>

(@ ==}

|e=

I~ |1

11.

13.

15.

17.

19.

22,

.
.

13.
19.
25.

AQ2mv), A 2nv)?

S

F 2. T
© 2. (¢
@) 8 @
(b 14. (@)
d 20. (a)
@ 26. (b)
(a,b,c,d) 2. (b
(a,b,d) 8. (b0
(b,0) 14. (a,¢)
(a,d) 20. (b,d)
1650Hz 2. 70m/s
0.75m/s 7. 11Hz
1.5m/s

10. (i)z andz,;

Waves

Section-A : JEE Advanced/ IIT-JEE

N =0 W AN

=0

= O W

3.

8.

(i) 3.46 cm (i) 0, 15, 30 (iii) zero (iv) 23in(96nt+%] and —23in(96nt—E]

(2n+Dm

(i) 599 Hz (ii) 0.935 km, 621 Hz

2K

0.125m 3.
6Hz
F
@) 4,
@ 10.
(b) 16.
@ 22,
(a,c) 4,
(b,¢) 10.
(b,c,d) 16.
. (b,c) 22.
3.33cm; 163 Hz

2n b
(a) 2 (b) y =—0.84cos(ax —br) (c) 1.8 Ab,0

(
(d) y = —1.64sin axsinbt +0.24 cos(ax + bt) [” +

403.3Hzto 434 Hz

16. V+v,)x2v f

2

Vo=V

-

1:1

©
(b)
(b)
@)

@

®)
(ab,c,d)
(a,b)

wheren=0,1,2, ... (ii) z, and z;;

4. 240Hz

5 ()
11. (b)

17. (b)
23. (a)

5. (¢
11. (a,b,c)
17. (a,b,¢)
23. d)

4. 8

@n+n

K

12. 438.7Hz, 2573 Hz

6.

12.
18.
24,

6.
12.
18.
24,
S.

0.5ms!

@)
©
©
(b)

©

(b)

(ac.d)

(a,c,d) 25. (a,bc)
2704N

15

T
];,—X direction 14. (i) TS sec. (ii) §><10‘3 sec.

15 AR
@) g™ () TZO (c) equal to mean pressure (d) Ry + ARy, B —AFy 18. (a) 0.14s (b) 2.0cm, 1.5cm

—dH

7=(1.11><10‘2)\/ﬁ,43 sec.

27 2
Bemis 23, 12

4/
A->qB-op;Cor
(@) 2. (¢
5 2. 7
(®) 2. ©
@) 8. (¢
@) 14. (a)
@ 20. (@)
@ 26. (b)

24,

W

3.
9.

15.
21.

30m/s

400
20. (a) 1.007 x 10°Hz, (b) 1.03 < 10°Hz  21. () 755 (b) %

25. y=0.Isin [30ti%xi¢}

A->pt;Bop,s;C—q,5;D—>q,r

@
5

(b)
(b)
(b)
@)

4.
4.

4.

()
3

10. (d)
16. (@)
22. (b)

5 ()

Section-B : JEE Main/ AIEEE
®)

5. (b
11. (¢)

17. (b)
23. (¢

12.
18.
24,

@

@
©
@)
d
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® P-S-129
-1 N JEE Advanced/ HIT-)EE
A. Fill in the Blanks (The driver behaves 1
Since y = 4 sin (of — kx) as an observer) g
Displacement amplitude = 4 (Max displacement) Vo =5ms”! [ vgSms™!
i —> g <
i ity y=-=2= - i f the b
Particle velocity, v & A o cos (of—kx) # ('Thefg;nlaegg gy the bus
.. Velocity amplitude = 4o =2mvA [ wall behaves as source)
Particle acce(ljeratlon The frequency of sound reflected from the wall
v
Acc= —=—A4 o’ sin (ot — kx) + 342+5
dt . vi=v |20 o =200 [—] ~ 206 Hz
Acceleration (Max acc) amplitude = Aw?= 4n>v24 V-V 342-5
Frequency of beats = v'-v=6Hz.
c=VA .. k=%=%=o.5m quency v
The rarefaction will be at a distance of B. True/ False
A 05 1.  The intensity of sound at a given point is the energy per
—=—=0.125m second received by a unit area perpendicular to the direction
4 4 of propagation.
y,=10sin 3nzt+m/4) () 1 ) 2
. .. I=—pVwo 4
Y, =35sin3m+ 543 cos3nt ... (1) 2
{ NG Also intensity varies as distance from the point source as
LY, =5%2 [—sin 3mt +—COS3TCti| =10 sin (37t +7/3) 1
2 2 Toc —
The ratio of amplitudesis 10:10=1:1 r L
prudest NOTE : None of the parameters are changing in case of a
1 [50.7x8 clear night or a clear day.
yi_2 m 432 432 Therefore the intensity will remain the same.
vy 1 [832xg — V21507 =2004/507 “20Hz. 2. Speed of sound waves in water is greater than in air.
20 m 3. NOTE : If the sound reaches the observer after being
1 reflected from a stationary surface and the medium is also
As y= 5 stationary, the image of the source will become the source
(1+x) of reflected sound.
Atr=0andx=0, wegety=1. Thus in both the cases, one sound coming directly from the
Alsoatz=2andx=1,againy=1 source and the other coming after reflection will have the
The wave pulse has travelled a distance of 1m in 2 sec. same apparent frequency (Since velocity of source wr.t.
. observer is same in both the cases). Therefore no beats will
ve 3= 05ms™! be heard.
. , C. MCQs with ONE Correct Answer
In figure (i) ‘ i ] T
A - Vo Ve ; Ay oYV '
3_6 =>A=2/( o L l 1. (¢) Case(i) Here 2 R & Y .. ()
\/ v
c_¢ v R AL 1% v
and f=§‘ﬂ ] Case (if) Here =2 = N'=2( .’.f‘=f=ﬁ=f
In figur 'e (i) FoN :::: 2.  (¢) NOTE: Stationary wave is produced when two waves
- A_L = 6oy R [ — travel in opposite direction.
4 2 Fig Fia (i Now, y = a cos (kx — of) — a cos (k x + o)
gp=f-C_ 7 90 9m ¥ = 2a sin kx sin ot is equation of stationary wave
and f'= T which gives a node at x =0.
The first frequency that driver of bus hears is the original 3. @) [Inair:T=mg=plg

