‘%(mj

10.

y=0 at x=0.

This can be statisfied by the term sin (n%)

For closed tube

&VL dkﬁfV+v

V+v
= = = =L+1 =
1 ar an 2 ir +1 =

AL+

A% v
= _ =5
£-5=5= 3306 2x162

vx0.2 v

_vx02 _g
= 2x16x162

and £,= 162~ 02

V+gt] df ( g]
fo d_lo+8
f;( v - a ° v

1000 1000x10
:> S —
30 \

= v=300m/s

y=sin(ot—kx+¢) = v=wcos (ot—kx + ¢)

at t=0,x=0,y=-0.5,v>0 = ¢= 72

T
.. y=sin| ot —kx ——
Y ( 6]

Let wave equation be

e 7[va(t710 )]2

7 =
Att=0,x+vt =x+2= vt =2
Att=1s,xv(l-t)=x-2=v=+4m/s

y=2mm sin[an—lOOnt+§)

= 0—2sin(2nx—100nt+§)

= nt=8n—-100nt+— (n=0,1,2,3,....
81 —100 ’; 0,123

257
~ _nn

= t. =

=3 o=
100r 3 300

In the stationary waves, the particles in the alternate
loops are out of phase.
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%\ 19. Comparing with the equation
11. p= L x (atadistance X' from free end)

y = 2Asin (n%) cos(mt)
3agx’
2L

T =Iudx(g+2g)= 2A=2mmor A= lmm
0

nmx n
—=6.28x=2nx orL=—m. Forn=1,L=0.5m.

T [ 3xgx’ _ [3xg L 2
u 2

Lvoo= =
- \/ 2 (7"‘] 20. Leta= initial amplitude due to S, and S, each.
L I,=k(4a’), where kis a constant  After reduction of

power of S , amplitude due to S,=0.6a.
Due to superposition

= V2=3ig:> 2vg=3—g = a=3g/4 a_ =a+0.6a=1.6a,and

dx 2 a =a-0.6a=04a
(constant everywhere) 1L/ =(a, Ja)? = (1.6a/0.42) = 16

1 3g
Now S=ut+ Eat2 = L=0+ ?tz = t=,/8L/3g Part # I1 : Assertion & Reason

1. A 2. A 3. B 4. A 5. A 6. A
7. A 8 A 9. A 10.C 11. A 12. A
13. A 14. A 15. A 16.C 17. A 18. A
19. A 20. A 21.C

12. Total energy

1 2 2£2 2. 2.2 2
zzpa)zA =2 2uA%= 2 n T uA

(f, = fundamental frequency
! EXERCISE - 3

= h i
f, = Frequency of nharmonic Part # I : Matrix Match Type

TE
<KE>=<PE>= 7

f K
4, = MRT K g o

ToLVM LM L2

2k 3k

f,= 32 fo= 2128 Part # I1 : Comprehension

Comprehension#1

A->P,Q;B>S;C—>PR ;D—>S
A—->Q;B>P;C—>P

A—-Q; B—>P;C—>R
A—->Q;B>R;C—>S;D—>P
A—>R;B>P; C—>Q;D->T

Dok =

3k 11

f = ——, R 5 S e 2

D144 ©PoN28 1. TTCAZZnn(n=O,1,2,3, ..... ) :>27n(nR)=2nn
133" _2m A R R 7R 7R

> 2 3 = A=—-=1R, —,—/—,— .

n 23 4
3 27
Pr. Amp.=Pocos(%] =P, atx=0 2. TA =@2n+1)r (n=0,1,2,....)
and  -P atx=2/3=P atx=4/3 - z—f(n'R)=(2n+l)1t
2
Pipe may be closed at x =0 and open atx = 3m A= 2nR 2nR 2mR

~300m/s

17. A= om. ’ 2
25Hz et
3. Imax_L\/:Jr\/:J =21,

Separation between Aand B=6 m=2/2




WAVE MOTION

4.

5.

A to produce maxima at D =R
max

A, to produce minima at D = 2R

m;

Comprehension#2

El

5.

V= Point a

v, = Points ¢,d,e
v_, = points b,f
v_.. = points 0,d,h

V:F:Jm:\/zﬂg
u u n

d
= v=Yixeo 2v=g 5 a=£
u dx 2
EXERCISE - 4
Subjective Type

[a—y

7 2
13 15
. = 2‘ \_Azﬁ
9

A=2+2 =2.828mm; 2.83mm

o 2h 3 _h 300
h= Egt1 =t = ? and hfvtz,tzf;—m

wt=t +t,=8.707 sec
2 2 2 2 2
Im(éj L (AT _[Ej (1) 1
T I, A, T, 1 2
T 90 x9.8
= |—=,———=105+10 m/s
Y \/; V8 x10°

f=256 Hz; A=5cm=0.05m
Equation of the wave
-y =Asin (ot — kx)
. 2nf
=0.05 sin 2nft— TX )

=0.05 sin(1609 t— 4.84x)

.I.Gm ....... Y
- -
&

ZTTCA =@n+1jn

10.

for destructive interference 2 f(6.4 -6)=2n+1)n
v

+
= =DV 00+ 1) (v=320 mis)

=400 Hz, 1200Hz, 2000 Hz,
2800 Hz, 3600 Hz,4400 Hz

2x10
4.5x107
2.25

=100m/ s

t:L:L:QOZsec
v 100

FL
Forwire, AL=La 6= —=F=AYa®0

AY
1L F 1 \/10*6x2x10“x1.21x10*5xzo
2L\p 2x1 0.1
=11Hz

T 2x10
A% = —:/ =210 m/s
bottom \/E 1/2
v - I:,8><10:4(—10m/s
top n 1/2

= f:&:Vbottom = A :ﬂX006 =0.12m
top }\‘bonom o 2 “10

V= f%zlmn/s’tzkzgzo.%sec
107/10 v 10

. . [ mx . (5

(l) (ymax)x:5cm =4 sm (EJ =4sin [_j - 2\/5

2t 0w
i)y —=—=A=30
AT I o

Position ofnodes =15cm, 30cm.........

(iii) v=—4 (967) sin (%} sin (967t)

atx="7.5cm,t=0.25sec

v=—4 ><961tsin(7'5nj sm(%—”j =0
15 4

(iv) Y=4sin (%} cos (96 mt)

=2sm(ﬂ—96t] + 2sm(3+96m]
15 15
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11.

12.

15.

A
16. —

18.

y=5sin (Z—X) cos(@0mt)

=25 sin(407tt +%j ~2.5sin [4om —“3—"]
(i) Equation of incident wave

y,=2.5sin [40m + ?)

