10.

JEE Main Exercise

©)
(B)
B mm B mm
A
=
47‘nm 12}mm 8 mm
A =+/(8)’ + (6)*> =10 mm
©)

(1) Two waves must travel in opposite directions.
(i) Atx=0, y=Yy;+Y, should be zero at all times.

(D)
(A)
©
fi:fy:f3=1:2:3
k:l or koci
f f
11
MiAhyihg=1l:i—:=
1 2 3 2°3
(D)
©)

All frequencies are integral multiples of 35 Hz.

(B)
v
3(§j =300
- v=2001=(200)(1)
=200m/s

(€)

These are multiples of 30 Hz. Hence, fundamental frequency
fo =30 Hz

Now, fy= v

A

V= 2 fO I
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11.

12.

13.

14.

15.

=2x30x%x0.8
=40 m/s

—j(16—10)

Il
= N
w
o
OI\J
X
ola
o
=

o)’ 61/ 30
- T =pS I) :(8000><10 )(Tj

=7.2N

(B)
Foat k=X
| f

Now, I =1;+1,+15
k k k Kk
fo i f 6
1 1 1 1

fo

(A)
Y1 + Yo = 2Asin(wt —kx) =y, (say)

Now, Yy, and Y3 produce standing waves where,
Anax =2 (Amplitude of constituent wave)

:2(2A):4A
(A)
foc}
|

AT T I

1.2.3 fl.f2.f3
:}:l:1:12:4:3
13 4
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j(114)

( 12
h=| ————
12+4+3

=72cm
4
l,=| ——— [(114
2 (12+4+3j( )
=24 cm
3
l,=| ——— |(114
3 (12+4+3j( )
=18 cm
16. (B)
fs _5f _5
f, 2f 2
2
fzzgf5
:gx480
5
=192 Hz
17. (A)
v Y
fp=—and f.=—
07 9 ¢4l
fOZZfC
18. ©
v:,/%oc T (y=1.4 for both)
Toz _ TN2
M02 MN2
Mo
To _( Z]TN
2 2
MN2
:[gj(m 15)
28
=329 K =56°C
109. (D)

Third overtone
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20.

21.

23.

24,

25.

26.

(A)

VooV
—=—=l.:l5=1:2
20, 4, ¢
(A)
focva T (T — tension)
2
f T, f
fa \TA fi

©

O 5
—i . —
S

Both Sand S’ are moving toward observer. Hence,

(B)

10 vV Vv
fp=—=f-f,=———
T3t 21 101
Solving we get, v = 337 m/s
©)

I = Lo = (V11 T2 )

If |1:|2:|0,then

)
=52-17=35cm

N>

A=70cm=0.7m
v=fA=500x0.7
=350 m/s

(B)

frofl—Y
vV, Cos0

At 0=90° f'=f
m=0
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217.

28.

29.

30.

(A)

N=n—ny=—-——
12 =5
_
Ay =M
(B)

By putting wax on A. Its frequency will decrease.
But beat frequency between A and B is also decreasing.

fa>fg
or f,—fg=5Hz (1)
fg=fy—5=345Hz
Now, fg~ fo =4Hz
fc is either 341 Hz or 349 Hz.

If it is 341 Hz, then beat frequency with A will be 9 Hz.
If it is 349 Hz, then beat frequency will be 1 Hz.
If wax is loaded on A, its frequency will decrease.

To produce 6 beats/s with C it should become either 347 Hz (if f; = 341 Hz) or it should become

343 Hz (if fo =349 Hz).

If it becomes 347 Hz, then only it produces 2 beats/s with B, which is given in the question.

fc =341Hz
©)
focT
r \/-IT ,/10 =1.0049
100
=(1.0049)(200)
~201Hz
fp=1"—f=1Hz
(D)
=Y 340 11 _100em
f 34
&:25 cm
4
Air column lengths required are,
L3S
4" 4 4

or 25cm, 75cm, 125 cm etc.

Maximum we can take 75 cm.
Minimum water length
=120—-75=45cm
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31.

32.

33.

34.

35.

