Wave on String and Sound Waves ALLEN’

Wave on String and Sound Waves

SOLUTIONS

EXERCISE - O
1. Ans. (C)

Comparing with the equation y = a sin (ot + kx)
a=0.002mmw=50s1k=2m"1

(D) a=0.002 mm

2. Ans. (D)
Amplitude becomes double
Hence it becomes = 0.5

k
And frequency becomes half f’ = g S>AMN=2A=k= >

Hence o becomes = © and travelling in opposite direction

y =0.5 cos (nt + nx)

3. Ans. (B)
Phase difference = kx10=[107x0.01]x10
4. Ans. (A)

2abxt—a2x2—b2t2
CZ

f(x, t)=Aexp<

Velocity =

~|e
Q| o

5. Ans. (D)

4
y=3sin;(50 t-x)

dy T yi
Particle velocity = ETi 3 B X 50 ] cos Y (50t-x)

Maximum particle velocity = 75 t m/s

Wave velocity v = % == 50m/s

) ) 75m 3
Required ratio= — = —nm
50 2
OR
v Aw T 3
(P)max.= — kA =—x3 ==
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6. Ans. (B)

b is at extreme position and moving towards rightward therefore acceleration is max and directed
towards downward.

7. Ans. (C)

&:1:x=2:v=9:>&=2:>10m/sec
2 k T

v, =oVA* —x*
:277‘ 42-(2\/5)2 =27”\/16—12

27nx2=2ncm/sec
8. Ans. (B)

A=9cm.T=3sec,f=1/3

Vo =Af

=3 cm/sec
9. Ans. (C)
A A 0.5

Vwave = T:T = Uwave:> T = 1= T=5sec

vp= VA% — x?2

27
Vp="-—" AZ —xz
T

2T
Vp="— AZ —xz
T

27
sz? 100 — 25 cm/s

ve = 2m\/3 cm/s
V3 A

vp= =0 j m/s
10. Ans. (A)
Equation of wave in +x direction
x t
Y=Asin| ——— i
(2-1) 0
XZ
f(x,t)=Asin (—zj ..(ii)
a
Ast=t-to

Compare equation (i) and (ii)

F(x,t)=Asin [%-[“Tto D

=9
v
f(x,t)=A sin(E_MJ
a a

= Asin (MJZ
a
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11. Ans. (D)
Wave moving in +ve x direction
At t=0,x=0,y=0
0=0,m

dy
—<0;¢6=m
dt ¢

So y=Asin(ot- kx+7n)
sin(0 + ) = - sin O = sin(-0)
y =Asin(kx - ot)

Wave is moving in -ve x direction
y=Asin (ot + kx + ¢)

At t=0,x=0,y=0
0=0,7
d
d—{ >0: =0
y =Assin(kx + ot)

12. Ans. (D)

A
7

y=Asin(ot-kx+n/2)
y=Asin(ot+ kx +1/2)
13. Ans. (B)

> X

y=Asin [wt+%]

oo (4

| x=A/2\\ |
y=Asin w<t+( ” )>+Z]
T wx wl K w
y-Asm_wt+7—ﬁ+Z
y=Asin wt+kx—n+%]
y=Asin_w1:+kx—3;—n]

www.allen.in
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14. Ans. (B)

y = at x=0

2t%+1
vw=2m/s (towards -ve x axis)

y(x,t):y(t+%)

ywi)=2@+§f+1

15. Ans. (B)

. . T
Speed of transverse wave in string, v = ’ﬁ

3

Where T = 2g = 20N andm = 2239~ — 5 % 10 kg/m

, 20
= v = =100m/s

2x1073 /

' 2
Therefore, required time=—=——= 0.02s
v 100
16. Ans. (C)
4T 3T: 3
— == =7 =-7,
5 5 4
o [Fovi_ B T, T,
U (%) 4
7° 3°
L =10x3=8m 3
1, =10xz=6m I
200N
o _L/wm_8 [1_ 4/
tz lz/vz 6 3 N 3\/§
17. Ans. (B)
mx F

F-T= T X E A L B

x < >
T=rF(1-%

(1-3) : F
Speed of transverse wave = \/g V///zzu,
dx
F(1-% T<—ﬁ—>
T m L

[102] www.allen.in
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2 -1yjo-1= [ 7 —0)

m
2L /ﬁ_ T

mL

mL _ m2
45 =T
2
FT
4=
9 FT?
Value of =9x%x4 =236
18. Ans. (A)
1
P, = EA(Z,w(Z,;w
ppb 12,
—_— = _A
, T AW
A02w02
2= A2 @2
As w = w, (Frequency remains the same)
4=
V2
19. Ans. (B)

P = uA?w?v cos?(wt — kx)
n(A%2w? cos?(wt—kx)) T
= . p
= 40x103=—vw
20 P

vp,=20cm/s
20. Ans. (D)

At t = 1s, both pulses superimpose and cancel out each other.

21. Ans. (B)

0.5cm/s,

' | x (cm)
-2 -1 0 1 2 3
x;=05Xt=05%Xx1=05cm
X, =05Xt=05%Xx1=05cm
At, t=1sec
-1.5 0.25 0.5 15 2.5

Atx=0.25cm,y=2cm

www.allen.in
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22. Ans. (C)
The figure shows the two waves at t = 65 and their superposition. The superposition is the point-
by-point addition of the displacements of the two individual wave.
HH....I’H?F........x(m)
0 2 4 6 8 10 12 14 16 18 20
23. Ans. (B)
Superposition of waves does not alter the frequency of resultant wave and resultant amplitude
= a’=a?+a?+ 2a? cos ¢ =2a2(1+cosd)
= cosdp=-1/2=cos2m/3
$=21n/3
24. Ans. (B)
I 16 :
Imax e Ch 49
Imin - E—l B LT_l B T
JI2 9
25. Ans. (B)
Att =27L , the wave will be back to the same place as it is directed free end. It will not get inverted
while it will get inverted at the free end, therefore option B is answer.
26. Ans. (C)
At ‘B’ shape of pulse gets inverted. The pulse will become erect after reflection at ‘A”. So, total
distance travelled by wave will be 12 m to regain its original shape.
27. Ans. (B)
y =10 sin 27(100t - 0.02x) + 10 sin 27t(100¢t + 0.02x)
y =20sin(200mt) cos 2n(0.02x)
Amax = 20
A
Loop length = >
2 =2 = 50m
Loop length = 25m
28. Ans. (B)
Check with all the options for condition of node at x = 0.
29. Ans. (A)
y1 = 8 sin(ot + kx)
V2 = 6 sin(ot + kx + n/2) [\ 6 +4
y3 =4 sin(ot + kx + 1) y2 w2
ya=2sin(ot + kx + 31/2) V3 V1
ys=4Zsin (ot -k +1/4) A8, 0=45° , ,
Yit)y2+ys+ys l ye
y' = 42 sin(wt + kx + 1/4) 2y
[104] www.allen.in
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Vnet =Y + Vs
= 4/2 (sin(wt - kx + 1/4) + sin(ot + kx + 1/4)
= 4+/2 [2sin (ot + t/4) cos kx]

=82 sin (wt + %) coskx
30. Ans. (C)
T f T
Vl - \/%;VZ - 4‘_11
V<V 4“ u
| f—

=  2ndjs denser = phase change of &
Wave reflected from denser medium

%
_ VoV 7

r = =F#——X6=—-2mm
V,+Vq %"‘Vl

= A

= eq"= - (2mm) sin (5t - 40x)

31. Ans. (A)
64
Er = Too ki
From energy conservation
36
ET' = Ei_ ET = mEl
Er A
= - = =
36 AZ
- -_— =
100 100
= A, = 6cm.
32. Ans. (A)
Waves A and B satisfied the conditions required for a standing wave.
33. Ans. (A)
N A.N. N A.N. N
A2 A2

Distance between two atoms = 1.21A
A=1214
34. Ans. (A)
By comparing given equation with y = a sin(wt) cosk x

w100 .,
— U—F—m—lom/S
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35. Ans. (B)
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_ . B (free)
A j(flxed) C (fixed) 120270011
D
3 JAN
77777rririr
Fundamental
A

36. Ans. (A)

Fundamental frequency, f = n

2L
focv
v < F (F = Tension in wire) f
AL
F=YA(T)
AL
— = adT T
L
F=(YAo)AT=(YAa) (T-20°)
f xv «+/F /(T —20)
37. Ans. (C)
y; = Asin [nTx] sin wt
y
X
0 L
A=2L