frequency 0f200 Hz. The second frequency that driver hears
is the frequency of sound reflected from the wall. The two
frequencies of sound heard by driver is

(@ Original frequency (200 Hz.)

(b) Frequency of sound reflected from the wall (v')

_ 1 |pVe .
=3\ m -0

In water : T= mg — upthrust

V Vs
= Vog = 2 pog =" (20-po)
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f(2p p 10. () KEYCONCEPT:C, = (VRT Here C,_o \f
o) Vgp /(29 Po) ) " s
2p
1/2 Crmsy _ (ﬂ\
S [2-pe 2p pm] c  AlUm
msy 1
S 2p u
1/2 - O \/
—300|: ] Hz
4. (9 Comparingitwith After two seconds pulses will overlap each other.
¥ (x, )= A cos (ot + n/2) cos kx NOTE : According to superposition principle the string
If k x = m/2, a node occurs; will not have any distortion and will be straight.
10nx=m2 = x=0.05m Hence there will be no PE. The total energy will be
If £ x = =, an antinode occurs onlyKkinetic.
= 10m=n=>x=0.1m 12. (¢) E xA*v? where A =amplitude and v = frequency.
Also speed of wave Also ®=2nv => oV
® _50m Incase 1: Amplitude=A4 and v, =v
= % Top °™VsandA=2wk =2m/10n=0.2m Incase 2 : Amplitude =4 and v, =2v
T E2 A2V2
5. (@) Velocity of sound by a stretched string v= ,/— ?1 e =4 = E,=4E
T 1.5x
Vl \/; -v\/:-v,/ =122v 13. () Using the formula n'=n(v‘4+v)
v
6. @ F;;:'both end open VA+V 55 VB+V 6 v
Tl —0 > =2 v 2
—/ >
=t L i e 4. @) f= ,/9g M/Mg
7»1 2( ’—,—"\\\\
For one end closed == = = M 25kg o .
0 40 NOTE : Using the formula of a vibrating string,
For third harmonic TZ =l =,= 3 p [T
e ) f= 2w\ where p = number of loops.
V2 Ay 4 - (1) In each case, the wire vibrates, in resonance with the
Given v,—v, =100 same tuning fork. Frequency of wire remains same while
From (i) and (ii) p and T change.
vg _3/4_3 nh_p L,
2 AL =22 2 T, = po/T:
Vi 1 /2 2 20 u 20 M P\ = P22
On solving, we get v, =200 Hz. \/E n
d or - T
7. @ v= 7); =—Awcos(kx-ot) .. v =Aw I P
340 10 Mx8 23 o pro3X5%9 ot M=25kg.
S @ M3 g g 3 23
w1 O 19 19 15. () f,= frequency of the police car heard by motorcyclist,
=y 340 @ A 77 /, = frequency of the siren heard by motorcyclist.
" 340 TN m 9 20 18 330-v 330+v
fi= —o - x176; f,= x165;
\ 7 ) 330-22 330
9. @ n= J and n, = —ZJ fi=£,=0=>v=22m/s
41tr p rop A
16. @) ﬂl+x=Z or, A=4({;+x)
v 1 \/?
n=—=4— [where — =length of string] 3
A AVNm 2 (ﬂ2+x)=T or k:%(ﬂz+x)
ﬂzlezl[...mzlmasi Px,l4><length pA} v v v 3v
ny engt ength L P A VAT |
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Given v, =v,