(€)

Number of moles o« Volume
_ ny Mg, +n; My,

Now, v = Eoci
\!M M

_.,
b
Il
—_
7 N\
<
| <
<

w

n+n,

_(1)(32)+1)(2)

=17

Vi_ /&
Vs, MI1

v
f,=1
2 [v+vs]

(B)

f, =243
b (32

(D)

320

Closed pipe
Fundamental frequency is

v 3

2

_ |2
17

j: constant. But f; > f

= constant, but f, < f

j—243( 320 j:GHZ
4 320+4

20

fi=—=""=80Hz

4 4

x1

Other frequencies are

3f,:5f, etc. or 240 Hz, 400 Hz etc.
Open pipe
Fundamental frequency is

\"

1 _————
21 2x1..6
Other frequencies are 2f; :3f; : 4, etc. or 200 Hz, 300 Hz and 400 Hz etc.

320 =100 Hz

So, then resonate at 400 Hz.

(©)

Resultant amplitude will become 4 time.
Therefore, resultant intensity is 16 times

or
or

ly
2

L2 :22 dB
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3. (A)
=Y 330 _gs5m=s5m

1l

The desired distance, d = % =13.75cm
37 (A)
V4V
fo= f( . Oj
R ()
f
V—V
f = f( . OJ
Vo f, .
—=1-— (T
v f ( )

From Egs. (i) and (ii), we get

f=fa+fr

B:pv2

1= S
2
2 ,;

3
_2_7c_ 2n  3n

A

w231 ¥
— 3_7[ — i m_l
39t 1.3
Substituting in Eq. (i), we have
— Apmax _ Apmax

Bk pv2K
(0.01><105)

) 1.3x(200)? x(llsj

=0.025m=25cm
online.digitalpace.in
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39.

40.

41.

42.

43.

(D)

[ 2v, _
a2 )

fi_. 2x100

2
A 200+100 3

(©)

=20mis N [
E

frog V+Wwcos60°
V+Wc0s60° -V

_500 300+10 j
300+10-20
=534 Hz

(A)

20 m/s 10 m/s

, ' 10 m/s

|

fb = fsv - fsl
500 340+ 20 500 340+ 20
340-10 340+10
~31Hz
(B)
o fl = f2

. 176[ 330-v )2165(330+vj
330-22 330
Solving this equation we get,
v=22m/s
(©)

Vp = —v(a—yj , Where v =+ ve.
OX

AtE, Z_y or slope is positive.
X

Hence, v, is negative.

p

At D,@ or slope is zero.
OX

Hence, Vp is zero.
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44,

45.

46.

47.

48.

(660)

As, phase difference = %x path difference

= 1.6n=%x40

= A=50cm=0.5m
Nowas v=A f

f-Y_300_ coonz
% 05

(100)
Given, y=10"*sin [100t - i}
10

Comparing it with the standard equation of wave motion

y= rsin[ﬁt—z—x} we get
T A

2" 100 orT=2E -

T 100 50

2TC 1

2% 10
or A=20m
and velocity, v = 20T 00 ms

T n/50
(1.47)
Time required for a point to move from maximum displacement to zero displacement is t =%
= n:i:;:1.47 Hz [asT :EJ
4t 4x0.170 n

(1092)
As, voc T

yE
-]

= T,=27/3x4=1092 K

(318)

Given, frequency of A, f, =324 Hz

Now, frequency of B, fg = f, £ beat frequency
=324+6

or fg =330 or 318 Hz

Now, if tension in the string is slightly reduced its frequency will also reduce from 324 Hz.
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49.

50.

51.

52.

53.

Now, if fg =330 and f, reduce, then beat frequency should increase which is not the case but if
fg =318Hz and f, decreases the beat frequency should decreases, which is the case and hence

fg =318 Hz.

(4)

Distance between two consecutive node is %

—=—m=1m
2 2

So, the distance of another node from the surface will be

3+%:3+1:4m

(10)
n2 f81
100 10
><100 10%
n1
(500)
3v
For closed pipe, |, =—, I, =
Pip ! 4n’ 2= 4n
—~ ="y _ 330 — 500 Hz
)
v=165Hz, and v/ = >32+5 335 1 ee 170Hz
335 330
Number of beats per second =Vv'—v=170-165=5
(7
Y Vv
n.=— and ny =—
¢4 Y
Now, ng—n. =2
LA
21 41
or IXZS
Vv Vv
Also nj =——=—
022
v v
and n. = —
" a(20) 8l

Number of beats per second =ng —n;
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54,