Equation of reflected wave

y,=2. 551n(40nt —%]

iy 25=F Ls-¢
(i) 7»_3: =6cm

Distance between adjacent nodes = 3cm

(iii) v=-5(407) sin (%} sin(40 7t)

nXl'Sjsin[4O7tx2] =0
3 8

1486
10°

=-200 7t sin (

mj = =149<10°m

o [B_ [4000x10°
P 1000

Let the pipe resonates in n* & (n+1)" harmonic
= (nt+1) 1944=n(2592)

_ 324
1296

=2000m/ s

= n=4 =0.25m

5 =1=A=2m

v=fA=2.53x10°x 2=5.06 x 10° m/s

Af=305-300=5Hz
(i) .. Total beats produced in 5s=5 x 5=25

(ii) Time interval in which max intensity becomes

1 1 1 1
x —=0.1sec

1’1’111111’1’11.11’1’1_2 E‘Zz 5

19. F

gtrmg plpc

gtrmg \/7 V 1 O -2 40\/_

g ooy _ 320
P9 4x0.4

= 40T -200=8 = T=27.04N

=200Hz

20. Frequency reaching the wall f'={ [ v J
V-V

21.

22.

24.

25.

26.

)

Frequency received by the observer
(Vv (v+ Vg\
)2

V-V,
.. Beat frequency

b %(v+v\ f_256(330+5]_256
LV VJ 330-5

=7.87Hz
The frequency of B < frequency of A

= f,—f,=5=427-f,=5=1,=422 Hz

Af—fo[ v J =180(l) —220Hz
V= Vg 330-60

vy, =) :700(340+10—10j

f
observer 0 k V+v

340+10
=680 Hz
(v ) [ v )
Af=f - =3
OLV—VSJ b V+VSJ
330 330
= 3=340 - = v=1.5m/s
330—vg 330+ vy
[LJ:MMHZ
- 330-20x1.5
330
= = — | =403.3H
L=tV ) [330+20><1.5) g
Frequency received by submarine
(v )
f: =
= £ %LV_VSJ
Frequency reflected by submarine,
Vv, (v+v\ 1450 +100
£ =1 ‘ L J— _—
v V-V 1450+100

=45.93kHz
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27.

28.

, [ vev, )
@ f“‘“ LV+V -V,
_ 530 [M} _500H
%1200 +40-40/) z
Vo, = 1240km/h |
(i) 4>| |

4

1
1240‘[171:}‘[17 mhr

where t,= time the sound to reach the hill
Lett,= time for the echo to reach the train

V... = Speed of echo
=1200-40=1160 km/hr
- Vtram echo = d Vtram 1
40+1160)t,=1~ 40 m
= 6=1-1540 " 1240
N
= 21240
Distance from the hill where echo reaches the train
=d-v(t +t)=1- 0 2*0935km
—VE YT
Frequency reaching the hill
o viv )
£'= fkv+v -V,
Frequency of echo
'(V—VW +vt\
f =1 L—V_VW J
( V+v, \(V—vw+vt\
kv+v -V, V-V, )
580 1240 1200*620H
1200 1160 z
_lgm _10’3kg7 B _
n= Toom ~ 0.1m =10"kg/m,T=64 N
— Yo L% ei00
w7 T T 20 N10
=4000m/s=v . — =1
string mrk
300

:400074000( ] =1 =v=0.073 /s
300

-V

29.

31.

32.

(V+V \ (340 +2n[2)6\
£ =t OJ 340 ———"—| =438.7Hz
max V+ vV 340-10x3
(v-v,) (340—60)
=f 0= 2 |=2573H
(v+v) 320 130/ 273z

(v+v\ ¢
Foumra = LV+VJ

(i) For the particle P
0 0
Yo —v[—y) = 2043 = —v(3)
ot ox

= v=-20cm/s

(along negative x-axis)
Equation of wave
y=Asin (ot +kx + ¢)

att=0,x=0,y=22 ,A=4

(i)

— 4=22 sing = ¢= %,%:5.571.5:4cm

v _ 20cm/ s _ 57y
A 4cm
. y=4sin [10m+ﬂ+5)

2 4
(iii) Energy carried in one wavelength

1
E= 5 A2\

_ L, 50 x@x107Y x(107) x 4
2 1000 100

=1l6mn*x107]

[=41 cos’0 where 0= (o, —,)t=10
(i) For successive maxima

At= 2
10°

For detection of sound
2A%=4A%0s%0

=6.28 x 107 sec
(i)

b

1
=cosh=+ — = 0=—
2

— 10%t= 2(5) _I
4) "2

= t:§x10*3 -1.57x107

T
4’4
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33.

34.

35.

37.

(
Frequency reaching the wall f' = fOL v J
A

Frequency reaching the motorist after reflection

from wall

_mj f(v+vm\

v V=V,

Frequency directly reaching the motorist

(v,
f27f°kv+vbJ

-. Beat frequency

b )

m

A
For air 71: L = 7‘1 = 2L1

v,=330 = v,=fh = 330=500(2L ) =L ,=33cm

7\‘2
ForCO, 7r=L, =2, =4L,v,=264

=v,=fA,=264=500(4L)=L,=13.2cm.
Amplitude of reflected wave

25-50) .
Lk +kJ_ (25+50j“03

=0.667 x 10°=6.67x 10"

Amplitude of transmitted wave

As[ 2k, \Ai:
k, +k,

2x50x%x2
50+25

x107 =2.67x1073

Equation of reflected wave
y,=6.67x10*cosm(2x+501)
Equation of transmitted wave
y,=2.67 % 107 cos m(x— 50t)

v _330 d 4
(1)7\.—f 200 1.65m,x—m
At infinity, path difference = 0
As the man approaches, the path difference changes

0, 25,3
2 2

=2.4242

2N
*. Hence only minima will appear to the man.

A 3A
(ii) ForA:E=\[d2 +X —X, and7=\/d2 +X5 —X,

=x,7928m,x,=1.99m

38.

39.

40.

(i) Combination of waves producing standing wave :
Z+Z,

(ii) Combination of waves producing a wave travelling
alongx=yline :Z +Z,

s
(iii) Position of nodes in case (i) x =(2n+ I)E

case (i) x-y=(2n+1) %

_27t:_7tx = A=20cm

A 10

) Total no of wavelength = — =~ = 5
(i) Total no of waveleng = =50 -

Number of loops formed =2 x 5=10

(i) Maximum displacement at x = 3
A—6sin(lxi) =3cm
10 3

(iii) y=6sin [%) cos (100 7it)

=6 sin (10 ©x) cos (100 mt)
v =67 sin(10 7x) sin (100 7tt) m/s

il Lot
_ IE wdx = 5p£[6nsm(10nx)]2 dx

0

100w

T
where ,|— =———
n

=10 =p=
Ton n=0.4
(ivyy= 65111(10) cos (100mt) =y, +y,

KE_ =36]

3s1n[——100nt) y,=3 sm(m+ IOOntj

11
1/2“0 ~5000m/ s

8000
ZpLoa-m-2 gy
y TR T ATy Ty Tham
K=20_21 5,

0.4

— =2nf= 2V 275000, 5600,
x 0.4

(i) Equation of the wave
=2 x 107%cos(5mx) sin(25,00 7t)
(i) y,=10°sin (250007t - 57x)
y,= 107 sin (25000 7t + Smx)
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42. Amplitude after reflection

k, —k 5—
A=A|-2—1 :0.3(25 Sj:—o.l
o0k, k, 2.5+5

Amplitude after transmission

2k )
A=A Lmj =0.2 cm

EXERCISE -5

Part#1: AIEEE/JEE-MAIN

1.