f i AR !
ol || /g 035m=l, | ‘.’ z:[x
\\ /I ,, \,
7 \ 1
v oS
v __ ¥ =0.025
D4 ) Ay 0 TTOORM
17. () Frequency of first overtone in closed pipe,
v |P ()
v=—[|— ¢
40\ p
Frequency of first overtone in open pipe,
., 1 |P (i)
v =0 .11
ALY
From equation (i) and (ii)
= (2 = ifl &
3\,
18. (©) | f \ K
\\ /, l] +e N V) 4
| o 4 ~ hL+e
——— C
For first resonance For second resonance
3
li+e=— ly+e=—
1 2 4
But v=viA
4
vEva(ly te) = fte=Y @)
3 4v
v=va({1+e) = ﬂl+e=4l ...(ii)
\Y
Subtracting (i) and (i),
V=2V(€2—ﬂl) AV=2V(A62 +AL71)
=2x512%(0.1+ 0.1) cm/s=204.8 cm/s
19. @
o< : : > " harmonic
—J > «—/ »
A={
_yY_Y ~
A3 -0
v ny ..
i - )

Here n is a odd number. From (i) and (ii)

5
5= %fl , For first resonance, n=5, f, = Zfl

Frequency of Ist harmonic of AB = e\

. 1 |Tep
Frequency of 2nd harmonic of CD = T

Given that the two frequencies are equal.

1 TAB 1 TCD TAB
20\ m c\] m 4 D

T,z=4T,p o)
A B
/(/////////////////[‘ /
MB _, “ Acp =4
2
TAB
O
B<x >'!\ L—x D
m
< L >

For rotational equilibrium of massless rod, taking torque
about point O.
T,pxx=Tep(L—x) .. (1)
For translational equilibrium,
T+ Top=mg ... (iit)
On solving, (i) and (iii), we get
m 4m
Tep="a - Tjy=—5"
Substituting these values in (ii), we get

L
%xx=%(L—x) => x= 5

As shown in the figure, the fringes of the tuning fork
arekeptin a vertical plane.

OA

22. (a) Since the wave is sinusoidal moving in positive x-axis

the point will move parallel to y-axis therefore options
(c) and (d) are ruled out. As the wave moves forward in
positive X-direction, the point should move upwards
1.. in the positive Y-direction. Therefore correct option
isa.

23. (@) The frequency (v) produced by the air column is

given by

v
AXYV=VD y=—
A

37
Also, e =(=75cm=0.75m
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= 4x0.75 _340x3

A= = V= 1505 =340 Hz
.. The frequency of vibrating string = 340. Since this
string produces 4 beats/sec with a tuning fork of
frequency n therefore n = 340 + 4 or n =340 —4. With
increase in tension, the frequency produced by string
increases. As the beats/sec decreases therefore n =
340+4=344Hz.

24. (b) Frequency of 2nd harmonic of string = Fundamental

frequency produced in the pipe

05m ... S

. 1[50 320
05\ 4x08
s u=0.02kgm™!

The mass of the string = ./,
v+

=0.02x0.5kg=10g
vO
%5 @ f= f[v—vj

Here v=320 m/s (given)

5
Vo= V= 36x§ =10m/s

o

f'=s[M]=8x§zs.skHz
320-10 31

26. (b) Considering the end correction [e= 0.3 D], we get

Lte=X -t
e 4 = 4 —e
336x100 v
_ 336100 5404 - =2
512x4 X% =152cem [ u}

D. MCQs with ONE or MORE THAN ONE Correct

(a,b,¢,d) y=10*sin (60¢ + 2x)
Comparing the given equation with the standard wave
equation travelling in negative x-direction
y=asin (0t +kx)
we get amplitude a= 10m
Also, ®=60rad/s .. 2nf=60 = f= ?;—OHZ

E=2 = A=mTm
A

Also, k=2 =
30

Weknow thatv=fA= ?Xﬂ:=30m/s

() y=y,sin2n [ft—ﬂ

% =[y0 cos2n(ft—%ﬂx2nf

Topic-wise Solved Papers - PHYSICS

or, [%]max =y x2nf

Given that the maximum particle velocity is equal to four
times the wave velocity (c =fx A)

YoX2f=4(fxR) - A= %

(a,c) The wavelengths possible in an air column in a pipe
which has one closed end is

A So,c=vVA

T @Qn+)

300=264 x ot
v =264 Hz as it is in resonance with a vibrating turning fork
of frequency 264 Hz.