(941)
As, vy =ro= rx2n=£x 2x§x5:22 ms*
100 7

Frequency is minimum when source is moving away from listenery.
Therefore from Doppler’s effects,

,_uxv 352 %1000 _ 941 Hz

S u+ug 352422
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1. (B)
%

(b)y V= Tk 20cm/s and 2.=4«2=8cm

2n
and, = VK = 20 x T Sn rad/sec

lem 5=
=WA =51 x —— =-—Ccms

SO’ (Vtmx)pamclc 2 2

2. (D)
(d) Total length of the wire, L= 114 cm
n:n,:n,=1:3:4
Let L, L, and L, be the lengths of the three parts
1

As noc—
L

1 1 1
LI:I“Z:L3=T : 5 : :‘-=12:4I3

L —(—Lxm)—?z
17 12+4+3 - feem

4 3
L2=[l—§"114]=24cm andL3=[~f§xlt4] =18 cm

Hence the bridges should be placed at 72 cm and 72 + 24

= 96 cm from one end.
3. ©
4, (D)
)
H
A 09km B]]
ENGINE e L
@ e L
Let after 5 sec engine at point C
AB BC 09x1000 BC
t=—+— §= +
330 330 330 330
. BC=750m
Distance travelled by engine in 5 sec
=900 m—750m= 150 m
150m
i ine = =30m/s
Therefore velocity of engine Ssec
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(A)

Given, amplitude a =10 cm

wave velocity = 2 x maximum particle velocity

i.e, Co—}”=2a—CO or, A.=4a=4x10=40cm
27 T

(B)

(b) Total length of sonometer wire, /= 110cm=1.1m
Length of wire is inratio, 6 : 3: 2 i.e. 60 cm, 30 cm, 20 cm.
Tension in the wire, T =400 N

Mass per unit length, m = 0.01 kg

Minimum common frequency = ?

As we know,
e AT T
1000
Similarly, v; =—6—Hz
1000 1000

vy = Hz =>v3=THz

Hence common frequency = 1000 Hz

(D)

{d) Given: Frequency of sound produced by siren,

f=800Hz

Speed of observer, u = 2 m/s

Velocity of sound, v = 320 ma"ds )

No. of beats heard per second =

Nn.ofe:dmwavﬁmzhfedbymcobsmpcrsmﬂ=i4l
No. of beats/ sec

- (E)-i
A VAN ,
=2x2=2x2x800=10 ['.‘l=—]
3207 7 320 f
800
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10.

11.

12.

©)
(¢) According to Doppler’s effect,

Apparent, frequency f =( Ul ) fo

V—Vq
fo V fo
= V.
Now, f (V'VS 0+y_ys
fi)

So, slope =, Vs

Hence, option (c) is the correct answer.

(A)
(a) Reflected frequency of sound reaching bat

[V =(-¥%) V+¥, V+10
L v-v, ]f- [V—V,]f= y—10”

|""
_ 320“0}3000
(32010

= 8516 Hz

(B)
(D)

(D)
(d We know that the apperent frequency

—| Y~V
f =( )f from Doppler's effect
V-V

where v, = v, = 30 m/s, velocity of observer and source
Speed o‘tz sound v = 330 m/s

330430

330-30
[*.- Frequency of whistle (f) = 540 Hz.]

|

x 540 =648 Hz.
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13.

14.

15.

16.

17.

(B)

®) n,=n,

T — Same = r — Same

!/ — Same
Frequency of vibration
[T

2\ nr’p
As T, 1, and [ are same for both the wires

Pp __P 1 i _

N =n ::a———-j-L £1_=_ s py=4p
1 2 Jp_l PZ =?pz 2 1
(A)

(@) Given,y(x,t) =0.5sin ('%nx) cos (200 nt),

comparing with equation —y (x, t) = 2 a sin kx cos at

5
@=200m, k= >

: 200x
speed of travelling wave v=2=—=l
e € VT K Saa 160

(A)

(a) For first resonance, L f,+e=11cm
(" end correction e =l 1 cm given)

For second resonance, T £y +e

— [2 =3x11-1=32cm

(D)

(d) According to question, tuning fork gi second
) , gives | beat/

with (N) 3" normal mode. Therefore, organ pipe will have

frequency (256 + 1) Hz. In open organ pipe, frequency

LNV 3x340

2/ 2x /¢

={=2m=200cm

(A)
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18.

19.

20.