The fundamental frequency for an open pipe is

f=
A
1 :%;7»:21
! [
-V
open 21
A
1=
4
open pipe close pipe
v
A =41 ’fclosedi X_H

£
e SV L5
£

closed fB 21 v

As the string is tied between two rigid supports hence
there will be nodes at both ends. The longest wavelength
for nodes at both ends will be the one for which)

l—& A=2@

A 2% 40=80cm 40cm

longest

ALLLLRRRNRNNRNRNNNY

y=10" sin[600t—2x+§]

On comparing the given equation with the general
equation of wave, we get

Y=Y, sin(oat—kx+¢)

®=0600 ; k=2

600
=—— =300ms

Wi =2
ave Spee k 2

10.

11.

The frequency of the vibrating string with respect to
tuning fork is either (256+5) Hz or (256-5) Hz

1 |T

fwire = 21 ”’
On increasing tension; the beat frequency decreases to
2Hz, so probable frequency of the wire with respect to

fork none is
256
256 <
258

But on increasing the tension of wire, the frequency of
the wire must have to increase. So, if the original
frequency of the wire is assumed to be 261 then it reduces
to 258 whereas if it is assumed to be 251 it has increased
to 254. As we were expecting increase, so the correct
frequency of the piano wire is (256-5) Hz.

If the frequency of fork 1 is 200 Hz then probable
frequencies of fork 2 is either 196 Hz or 204 Hz.
As on attaching some tape on fork 2, be at frequency

increases, this is possible only if the frequency of fork 2
is 196 Hz.

Vso und
observer 5

Given that v

Applying Doppler's effect, we get

f,:f{w_vo} f,:f[M}zé. r_s

v v 5°f 5
F__fzg_lzl_zzo%
(v \n
’-)n:LV_VSJ
(300 )

. 10000= km J (9500)

300 x9500

=300 6000

=285 = v =15ms"

Intensity change in decibel

L

=10log L =20 = log =

I,

1 [yRT 1 [yRT
n=—»,—-xn=—,—-,xo~T
4x\ M 4V M VT

2 = =10°=100
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12. y=0.005 cos (ox - Bt)
comparing the equation with the standard form,

y:AcosK%—%]%t}

= 2n/A=aand 2/T=f
= o=21/0.08=25.00m and B=m

13. A B C
v—-1l v v+l

BetweenA & B 1 b/s

@
B&C 1bs (D

1

2

C&A 2b/s @
= 2 b/s
V-V, 94
14. n'= n=——n
\% 100

from (iii) eq". of motion v?>=u? + 2as

= Vv, =0+2as=v,= /2as

94 _(V—\/ZTQ

n= n= s=98m.
100 v Jr=s=%m

=

1s. y—0.2sin[2n( t X ﬂ
0.04 050

1
T T
vo [Toe o [T _o04
m k 0.04 1

0.50
2
0.50
T:(—) x0.04 =6.25N
0.04
16. y(x,H)= g [axs bty

v=w/K= —\/— in —ve x direction.
a

17. y,(x,t)=2asin (wt—kx)
y,(X, t) =asin (2wt —2kx)
But Intensity

I 2
[=2r’n%a’py = - = [Z_a x 1] _L
L a 2n 1

Intensity depends on frequency and amplitude
So statement-1 is true statement-2 is false

18. y,=Asin (wt—kx) & y, =Asin (wt + kx)
By superposition principle
Y=Yty
= Asin (wt — kx) + A sin (wt + kx)
=2A sin wt cos kx
Amplitude =2A cos kx
At nodes displacement is minimum

2A coskx=0 = coskx=0

T 27n T
kx=Qn+1)— = —x=Q2n+1)—
( )2 5 ( )2

s
X=2n +1)Z wheren=0, 1, 2....

19. l N

20. Fundamental frequency

f_l_ 1 T _ 1 |yxstrain xS
21 2x1.5\eq 3 pS

(S — cross — section Area)

2.2x10" xl—

1
-~ 100 _ 178212

3 7.7x10°

21. f1—1000( j =1066 Hz

300 - 20

fz—looo( j—941Hz

300 +20

. Changeis ~ 12%

1
22. t= 2\/5 = 2.,/2 second



WAVE MOTION

Part #1I : IIT-JEE ADVANCED

Mass per unit length of the string,
102
m=——=2.5x102kg/m
0.4

.. Velocity of wave in the string.

T 1.6
V=yl— =73 = v=8m/s
m 2.5 x10

For constructive interference between successive
pulses

C21Q)X04)

At
\% 8

min

(After two reflections, the wave pulse is in same phase
as it was produced, since in one reflection its phase
changes by , and if at this moment next identical pulse
is produced, then constructive interference will be
obtained.)

. f( v ) ; f( 340 j f[340]
e :> = =
1 \V—VSJ 1 \340 - 34 306
340 340 fi 323 19
andf =f] —— |=f|—| - —=—"—"=—
> \340 - 17 323 £, 306 18

Fundamental frequency is given by V = ——,/—

(with both the ends fixed)

1
.. Fundamental frequency v oc —=
N

[for same tension in both strings]

where 1 = mass per unit length of wire= p.A

1
vV oc —

= ity ) = p(mur?
(p = density ) = p(nr?) = \/H o T 1

- -EE -

Energy E oc (amplitude)? (frequency)?

Amplitude (A) is same in both the cases, but frequency
2w, in the second case is two times the frequency (®) in
the first case. Therefore E, =4E,

After two seconds both the pulses will move 4 cm
towards each other. So, by their superposition, the
resultant displacement at every point will be zero.
Therefore, total energy will be purely in the form of
kinetic. Half of the particles will be moving upwards and
half of downwards.

/;\ . A C B
A\:/- B =
( \ 0]

55 = s[v i VA] ()

\%

V+V
6.0 = 5( B)
\%
Here

v = speed of sound
v, = speed of train A
v, = speed of train B

Using the formula ' =

we get,

and

(i)

I
[\S)

\%
Solving equations (i) and (i) B2
Va

Let f, = frequency of tuning fork.

5 [9¢g

fo:H 7

3 |Mg

21\ n

(1= mass per unit length of wire)

Solving this, we get M =25 kg
In the first case frequency corresponds to fifth harmonic
while in the second case it corresponds to third harmonic.

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

330 - v 330 + v
f=f . 176) ———— | =165 ———
330 - 22 330

Solving this equation, we get v =22m/s

Let A® be the end correction.
Given that, fundamental tone for a length 0.1m= first
overtone for the length 0.35m.

% 3v

40.1+Al) 4035 + Al)
Solving this equation
we get A®=0.025m=2.5x 102m
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10. The frequency is a characteristic of source. It is
independent of the medium.

11. f=f (both first overtone)
(22 ) 2o )
= "4/ L210
1
4(v 4
I :—(—O\L:— p—lL as VOCT
3 Ve 3 P2 p

12. The frequency is a characteristic of source. It is
independent of the medium.

\'%
13. § = T (2nd harmonic of open pipe)

v
f, =n (Hj (n™ harmonic of closed pipe)

Here,nis odd and f, > f|
It is possible when n=5 because with n=5

5(v 5
4 \1 4

14. The question is incomplete, as speed of sound is not
given. Let us assume speed of sound as 330 m/s. Then,
method will be as under.