/= 330x(2n+1)

264 x4
Forn=1, ¢=03125m=31.25cm

Forn=2, ¢1=0.9375 m=93.75cm

@ [~
——» —— —»
A = ( (Fundamental mode) A =40
4
%: ¢ (Fundamental mode) =20
c c .
v=—=—=512Hz (given
4l (given)
c ¢ c
'=—=—=2| —| =2x512=1024Hz.
and V=m0 (412) *s12=10
(a,c) For wave motion, the differential equation is
2. 2\ A2
a—; = Lconstant w_zJ 6_;1
ot k“) ox
2 2
or a—g):vza—;) (1)
ot ox

NOTE : The wave motion is characterized by the two
conditions

f(xt)=f(x,t+7) ..(i)

...(iil)

A%
LIJ v, = 4—[1 for first harmonic

f:I:;:\_,::I:I::\_,/:I?I(:. LIJ v,= 237‘; for third harmonic
I« IR >
vy L N a1
40, 20, 6, 6
v vy
(@abd) .. v= ﬂ’ﬂ’ﬂ’““ =80, 240,400....

GP_3481
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8.

10.

11.

12.

13.

° p-s-133

(b,c) y=Asin (10 x+ 15t +1/3)
The standard equation of a wave travelling in — X direction

is y=Asin [%(vt+x)+(¢)]

= Asi [2nvt+2nx+¢]
=Asin | —t+—
Y Y
Comparing it with the given equation, we find

2T[—V=151t and 2—n=101c
A A

1 1
= A=—-=02m andv= —n><—=l.5m/s
2n 5

5
1 |T
(b,c) As, f = %\/g

Giventhat 7} > T,

ST

h> 1

Initially beat frequency (f; — f>) = 6.

The beat frequency remains unchanged which is possible
when f) increases and f; decreases. Thus 7, increases and
T, decreases.

t
() y=4cos? [5) sin (1000 £)=2 (2cos2 %sinlOOOt)

=2[cost+ 1] sin 1000¢
=2 cos ¢ sin 1000z + 2 sin 1000¢
=sin 1000z + sin 999¢ + 2 sin 1000¢

+
(a, b, ¢) Frequency of reflected wave isf"' = f (2 — :]

2
= Beatﬁeq.=f"—f=c—_vl.

¢ _clc=v)
Wavelength of reflected wave = — =———
i f" flc+v)
() KEY CONCEPT : The time required for constructive

interference equal to the time period of a wave pulse.

For a string frequency f— 1 \/E
20\ m

Time period, 7 =2¢ \/%

-2
mass _ 107" _ 5 5x1072

length 04

-2
T = 2xo.4,/% =0.1 sec.

(b,c) Due to the clamping of

the square plate at the edges,

its displacements along the x ¥
and yaxes will individually be
zero at the edges. Only (g, 1) R
the choices (b) and (c)
predict these displacements
correctly. This is because
sin 0=0. L
Option (a) : (0, 0) £, 0)

F=16N, m=

QL 1)

u(x,y)=0atx=L,y=L
u(x,y)#0atx=0,y=0

Option (b) :
u(x,y)=0atx=0,y=0[.sin0=0]

u(x, y)=0atx=L,y=L[.sint=0]
Option (c) :
u(x,y)=0atx=0,y=0[.sin0=0]
u(x,y)=0atx=L,y=L[.sinn=0,sin2n=0]
Option (d) :

u(x,y)=0at y=0,y=L["sin0=0,sinm = 0]
u(x,y)#0at x=0,x= L[ cos0=1,cos2n =1]

(ac0)
NOTE : For a transverse sinusodial wave travelling on a
string, the maximum velocity is am.

But maximum velocity is AN 10 =1m/s
10 10

= 103 x2nv=1

3
L

VT anx103 2
=X= 310 =21tx10_2m
v 10°/2n
0.8 ~ 0.8 O
(4x +5t)2 +5 5 72
16| x+5t| +5

an=1

=

(be,d)y=

We know that equation of moving pulse is

y=fx+vi -2
On comparing (1) and (2), we get

5 1 25

v= st_ = ?ms_

So, the wave will travel a distance of 2.5 m in 2 sec.
_ 0.8 1
(4x+50)%+5

At

x=0,t=0,y=%=0.l6m

. maximum displacement is 0.16 m
The graph for the given equation is drawn. This is symmetric
about y-axis.

(a,b,c,d) In the wave motion y = a(kx — ), y can represent

electric and magnetic fields in electromagnetic waves and
displacement and pressure in sound waves.

(a,b,c) Standing waves are produced by two similar waves
superposing while travelling in opposite direction.

This can happen in case (a), (b) and (c).

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

But for a spherical wave, intensity at a distance r from a

point source of power (P), is given by /= P
r
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19.

20.

21.

22.