21.

22.

(D)

(d n,=425Hz,ng="?

Beat frequency x = 5 Hz which is decreasing (5 — 3) after
increasing the tension of the string B.

Also tension of string B increasing so

nBT ('.' nxﬁ)

Hencen, —n T=x{ — 3 correct
HBT—HA=X ——» Incorrect

S Dg=n,—-Xx=425-5=420Hz

(A)
ey
1 ref

I
(a) Loudness (dB) = 10log [—ZJ
I
or 120=101log,, F =I=1

/ P 2 , 2. 1
Iso ] = = =1= T=r= [—
Also anr’t  4nr? 4nr© 27
= r=40cm

(A)

(a) On comparing with P = P sin (wt - kx), we have
w = 1000 rad/s, K =3 m™'
w 1000

. s == 333NN
..VO k 3
" T [ 5 yRT]
— — MU
"'2 T2
7340

PO Lo S T

336 273+ 75

T, =4°C

(B)

(B)
V=fA=1x2 (£, —£;) =480 x 2(0.70-0.30) =384 m/s
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23.

24,

25.

26.

217.

(B)
(b) E Drl:%m

4
Velumty, v= fi, =240 3" 320m/sec

240
Also f =3 " 80Hz

(B) _
(b) Given, y=0.3sin (0.157 x) cos (200 =t)
Sok=0.157and w=200n

or f=100 Hz, v=—=———=4000m/s

(©)

(A)
(@) If a closed pipe vibration in N** mode then frequency

(2N-1)v

- =(2N-)n,
(where n, = fundamental frequency of vibration)

Hence 20,000 = (2N - 1) x 1500

= N=7.127

. Number of over tones = (No. of mode of vibration) — 1
=7-1=6

of vibration n =

(D)
d —=1lecm.So

512x4=llcm (1)

=2 =27cm. So,
14 256x4

Substracting (i) from (i), we get
v=328 m/s

=27cm (i)

Vv
256x4><0.5=0.l6c'm
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28. (D) L
v-v, | _ 1500-5)
@ f'zf[v—v_,]_f(ISOO—IS
No reflected signal,
v+, | 1500+ 7.5
f2=f|[v+vs)—fl( 1500+ 5 )
15005 j(lSOO+7.SJ

f2=5°°(1500—7.5 1500+ 5
502 Hz

29. (C)

V—Vo
(¢)f,=fT andf,= f - ”
But frequency, % ( : ) 52

2v, 2u
u=2.5m/ss.
30. (A
3. (A
V—Vﬂ.
@ =757
340-20
2000 = f—— .. f=2250Hz.
. /300720 7
32. (A
33. (A
(a) As we know,

[0
Pressure amplitude, ARy = aKB = S;KB = §;, x v x p¥?

{...K‘-—-g,y-—- E]
V P

AP, 10 1 3

~ m=-— mm=—— mm
pVo 1x300x1000 30 100
[Note: - ‘21’ is ignored here. So as to match the answer]

=>So=

34. (B)
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3B, (A

(@) Here, /, = 17 cm and /, = 24.5 cm, ¥V = 330 m/s,
=7

AN
i N 13k =245cm
%‘- ll? cm aN
N

N
A=2(,-L)=2%x(24.5-17)=15cm
Now, from v= fA =>330=2Ax15x107>
.'.7&=33—0x100=11—0m=22001-{z
T 5
36. ©

(¢) As tension is different at every point of rope. So velocity
of wave will be different at different point.

f = constant = ﬁ=ﬁ=:>7tz =ﬁkl
T,
A, = L] A [V «T) -
' 12 m, 6 kg
{83 -
= ZE-M =2x6cem A=6cmq T,
=12cm 2kg
37. (A)

(@) Given,/=60cm,m=6g, 4A=1mm%v=90m/sand Y
=16x 10" Nm>

T 2
Using, v = —xl=T7=""
m

Again from, Y =-§AL/L0

ar o T _mvixl 6x107 x 902

L = =3x10"*m
YA I(YA) 16x10'" x1076
=0.03 mm
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38. (A
(a) Fundamental frequency, /= (490 —420) Hz = 70 Hz.
The fundamental frequency of wire vibrating under
tension 7 is given by

1 (T
-2

Here, u = mass per unit length of the wire
L = length of wire

70 l 2 L=2.14
= = L=Z14m
2L\ 6x107
39. (A
A
{ﬂ) Am: \‘E‘A + A /4
=f~5+l}ﬁi as [« A4* /4 A
L= (24121, =581,
A
40. (A
(a) From the Doppler's effect of sound, frequency
appeared at wall
330 .
fw — 330—V.f (l)
Here, v = speed of bus,
S = actual frequency of source
Frequency heard after reflection from wall (f’) is
, 330+v 330+v 330+v
f = — w=—— 4 - .
30 =330, = 40=35_, 4%
330x7
=>v= ~ 25.38 m/s = 91 km/s

91
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41.