2mx
y, = Asin [T] sin( 2wt)
yh
x=0 x=L
A=L

1
Energy per unit loop = s u(szz)l
1
E,=1x [g yszz(ZL)]

1
E, = 2 x [gu(2w)242 (L)
E»=4E;

[106]
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38. Ans. (C)
51
Here A=0.05m, ? =025 = A=0.1m
Now standard equation of wave.
y=Asin (ot-kx) = y=0.05sin2m (3300t - 10x)
39. Ans. (D)
ds
P _ﬁﬁ
40. Ans. (B)
=_ V3.1,
B=Zt+3] y (1,1,1)
A=i+j+k
21 B
Ad = o Ax
_ 2 = V3.1 _ 3+1 30° R
Ax—A'B—T-l‘E—T > X
2 (V3+1)
Ad =
1 2
41. Ans. (D)
ds
= _'Bﬁ
42. Ans. (B)
_ [YRT
A M
Vo, My, 2 1
va, Mo, <32 4
43. Ans. (B)
3
Bulk modulus f3 = —3—5 = M 2 x10°
> 5x10
B 2x10°
Speedv= [—= |—=— = 1414 m/s
p 103
44, Ans. (A)
Source should be add mid for the wave front to reach at C, C
x=-3 A B(2)
5= /3242 A(-8) s(-3) ‘
y=4m
www.allen.in [107]
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Method 1:
S— 4000 m/s
pT q t,=H/7000
b
ts=d/4000
t,=d/7000
d a
ts_tpz— - MethOd 2:
4000 7000
Hcos6@ Hsinf
2x60= ts= + =t,+ 120
28000 7000 4000
d=28000x40m=1120 km Actually 6 — 90° as depth of focus very small
H
= —=t+120
4000
H H
—=—+120
4000 7000
3H
=120
28000

H=28000x40m=1120 km
46. Ans. (B)

V «<\T
V> T
= == [|=
1 T
Ty
= 2= @730

= T:=273x4=1092K=819°C
47. Ans. (A)

yP VYo, PH, 1
v = e - T = _— = _—=
p VH, Po, 16

48. Ans. (A)

T ’ T Y
Vo= |—= |——:V, = |-
T \fﬂ m‘zp » VL \/;

= V=100 Vr

=100/ 7; =\/Z
nrep p

y = 10* x (Stress)

R

=  Stress S 1 x 107 N/m?
104

[108]
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49.

50.

51.

52.

53.

54.

Ans. (C)

2d1+2d,=vxti+vxt;

= 2di+d)=v(t+t)

v(t1+tz) 340X(1.5+3.5)

—— dy—>—— dp—

—

di+dy= 2 v (' v
=850 m.
Ans. (D)
Energy remains same
Ey = Ep
Foa?n? - Z2_14
as ng
ng
g =
ag = 8a, = 84
Ans. (B)

In option A, C, D the quality of sound is same.
But in option B pitch is same and quality of sound is different.
Ans. (D)

1
Loudness of sound L = 10 loglol—
0

I
L'-L=10 10g107
The sound level attenuated by 20 dB.
ie. L'-L=-20dB

17
-20=10 log107

1 L
-2 = —
0810 I

I
I'=102=——
100

Ans. (C)
For a spherical wave amplitude « %, where x is distance of source from point of consideration.
S0, <.
Ans. (A)
Y; =10sinw X t,
Y, =4sin(w Xt+mn/2) =4 cosw X t,
Y;=7sin (wXt+m)=—-7sinw Xt
By the law of superposition of waves,
Y=Y,+Y,+Y;=3 sin wXt+4coswXt=>5sin (wXt+¢)

Here,
¢ =cos™13/5=sin"14/5

www.allen.in [109]
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55. Ans. (B)
11 4 11 2
— =—or |+—==
I, 1 I 1
; 2
I1
Imax 12+1 _ (E)Z _ g
Imin 1_1_1 2-1
Iz

Loudness is measured by § = 10 log IL
0

Now, change in loudness is

max I min

I
Bmax — Bmin = 10 logT— 10 log T,
=10 log Ilmﬂ =10 log(9) = 20 log 3
min
56. Ans. (A)
Ax=0

AX=A Ax=2),
Ax=
S, S, x=3A
Ax=4): . . Ax=4).
A

Ax=0

57. Ans. (A)

For the intensity to be maximum after interference, the path difference between the two waves
must be an integral multiple of wavelength.
Hence, (5+5) -6 =niA
= A= 4
n
This value is maximum for minimum value of n, which is 1.

Therefore, 1,4, = 4 meters

58. Ans. (C)
Ap=2 =+ = dsin0=2nm = d sin 0 =(2n — 3)
= —+— = H— = J—
b=2nt = S+ dsin nm; == d sin n—z)m
A 1 A1 A1 1 y
sinf=—|2n——) =—x— = - =5 — =—
2d 2 2d 2 2%X312 12 1004
1 y
12 (1002)
_ 1002 _25,
~ 12 T 3
59. Ans. (B)
Closed Open s
— = g Fundamental
4t; £, —
t, =44, —>< K Istovertone
6 =230 155 oM
1 4 - 4 - o Ccm
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60. Ans. (B)
3V
Second overtone of open pipe =——
244
5V
Second overtone of closed pipe =——
44,

Since, these frequencies are same
3V 5V ¢, 4x3 6
—_— : i

2#1 B 4#2 'fz B 2X5 B 5

Now, the ratio of fundamental frequencies:

v
f_l _ 241
-V
fZ E
20,
= —=10:6=5:3
?1
61. Ans. (A)
v v
—_ —=5§
40, 44,
v 1 1)
or —|———])=
4 \50 51
v 5x50x51
4 1
v 5xX50%51
— 1 =—— =———2=255Hz
44, 50
v 5x50x51
= f,=— =———=250Hz
44, 51
62. Ans. (D)
A l
E—le = A= n
nV
f=%r
nx350
400 57
p o 1X350 _ 7
800 16"
n=1,2,3,...
63. Ans. (B)
4],
—= 2
5

Thus 2 cm corresponds to A¢p = /2

1 cm corresponds to Ad = /4

1
So y=Asinn/4=2xT§=ﬁmm

www.allen.in
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64. Ans. (B)
2 = { +e (1D
4
2. ty+e +(2)
4

From (1) and (2)

e=2cm
65. Ans. (C)
A
2= pr06df, = 1 — d—]
2 1
Az v ¢
— = ¢£+03d,f, =+
4 * f2 A3
e— d—>

fa _ 2X(£+0.6d)  (£+0.6d)
fi 4x(£+03d)  2x(£+0.3d)

66. Ans. (B)
el el
0.1 0.35
A
—=0.1+e
4
A =04+ 4e (i)
31
—=0.35+e¢
4
30 =14 +4e ...(ii)

From (i) and (ii)
1.2+12e=14+4e
8e=10.2

_ 02

5 - 0.025m

[112] www.allen.in
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67. Ans. (A)
fili = >4
f 5 .
— == (1)
f2 6
f—fi=6Hz
5
fit6 6
6f1 = 5f1 + 30
fi1 = 30Hz
f> = 36Hz
fl + fz =66 Hz
68. Ans. (C)
fap. = (v—LvS) freal, When source is moving towards observer
and f,, = (#US) freal, Wwhen source is moving away from observer
,_ 330 33
and  fi'= 330520/ =35/
,_ 330 . 33
f2'= 33020/ =31/
330 33
fo = 330-20/ =31/
So fi=lAi"—ful
f2=12"— fol
Hence f; > f5.
69. Ans. (A)
Speed of motor cycle = Vi,
. B 330—(Vim)
Police van frequency observed by motor cycle = 176 (—330_22 )
Stationary frequency observed by motor cycle = 165 (%%/m))
If motorcyclist does not observe any beat, then:
330—(Vim)\ _ 330+ (Vi)
176 (*330-25) = 165 (*335™)
330— (Vi)Y _ 330+(Vim)
176 (< 355™) ===
16
1 (330-V,)=330+V,
8 X330 -7 %x330=7V, +8V,
Vi, = 22m/s
www.allen.in [113]
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70. Ans. (B) Vs
v \V
fapp = v—vscosef
340
— — Vs cos 0
= 270-1¢ X 800 = 8395
71. Ans. (A)
;L v
=165
f'=fasv,=0

and f' > asvg, =v
So, graph (4) is the correct answer.

72. Ans. (D)
V=rw=80m/s
320
fmax = (375 -gp) X 300
frnax = 920 x 300 = 400 Hz

320
Frnim = (m) x 300 = 240 Hz

240 Hz < f < 400 Hz
73. Ans. (B)
Distance travelled by the wave relative to the down in 1sec=V +a-c
_V+a—c
T oon
., V+i—c
f'= 1
. _ (V+b—c
f= (V+a—c)n
74. Ans. (A)
Speed of sound with respect to ground is C + U

A,l

V=F2
_v_c+u
AEFETY
75. Ans. (A)

1
Distance covered = v.5 + > a.5°=5 [v+(5a/2)]

Number of positive crests striking per second is same as the frequency
Distance 5[v+ (5a/2)]

A - A
76. Ans. (D)
AL v
A
05 AL 05
Now 44 = ﬁl = ~ = Too
0.5 0.5 8 .
v=——"Xc¢c=——Xx3x%x10" = 15x10"m/s
100 100

Increase in A indicates that the star is receding.
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77. Ans. (A)
Doppler’s shift is given by

AL = vA _ 5000x6000 — 014

c 3x10°

78. Ans. (B)
Shifting towards ultraviolet region shows that Apparent wavelength decreased. Therefore, the
source is moving towards the earth.