The fundamental frequency = % = wz_/lk =20Hz
b) Source Observer
@b) S—> +—0
f, f, 25.
Casel: Wind blows from observer to source £y >
£ =f; (V-w)+u
(V-w)—-u
. Wind blows fromsource to observer
Case2 :
f2=fl (V+W)+u .'.f2>fl
(V+w)-u
(a) and (b) are correct options
\4 YRT 1
23. Here, v=—= | ———x—=v=vx4]
@ 4l \mx10>3 “4

Topic-wise Solved Papers - PHYSICS

1
o« —
= 1 2
But the total intensity of the spherical wave over the
spherical surface centered at the source remains constant
at all times.

1
NOTE : For line source [ >

(a,d) Lo
Atsecond resonance the length of air column [} (|,
is more as compared to first resonance. Now, [ %
longer the length of air column, more is the
absorption of energy and lesser is the
intensity of sound heard.

As shown in the figure, the length of the air column at the

. 1
first resonance is somewhat shorter than Zth of the

wavelength of the sound in air due to end correction.

A

A
C —
+e—4 C——4—e

(b, d)

When sound pulse is reflected through a rigid boundary
(closed end of a pipe), no phase change occurs between the
incident and reflected pulse i.e., a high pressure pulse is
reflected as a high pressure pulse.

When a sound pulse is reflected from open end of a pipe, a
phase change of a radian occurs between the incident and
the reflected pulse. A high pressure pulse is reflected as a
low pressure pulse.

(b,0)

y=1[0.01 sin (62.8x)] cos (628 t).

SO OO

e A 1
Length of string =5 x 7= 5 x2—0 =0.25m 24

2r
—=62.8
e

The midpoint M is an antinode and has the maximum
displacement=0.01 m

= v=336.7m/sto346.5m/s

For monatomic gasy=1.67

_ R _ oot \E
Mx103
= «/167RT \/7 640\/7

For Neon M =20 and ,/20 10

7
L v=640x— = -1
. 10 448 ms
.. (a)isincorrect
10 _ 17

For Argon M =36, 36 32

17
C vz 640X — — -1
SLVE ><32—34Oms

.. (d) is the correct option.
For diatomic gasy=1.4

10 10
=+/140RT,|— =590, /—
WM M

/10 9

For Oxygen 3216

9
V= 590><E=331.87 ms™!

.. (¢) is incorrect

/ 10 3
For Ni
or Nitrogen 28 5

V= 590><§=354 ms~!

.. (b) isincorrect

. (a,c,d)

Clearlyin the given situation a displacement node is present
at x = 0 and a displacement antinode is present at x = 3 m.

Therefore,y=0atx=0and y=* 4 atx=3m.

The velocity v= % =100 ms™".

a, ¢ and d are the correct options which satisfy the above
conditions.

(ab,¢)
V,C0S Qp@i"c
gt
118Hz v 121Hz
R
vp =121_118=[M}
v
vg=121-118=3

GP_3481
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Vi =(121_113)[w}
\4

. Vp+Vg =2vy = (4) is correct option
In general when the car is passing through A

vV+vy,cosa

" ()]
dv v.sina | |dv| . .
=3 ——| ismax when sina =1
da v da

ie, a=90°(atQ)

= (b) is correct option.

F : ﬂ:&(_sina)d_a -
rom (1) i v i ... ()
lso tana _10 sec? OLd—OL——Eﬁ

Also R 7 2 dt

do _ -10v
dt x?sec’o - ()

From (ii) & (iit)

dv v, . —10v 30V, sina

——=-=Esinax| 5——— |= 55

dt v x“sec”a) x“sec”a
dv _ 30y.sina

L —= =0.3v,sin’ a =000
©dt (10cota)? sec’ o ¢ -Ata=90

A%
— = max

dt
.. (c) is the correct option

E. Subjective Problems

Itis given that C acts as a node. This implies that at 4 and B
antinodes are formed. Again it is given that the frequencies
are same.

p, harmonic p, harmonic
H, 0,
Antinode Node Antinode
< 0.5m :L < 0.5m —»

v V2 p_vi_3
T oa P T T, T
or, l1p, =3p,
This means that the third harmonic in AC is equal to 11th
harmonicin CB.

Now, the fundamental frequency in AC

o100 oy,
40 4x0.5
and the fundamental frequency in CB
“h2 30 ssom,
40 4x0.5

Frequency in AC=3 x 550 = 1650 Hz

and frequencyin CB=11 x 150= 1650 Hz

(@) Using the formula of the coefficient of linear expansion
of wire, Al = Lo AO We get

F =YA0A6

Speed of transverse wave is given by

y = \/E [where m = mass per unit length = % = Ap}
m

~ \/YAOLAG ~ \/YOLAE)
Ap P

_\/1.3x1011 x1.7%107 x 20

: = 70m/s
9x10
Tube open at both ends :
% 320
@ v=3@+06D) 327 2(048+06xD)

048+0.6D=0.5 = 0.6D=0.02
002

= D= 0 x100cm=3.33cm
Tube closed at one end :
b A 3 320
4(+03D) 4(0.48+0.3x0.033)
~ 163Hz
Vo =5m/s Vo=5m/s
—— «—e
S I
(Observer) (Source)

NOTE : If the sound reaches the observer after being
reflected from a stationary surface and the medium is also
stationary, the image of the source in the reflecting surface
will become the source of the reflected sound.