A
5= (63.2-30.7)cmor A=0.65m

speed of sound observed
v,= fA=512x0.65=332.8 m/s
.. Error is calculting velocity of sound
=2.8m/s =280 cm/s

15. focvocﬁ

fAB = 2'fCD )
o T,,=4T ()

Further th: 0
T X =T ,(®x)
= 4x=0-X (asTAB :4TCD) = x= @5

16. Take y=Asin(mt-kx)

y

oy
Sov,= F —Amcos(ot — kx)

:>VP:0)\/A2—y2 = [22] /Az_yz

Y

:—2“(1%2107 )( 10y —G7)x10"

3w
= —ms’!
50
1 |T 3v
17. —4|—=—
2L Vm 41
wherev=340ms™", ®=75cm=0.75m
Now according to given condition
1 |T 1 |T 3v
n— —4/— =4 Son=—,/— +4=|—+4
2L Vm 2L Vm 41
3 0
=—x——+4=344Hz.
4 0.75
MCQ

1. Since, the edges are clamped, displacement of the edges
u(x,y) =0 for

C (L,L)
(0,L) B

0 A

(0,0) o)

LineOAie. y=0 0<x<L
ABie.x=L 0<y<L
BCie.y=L 0<x<L
OCi.e.x=0 0<y<L

The above conditions are satisfied only i nalternatives
(b) and (c).

Note that u(x,y)=0, for all four values e.g. in alternative
(d), u(x,y)=0 for y=0, y=L but it is not zero for x=0 or x=L,
Similarly in option (a) u(x,y) =0 atx =L, y =L but it is not
zero for x=0 or y=0 while in options (b) and (c), u(x,y)=0
forx=0,y=0x=Landy=L.
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2.

Maximum speed of any point on the string =a®
=a(2nf)

v 10
10" 10" 1 (Given: v=10m/s)
2maf=1
1
f= S = a=10"m (Given)
1 10°

f=—— = —Hz
21 x 1073 27

Speed of wave v = fA

(10° _l\k
(lOm/s)fLEs )
A=2mx10”m

For a plane wave intensity (energy crossing per unit
area per unit time) is constant at all points.

1 2

v

v

1 2

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 :

AAAAAAAS
VYVYVVVYY

I
LU

J—
P
I= 3 or Iocl—
47r r2

The shape of pulse at x=0 and t=0 would be as shown, in
figure (a).

0.8
(0,0)= —=0.16m

=
=0 (a)
From the figure itis clear thaty = 0.16m
Pulse will be symmetric (Symmetry is checked abouty )
ifatt=0
y(x)=y(=x)

From the given equation and

® 0.8
y&x) = ————

F6x™ 45 1 att=0= y(x) = y(-x)

)=
yes) 16x* +5
Therefore, pulse is symmetric.
Speed of pulse
Att=Isand x=1.25m
y y
0.16m 0.16m
e x=—1.25m x=0 >
t=1s b) =0

value of y is again 0.16 m, i.e., pulse has travelled a
distance of 1.25 min 1s in negative x- direction or we can
say that the speed of pulse is 1.25 m/s and it is travelling
in negative x-direciton. Therefore, it will travel a distance
of 2.5m in 2s. The above statement can be better
understood from figure (b).

5. In case of sound wave, y can represent pressure and
displacement, while in case of an electromagnetic wave
it represents electric and magnetic fields.

6. Standing waves can be produced only when two similar
type of waves (same frequency and speed, but amplitude
may be different) travel in opposite directions.

7. B 8 ACD 9. ABC

Comprehension#1

1. In one second number of maximas is called the beat
frequency.

100r  92¢
Hence, fb:flff2 = o - ; =4Hz
2. Speed of wave
® 100m 92n 200
= — =V = = =
Y 0.5t  0.46n >
3. Atx=0,y=y, +y,=2A cos 967t cos 4nt

Frequency of cos (96mt) function is 48Hz and that of cos
(4rf) functionis 2 Hz.

In one second cos function becomes zero at 2f times,
where f is the frequency. Therefore, first function will
become zero at 96 times and the second at 4 times. But
second will not overlap with first. Hence, net y will
become zero 100 times in 1s.
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Comprehension#2

1. v, =340+20=360m/s
Vg, =340-30=310ms

[(Rr ] [(Re ]

— G —
20m/s 340m/s 340m/s 30m/s

2. For the passengers in train A, there is no relative motion
between source and observer, as both are moving with
velocity 20m/s. Therefore, there is no change in observed
frequencies and correspondingly there is no change in
their intensities.

3. For the passengers in train B, observer is receding with
velocity 30m/s and source is approaching with velocity

20ms.
340 — 30
ff = 800| ————| = 775Hz
340 — 20
£ 1120(340 _3()] 1085H
and = 340 —20) z

.. Spread of frequency =f,'—f'=310Hz
Subjective

1. (i) Frequency of second overtone of the closed pipe

s(ar)
=5|-—]=440
4L
¥ x=0;AP=0
50, )
L= U e x=xX;AP=2P sinKx
S5v
= ——m
4 x 440
Substituting v= speed of sound in air =330m/s
5x%x330 15

= — = —m
4 x440 16

)
s Mg 3

A

5 5 4
(ii) Open end is displacement antinode. Therefore, it
would be a pressure node or at x=0; AP=0

Pressure amplitude at x = x, can be written as
AP =+ AP sinkx

2n 2n 87
where k =— = =—m"

A 3/4

1

Therefore, pressure amplitude at

L 15/16 )
X= 7= mor (15/32) mwill be
. (Snj[wj . (5n]
=4 — || =] = —
AP Posm 3 30 APosm 4
AP,
AP=+ —F—
= 2

(iii) Open end is a pressure node i.e. AP =0
Hence, P, =P .= Mean pressure (P )

(iv) Closed end is a displacement node or pressure
antinode.

Therefore, P =P +AP andP =P —AP

Amplitude of incident wave

D Q

A=35cm L=4.8m L=2.56m
Mass =0.06 kg Mass=0.2 kg

LY~

Tension T=80N
Mass per unit length of wire PQ is

006 1
M= T gokem

and mass per unit length of wire QR is

0.2 1 ‘o)
m, = ——=—— m
279756 1288

(i) Speed of wave in wire PQ is

T / 80
v, = m, = 1/80780m/s

and speed of wave in wire QR is

T 80
VamAm,  \1/128 22

.. Time taken by the wave pulse to reach from P to R is

4.8 2.56 (4.8 2.56

t=—+ = —+
80 32

s =>t=0.14
Vi OV, ] :
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(ii) The expressions for reflected and transmitted
amplitudes (A and A) in terms of v,,v, and A, are as
follows :

vV, =V 2V2
A = A and A =
r vy, + V) !

i

%1 + \%)
Substituting the values, we get

[32 - 80] 5
A= 32 180 (3.5)=-1.5cm

i.e., the amplitude of reflected wave will be 1.5cm.
Negative sign of A indicates that there will be a phase
change of m in reflected wave. Similarly.