79. Ans. (B)
Due to expansion of universe, the star will go away from the earth thereby increasing the observed
wavelength. Therefore, the spectrum will shift to the infrared region.

80. Ans. (C)
. e r 4 [1=v/c
According to Doppler's principle ' = 4 TFv/c
For v=038¢c
;L (1-0.8)
A"=5500 1708 = 1833.3
Shift = 5500 - 1833.3 =3167 4
81. Ans. (ABCD)
y=10-*sin 27:(3?% + %)
82. Ans. (ACD)
y y
0.02 O% >t / -2
| \ 0.06 6 4 | » x(cm)
x=2cm I t=0.01 sec

Disturbance at x = -4 at t = 0.01sec and disturbance reaches x = 2 at t = 0.04 sec hence wave is
travelling in positive x-direction.

6cm
Yw = (0.03 sec )
=200 cm/sec =2m/sec
At t=0sec

A y
d d
1 '/'I
b
.
[ 1
[V 1
.
L -
1 ’
\ E
1 pd
b
|
!
|

8 -6 2 ¥
83.
y=0 x<0 y 4
y=x/2 2>x20 y=x/2
y=3-x 3>x>2
y=0 x>0
[V = ~2m/s] S
’ dy dy_zd_y 2 3

Y =2 T Twar = 2y

www.allen.in [115]
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84.

85.

86.

87.

y

0 (0

2dy| +1 0<x<2

dx | -2 2<x<3

3/2

0 3<x
Vyl Vy“
1
1
3 - 1
2
-2 -2
Ans. (AC)
1= %pszzv =1 < A%w?
50 100
Same speed = EY = a=4

Ans. (BCD)
Resonant frequency = 1001 Hz, 2639 Hz,

(A)
(B)
@

(D)

Ax=(2n+1)%=

1001=143x7=11x13x7=11f,
2639=377x7=7%x29%x13=29f;

Fundamental frequency = 13 x 7 =91 Hz,

String fixed at one end can produced only odd harmonics of 91 Hz, so 910 is not possible.

1911=91x 21 Hz

Fixed at both ends even harmonic possible

364=91x4Hz

1001 Hz not fundamental frequency because 32 and 35 is not even or odd of 1001 Hz.
Ans. (ABD)

50
mm
V=FA
(@) 300

f = (2n+ 1)300

Forf=300=>n=0
Forf=900=>n=1

7
For f=2400=>n-= > (not possible)

For f=4500=>n=7

Ans. (BD)
| 1 | 1
0 12 1 4
I 6 I
Minimum

Wl =

[116]

www.allen.in



Wave on String and Sound Waves ALLEN

88.

89.

90.

91.

Ans. (BD)

The wavelength of sound reaching the hill is 1 = V}Vc

> fi=flEeY

VAVl v VAV V4V,
= ﬁ"f[ V’]"V—VC Vo7V,

Beat frequency = f2 - fi

V+Vy V4V
7=, vve)f

V4V, V4V,
V-V

=> WV+Vyf

2Ve (V+Vy) f
v2-v2
Ans. (A)

x
Time to reach x distance = — C X
V1 ¢ > v Vs
X A’ | A ——x

Displacement at A at time t =t — e e »
1 1< »

Displacement at A at time t = a sin ® (t - %)
1

Ans. (C)

) ) t x—
Time to reach x distance =— + — ty

Vi W2 X .
. : £ x—t ) v 2
DisplacementatA attimet=t — — — — P OV .

vy V2

_ . £ xt ¢
Yy =a;sinw (t_v_l_v_z)

Ans. (B)
Y; = asina)(t—i)
V1

=qa sin wt
Transmitted at x = ¢ Y

Reflected atx =¥

Vy=2¢ = A SINwW (t - i)
V1

. £ x—7f
Yre ff = Qr SINW [t_v_1+ (v_1> +7T]

www.allen.in [117]
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92.

93.

94.

95.
96.
97.
98.

Ans. (A)
Speed of wave v = \/% =4x103

N NN N T N T
\_/\_/\_/\/w

50 4 41
l _7+Z = A—ﬁ
3
Frequency f = % = 435101 =11 x 103Hz,
11

Wave number k = 2711 = %

Equation of standing wave in the rod S = A cos kx sin (ot + ¢)
whereA=4x10-m

/i
at x:O,t:0:>S:A:>A:Acosk(0)sin¢:>sin¢=1:>¢=E

S=4x10"%cos (%x) cos(22m x 103t)
Ans. (B)

Strain = % = —22m X 107 ®sin (%x) cos (22m x 103t) -~ stress = Y X strain

=  Stress =140.8 x104 cos (227 x 103t) sin (%x + n)
Ans. (B)
l

. 1
Strain at (x =5 = 2m>

ds

_ _| 11m
- ldx x=%,t=1

=221 X 107 X sin (T) =11vV2r x 107°
Ans. (A)
Ans. (B)
Ans. (C)
Ans. (D)

Solution for Questions No.95 to 98

From graph we can say that (frequency relation)
h>fs>f (1)
Now detector C is at rest w.r.t to source so frequency for detector c will be equal to frequency of
source
fe=fs
Source is moving towards detector A so frequency for A will be greater than frequency of source.
fa>fs
For detector B source is moving away from the detector B so frequency of detector B is less than
source.
fo<fs
fa>fe>fs (i)
On comparing eq (i) and (ii) we can write
fa=hfi
fa=fo
fe=f3
Now if source is moving along y axis then for detector B frequency will be less than frequency of
source.

fa<f<fs

[118]
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99. Ans. (A-Q,T), (B-P,S), (C-P), (D-S,T)

(A) If source starts moving towards detector then frequency for detector will increase and
wavelength of sound will decrease hence distance between any two wavefronts will decrease.

(B) Ifair starts moving right then velocity of sound in right direction will increase and frequency
remain constant. Hence, wavelength will increase, so the distance between any two
wavefronts will increase.

(C) Relative velocity between source and observer is zero so frequency remains constant but
source is moving in left direction so wavelength in right side will increase so distance
between wavefronts will increases.

(D) Velocity of sound and frequency both increases so time needed by sound to move from plane
AA' to BB' will decrease.

100. Ans. (A)
Mass up to height y
m, = on n.e’dy Lyt
y
= (Hoey )0 dy = = poey
=pu(er-1)
T |
v= |—
1
puvz=T
Tension at a heighty =m,.g
= g (e - 1)
o oo Mogle’-1)
Hoe”
=g(1-e)
101. Ans. (A)
leuA o'V,
2
= 1><0.2><(ij2 x(4)* ><\/E =0.1024 watt
2 100 0.2
50% heat transfer efficiency
Power transmit to bath = 0.1024 =0.0512 watt
102. Ans. (B)

pt = msAT

0512 xt=1000x1x4.2x1

t= 4200 sec

.0572
=22.8hr
www.allen.in [119]
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103.

104.

105.

Ans. (B)

If B 0 and oo No transmission.
K,

Iff =1,100% energy transfer
H,

So Ans. (B)

Ans. (A)

Difference betweenvandv-1is 1 Hz (v-1), v, (v+1),

Difference betweenvandv + 1is 1 Hz

Difference betweenv-1andv + 1is 2 Hz l \_'_1

Let time period be T

So, beat for fi and f; will be heard at T

For f3, beat will be heard at % and T 2

So, neglecting one common time 7, beats will be heard at % and T so, 2 beats.

Ans. (D)
C0;=330m/s
A B

In BC, £=nh .

2 2 H; (M 0, (ID
In AC, ﬁz(m-f—th P P

2 2)2

5 1\ Anti node ® Node ® Node
now n—2= m+— |-+ |

2 2)2
271}\2=(2m+1)7\1 £/2 £/2

2= 2m+1)
f

f
Csound: ﬂ
\JM
G_ My _ 32 _,
c, \m, \2

Now, 2n C; = (Z2m + 1) C4
2nxCy=(2m+1) 4 C;
2n=(2m+1)4
n=4m+?2
m=0,n=2

nc
=

_ (2)x330

2><1
2

=660 Hz

[120]
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106.