Vv'= v[c—vo}
c—Vg

vy V, are + ve if they are directed from source to the observer
and — ve if they are directed from observer to source.

V'=256 [M} =264 Hz
330-5

.. Beat frequency =264 —256 =8

40cm=I
A4

————— - — -

First Overtone

25%1073
0.25

1T 1 T .
Frequency, s= 3 \m 025\ 001 @)

Fundamental frequency

%=O.4 = A=16m

v £ 320
T' A 16

Mass of string per unit length = =0.01 kg/m

=200 Hz ...(i)
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Given that 8 beats/second are heard. The beat frequency
decreases with the decreasing tension. This means that beat
frequency decreases with decreasing v_. So beat frequency
is given by the expression.

V= \/S - VT

L‘/ T 2200 = 7=27.04N
0.25V0.01 = 1=

KEY CONCEPT : The velocity of wave on the string is
given by the formula

8=

T
V=4 —
m

where T 'is the tension and m is the mass per unit length.

Since the tension in the string will increase as we move up
the string (as the string has mass), therefore the velocity of
wave will also increase. ( is the same as the rope is uniform)

Vi _ ﬂ _ ’2 x 9.8 _ l .
%) T 2 8x9.8 2 -
Since frequency remains the same

S Ay =20,=2%0.06=0.12m
KEY CONCEPT : Using the formula of the coefficient of

Vy= 2v1

linear expansion,
Al=LlaxAD
Also, y=3tes _TA _T/A 0 yiane
strain AL/l aA®

The frequency of the fundamental mode of vibration.

_L\/Z_L Y40 AQ
Vo 2%\m 2

B l\/2><1011x10_6><1.21><10_5><20
~2x1 0.1

=11Hz

(1) Here amplitude, A =4 sin [71[;)
Atx=5m

A= 4sm[ 155] 4x0.866=3.46cm
(i) Nodes are the position where 4 =0

. [ mx .
sm(—] =0=sinnn
15

n=0,1,2

x=15n

where x=15cm,30cm,60cm, ....

@) y= 4sm[ T ) cos(96m¢)

dy ( x) .
=~ =4s] —
% sin T [ 967 sin (96 Ttf)]

Atx=7.5cm,t=025cm

. (nx75 .
y= 4sm( s ][—96nsm(96n><0.25)]

10.

- 4sin [g] [~967sin (24m)] =0

(iv) y= 4sin (’l‘—;‘] cos[96 7]

—2[2s1n(n )cos(96nt)}

15

=2 sin[96m+ﬁ)—sin(96m—ﬂ)
15 15

= 2sin(96ﬂ:t+ﬂ) —2sin(96nt—ﬂ]
15 15

=Vt
where y, =2 sin (96m+71[—;c)

and y,=-2sin (96nt—rlt—;cj

The apparent frequency from tuning fork 7' as heard by the
observer will be

R

T Observer

S XV i
] P .. ()
¢ = velocity of sound
v = velocity of turning fork
The apparent frequency from tuning fork 7, as heard by the
observer will be

C

v, = XV (1
2 c+v (@)

Given V= V,=3

where

1 1 cXVx2v
cxXvV ———|F3 o 3=
c—V c+vVv ct—-v
. CXVX2V
Since, v<<c¢ 3=
c
_ 3X34OX340=1.5m/s
340x340x2

() KEY CONCEPT : When two progressive waves having
same amplitude and period, but travelling in opposite
direction with same velocity superimpose, we get standing
waves.
The following two equations qualify the above criteria and
hence produce standing wave

z,=A cos (kx— o)

zy =4 cos (kx+ wt)
The resultant wave is given by z=z, + z,
= z=Acos (kx—wt)+ A cos (kx+ of)

=24 cos k x cos wt
The resultant intensity will be zero when

24coskx=0

= cos kx =cos @n
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2n+1 (2n+Dmn 4, Q= 10radss
=> kx= T X=—F7"
2k
wheren=0,1,2, ...
(i) The transverse waves 4 6m  6m
5 -
z; = A cos (kx — ot) 4 B C D
z3= A cos (ky—ot)
Combine to produce a wave travelling in the direction making
an angle of 45° with the positive x and positive y axes. 4,

11.

12.