42.

43.

©)
(¢) From Doppler’s effect, frequency of sound heard (f))
when source is approaching

h=1
c—v

Here, ¢ = velocity of sound

v = velocity of source

Frequency of sound heard (f,) when source is receding
c

S2= 1o
cC+Vv
Beat frequency = /| - /.

c

, [1 1] o
= 2=fi-fo= = ST T 2
h=f=Jo¢|\ 2, oy 0 [ 2
c 1——2
C
For c=>v
2c_c_35{]__1_
:""gh fo 1400 4
(A)

(a) f/,=340+5=3350r340Hz

When fork A is filled, then beat frequency decreases
to 2 beats/s.
It is possible only when

f,=335Hz

(©)
(c) Let ‘I’ be the length of water level when the first

resonance occurs
v 336 2
==z==-—MmM= —m
v S04 3 )

A
.'.E=!+E=I+0.3d

2
—x]
3t-<00

(d = diameter of column)

=

=14.3%6 =16.66=1+18
o 1=14.8 cm A
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4.  (C)
=i . . (2% 2n y
(¢) Compairing the given y =0.5 Sm(_k- 400t - - X ] with

standard equation

m=%400 and k=-21

-

A
2n 400
~. velocity of the wave v = O . v=400m/s

45.  (A)
(a) y=2 sin (@t - kx)
Maximum particle velocity, v_ = A®

_ [0
Wave velocity, v, = "

46. (D)

w=2nf=2nx 100 =200 ns™!

47. (D)
(d) Beat frequency = i1,
V_v v
12 408 4.16
___)sz( 0.08 ) )

3 \4.08x4.16) =¥~ 707-2m/s
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48.  (106) _
(106) Given : V,, =300 m/s, p_ =2 pair

B
o JE Ve _\20s
Using, A B
Pair
=V =%=%_.9-2:50s/5m/s
And f, harmonic = LY (in open organ pipe)
(L = 1 metre given)
2v v v
o BTN~ s =91 31 2
S I ABONE 220 <106 1z
= 2 N2

49. (1)
(1) At node displacement y = 0

cos(1.57ecm'x)=0 = 1.57em ™ 'x =

50.  (7)
() y,=Asink(x - vt)
y; = 12sin 6.28 (x — wt)
Y, =35 sin 6.28 (x —vt +3.5)
Phase difference, A¢ =k(Ax)=6.28x3.5=T7n

A% = A} + A3 +2AA, cosd
= A=\(12)? ()" +2(12)(5)cos(77)
- J#4+25-120 = &9 = 7mm
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51.  (10)
(10) Linear mass density p=9.0x107* kg
Tension, T=900 N "
Velocity of wire,

V=ﬁ= .. YT

B Voxi10™
Jn= % =500 (i)
And (n + 1)v = 550 i)
From (i) & i), fus1 =/ =5, = 50
. 10°

= =10
2x50

52.  (34)

(34) The resonant frequency of a closed organ pipe of
length L is

. nv
r;

Here, n = odd positive integer
v = speed of sound in air

For L to be minimum, n = |

340 34

5080 =5 D0 Y i Lo =034m
4L 4L 4x25

= L=34cm

53.  (4)
Velocity v = B = 1 [ compressibility K = ! ]
p \kp B (Bulk modulus)
And both closed and open organ pipes vibrating in their first overtone with same frequency
B 1:closed = fopen
ﬁ — % = L’ — ﬂ L V_2
4L 2L 3 v
AP . ibili
L'==L [ compressibility are equal]
3 \p2
x=4
54,  (1210)
Apparent frequency v
_— {V—i—vo]
V-V
= 1320 :v0(340+20j = Vp =1210 Hz
340-10
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55.

56.