2 x32
A =|——|(B.5)=2.0cm
32 +80

i.e., the amplitude of transmitted wave will be 2.0cm

Speed of sound v =340 m/s

Let ® be the length of air column corresponding to the
fundamental frequency.

\%
— =2125
41,
v 340
©4212.5) 4Q12.5)

o |f

In closed pipe only odd harmonics are obtained. Now

let® @ ® @  ctc., be the lengths corresponding to the

3rd harmonic, 4th harmonic, 7th harmonic etc. Then,

-1, 0.4m

\/

0.4m

— 3.2m ——iie—
e—— 2.8m —

K 1.6m de— 2.0m -

= 2.4m ¢ 1.2m =

£
3]
S

(v

3 —| = -

\ar;) ~2125=>9~12m

S[L] 2125 20m
41,

and 7[L] =2125= @ =28m
415

(v )
9\31,) ~2125=9,=36m

or heights of water level are (3.6-0.4)m, (3.6 —1.2)m,
(3.6-2.0)m,(3.6—2.8)m.

.. Heights of water level are 3.2m, 2.4m, 1.6m and 0.8m.

Let A and a be the area of cross-sections of the pipe and
hole respectively. Then

A=n(2x10%)?*=126%x10"°m?
anda=m(107)*=3.14 x 10°m?

Velocity ofefflux v = /2gH

Continuity equaiton at 1 and 2 gives :

—dH
a/2gH = A (—J
dt
.. Rate of fall of water level in the pipe.

dH) a
—— | =—42gH
( a) " AVE
Substituting the values we get

—dH 3.14x10°
= N2x10x H

dt  1.26x107

dH
= - = (X 102 WH

Between first two resonances, the water level falls from
3.2mto 2.4m.

2.4 dH
]

t
— =(1.11 x10?)dt ——="(1.11x10?)] dt
aatxaos= | Fr=diiio)

Bl

= 2W2.4 —3.2]7-(1.11 x10?).t =t~ 43s

Velocity of sound in water is

B 2.088 x 10°
V=T =5 =1445m/s
vo\p 10

Frequency of sound in water will be

vy 1445

S 1445 xio T LTI
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(i) Frequency of sound detected by receiver (observer)
at rest would be

Source

—>p °
% v=10nV's  Observer
(At rest)

—>v=2nVs

fi = %{VW—‘FVr\ — 105)[

1445 +2
Ve +V; —VSJ (

iser )
1445 +2 - 10
f =1.0069 x 10°Hz

(i) Velocity of sound in air is

\/yRT \/(1 4)8.31)Y20 +273)
V, = =

=344m/
M 28.8 x 1073 °

. Frequency does not depend on the medium.
Therefore, frequency in air is also f, =10° Hz

.. Frequency of sound detected by receiver (observer)
in air would be

e LA

f,=1.0304 x 105Hz

344 -5 }
344 -5 - 10

(i) Frequency of second harmonic in pipe

A = frequency of third harmonic in pipe B

.2__fV_B\
' (21 _L41J

YaRTy
Va 3 MA 3
= —=—(as0, =0 ) = ———m= = —
vg 4 (2s9,=9,) ysRTg 4
Mg

M 3
= Ta —B=—(asTA:TB)
Y \ My 4
M, yA[16j [5/3](16)
Mg vs' 9/ \7/5/\9

= —an = —
N 3 B 5

400

- ()
= —= = -
Mg 21 9 189

(ii) Ratio of fundamental frequency in pipe A and in
pipeBis:

f, val 2l
i = u = V_a (aS.A:.B)
ﬁg VB/ 21B VB

Y ARTy
N My
{ BRTs

M

Substituting

B
M, o (@sT, =T))

M, 189
— = —— from part (i), we get
M, 400

i[5 189 3

£, “400 4

Fundamental frequency

\%

=20 +0.6n)

0.6r

Speed of sound v = 4f (@+0.6r)
= v=(4)(480)[(0.16)+(0.6)(0.025)]=336m/s

1 . A=2@ k n T

IRt W
The amplitude at a distance x from x=0 is givenby A=a
sinkx

x=0 X=/( E

K A2 M

Total mechanical energy at x of length dx is

1 1
dE= - (dm) A’e? = — () (asin ko)? (2’

= dE=2mpf*a?sin*kx dx

)

vz b

Here, f= — = H andk = —
A @1?) 1
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10.

Substituting these values in equation (i) and integrating
it from x=0 to x=®, we get total energy of string

n?a’T
41
, (v )
From the relation {' = fk J
vt v
300 )
we have 2.2 = f| ———— (1)
300 — vp
300 ..
and 1.8 = f| —— (i)
300 + vy

Here, v, = v_= velocity of source/train

Solving equation (i) and (ii), we get v.. = 30m/s

Maximum particle velocity

®A =3m/s ..(1)
Maximum particle acceleration
o*A =90m/s? ..(i)
. 0) e
Velocity of wave M, =20m/s ...(1ii)

From equation (i), (i) and (iii), we get ®=30 rad/s
A=0.Imand k=15m™
Equation of waveform should be
y=Asin(ot+kx+ ¢)
y=(0.1m) sin [(30 rad/s)t + (1.5m™)x + ¢]

L=20cm;m=1gm

o
"

1
| —|kg/m.T=
mn (200] g/ m;T=05N

0.5
v= [ = 10ms; f=100 Hz

[200]
_y_10 1 - A1
TFT100 100 T 3 M Toem

MOCK TEST : STRING WAVE

1. As wave has been reflected from a rarer medium,
therefore there is no change in phase. Hence equation
for the reflected waves can be written as

y=0.5Asin (-kx— wt+ 0) =—0.5A sin (kx + wt— 0)

2. Substituting x = 0 we have given wave y = A sin ot at
x = 0 other should have y = — A sin ot equation so
displacement may be zero at all the time Hence (B) is
correct option.

1
20\

If radius is doubled and length is doubled, mass per
unit length will become four times. Hence

¢ 1 AR
Tox2n V4 242

4. A=20=3m
Equation of standing wave
(As x = 0 is taken as a node)
y =2A sin kx cos wt
y = A as amplitude is 2A.

u=p ar’

A =2A sinkx
A 2
"6 " 6
2t _m ]
X X76 = x174m
2n T T
and T :§+§:>x2:1.25m:>x2—x1:1m
5. Givenow=37
f=— =15
2
Also  Ax=1.0cm
2n n 2%
G' ) :_AX = - =— Xl
iven, ¢ % 8 N

= A=16cm=v=fA=16 x1.5=24 cm/sec
L _alf} (3)*(8)°

6. T 7 = =
L oaf, @2
7 =0 _ 8 I -0
. y(x, t=0)= " then y(x,t) = (x—20)
y__ 2 i
= ati(x—2t)3 at x=2,t=2
24
V.= =-3m/s.

NG
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8. Dotted shape shows pulse position after a short time | 13. For a string vibrating in its n" overtone ((n + 1)"

interval. Direction of the velocities are decided

according to direction of

displacements of the particles.