The resultant wave is given by z =z, + z,
z=A cos (kx— ot) + A4 cos (ky — )

= z=2A4cos (x—zy) cos[k(x+y)_2wt]

2
The resultant intensity will be zero when
2Acos—k(x_y) =0 cos—k(x_y) =0
2 2
- 2n+1
o kG-y) _2n4l (x_y)=( )

2 k
(1) The frequency of the whistle as heard by observer on the
hill
—x———p
. v+v, ° °
T Vi — Vg A B

<4+—Ilkm———»
Hill

1200+ 40
1200+40-40

(i) Letecho from the hill is heard by the driver at B which
is at a distance x from the hill.
The time taken by the driver to reach from 4 to B

=580[ }=599 Hz

1-x .
t= 20 @)
The time taken by the echo to reach from hill
L=Unt g
P S (ii)
2 (1200+40) (1200-40)

where ¢, = time taken by sound from 4 to H with velocity
(1200 +40)
1,5 = time taken by sound from / to B with velocity 1200 -40
From (i) and (ii)
1-x 1 N x

40 1200+40 1200-40

H=t, =

= x=0935km

The frequency of echo as heard by the driver can be
calculated by considering that the source is the acoustic
image.

|: (V—Vm) +vs ]
n" = n _— =
(v—vm)—vo

(1200-40)+40

=580 ——MMM—

[(1200 -40)-40

The angular frequency of the detector = 2ntv

}=621Hz

=2ﬂ:><£=10rad/s

T
The angular frequency of the detector matches with that of
the source.

13.

= When the detector is at C moving towards D, the source
is at A, moving leftwards. It is in this situation that the
frequency heard is minimum

Ve | Y2V | Z3405 34060 _ossay,
ViV, (340+30)

Again when the detector is at C moving towards B, the
source is at A; moving rightward. It is in this situation that
the frequency heard is maximum.

Wy VHVo | _ 340 (340+60)

V-V (340-30)

(@ KEY CONCEPT : Use the equation of a plane
progressive wave which is as follows.

=438.7Hz

y=Acos (%x+2nvt)

The given equation is
¥, =4 cos (ax + br)

) 27 2n
On comparing, we get o =q = A= P
Also, 2nv=5
= V= E

(b) Since the wave is reflected by an obstacle, it will suffer
a phase difference of m. The intensity of the reflected wave
15 0.64 times of the incident wave.
Intensity of original wave I oc A2
Intensity of reflected wave /'=0.64 1
= ['cA? = 0.641c4?
= 064420 A4? = A'c0.84
So the equation of resultant wave becomes
¥,=0.84 cos (ax— bt +m)=—0.8 4 cos (ax — bt)
(¢) KEY CONCEPT : Theresultant wave equation can be
found by superposition principle
YEyty,
= A cos (ax + bt) + [ 0.8 4 cos (ax — bt)]
The particle velocity can be found by differentiating the
above equation
_ @

v= E=—Ab sin (ax + bt)— 0.8 Ab sin (ax — br)

=— Ab [sin (ax + bt) + 0.8 sin (ax — br)]
=— Ab [sin axcos bt + cos ax sin bt
+ 0.8 sin ax cos bt — 0.8 cos ax sin bf]

v=—Ab [1.8 sin ax cos bt + 0.2 cos ax sin bt]
The maximum velocity will occur when sin ax = 1 and
cos bt = 1 under these condition cos ax = 0 and sin bt =0

[ Viax| = 1.8 4b
Also, [v,; [=0
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d) y=[A4cos(ax+ bt)]—[0.8 4 cos (ax— bt)]
=[0.8 4 cos (ax+ bt)+ 0.2 A cos (ax + bt)]
—[0.8 4 cos (ax— bt)]
=[0.8 4 cos (ax + br)—0.8 4 cos (ax— bt)]
+0.2 4 cos (ax + br)]

=08 A[—Z sin {(““b’);(ax—bt)}

. —(ax—b
Sm{(aﬁbt)z(ax t)H 0.2 4 cos (ax + bi)]

= y=-1.6 4sin axsin bt+ 0.2 A cos (ax + bt)

where (— 1.6 4 sin ax sin bf) is the equation of a standing
wave and 0.2 4 cos (ax + bf) is the equation of travelling
wave.

The wave is travelling in —x direction.