57,

58.

59.

(2025)
Apparent frequency (f'") from doppler’s effect

fr=1, (V _VOJ

V +Vg
(340-20)
(340+20)

— 1800 = f, = f,=2025

(132)

(8)
2m/s —> <« 2m/s

Car 1 Car 2

Frequency of sound heard by driver of car 1 due to reflection of sound from car 2.

, V+V
f'= fo[v_VOJ
S

Here f, is the frequency produced by each car’s horn, v is the velocity of sound in air, v is the

velocity of car 1, v; is the velocity of car 2.
. f'_§76 340+2
340+2

Beat frequency heard by each driver
=f'—f,=684—-676=8Hz

j=684 Hz

(3)

For n'" harmonic,
nv
Frequency, f, =— =400
q y, Iy 06

For (n + 1) harmonic,

n+l)v
(= (Ve
06
- [M+1}L=450 — v=30
\Y; 0.6

= Speed of wave on a string v= \/f =30
9

= 2190 _g00-p=3

1)

(104)
For Ist resonance

=2 204e=50 100 cmx =
4 400 4
20+e=87jr e=21-20=1cm
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60.

61.

62.

For Illrd resonance

I2+e:% = |, +1=5%x21 = |, =105-1=104cm

(50)
If we don’t ignore the word fundamental mode, you cannot observer resonance once again whatever
be the height of water in column.

LV _340

= =1lm

f 340
In first resonance AN

A
Ll = Z =25cm .
In second resonance A = 4—3!‘
L= 3% =75cm

AN

In third resonance ]
4
4L A A 4N p
A=— L=—+—=— N
5 e I

L ====125cm, So mode of vibration is L = % —— N

Now, if 50 cm of water is added, it will vibrate in second resonance mode.
So, height of water required = (125 — 75) cm =50 cm

(60)
The resultant amplitude is given as,

AYesuItant :\/Aiz + AZ2 +2A1A2 cos¢
= BA=+A2+ A2+ 2A2 cos

= 3A%=2A% 1 2A2 cosq):cosq):%

- p=60°
. Phase different = 60 degree

(152)
Let f; =f,. Then

foo = fo +19x4

Now, fyp=2f = fp+19x4=2f,
= fy=76Hz

So, fyg=76+19%x4=152 Hz
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63. (5
The standing wave equation is
2nt

y =10cos(nx)sin (?j

Denotes Amplitude

.. A=10cosmx
é =£cm =10cosﬂ
X 3 3

Clearly, |A|= ‘10 cos 4—;‘ =5cm

64.  (340)
From Doppler’s effect, frequency of the car w.r.t. the hill

f=| — |f :(@)320:330Hz
V-V 320

Frequency of the sound reflected by hill w.r.t. the car i.e., echoheard by observer,
f,=[ L0 )¢ = (330+10jx330 — 340 Hz
330

v
65. (20)
Let f; be the frequency received directly and f, received due to reflection then, f; = \% fo
V +5 10
fa =V fo SO, fgear = T2 — 1y V2 fo
_ 10x 640 20 Hz
320
66.  (680)

Here, the apparent frequency is given by

(g V-V,
V 4V

_ o[ (340+20)-20) _ 720x340
(340+20)-0 360

=680 Hz
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Only One Option Correct
1. (B)

2. ©
Length of pipe =85 cm =0.85m
Frequency of oscillations of air column in closed organ pipe is given by,

f_(2n—1)u
4L
zwglzg)o — Mglgo
85x4

= 2n-1<12.5%6

3. (D)
Here, v=1= ﬂxi =V=VA=vx4l
4 \mx102 4l
= Vv(244)x4x1=336.7 m/s to 346.5 m/s [.. 1=0.350+0.005]
For monatomic gas y =1.67

, = 100yRT x f—
M x107°

For Neon M =20.. v= 640><E_448ms

For Argon M =36, .. v= 640)(% =340 ms !
For diatomic gas y=1.4

v =+/140RT, / =590x, /

For oxygen M =32 ... v= 590><B =331.87ms !

For Nitrogen M =28 .. v= 590><§ =354 ms !