\4 \Y%
9. R,=— ,R.=—
v, Ry

A

as V,>V_ R <R,

harmonic)

+
y=2Asin (%J cos ot

N NS

< £

v

Forx=, 2A=aandn=3;
y= cos®t=a. sin cos®t =—a.cos mt

i.e. atx =; the amplitude is .

1 T 14. In a sonometer,
10. P= —uo?A’V  using V= ,|—
? " NP . RS LR S
1 v, T, 24
P= S oA Tu . % change will be : x 100= x 100 = 75% Ans.
15. For waves along a string :

_2P o 1 2P
®=4p2 /_Tu f:E:E A2 /Tu

using the given data, we get f=30 Hz.

11. In figure, 'C' reaches the position where 'A' already

T
reaches after wt = —

2

va T = ha T
Now, for 6 loops : 3L, =L = A, =L/3
& for4 loops: 21, =L = A,=L/2

o 2

N4 9 9
= x2—3 :TZZ—XTIZZX%:SIN.Ans.

4

and 'A’ reaches the position where 'B' already reaches 16. Velocity of sound is inversely proportional to the
- square root of density of the medium.
after wt= —
2 Vil fe2 _ [20 5
ie.V,p =constant= — = |—= = |— = /2 Ans.
Hence (B). A P P
_h , x2 _t2
288=" i a
o2 (1) (® loga—logb=log E)

from equation (i) & (ii)

[7)-5

son=4

from equation (i)

oy 1 0%y 1

X (x+1) = ox?

ady  (ox/at) v

ot~ (x+t)  (x+t)

4 10 2 2 2 2
384:2:;//427V oy _ v :ﬂ:ia_y

) R N &
v=144 m/s

Which is the general form of wave equation.
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18. At t = 2 second, the position of both pulses are
separately given by fig.(a) and fig. (b); the
superposition of both pulses is given by fig. (¢)

2cm
S 2 I Fig. (@)
1 0 1 2
: I
|
! Fig. (b)
0 T,
Fig. (c)

19. (B)

. do
19. dm.oR =2T sm7

do
HRAO 'R = 2T

T
S u’R?=T= v = \/; = Jw?R2 =oR

Also speed of string is ®R
The velocity of disturbance w.r.t. ground
=oR +oR=20R.

20. Let ® be the length of rope. Then tension in the string at
height h will be :

m

T= o hg
/
T
- [ In
n
) m
Here,  p=mass per unit length = N

u= Jg_h oru’ =gh

i.e., uversus h graph is a parabola.

21.

22.

23. v=

24.

Leta and a_be the amplitudes of incident and reflected
wave. Then

a t+a _
Lt — 1 (Given) .. = [n—lj
a a;

a; — n+1

1 T

.. Fraction of energy reflected is

E,_(a) _(n-1Y

E, a, n+l1
v

fo=o-

Now beat frequency

—f—f, = v : v

2] 2z

vi_t 1
212 %+Ak

1+241 -1 +241
=(f If@| Lo - Tes
2Al 1+2Al} f‘){ 17 —4(A1)* }

Il

4ij 8f0Ak

T/ orv o« - 1 5RP,2 5 PQ,3 - QS.
n
Here p is mass per unit length.
0.1 O
H1=7—005kg/m uo =— =0.067 kg/mand

1
M3 =—— =0.0375kg/m

%<M<M

H<H <,
Between string RP and PQ, medium of string PQ is denser.
Therefore, wave-2 will suffer a phase change of .

Between string PQ and QS, medium of string PQ is denser.
Therefore wave 4 will not suffer any phase change.

Speed of wave in wire

T YAL, 1 YAL
Ve |— = |—Ax— - |—
pA A pA p

Maximum time period means minimum frequency ; that
means fundamental mode.
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25.

26.

27.

28.

T= % = £ === d A
= v =2\ YAL _ 35 secon ns.
(f=35Hz)

and; frequency of first overtone

- —on
= 7\‘* Z.

y=2Assinkx. sinot

V. = &Y =2Assinkx. cos ot
y dt

2
V,=0 = t=T/4,3T/4 (T:—nj

(2 times in one time period)
In standing waves, particles may have phase differences

only O or 7.

A
2 =0.1=>A=04m

from graph = T =0.2 sec.
and amplitude of standing wave is 2A =4 cm.
Equation of the standing wave

y(x,t)=—2A cos (z—nxj.sin(z—nt] cm
0.4 0.2

y(x=0.05, t=0.05)=-2~2cm

y(x=0.04, t=0.025)=—2+/2 cos 36°

A
speed = T 2 m/sec.

A% _ W 2A><ECOS 2nx cos 2nt V.
yoodt 0.2 04 02) 7

1
=(x= %m,tzo.l) =20m cm/sec.
As shown in the curve, if wave is moving along—

y

/A

X axis, Vp is positive.

30

2
.
N S X
. \
.
\

p

= —tan6

| —tan® |>1 LV >V

29.

31.

w
w

37.

Asf :f,: f,=3:5:7,string is fixed at one end, Its

f1_105

fundamental frequency is f, = 3 3 35Hz

. Every small segment is acted upon by forces from

both sides of it hence energy is not conserved, rather
it is transmitted by the element.

Two waves moving in uniform string with uniform
tension shall have same speed and may be moving in
opposite directions. Hence both waves may have
velocities in opposite direction. Hence statement-1
is false

. (False) at node v = 0, at antinode Tension L to

velocity .. at the points power =0 (P = EU )
At other points P # 0.

1.2
RTES o =0.6 kg/m

f=5Hz
A=2@0=4m
V=1l =5x4=20m/s Ans. 11.34

T
using v = \/; =T=202x0.6=240N Ans. 11.33

(8yj

-~ =3l4n
at max S
QA)o=3.14

3.14
Amplitude 2A = m =0.1m

Equation of standing wave is

y=(0.1) sin (n/2)x sin (10 ) t Ans. 11.35

. The equation of wave moving in negative x-direction,

assuming origin of position at x = 2 and origin of time

(i.e. initial time) att =1 sec.
y=0.1sin(4n(t—1)+8(x—2))

Shifting the origin of position to left by 2m, that is, to

x =0. Also shifting the origin of time backwards by 1 sec,

that is to t = 0 sec.

y=0.1sin(4n(t—1)+8 (x—2))

As given the particle at x=2 is at mean positionatt=1 sec.
. its velocity v=mA =4n x 0.1 =0.4 Tm/s.

2n  2n 1

. Time period of oscillation T= — — sec.

o 4n 2
. T
Hence at t = 1.125 sec, that is, at Z seconds after

t =1 second, the particle is at rest at extreme position.
Hence instantaneous power at x =2 att = 1.125 sec is zero.
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39.

40.

41.

42

(A)—p,g,5t 5 (B) —p,qss 5 (C) —p,1s,t 5 (D) —p,s

(A) Number of loops (of length A/2) will be even or
odd and node or antinode will respectively be formed
at the middle.

Phase difference between two particle in same loop
will be zero and that between two particles in adjacent
loops will be 7.

(B) and (D) Number of loops will not be integral.
Hence neither a node nor an antinode will be formed
in in the middle.