Ans. (AC)
V = speed of sound wave

Case (i) = apparent frq

V
fRfS:|:ViVS:|

Graph (2) represents moving source

Case (II) Apparent freq
ViV,
fe=1s |: v . :|
r N fR
fs
} .
-V +V
Ans. w0

f=25Hz,0o=50nrad/s,A=25x10"m

v=300m/s

300 Ax
1= =12m ap=(5F)2n
Ax =6m

Ad):(%)XZT[
Ap=m
AA=0

[Both point have same amplitude]

EXERCISE - S

www.allen.in
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2. Ans. 0.2 cos[2r/5(x —10t)], (ii) 5n - (15/4)]

= 2
5
27 T
=0.2sin | —(x-vt)+—
d {5( ) 2}
— vy + +ve
T= 1sec
2

A
vw=—=10m/s
T /
.| 2nx b
y=02sin | ——4nt+—
5 2
=0.2 cos [Zix—éhrt}
5
) .. (dy
In figure (ii) | — > —ve
gure ( )(dt j

1
Att=—,y=0
4}’

x= %(4n+1)

3. Ans. (a) 20 m/s; (b) 2 m; (c) y(x, t) = 0.02sin(nx - 207t + ©/6)

T 40
V=\/%= ’07220"1/5 (T=0.1sec, f=10Hz)

v=fA
20 =10A
2w
A=2m k = 7 =1
Equation
y=0.02 sin [0t - nx + ¢]
At t=0,x=0
y=0.01
) 1
$n¢=5
dy :
E—) negative

[122] www.allen.in
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w=2nf=20n
57
6= 6
¥ =0.02sin (20mt - mx + %”) =0.02 sin (
T
Ans.—
2w

T
nix - 20Tt + E)

LX)
Tx _ X Tx
=l T @ x(L_E) D —r—> |
A ML Ty B
dx x
= T =w |x (L - —)
t 2
dx
= —x = wdt
x(1-3)
Integrating the above equation
L dx t n
= | wdt=>—= = wt
J ©(L-%) J V2
2
T
= = e
2
_ kL _ /8 ML
Ans.(a)M—T(b)t— 9—F
(@) M= [ kxdx
2
- -
L= % (1)
dx dx
—_ <>
(b) v= ar (2) i
F
And v = e ..(3)
From 2 and 3

[iVx dx = fg\/% dt

[2x3/2]L F
= 3 = [—t
0 K

213/2 |F
= —.t ..(4)
3 K

=  From (1) and (4)

8 ML
9F

t =

www.allen.in
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6. Ans. L/9

Initial speed of pulse

i
M
Tv=|—g |X
(ng
!
= L:«/gx Sw=ut+ lth:«/th—l(gjtz M,L
n 2 2\ 2
Ix
1
s2= =gt
2 2g
d
2vd—:=g S2=51
vl _a-d sort =it 3{ 42
dx 2 8L/9 =l
3\g
1 0 8L
g 9
s
v—‘ _________________
7. Ans. (i) d N, vx, (i) 25 x 10 W, (i) 2 | 001 N\ , ¢, solved
0NG10 15 20 AN 602 0.03 0.04
2
1
i) Att=— y
(i) =0 sec
=(0.01cm) sm[ ] -0.01sin [%] 5 /\ .
| 10 X
1pA?w? (T\ 1TA?w? 0.01
(i) <P>= —llvAza)z == (—) == o
2 v u 2 v
=25x 106 W dy
- dt .
(iii) yat(x=5) y=0.01sin (7—50nt) /\
d | "t
2 0.01 cos (50nt) x 50 /1/50 1725
dat
0.5
=-0.5 nsin (50 nt)

[124] www.allen.in
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8. Ans. (a) Negative x; (b) y = 4x10-3 sin 1007 (3t + 0.5x + L

(@) vep=-v,xslope
atP,vp —> +ve
slope — +ve

S0, V, = -ve [wave travelling towards left]

(b) y=4sin (kx + ot + %)

2T
A=4%x102m =TX100=507‘[

Vp = -V, X slope

(iOTg) m/s =-v,tan 6°

20m 180
=—— X ——=6m/s.
100 61

s
y=4x10-3sin (50x + 3007t + Z)

Vo

1
() E-= E,uAszv

1
=250 X 1072 (4 x 10-3)2(300 )2 x 6

= 14472 x 105
9.  Ans.300

_ 7 (9 (%
P=T (6t) (E)x)
y = Asin(wt — kx + ¢)
1 1
|Pavg| = 3 TA?wk = 5[TuA’w?
= 2 JTA*2nf)? = f = 300Hz
10. Ans. 6

1 A
Hint: —pAZa)2 X =

2 4

11. Ans. 1 x 109 Nm?2

0.05
Strain =——
40
St =
ress=_-"g
1000 1
Fundament frequency = —— = —
64 2L
L=40cm,v= \/Z
u
1000 JT/u
= =3.2 40
64 2xaoxio—z M= 32gm/40cm
T=125N

Stress T 40
= — = X =109 N/m?
Strain 10~ = 0.05

400

) (x,yin meter); (c) 144n2 x10-5]

www.allen.in
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12. Ans. 8.0 cm
1 14
A =2%X2=4cm A, =2%X1.6=32cm
Length of wire is ¢
A
In first case £ = %
A2
Insecond case ¥ = (n+ 1) >
ni A
—L = (n + 1) =2
2 2
0.8n=3.2
n=4
A
= % = 8cm
13. Ans. (a) 30 Hz (b) 3rd, 5th and 7th (c) 2nd, 4th and 6th (d) 48 ms-1
(a) Greatest common factor 30, so f= 30 Hz.
() fi=3f, f2=5f, f3=7f.
(c) nthovertone is (n + 1)t frequency
So, 3fis 2nd overtone and 3r4 harmonic.
5fis 4th overtone and 5thharmonic.
7f = 6t overtone and 7t harmonic.
d) f, = (2) Lk, where L is length = 80 cm, K is veloci = (%) Kis veloci
d f1= (i) , where L is length = 80 cm, K is velocity so, f; = pr is velocity
3
3
90 = (5 x 80) K, K = 48m/s
14. Ans. 5 cm from the left end
T] TZ A A
4;,,7
A C
' 40cm 2 & X 1 :"B ¢
12 48
L=40cm=04m
Let box is kept x list from the left end.
Given, f, =2f,
1 [y, 2 [Ty
2l\m  2l\m
T
e ()
T;
[126] www.allen.in
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Now, T; + T, = 60N
4T, + T, = 60N
T,=12 N &T, =48 N
Now, Torque about Point A
T, X 0.4 = 48x + 12(0.2)
x = 0.05m = 5¢m from the left
15. Ans. 180 Hz
mg = psAs = 7.8 %X 1073 kg/m
my = ppA, =7.8x 1073 kg/m
Both are same
Same per unit length mass

Velocity is same

v = (%) - f% = 71.6m/s

For minimum frequency, max wavelength
For max wavelength minimum number of loops
Max distance of a loop = 20 cm.

= A1=2x%x20=40cm

f=2=710 =180 Hz

16. Ans. (a) 80 Hz (b) 25 cm

Fundamental Frequency must be a factor of 240 and 320 Hz.

(A) So,80Hz.
(B) wave speed,
V=40 m/s

1
LX8O=EX4O

1
L= zm= 25cm
A%m2T

17. Ans.E = I

A
Distance b/w 2 nodes = >

= €=% = A=2¢
_2n_=m
And K_T_E

. . T
A=asink x =asm?x

1
=  Mechanical Energy at x of length dx = > (dm) A2?

dE = %udx a? sinz%x(Zm/)2

_1 2 2 .2 o2 TX
=5Hua 4m* v* sin {,dx

www.allen.in
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18.

19.

20.

21.

>
N
o>

Substituting above value in (1)

dE = 2ua’*m? Lzsin2 (%) dx
4l

_ m2a’T ¢ . ,mx

= E= 222 , Sin de
w2a?T

= E=—7

Ans. 3 =20dB

l
We know that 3 = 10 loglo(l—)
0

l
Ba=10log IA’ Be=10 logll—B
0 0

= Ia/lo=10%a/10 = [y/],=106s/10

2
—) —10BaPB) = 102
5

lg Té (50
:> _= _2 —
Ba—Bs
—_— =2 —p3.=20
:> 10 : BA BB
= fp=40-20=20dB
Ans.3 =3dB

We know that, = 10 logio I/Io
According to the questions
BA = 1010g10(21/10)

—  Bs-PBa=101log(21/1) =10 x 0.3010 = 3 dB.

Ans. 40 cm

If sound level = 120 dB, then I = intensity = 1 W/m?

Given that, audio output = 2W

Let the closest distance be x.

So, intensity = (2/4nx2) =1 =x2=(1/2n1) = x=04 m =40 cm.

Ans. 3.4 kHz

Distance between to maximum to a minimum is given by A/4 = 2.50 cm

= [=10cm=101m
We know, V = nx
|74 340

2~ 101
= 3400 Hz = 3.4 kHz

= n=

[128]
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22.  Ans.f=200 (2n+1), wheren=1,2,3.., 49

As shown in the figure the difference 2.4 = Ax = /(3.2)? + (2.4)? — 3.2

320
Again, the wavelength of the either sound waves = —

We know, destructive interference will be occur ::0 A \ A
2n+1)A
IF ax =0 JB2Z+ 242
~ JB22+ (24— (32) = Q";”%
Solving we get, A
2n+1)400
_ Znt1)a00 200(2n + 1)

where n = 1.2.3 ........ 49 (audible region)
23. Ans.420Hz

According to the given data

i 20 cm
v=336m/s —
L/4 = distance between 5 =x/4
maximum and minimum S o]

intensity
=(20cm) =>A1=80cm
=  f=frequency
1% 336
Z = —80><10_2 = 420Hz.
24. Ans. 12.6 cm
According to the data
A=20cm, S1S;=20cm, BD =20 cm
Let the detector is shifted to left for a distance x for hearing the minimum sound.
So path difference Al = BC - AB
=J/(20)2+ (10 +x)2 —/(20)2 + (10—x)2 A
So the minimum distance hearing for minimum
_(@n+DA _ A _ 20

> =5 = 10cm
= \/(20)2 + (10 + x) — \/(20)2 + (10 — x)? = 10 solving we get
x=12.6 cm.
25. Ans. 0
[ 4 @ \ 4  J
S S S S A;
Because the 3 sources have equal intensity, amplitude are equal 120°
So, A1 = Az = As 120° yp
As shown in figure, amplitude of the resultant = 0 (Vector method) A

So, the resultant, intensity at B is zero.

www.allen.in [129]



ALLEN JEE (Main + Advanced) : Physics

26.