4. (D)
5. (A)
6. (A

In solids, Velocity of wave

10 I—X_I
= 1: w — v=5.85x10° m/sec A A
p \ 2.7x103 ' N |

Since rod is clamped at middle fundamental wave shape is as follow A2
% =L = A=2L
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A=12m (- L=60cm =0.6 m (give)
Using v=fA
v 5.85x10°

hd — 4.88x10° Hz =5 KHz
A 1.2

= f=

One or More than One Option Correct

1. (B, C)
y =[0.01sin (62.8x)]cos (6281) . [Given]

XX X O

From the given equation, k = 2n =628 .. A=——=0.1m
A 62.8

Length of string, | = 5><& = 5><i =0.25m
2 20

The mid point M is an antinode and has the maximum displacemnet = 0.01 m

The fundamental frequency, v = % - %
B _0n
2x0.25x62.8
2. (A C,D)

There should be a displacement node at x = 0 and a displacement antinode at x = 3 m.
Therefore,y=0atx=0and y=+A at x=3m.

Speed of wave, v = % =100 msL.

Hence options (A), (C) & (D) satisfy the above conditions.
3. (A, B,C)

(A) vp=(V, —vm){

vo =(Vy —Vy )=121-118=3

Ve = (¥ —Viy )[v+vc cose}:(ul_ﬂs){v—vC cose}

v+vccose}

:121_118[w}

Vv

v v
" VP+VR:2VQ P
In general when the car is passing through A A _ﬁhﬁl"t
V+V, COSaL _ T A
v=3 —} i o
[ v ) 118Hz, " (W\; 121Hz
- ] i ]ﬂ——}‘i . faiiman .
d_v:_:{vcsma} 9V! i max when sino =1 M Q N
da v o ;
i.e., a=90° (at Q) ;R
dv 3y, da '
Fromeq. (i) —=—=(-sina)— (T
4 0) dt v ( )dt (if)
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Also, tana=20 - gec2qd%_ 10
X dt x2 dt
da -10v
LT ..(iii)
dt  x“sec”a
From eq. (ii) & (iii)
dv  3v, . —-10v 30V, sina
dt v x’sec’a) x%sec’a
L dv_ S0%sina =0.3vsin*a.

St (1Ocota)2 sec o
At o =90°

(A, D)
Wavelength of pulse, A = v

Where T = tension of string.
Here T, >T,

direction.

V= \/i , SO speed at any position will be same for both pulses, therefore time taken by both pulses
n

will be same i.e., Tpg =Tpp

(A, B, C)

According to question, the length of the air column is varied by changing the level of water in the

resonance tube,

So, (2n +1)% =50.7+e

and (2n +3)% =839+e
Dividing eq. (i) by (ii)

fn=1 /4 _ 50.7+¢e
5)/4 83.9+e
= 2e=18
31

i 50.7+0.9=51.6

_1 IorToc\/'F
fof\u

7\,1 > 7\42
The velocities of the two pulses cannot be same at mid-point as velocity being vector quantity has

(i)

.. 3x83.9+3e=5%x50.7 +5e
o.e=0.9cm

= A=66.4cm=0.664m

Also speed of sound, V = v =500x0.664 ms ! =332.0 ms™
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(A, D)
From Doppler’s effect

Vv
= fs(m]

As the pipe is closed at one end
.". For resonance,

f=" (ﬁj =nfy where n = odd integer

(A) For, u=0.8v and f = f,,
close

—>U

JA

v
f="1 =5f
O(V—O.Svj 0

v
B) For, u=0.8v and f.=2f, = f =2f =10f
( ) S 0 O(V—O.SVJ 0

(C) For,u=0.8v and f,=0.5f,

v
f=05f =25f
O[v—O.Sv] 0
(D) For u=0.5v and f, =15 f,
v
f=15f v |=3f
0(v—O.S ] 0

Matrix-Match Type

1.

©
1 fT . I
Frequency, v:2— — for first mode of vibration
m

For 'v' to be maximum, '¢' should be minimum.

String-1 fO:i To
2NN
String-2 f2:i T—O:i
2L \2n V2
String-3 f3=i T—°=i
2L V4w 3
String-4 f4=i T—0=&
2L (4p 2
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(B)

2,2
Asv=P L govEm
20\ m p2
2412
String-1 T, = fg 42L°“
(
2,(3Y 2
fod 5] L)
String-2 T, = 5 =2
(3) 2
2, (5 2
fod| 5 L)
String-3 T3 = =—T,
g 3 52 16 0

String-4 T, = =0
g 4 (14)2 16

Integer / Numerical Answer Type

1.