Phase difference between two particle in same loop
will be zero and that between two particles in adjacent
loops will be 7.

for refraction medium changes so frequency does not
change beacuse frequency depends on sources.

for reflection medium does not change so speed of wave
and wave length does not change

refraction from rarer to denser medium wave length
decreases beacuses density of denser medium high but
frequency does not change.

reflection from denser medium speed and frequency
does not change beause medium is same but due to
reflection change of . takes place

_32gm _32x10° 32 32 Ko/
M= %0em  40x10° 40 4000 2™
A
o= —
2
— =20 (1)
| 4 |
v 1 T
f=—=— |—
Ao 20\
1000 1 [T
64  2x40x102 \32/4000
2
1000 32
x2x40x1072 | 25
:[ * }4000
_fo000 32 10
764 “a000 @ 8
10/8
10° 107 40 o
~ YT 05x102 8 (.05) m
40x1072

dMm
KX—_

43. u= dx

IdM = j:dex and K= i_l;/l

(0] (0]
/F =
= dx = |— |dt
\/7 Kx IJ_ \/;j
(o]
\/sm \/8><45><15
9x15

\/4x3 K (93 2m

9 'f OF 52

44. The magnitude of phase difference between the
points separated by distance 10 metres

=kx10 =[10nx0.]x10=n

MOCK TEST : SOUND WAVE

1. The figure shows variation of displacement of
particles in a closed organ pipe for 3™ overtone.

for tird overtone @~ T o B o k2
or third overionc @ = 4 or A= 7 or 4 = 7

or
A
Hence the amplitude at P at a distance 7 from closed
end is ‘a’ because there is an antinode at that point

Alternate
Because there is node at x = 0 the displacement
amplitude as function of X can be written as A = a sin
2

kx=asin —x
A

. s 4)
For third overtone ® = — orA= —
4 7
cacasin A L Bl st A
asin o 7 as1n2—a ax—7:> =a

2. When a sound wave gets reflected from a rigid
boundary, the particles at the boundary are unable
to vibrate. Thus, a reflected wave is generated which
interferes with the oncoming 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.
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3. Afteratimet, velocity of observer V = at

V+Vy V + at
oo f = v f.= v f,

straight line graph of positive slope.

R s

v,=0.5m/s

which is a

5. For a stationary observer between wall and source,

freq. from direct source = (v

\Y
frq. from reflected sound = [V v ]fo .
So no beats will be heard.

2

I K/r
6. (B)dB=10log (I_J =10log ( I J =10 [log (K%
0 0

—2logr] [K’— ﬁJ
Ip

dB, =10 (logK"~21logr)
dB,=10 (log K" -2 1logr,)

;
3=dB, ~dB,=20log (i]
r

ry 2 ry 1
(0.3)=log F = E :E

2

7 Imax (al +a2 25 + 5 ( )
=——53=25=ata=5(a—a
Imi“ (al 7a2)2 1 2 1 2
2
a 3 I, a 9
R E G E s B
a, 2 I, a, 4
8. f A =f,A, (insame medium)
(300) (1) =(f) (1.5)
200 Hz =T,
9. v__=wA=2nf)A =(2r) (440) (10°)

max

=2.76 x 107 m/sec.

10. Apparent frequency

L (u+vy) 510 (330 +20)
TN (Ut v, —v,cos60°) 330 +20 — 20 cos 60°

. 350
= x
21030

11 A, = wavelength of the incident sound

=525 Hz Ans.

u
) 10u N 19u
f 2f
- 18
f = frequency of the incident sound = 10u-u f=—f
i u 19
10u 5

=f = frequency of the reflected sound

10u+u
fl’

A, = wavelength of the reflected sound =

Mu  11x19 u

“18f 197 Ty F

ﬁ_w_uxi_iA
A 2f  1x19u 11 "%

12. For minimum, Ax=2n-1) =

2

The maximum possible path difference = distance
between the sources = 3m.

For no minimum E >3

A>6
Y 6

If f<55 Hz, no minimum will occur.

vy RT

13. The speed of sound in air is v = M

Y
M of H, is greatest in the given gases, hence speed of
sound in H, shall be maximum.
14. Asy = A,sin(2mn, t)
where A, = 2Acos(2mn,t)

1~ N2
2

n
wheren, =
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15.

16.

17.

18.

19.

For interference at A : S, is behind of S, by a distance

A
of 1001 + 7 .(equal to phase difference %). Further

S, lags S, by % Hence the waves from S and S,

interfere at A with a phase difference 0f200.5 n+0.5%
=20ln = =

Hence the net amplitude at Ais2a—a=a

For interference at B : S, is ahead of S| by a distance

A
of 100A + 7 .(equal to phase difference g). Further

I
S, lags S by o

Hence waves from S, and S, interfere at B with a phase
difference 0£200.5 1 —0.57 =200 = O
Hence the net amplitude at Ais 2a +a=3a

I, ( a T 1
Hence | =~ |=|—| =<
I 3a 9

To get beat frequency 1, 2, 3, 5, 7, 8, itis possible
when other three tuning fork have frequencies 551,
553, 558, etc.

Y 10"
V== =7 =10 m/sec.
’ p 10.0 x 10

t:%:2X100 — 02 A
v 1000 .2sec Ans.

& = Asin (kx — ot)

P = Bﬁ =—-BAk k t

o B T cos (kx — mt)

amplitude of P_ =BAk =(5x10%) (10%) (3—2)

=51x 10*Pa
So correct ans is (D)

Fundamental frequency of wire (f >,

wire

&
<
p——

A)

v 3v

5v .
f= YR TRITY cannot match with f

20

v

21

22.

24.

——— \Y/

2v 3
. v

221 * 220 22y

(B)

matches with f .

wire

second harmonic

A\
2(2%)

—— \V

. v
— 2AN2) * 2(M2)

cannot match with

©

wire

v 3v
D If: _—.. t match with
D) 4072)° 2072) cannot match wi

wire

v, =4 km/sec

12.8x10"°
= \/% - ,/257 — 8000 m/sec. = 8 km/sec
A A

Z_W =3 min=3 X 60 sec.

A

A
——— = o=
2 8 3x60 = 1440 km

Towards right wavelength gets compressed, towards
left, wavelength gets expended

x, and x, are in successive loops of std. waves.
So, ¢,=n
3n =«

CK(Ax)— _Im_6_6
and ¢, = K(Ax) = K( j 6 0, 7

0+*L:>0+*3—V:>.+*
AT A T AT

Solving get @ =20 — @

radio wave are electromagnetic wave. So it get extra
phase after reflection

total path difference =AB + BC + 1/2

= A for maxima

hsec a cos2a+hseca=21/2

hsec a (2cos’> o) =A/2
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25.

26.

27.

28.

If detector moves x distance ,
distance from direct sound increases by x and
distance from reflected sound decreases by x so path
difference created = 2x

2(0.14)=14r=14 ¢/f

 14x3x10°
0.14x2

=1.5x10"Hz.

Drumming frequency =40 cycle/min =40 cycle/ 60 sec

1 60sec 3
Drumming time period = 7 = m = > sec/cycle
(time duration between consecutive drumming)
During this time interval, if sound goes to mountain

and comes back then echo will not be heard distinctly.