27.

28.

12
Ans. 0, —,—........ and so on
33
A . -
cosO = 5 for constructive interference.

0="2 (ax =2
cos —3/1(x—n)

cos60=0

1
cosO =—

2
cosO = 5 and so on

Ans. (a) Io/4 (b) Io/4
The two sources of sound S; and S; vibrate at same phase and frequency resultant intensity P = Iy
(a) Letthe amplitude of the waves at S; and Sz be r
when 0 = 45° path difference = S1P - S2P =0
S1P =S,P

Ig
So when source switched off intensity of sound P is n

(b) When 6 = 60° path difference is also 0.

Ip
Similarly, it can be proved that, the intensity at p is " when one switched off.

Ans. 2.5 kHz, 7.5 kHz
GivenL =1m, Y=2x 101 Pq

p=8gm/cm3 = 8000%

Velocity of sound wave in steel rod, v = \/%

_ |2x10t! _ 10*
v= |"gooo — 3z ™/$

Frequency of fundamental modeie.n=1,

_ %
f1—2L
104
2 5
h=%3g = h=3kHz

For 1stovertone n=3

. f3 =75 KHz

[130]
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29.  Ans. (a) 2.116, (b) %

2 5/3RT
@) fi=57x 41
- Pipe A
_ 3 [7/SRT _
fa= AL\ My Monoatomic gas

fi=f2 (given) ~__— PipeB

/ i , Diatomic gas
My 4L

9 7
—X_
16 5Mp

3M

M4 5x5x16 400

— = = = 2.116
Mp 3X9X7 189

(b) Ifpipe Bis closed
_ 1 [7RT
fe = 21 |51,
_ 1 [5RT
fa=313m,

30. Ans. (a) — i

" 2n’
(b) y=-0.8 A cos(ax - bt) ory = 0.8 A cos(ax - bt + 1)
(c) 1.84b,0

(d)y=-1.6 Asin ax sin bt + 0.2 A cos(ax + bt), {n (G }— -X direction
a

OR

y=0.2 A cos (ax + bt) + 1.6 A cos ax cos bt, x = nn , —X direction
a

(@) yi=Acos (ax+ bt)

2m 2T
k—a—T = A==

a
2n 2n
O)—T—b = T—T

www.allen.in [131]
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31.

(b)

(c)

(d)

[ x A?
2
I A
XL = (—T) = A, =084;
I Aj

Wave is reflected at x =0
Hence there will phase difference of ©
y1=A cos (ax + bt) equation of particle
Equation of reflected wave

y2=Arcos (ax - bt + )

y2=-0.8 A cos (ax - bt)
= y2=0.8Acos [ax - bt + 7]
Y=y1t)y2
y=Acos (ax + bt) -0.8 A cos (ax - bt)

dy

V= P -Ab sin(ax + bt) + 0.8A4b sin(ax - bt)

= - Ab [sin (ax + bt) + 0.8sin(ax - bt)]
=-Ab [1.8 sin ax cos bt + 0.2cos ax sin bt]
=  |vmx|=1.84b
= |Vmin|=0
y =y1+y2=Acos (ax + bt) -0.8Acos(ax-bt)
y =-1.6 sin ax sin bt + 0.24 cos (ax + bt)
Antinode = Amplitude is maximum
So, |-1.6sin ax| = max

= sinax=1

14
ax =nn + (-1)2 XE

2
x=[n+%]g

direction of propagation of wave is in X - direction.

nm
Similarly y = y;1 -y, gives y = 0.2 A cos (ax + bt) + 1.6 A cos ax cos bt, x = P -X direction

Ans. 33 cmand 13.2 cm

Var Vco, 01 2Vgir 2%330
= - —_ = =
20 4l 2 Vco, 264
330
1?1 2%500 =33 cm
4, = % =132 cm

[132]
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32. Ans. (a) m (b) (c) equal to mean pressure, (d) Po + APy, Po — APy

JE

51 4]
(a) Forsecond overtone as shown,: =l= 1= <
Also, V =vAl
41 15
330 =440x 5 = Z—Em.

< ) >
L

(Pressure nodé (Pressure antinode)
antinode) displacement node
x=L  MippoINT X=0

Pressure variation X=X Pressure variation
is zero is max or min

(b) KEY CONCEPT: At any position x, the pressure is given by

AP = APy cos kx cos wt

15 15

For x = %16 =~ 32 ™ (mid point)

2T ]_APo
(330/440) ~ 32

Amplitude = AP, cos [

(c) Atopenend of pipe, pressure is always same i.e. equal to mean pressure
AP =0, Ppax = Ppin = Py

(d) Atthe closed end:

Maximum pressure = P, + AP,

Minimum Pressure = Py — 4P,

33. Ans. 1650 Hz

As diaphragm Cis a node and 4 and B are antinodes, each part behaves as closed organ pipe.

Thus fundamental frequency of the section are

vy _ 1100 _

M=, T axos - 200 H
VO 330 _

o =3, = ax05 ~ 20 Hz

Since fundamental frequencies are unequal, we need to find those overtones when they are
resonating
Thusn = pny = qny

P 3
= — =
q 11

Smallest integer value of p is 3.
Thus the minimum frequency of vibration of diaphragm C is

n=3n, =1650Hz
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34.

35.

36.

37.

Ans. 3400 m/s

Viea =7

Vair = 340 m/sec

Lr=25%x102m

d>=5%x102m

Vy 2Ly

Ve  d

y, — 340x25x10 X2 _ 3400 m/sec
5%10

Ans. 478 Hz

If the frequency of the tunning fork = v
Then eitherv-476=20r480-v=2
Equating them
v-476=480-v
2v =956
v=478 Hz
Ans. 252 Hz
Tunning fork produces 4 beat with a known tunning fork whole frequency = 256 Hz. So the
frequency of unknown tunning fork = either 256 - 4 = 252

or 256+4=260Hz
mass

length
As it produce 6 beats now original frequency must be 252 Hz.

Now as the first one is load it increase. So, its frequency decreases.

260 Hz is not possible as on decreasing the frequency the beat decreases which is not allowed here.
Ans. 0.39 cm
L=25cm=25x102m

By shortening the wire the frequency increases

1 [T
f=2 \[i
As the vibrating wire produces 4 beats with 256 Hz, Its frequency must be 252 Hz or 260 Hz. Its
frequency must be 252 Hz, because beat frequency decreases by shortening the wire.

1 T .

252 = 72><25><10_2 m (i)
Let length of the wire be L, after it is slightly shortened.

256 = ZLM\E (i)
Dividing (i) by (ii) we get

252 Ly

256  2X25X102

L1=0.2431m

So, it should be shorten by (25-24.61) = 0.39 cm

[134]
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38. Ans. 345, 341 or 349 Hz
The frequency of B can be 355 Hz or 345 Hz, When a wax is put on 4 its frequency decreases.

As the number of beats heard is decreasing, the new value of frequency of A must be closer to B,
which implies frequency of B must be 345 Hz, and new frequency of A is 347 Hz.

The beats heard when B and C vibrates is 4 per second, which implies frequency of C must be 341
or 349 Hz.

The beats heard between A and C after A is waxed, is 6 Hz. Which implies frequency of C can be 341
Hz or 353 Hz.

Taking common of above two frequency of Cis 341 Hz.
Hence frequency of B and C is 345, 341 Hz.
39. Ans. 11 /9

c
In the ground frame, the wall appears to move towards the car with a speed of 1—Om /s and car is at

rest w.r. t wind.
Let f be the frequency of the reflected sound of horn heard by the driver.
Given: Frequency of the horn = f

Doppler effect when wall act as an observer and car as source:

fl=f -Vsound+VcaT]
Vsound
c+5] 11
" 10
== =T
Doppler effect when car act as an observer and wall as source:

[ Vsound ]

I= f sound Vear

el
40.  Ans.(a) 100696 Hz (b) 103038 Hz
(a) Speedofboatuzlo%

u
Speed of river stream w = 2 %
Wavelength of sound wave inside water ———
is 14.45 mm. speed of sound inside >R
Sound e

water is

w v

< T > R

\f / 2. 088><10
‘L] =

— 1/2.088 x 103ﬂ = 1445—

Frequency of wave inside water is
n= % = LS% - 105HZ
14.45x10

In this case source and medium both are in motion, so apparent frequency is given by
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41.