(3)

Resultant of amplitude, Ar
. .M. 2T .
:Q/IO[S|n0+3|n—+sm—+smn}
3 3
V3 3
=Jlo| —+— =3I
o e |

g = A2 =3I,
~n=3

(6)

Frequency observed at car

V-l—VC
U].:UO v

Frequency of reflected sound as observed at the source

( v j (v+vcj car
UZZU]_ =VO
Ve V=Y -I—r-——__j -1
Beat frequency =v; -V, v.=2ms
{v+vc—v+vc} {v+vc—v+vc} Source
V_VC V_VC
v, =492 Hz
~ vy 2V :492{ 2x2 }=492><4=6HZ
V-V, 330-2 328
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(5.00)
Apparent frequency at O due to source at — A

v Observer/listener
= —_— . ".\
VA=V e 2C059} Sta::;nar):', f"\
Apparent frequency at ‘O’ due to source at — B m | 24n (Stationary)
VB = V #:| 2 Cog 9 l" i “‘\‘
| v+1cosO ; s
. Beat frequency, é_&"‘f. ..... On; =
Vb =V -V
v—2co0s9 V+Cc0s9 I cos
e o)
=vV -
v—2Cc0sO Vv+cos6
=1430x% 330 ! 5 ! s
330-2x-— 330+
13 13
=1430x330x13 ! - L
330x13-10 330x13+5

—1430x330x13| — = -1 |~5Hz
4280 4295

(8.13)
Apparent frequency heard by observer due to source S;

v =v| Y0 | _190| 3394101150, 3% 193636 H2
v 330 33

30 ms”

3?51
30 cos 37°
.-‘ll{lr
.‘H"-
r

10 mfs»%gf’
10 cos 53°

Apparent frequency heard by observer due to source S,
v, =V V+V :120‘:330+10COS53 }
V=V 330-30cos37°

330+10x08 | _1p9| 36| _131.764 Hz
330-30x0.8 306
.. Beat frequency, v, =V, —v;

131.764-123.636 =8.125Hz ~8.13 Hz
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5. (0.62 t0 0.63)
Let ¢, = initial length of pipe
(, = new length of pipe
V; = Speed of tuning fork

In closed organ pipe, f = v
404

When tuning fork is moved, f'=f :( v ]:L

V -V, 40,
V([ V % V-Vy o £,
- — = = -  =_£
40,\V -Vy ) 4L, \Y lq
I e S
0 Vv A Vv
Percentage change required in the length of the pipe

x100 = —— x100 = —0.625%
. 320

Hence, smallest value of percentage change required in the length of pipe is 0.625%

Subjective Type

1. Speed of sound, v = 340 m/s.
Let (, be the length of air column corresponding to the fundament frequency. Then

V195 = fg=—V =30 _g4m.
al, 4(2125)  4(2125)

EA \

4 gl ﬂ

2.0m

N
L §

In closed pipe only odd harmonics are obtained. Now, let (4, (,, (3, (,,etc.be the lenghts
corresponding to the 3™ harmonic, 5 harmonic, 7" harmonic etc. Then

1.6m

3 LJ:212.5 = (;=12m;
4 1

5| Y |=2125 = (,=2.0m;
ar,

7| - |=2125 = (;=28m;
a0,

o| L |=2125 = (,=36m
ar,
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or heights of water level are (3.6 —0.4) m, (3.6 —1.2) m, (3.6 — 2.0) mand (3.6 — 2.8) m.
Hence heights of water level are 32.2 m, 2.4 m, 1.6 m and 0.8 m.
Let A and a be the area of cross-sections of the pipe and hole respectively. Then

A= n(2x10_2)2 ~1.26x103m™>2
and a= n(10_3>2 —3.14x10% m?

Velocity of efflux, v =/2gH
Continuity equation at 1 and 2 gives,

ayJ2gH = A[—_de
dt

So, rate of fall of water level in the pipe,
—dH a
— |=—4/2gH

)R

Substituting the values, we get

_ —6
dH _3.14x107° —r

dt  1.26x1073
— _Cj—H=(1.11x102)Jﬁ
dt

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

AH ) 111072t

JH

I
32 JH
— 2[@-@]:-(1.1x10‘2).t

or, t=43s

—(1.11><10‘2)j; dt
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