—>xv
<—<—~'/

“— /) —>

- )

\'

N | w

Now if he moves 90 m. This situation arises at

1
t=60 cycle/min, T = — =1 sec/cycle

f
2(A-90
so for this case 1 = % ...... )
Solving equation (1) and (2)
set ®=270m
v =360 m/sec.

P,=B.K.S,= B(%‘j Sy = P, «

Y

Thus, pressure amplitude is highest for minimum
wavelength, other parameters B and S, being same
for all. From given graphs.

Ay <A, <A, Hence (B).

Path difference introduced due to displacement of
tube = 2x = 10 cm due to one wavelength change
maxima / minima will be attained once hence for 10
maxima’s

path difference AP=10A=10cmsoA=1cm.

29.

30.

32.

33.

X = x;sin (oot ‘+ (I)). = X,sin u?t cos ¢ + x, cos ot sin ¢.
Comparing with given equation.

Thus x,cos ¢ =3 and xsinp=4

4
Dividing we get tan ¢ = 3 or p=>53°

X, =4 coswt = 4sin (ot +90°)
AB =90°-53°=37°

—— = 3 metre.

The wavelength of sound source = 110

The phase difference betwen interfering waves at P is

2n 2n 2n
=Ap= = (SP-SP) = (5-4) = 5

.. Resultant intensity at

2n
P=1,+41,+ 2,1, /4], cos - =31,

. This problem is a Doppler effect analogy

where f=20/min, v= 300 m/min and v_= 30 m/min

—f|——| =0 (—300 jfzzzz in!
F=r\v=v, ) =9 {3p0_30 ) =2%22min
_(Vv+Vvo) , _ fovo _
= [E g 2 g
fog
rene (B2
o . . . fo9
i.e., f-t graph is a straight line of slope —
or m:slope
v

_ fog _ (10%)(10)
slope 103
30

Let Al be the end correction.

=300 m/s

Given that, fundamental tone for a length 0.1m = first
overtone for the length 0.35 m.

v 3v

4(0.1+Al)  4(0.35+ Al

Solving this equation, we get Al=0.025m=2.5 cm
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34. When the skater is approaching the observer.

v

f=f (V—VSJ > f and constant

When it receds from the observer.

v
hL=f [v+v ] < f and constant.
S

35. AsV=vA
V 340
R
first Resonance depth (from upper end)
R = &: 1 m=25cm
L' 4 4
= 3% =am= 75 cm 715,-27‘15(:#¢ 120m
5. 5 45cm)
, = T: Zm: 125 cm

i.e. third resonance does not establish
Now Water is poured,

Minimum length of water column to have the
resonance =45 cm

A 1
Distance between two successive nodes = E = E m
=50cm
& maximum length of water column to create
resonance

re. 120-25=95 cm.

_ T

T2\

on increasing or decreasing (T, & T)) significantly
we can get result of higher beats.

36. n

37. Doppler formula for sound a wave is not symmetric w.r.t

speed of source and speed of observer.

38. Propagation of sound in air is an adiabatic process.
% v
39. f,=f = f=f,=f= f
S e VN LT VitV

Now, for driver

V+Vv V-V
— c , _ c
£,= v fy and f v for
So, beat frequency = |, — 1 |
|v +V V-V
C C

= | f1r - f2r

%

_{<v+vc)2—(v—vc)2}

(V+Vc)(v_vc)

f_[4vvcj _(4ve)s
v2 v

V-V
40. 1, = f° A= f°
2v, 2v AM—Ay Vg
R Vi T
V+
41. 7 fo(v VJ,V—IOSO
- [Feeot]  Gomn) —
fo f,
\%
f=t V-V
-1
%
f'_f, 2V
« f,,  v-vy Ol

42. =1 (

Indian 50m/s
marine f,

43. A

=

f =1

Island

v, =50 m/sec.

v +50
V-V,

g -

V4V,
f v -50

(Vv+vy)(v+50)
o | (v=v,)(v-50) =1.211,[21% greater then

sent waves]

get

2

7\‘!

F

v, = 50 m/sec toward Indian submarine

v wrt to observer  v+v,  v-50
f’ fO (V + Vz) fO
(v—-50)

B v+50 ~ (v=v,)(v—-50)
- £ (V+Vv)(v+50) £ (v+v,)
' (v=v,)(v—50)

vV+v, 1050+50 —11
v-v, 1050-50 -
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/B B
44. v= |— 1 = |—— Bx~10°N/m?

_ 50
45. At t=0,y=107sin2n [FXJ

Change in pressure will be maximum where y=0att=0,

21 x50
17

x=0,7,2m....or x=0,0.17m,0.34m...

® B m2
46. v= —= |— B=p|—
Tk Vp p[kj

AP). =BAK =22 ax = PAY
( )0_ - K2 - K

Substituting the values, we get

102 %107 x (2 x1000)
(2nx50/17)

(AP),= =21.36 N/m?

47. A>R,B—->Q,C->PS,D>T

48. (A)y=4sin (5x —4t)+ 3 cos (4t—5x + 1/6)
is super position of two coherent waves moving in
positive direction, so their equivalent will be an
another travelling wave.

(B) y=10cos [t—ij sin (100) (t—ij lets
330 330

check at any point, say at x = 0,

y=(10cost) sin (100 t)
at any point amplitude is changing sinusoidally. so
this is equation of beats.
(C) y=10sin (2nx — 120t) + 10 cos (120t + 27x) =
superposition of two coherent waves travelling in
opposite direction. = equation of standing waves.
(D)y=10sin (2nx— 120 t) + 8 cos (118t—59/30mx) =
superposition of two waves whose frequencies are
slightly different
(w, =120, ®, = 118) = equation of Beats.

49. 3—3.% = A=2m

P_=100N/m? V=330m/s, p,= 1 kg/m’

AP

B B R 27 o Mm
P =Bs k=p,v SOT = 8= pOV22n
B 2 %100 R

T 1x330x330%x2x ° 10897

50.

51.

52.

3—3.% = A=2m

P =100 N/m? V=330m/s, p,=1kg/m’

__dp _ dP
dv/v _dp/p
dv
> m=pyv = 0= &Y,
p \%

_p.dp P _ PPm

dp= B (dp)m;B dp),.. =g
_p.Pm

(dp)maxi pV2 1089 kg/m

Let the velocities of car 1 and car 2be V, m/sand V,
m/s.
Apparent frequencies of sound emitted by car 1
and car 2 as detected at end point are

\Y
flzfov_—v1’ fZZfOV_V2 =330
330 330
=300 ———,360=300 -5~——
330 -V, 330 -V,

=V, =30m/s and V,=55m/s.
The distance between both the cars just when the 2nd
car reach and point B (as shown in figure is)

Vit

>
Wi N

100m
100m2V2t -Vt=t= 4 sec.

vair 30
~ 1000 m

2.25x10°
,/ “ Y 1.5x10°=1500
waler 1000

1500
== =15m

water 1000
Ay, =1.5-033=1.17m.

‘water

A,