42,

43.

. (vtw) _ (1445+2)

5
"= oyt T (4as+2)—10 < 10
= % x 10°Hz = 1.00696 x 10° Hz

(b) Speed of sound in air
[YRT _ [TAx83x293
v = = =344 m/s
M 28.8x107° /
Speed of air (w) =5m/s

n'= (o) X7

Ans. 5

Vkink = Rw

=1x100

=100 m/s

Ans. 26.7cm, 23.8cm, 22.4 cm and 20.0 cm

1%

196= —
2(0.3)

v=2x196 x 0.3
1% _2><196><0.3

() ¢, L =2222%02 2 0267 m =267 cm
2f  2x220

(i) ¢, =L =2x196X03 _ 4938 m =238 cm
2f  2x247

(iii) ¢, =L =2x196X03 _ 994 m =224 cm
2f  2x262

(iv) 34=L=M =0.20m=20cm
2f  2x294

Ans. 10800 Hz

Zzyﬁ Mzﬂ
A V4 2
TZAYnR

20
n=Ap

v 1 |YnR
f:—:— B —

20 20\ 2pt

1 J20x10wx314x25x10*
2x0.06 2x7800x0.06

= f~ 10800Hz

[136]
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44, Ans. 17.5°

f= % for 3rd overtone

T _AYoAT
noo Ap
11 -5
200 JleO x105AT
2x0.25 8000
3
’s - /10 AT
4
:25><25><4 _25C
1000

Hence T=20-2.5=17.5°C

45. Ans. 27.04 N
String, £ = 0.25m, m = 0.0025 kg
Pipe=>L=04m

. 2V
1st overtone of string = —

20
pel T 1 T
* 7\n 025Y0.0025/0.25

n2 = 40T

For pipe
nlzlz 320 =200 Hz
4L 4x0.4

n3=8

nz-n;=8
40T - 200 =8
T=27.04N
46. Ans. 5.9 sec
C =340

3 K>

fo=2kHz AN

h=1500m AN

f'=2f . 0

sin 6:E ™
Cc

cosﬁzi
Ct

www.allen.in
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EXERCISE - JEE (Main) PYQ

2
1
c® Ct
.
ot
H
t:
-V
_ 1500 _ 1500x4
c* —ic2 Ve
16
= ﬂ =5.9 sec
340x+/7
Ans. (3)
2n+1)v
For closed organ pipe f= ———,
44
(2n+1)v
—< 1250
4¢

4 X 0.85
(2n+1) <1250 x——
(2n+1)<125
2n<11.50
n<5.25

So n=0,1,2,3...5

So we have 6 possibilities.
Ans. (2)

c

85 cm

320

foefore crossing = fo (m) =1000 (320_20)

c 320
fafter crossing = fo (TVS) =1000 (M)

of = fo (52

c2—v?
Af 2X320%X20

— X 100% =—"—"—"—"—""—x100=12.54% = 12%

300x340
Ans. (4)

1%
1+Y

vV =V

[

alg

=3v

vV =V

SR
| |+
TSN TN

v'=10x 1.73 =17.3 GHz
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4.

Ans. (1)

60 = =4

Ans. (4)
Let mass per unit length of wires are p; and p,

respectively. H2

[T

Materials are same, so density p is same. < -

L L
Radius=r Radius=r

2

nr-lL

M1 = £ L =H
pAnriL

and u, = = 4u

Tension in both are same = T, let speed of wave in wires are V; and V,

T
Vlz\/%zv;

T v
Vz— @_E

So fundamental frequencies in both wires are

Vy Vv Vy Vv
Jor =qp =21 Ad/o, =31 =3

%4
Frequency at which both resonate is L.C.M of both frequencies i.e. oL

Hence no. of loops in wires are 1 and 2 respectively.

"""""""""""
~
-,

______

So, ratio of no. of antinodes is 1 : 2.

www.allen.in
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6. Ans. (3)

A [\

V. V.

y = Asin (kx — wt + ¢)

at x = 0,t = 0,y = Oandslopeisnegative=¢ =mn

7. Ans. (4)
n T m T
20\l 1 2L+ u2
n _ U1 _ 1
i m o AlH2 2

8. Ans. (3)

For closed organ pipe, resonance frequency is odd multiple of fundamental frequency.

(2n+1)f, < 20,000
(fo is fundamental frequency = 1.5 KHz)
n==6

Total number of overtone that can be heared is 6. (1 to 6).

9. Ans. (3)
AB =1, xt BV A

BC=Vt —

oo = 48 N
COSs = C

1 Vpxt

2 vt
-V
10.  Ans. (3) C
= A=2(L-h)=>2x(245-17)
= 2x75=15cm
&v=fA =330=fx15x1072

\

330 100
=— X
f 15
=  f=2200Hz
11. Ans. (2)
Ap = BkS,
2 w S
= X — X
pv " 0
A
= So = _p
pYw
o 10
~ Tx300x1000
1 3
= mm=—_mm
30 100

[140]
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12. Ans. (2)
Initially S2L = 2m

SiL =22 + (3/2)?
5
SiL===25m
2
Ax =SiL - SoL = 0.5 m

A
SinceA=1m .. AX=E

So while listener moves away from S;

Then, Ax = ($1L - S2L) increases

and hence, at Ax = A first maxima will appear.

Ax=A=81L-S:L
1=d-2=d=3m
13. Ans. (4)
v

%) fo

=
fobserved <vsound_v cos @

Initially 6 will be less = cos6 more

fobservea more, then it will decrease.

.. Ans. (4)
14. Ans. (7)
y1 = Aisink(x -vt)
y1=125sin 6.28 (x - vt)
y2=5sin 6.28 (x - vt + 3.5)
Ap = 2771 (4x)
= K(Ax)

7
=6.28><3.5=5><27r= 7

S2

1.5m

-
-7
S
1

.
P
p
P

.

¢
<\ 0
.

®

Aper = A} + A% + 24,4, cos ¢

Aper =/(12)2 + (5)% + 2(12)(5) cos( 7m)

=144 + 25— 120
=7
15. Ans. (1)
For node
cos(1.57ecm™Hx =0
T

(1.57cm™YHx = 5

X cm = 1lcm

_m
~ 2(1.57)
Ans. 1.00

www.allen.in
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16. Ans. (2)
YRT
Vs= |——
M
3RT
Vrms = -
M
Vg Yy 1 Y 1 3
= —_—_s = T =T = ’Y:—
Vrms 3 2 3 2 2
2
=1+
v fmix
2X34+nXxX5 6+nx5
T ne2 (n+2)
_ 2(n+2) _ 6+5n+2n+4
y=1+ 6+nx5 "~ 6+5n
7n+10 3
" etsn 2
14n+20=18 + 15n
n=2
17. Ans. (1)

y =2 sin (ot - kx)

Maximum particle velocity = 4 ®

w
Wave velocity = ’

w
;=A(D
1 27
k=27
A=21A
=4 mtcm
18. Ans. (2)
v =J§= /%:100m/s
19. Ans. (2)
£, = 300 (%(__20)) = 275
330—0

£, = 300 (WBO)) =330

Af =330 — 275 =55 Hz.
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1. Ans. (ACD)
v =100m/ sec

_ (@n+l)v
f="n

(@ n=0

y(t) = Asin%x cos%t
(c) n=2

5 250 125
f=1z%x100="===73=

_ o5 125 _ 250m
W=l X—3= =773

K = 250m _ 5m
~ 3x100 6

y(t)=A4 sins—nx cos 25§nt

6
(d n=7
fzijmo:@:lzs
4></'S/ 2
w =125 % 2w = 2507

k_2501t_5_7r
100 2

y(it)=4 sin52—nx cos 2 50mt
2. Ans. (AD)
(A) Speed of wave is property of medium so time taken to cross the 0
_ . .
string will be equal
(B) Speeds are same but velocity is vector, has opposite directions

(C) Wavelength 4 = % = % \/; and To>Ta

(D) Velocity of any pulse is v = \/; and it is property of medium.

A
3. Ans. (A)

For string (1)
Length of string = L,
It is vibrating in /°* harmonic i.e. fundamental mode.

To,
_1 /TO
fo=aru =W
I Lo g
For string (2)

: 3L
Length of string = >

It is vibrating in /11" harmonic but frequency is still f,.
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3v
fo= 27
fo=—m— |22
2, T2 > 0_2<3ﬂ> 2u
3L, 2
2
_1 T, _ 1 Ty
Ty
= T, =5 = Q)
For string (3)

5Ly
Length of string = T

It is vibrating in 5th harmonic but frequency is still f.

5V
fo= 51
5
L To3u A CEI
5L0 (‘Z‘)
T3
3u 2Lo
3T
To= M)
For string (4)

. 7Lg
Length of string =——

It is vibrating in 14" harmonic but frequency is still f;.

7L,
4

1417
fo=

f 4 /
= 7L0 2L0
T. T
== T, =1¢= (1)
ap 2L

[144]
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4. Ans. (D)
A
Given Z =(0.350 + 0.005) m

—  L=(1.400 +0.020) m

f =244 Hz
v=(341.60+4.88) m/s
Now from the given option, v = %
e [T — o [
Uy, = 21842% = 590 X %=354m/5
Vo, = %z 331.875m/s
Vpr = 3166><7% =340 m/s

5. Ans. (3)
Let amplitude of individual wave is A.

then by using phasor method

=448 m/s

So resultant amplitude A2 = A2 + A% + 242 cos 60

Only velocity in Argon satisfies the range of velocity.

AZ = 342
o I, = 3l
6. Ans. (ACD)
C+VcosB
fu = c N (FM oo
_C+Vecos® =~ T
N~ C 2 _Q \e\(\:\‘
Af = fv-fu 0. p
_C+V cos 0 ( ) ’’’’’’
- 2=/ (BN &
da(afr) % . de
- Ly, 1) smo
d(a
(dtf) is maximum when 6 = 90°
[.. Cis correct]
|4
Vp = (1 +cos H)Af
UQ = Af
vV
Vg = (1 —Ecose)Af
vp + vp = 204
www.allen.in [145]
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7. Ans. (6)
Frequency of sound as received by large car approaching the source.
C+Vo (330+2

0 —

17 ¢ 330
This car now acts as source for reflected sound wave

) 492Hz.

freflected = fi
frequency of sound received by source,

C 330 330 332
f2= (C_—VO) freflected = X fl = x X 492Hz

330-2 328 330
Beat frequency = |f, - f| = (% — 1) X 492 Hz

=6 Hz
8. Ans. (5 [4.99, 5.01])

Observer (stationary)
13m 13m
e cos @ = i
A 0 0 B — 13
. 2m/s 5m 5m i 1m/s
330 1 2cosf . . .
fA = 1430 [m] = 1430 [1_2—53(5)9] = 1430 [1 + W] (By bionomial expansmn)
330 cos @
fp = 1430 [330+16059] = 1430 [1 ~ 330
Af = fu— f = 1430222 = 13 cos 0
5
= 13(33) = 5.00Hz

9. Ans. (AB(C)
Let n; harmonic is corresponding to 50.7 cm and n, harmonic is corresponding 83.9 cm.
since both one consecutive harmonics.

A
Their difference = E

A
—=(83.9-50.7)cm

2
A
— =332cm
2
A=66.4cm
A
—=16.6cm
4

A
Length corresponding to fundamental mode must be close to " and 50.7 cm must be closed to an
odd multiple of this length as 16.6 x 3 = 49.8 cm, therefore 50.7 is 374 harmonic.
If end correction is e, then
31
e+50.7=—
4

e=49.8-50.7=-09cm
Speed of sound, v = f4
v=500 x 66.4 cm/sec =332.000 m/s
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10.  Ans.(8.12 to 8.13)

Frequency observed by O from S,
_330+10 340

fo= 330 X 120 = 335X 120 = 123.63Hz
Frequency observed by O from S,
_ 330+6 _ 336 N
fi= 330—24 X 120 = 306 X 120 = 131.76Hz

Beat frequency = 131.76 - 123.63 =8.128 ~8.12 t0 8.13 Hz
11. Ans. (0.62 to 0.64)

f°<£—11=>f=% (1)

(¢4 = initial length of pipe)

(%) f= {,ﬁ {Vr Speed of tuning fork, 8, —»new length of pipe} -(2)
T 2
1)+ (2)
V-vr ¥,
/A
45 V-Vr
e, v
t2—t1 -Vt
LV
12—

-2
X 100 = — x 100 = —0.625
24 320

Therefore, smallest value of percentage change required in the length of pipe is 0.625.
12. Ans. (AD)

r=5G%)

@ f = fo (=) = 5o
B) f = 2o (s=pg5) = 10f0
(© f = 05fs (5mp5) = 25f0 clo]se
() f = 156, (-—g=5) = 3o

All odd harmonics are available in closed pipe therefore
correct Ans (A,D)
13. Ans. (648.00)
. C v
 C+vcos45°

—Lx656 =648 Hz

324+4\/§xi

2
14.  Ans. (8.00 to 8.40) P
fPfromS2 = 656HZ

C 656x324
- = =664.2
Jewms, = ey = "304-4

Af=664.2 - 656 =8.2 Hz
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JEE (Main) Practice Paper

SECTION-A
1. Ans. (3)
y = Ael~BGx-vt)?]
A=1,B=1,v=2m/s.
At t=1sec.

y = e[—(x—Z)z] """""" -:
—x?— :
y = eltx=x?-4] e /\X

Att=1sec < >
y=1atx=2 point of maxima
2. Ans. (3)
Y =Assin(kx - ot + 30°)
Rellected wave will have opposite phase because it is reflected back from rigid end.

It will travel towards -ve x axis. —
Ererr= 649 of initial ener
7 & [\ ([T
B WV
Y =Asin (kx - ot + 30°) A
At x=0

Y =Asin(-wt + 30°)
Y = Asin(wt + 150°)
Yrer = (0.84) sin(kx + ot + 150° + 180°)
= 0.8 A sin(kx + ot + 330°)
= 0.8 A sin(kx + ot + 30°)
3. Ans. (2)

\_/A \./

Both KE and PE are maximum aty = 0 and minimum at y = A.
4. Ans. (2)

y = Asin( wt — kx)

At x=4cm,t=T/6,y=A/2

A_A_ZnT K4>
2= 457 (5) =¥ (55o)]

i[5 (155)] =3
S 3 100/1 2

T 4k_T[

3 100 6
4-k_7'[
100 6
_2m_100m
T 1 24
/1—48 =48
100 T Fem
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5.

10.

> X

¥ in direction of PA.
Ans. (3)
y = [4t - 3x]-1is not progressive wave because the function is not defined for all (x, t) such that

[4t-3x=0].
Ans. (3)

B \ﬁ _ [MghxL
Yw = \u =\ IxM
= /gh

AV
Z
Z
Vi %T_(@)h
% “\L
N .
W G
h g
h=L A

Ans. (3)

PE and KE both maximum at y = 0. [Simultaneously for two particles in phase]

Amplitude and frequency same for all particles.

There will be phase difference in motion of all particles.

Ans. (2)

After 2 sec the pulses will overlap completely. The string becomes straight and therefore does not
have any potential energy and its entire energy must be kinetic.

Ans. (300)

4 4 ‘

A=t \

(/4 M

~
1
—_
o
o
v

w
S

|
2
NOEEIRN EN
Il
> |

Y it
f_(l/3) -3 4\/
f=3f r=3 .
3
f'=300 Hz
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11.

12.

13.

14.

15.

16.

17.

18.

Ans. (2)

’T , T T
V: -_—= — =
U Ap mr2
2

fi _ | P2 T2
f2 T, p1 711

Ans. (1)
When Tension increases, velocity of wave increases, so frequency increases

i~}

<
X

N R
X
IS
Il

N R

It least frequency is decreasing then fo; > fo,

Ans. (2)

It difference between frequencies of wave is less then standing wave pattern is more compact.

Ans. (3)

n=% 0=

At top end there is displacement antinode, so distance is zero.

So, option 3

f—30
2

Ans. (2)

Distance between pressure node & pressure antinode is >

Ans. (2)
According to graph at x = 0 pressure is maximum so, it is compression and at x = L pressure is
minimum, therefore it is rarefaction. Hence, option no. 2 is correct.

Ans. (2)

S =5psin (kx £ wt)
_ as

AP = —B3>

For wave traveling towards Right S = S sin (kx - wt)
AP = BK S, cos (kx — wt)
t=0 = AP =—-BK S, cos (kx)
Ans. (4)
t1 : time taken by sound to travel in water

t> : time taken by sound to travel in air.

~
[y

I

QU
—e >
e

u
d t1
v

[150]

www.allen.in



Wave on String and Sound Waves

ALLEN

19.

20.

Ans. (1)
|4
f1—512—4—le
3V
f2—512—%
V =512x4x 17 = 348.16
= 100 = 16 m/s

The water reservoir was moved downward to obtain second Resonance.

Ans. (2)
Speed of source (Vi) = 2 speed of observer (V)
Vo

> VS
R 0
Vst= 2Vt \\K

tan @ =

N| =

_ V—V,cos(90-0)
f_fo[ V+Vscos@ ]
Independent of time & less than fy

SECTION-B
Ans. (70)
AT =-20°C
L'=L(1+aAT)
AL = L[aAT] « 3 >

AL
T = adT =1.7 x 105 x 20
=3.4x 10+

d 3.4 x104)Y
F_ 34x10-
= )

www.allen.in
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2. Ans. (8)
y, =Asinwqt

Vo, = Asin wyt

V = 24 cos {(wzgwl)}t{sin (wz'é‘ﬂﬁ)}t A

Resultant amplitude A, = 24,| cos(Aw)t/2 |

2A¢
t T 1 Ao ;. :
(A0) == —=t==s e
2 2 4 SSS SSS p
gin  oxe s
(Aw)—=—=t==s
2 3 6

In one cycle of intensity of 1/2s, the detector remain idle for

o-b)s=boe

In % sec cycle, active time is (% — %) = 1/3sec

In 12 sec interval, active time is 12 x ——— = 8 sec
(1/2)
3. Ans. (16)
y=200x10°Pa; a=10-5/°C
Ti = 20°C density =0 =8 g/cm3 = 8000 kg/m3
fo=200Hz

4V
For 3rd overtone f= 200 Hz = oL

FL
I ) AL=7
TAu A Lp p o AL AY

L
1 10~5AT 200%x10°
= =Xx100 =
4 8x103
10 AT 3
—=—x 10
10
AT = = 2.5

= 20-T=25
= T =17.5°C
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4.

Ans. (3)

A
—=241+e
4

31
—=741+e
4

3(241+e)=741+e
2e=741-723
e=74.1-723
e=03D

74.1-72.3
= D=—"%xo3 =3

Ans. (8)
fwan = f (17—17175)

17+170
freciveda = fwau (T)

17+170

frecivea = f (v—vs)’ Vo=Vvs=5m/s

frecived - f = beats
17+170
f (v+vs)

f (v°+v5) _ f =8 Beats

V_VS

Ans. (336)

2+ 03a) 80

—— = 480
4(16+0.3%X5)

v=480x%x4x175
v = 336m/ sec
Ans. (1)
f=kJT
fZ=kT

Inf? =fnk +In

Af _ar
f T
2X1%X100 AT

200 T

2
%

1% =41 %

F =256 Hz
*—

5m/sec

—C 480Hz

16cm /

5cm

www.allen.in
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8.

10.

Ans. (3)
1 _1gm
ﬁ_ﬁm b= T0cm
1 T 10_3
— [—= =——kg/m
23\/; ! H= Toxio 2/
10 1
5x80=f
400Hz = f

400 — f (v_”vS) -1

400 — 400 ( 300 )

3004vg
300
B 300+v5] =1

400Xvg

3004V

400 [1

v
400 v =300 + v, = vsz0.75=Z:> v=3m/s

Ans. (5)
V—Vw 330
foa = f(V—Vw+vs) =85 (m) 6 5
_p(YHVw ) _ gc (330 R R\
for = f (737a=s) = 8 (310)
10 m/sec 10 m/sec
85%20
Beats =
340
Beats =5
Ans. (6)
+
Beats = f (1;0_—;;)
Beats = 200 (%)
Beats = 2039;710 =593=6
JEE (Advanced) Practice Paper
Ans. (C)
P = P, cos (%) sin (300mt)
At x=0 cos 37TT@ = 1 Hence pressure us maximum
At x=2 cos 3%(2) = —1 Hence pressure us maximum

So length of pipe is 2 m

[154]
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2. Ans. (A)
1
y = att=0
,/1+x2
att=1

1
Y=
,/x2—2x+2

_ 1
Jx-1D2Z+1

1

- 1+t

v=1m/s towards the x-axis.
3. Ans. (BCD)
For figure (B), S-x graph becomes

1 2 3 4 5 6 7
b < i > p p p >
For (4 aS<0 V 0
) - = >
or (4) ax P
aS
For3 &5 — <0 =Vp>0
ox
F 765>0 Vo <0
-— =
or o )

4. Ans. (AB)

p= % [sin (2037Tt + 5—”) +sin (197m: +Z

6

2031 > 100
fi= -

1971 < 100
f2= o

203T 197w

beat= o T o =
ea 27 27

www.allen.in
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5. Ans. (AC)

¥1=0.02 sin [4007 (535 — t)]

¥z = 0.02 sin [4047 (355 — t)]
v +y, =2(0.02) sin [4047‘[ (T — t)] cos [27r (% — t)]

= 0.04 sin (402

330 7% ~ 402nt) cos @30 21 t)

6. Ans. (B(C)

7. Ans. (CD) Q

Vp —> \L, Vo —> T, VR —> T, Vo = VR W BN

[ cos(-6) = cos 0]

vp > Vo [speed max. aty = 0] R
8. Ans. (BC) d'd’

As shown in the curve, if wave is moving along -x axis, V» is positive.

i:—tanH;l—tanel >1 2 V>V,

9. Ans. (BD)

Given w = 3w ~ f =5 = 1.5
Also Ax = 1.0cm

T 27
Given, ¢ = —Ax = §=7>< 1

= A=16cm:>v=fl=16><1.5=24cm/sec
y = asm (vt— X)
y =2 Sm (24t— X)

fort = 1,x = 4cm

= 2sin (5= = 2sin(2rn+5)=y = 2cm.
(5 20) (2m+3)
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10. Ans. (BC)
For 51 & 52
I[=1Io+ Iy + 2[ycosO
For Sz & 53,
I=1y+ o+ 2lpcos0;
Thus,

SZI
S3 S1

11. Ans. (BC)

o

(a) no.ofnodes =6 (incorrect)

51
(b) o =
2T
— =628
23 TAx10 1
T 628x100 10
£=3x15=7=025m

(c) 24=0.01m

1 |T 1
(d) fundamental frequency =—\/£ =—.V

204l 28
V= 9 = m =10
K 628
1x 100 x10
f= A X 20Hz (incorrect)
2% 2/5/
12. Ans. (C)
13. Ans. (A)
14. Ans. (B)

Solution for Question No. 12 to 14
y1=Asin[ot - kx]
y1=Asin(wt + kx + /2]
A=2mm,o=4rn k=2xn

YRes. = 24 sin (a)t + E) cos (kx + E)

6 6
= 2Acos (kx + g) sin (wt + g)

1 5
x1=7, szﬁ

N/
U/

Nodes:y=0

www.allen.in
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cos (kx + %) =0

T T
kx+g—(2n+1)7
T T

1
T3k T3x2r 6
4w 4k 4
6

T3 T 3%
x=1/7 x=4/6

everemN__/

Ad=m
Antinodes

cos (kx + g) =1

5 11 17 23
=1
Location of max. potential energy, are nodes
1
*=3
15. Ans. (A-Q,S), (B-P,R,T), (C-Q,T), (D-P,R,S)
(A) y=Asin (ot - kx)

v = % = ®A cos (ot - kx)

Atx = % (point A4) v = (®A) cos (ot -1t/2)
Att=0 vy = (0A) cos(-kx)
(B) y=Asin (ot -kx + 7)
Vp = % = wA cos(wt — kx + 1)
At (pointA) v=(wA) cos (0 +-1t/2) = ®A sinwt
At x=% t=0 v=wAcos (r-kx)
= -wAcoskx
(C) y=Asin(ot+ kx)

vp = WA cos (ot + kx)

Atx=A/4 v=mA cos (/2 - mt)
= wA sinot
Att=0 v =mA cos kmt
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16.

17.

18.

(D) y=Asin (ot + kx+ )

vp= A cos(mt + kx + 1)

Atx=A/4 v=wmA cos (3n/2 - wt)
= WA sinwt
Att=0 v = A cos(m + k)
-mA coskx

Ans. (A-P,Q,S,T), (B-R), (C-Q,T), (D-R)
Velocity of wave = v,, = +ve

Velocity of Particle = v, = %
ds
AP = _Bﬁ
Strai ds
rain =——

A is a point of minimum compression so, density will be minimum
Ans. (A-P), (B-R,S), (C-Q,T), (D-P,R)

ds
AP = —Bﬁ

_ ds vy
Vp——vwﬁ—? AP

Vo is +ve & B is +ve
Therefore sign Vp & AP is same
(A) Velocity of those Points is towards right whose
AP is +ve i.e. Point'P’
(B) Velocity of those Points is towards is towards Left whose
AP is —ve i.e. Point' R'& 'S’
(C) Velocity of those Points is zero whose
AP is zero i.e. points ‘Q & ‘T’
(D) Speed of those points is maximum whose
|AP| is maximum i.e.Points ‘P’ & ‘R’
Ans. (A-P,R,S,T), (B-S,T), (C-Q,S,T), (D-P,R,S,T)

y = 2A sin kx cos ot y
(A) Att=0 =
y =2Asin kx 2A

1
Energy per unit length = > Tl((ZA)a))ZSS

= 2pA2m2
Power transmission is zero at nodes and antinodes because energy is trapped between nodes

and antinodes in standing waves
So,at x = % ;=0 (Antinode)

X=A P:=0 (Node)
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T
(B) Att=g

y = 2A sin kx cos (%)

= (\/EA) sink x
E = 2 u(vZAw)”
=UuAlw?
At x=A(Node), A/4 (Antinode) Power transmitted = 0.
(C) Att=T/4
y =2Asin kx cos(mt/2)
y=0
dk = % (udx)v?
2 P
dk _1 (d_y2_1 2 (sin Ky sin of)?
P dt) —Zu(ZAa)) (sin kx sin ot) ‘ l l l l l ‘
= 2 uA2m? (sinzkx)sinZmt
dk
Atx=0 — =0
dx
Atx=0 2pA2m?
(D) Same as (A)
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