NOTE : Antinodes of the standing waves are the positions
where the amplitude is maximum,

ie, sinax=1=sin [nn: +(=" g}

Let the two radio waves be represented by the equations
y =Asin2nv ¢
Yy =Asin2mv,t
The equation of resultant wave according to superposition
principle
Y=y, ty,=Asin2nv t+Asin 2nv,t
=A[sin 2 v, ¢+ sin 27nv,f]
(2rvy +2mvy)e cos (2mvy +2 2nvy )t
=2A4sinm(v;+V,) tcosT(V;—V,)¢
where the amplitude 4' =24 cos t (v, —v,) ¢
Now, intensity oc (Amplitude)?
= JocA?
Toc 442 cosn (v, —v,) ¢t
The intensity will be maximum when
cosm (v, - vy t=1
or, cosTm(v,—v,)t=1
o, m(V,—V,)t=nn

=4 x2sin

W —®y) 2nm
= —( 1 2t =nn or, t=
2 01— 0y
Time interval between two maxima
2nm 2(n—-Nn 2n 2n
or, - I, =38
0 —Wy; Op—0 01—y 10

Time interval between two successive maximas is
21 x 1073 sec

(i) For the detector to sense the radio waves, the resultant
intensity > 242

Resultant amplitude > /2 4
or, 2Acosm(v;—Vy)t2~24

1 (0 —wy) ] 1
or, CosT(V;—Vy)t=— or, A Sad B Pty DL
(vi—v2) 7 cos[ }

2 I°%
- t
The detector lies idle when the values of cos [—(ml 20)2) }

1
1s between 0 and E

W — 0y . T T
(@ —0)t is between — and —
2 4
t dr T
= andt,= ————
' op-o 2 2oy -wy)
The time gap =¢, - ¢,
T T T

S omo; 20 -0) 20 -0))

= Ex10_3 sec
2

15. The whistle which is emitting sound is being rotated in a
circle.
V=ro=30m/s
> AT

/ r=/1.5m \

V=T
=30m/s

r=1.5m (given); ®=20rads™' (given)
We know that

v=ro=1.5x20=30ms"!
When the source is instantaneously at the position 4, then
the frequency heard by the observer will be

v= vl — =440[ 330 }=484Hz
Vv, 330-30

When the source is instantaneously at the position B, then
the frequency heard by the observer will be

V'= v — =440[i}=403.3ﬂz
V+ Vg 330+30

Hence the range of frequencies heard by the observer is
403.3 Hz to484 Hz.

16. KEY CONCEPT : Motorist will listen two sound waves.
One directly from the sound source and other reflected from
the fixed wall. Let the apparent frequencies of these two
waves as received by motorist are f'and /"' respectively.
For Direct Sound : V, will be positive as it moves towards
the source and tries to increase the apparent frequency. 7,
will be taken positive as it move away from the observer and
hence tries to decrease the apparent frequency value.

v+,
f= ()

V+Vb

GP_3481
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17.

® p-s-139
18. (a) Mass per unit length of PQ
0.06
Reﬂected Fixed m= 48 kg/m
wave 1Xe
Vi Wall o 0.06 kg 0.2 kg
P 48 m Q 25m R
. 0.2
Mass per unit length of OR, m, = 256 kg/m

For reflected sound :
For sound waves moving towards stationary observer (i.e.
wall), frequency of sound as heard by wall

fi— V=1V

After reflection of sound waves having frequency f; fixed
wall acts as a stationary source of frequency f; for the moving
observer i.e. motorist. As direction of motion of motorist is
opposite to direction of sound waves, hence frequency /"
of reflected sound waves as received by the motorist is

v

v+, v+v

m m
"= .2
R el @
Hence, beat ﬁequency as heard by the motorist
A=f"—f = (v+vm B v+vm\
V- Vb v+ Vb
2vp (v+v, ) f
or, Af= b me (2 'Z)
v - Vb
(a) For second overtone as shown,
SA 4/
o = —
4 A S
Also, V=VA
4/ 15
= 330=440x — = (=—m
5 16
<“—] >
(Pressure (Pressure antinode)
node) or
d’Stll’Ill%Cdemem displacement node
antinode 1 MID POINT _*=0
Pressure variation x=x Pressure variation
1S Z€ro IS max or min

(b) KEY CONCEPT : At any position x, the pressure is
given by
AP = AP, cos kx cos ot

Here amplitude 4 = AP cos kx = AP, cos %x

15 15 S
For x= %16 = eV m (mid point)
) 2n 15| ARy
Amplitude = AP, cos [—(33 0/440) 3 2} N

(c) Atopen end of pipe, pressure is always same i.e. equal
to mean pressure . AP=0, B, = Fuin = R
(d) At the closed end :

Maximum Pressure = Py+AP,
Minimum Pressure = P,—-AP,

19.

Velocity of wave in PQ is

— L— L—Soms_l ..T_80N :
Vi~ A TN006/438 [+ T=80 N given]

Velocity of wave in QR is

vy = B = 32
m V027256

Time taken for the wave toreach from Pto R

(b) When the wave which initiates from P reaches Q
(a denser medium) then it is partly reflected and partly
transmitted.

In this case the amplitude of reflected wave

(v —wp)
=214 ()
Vy +V;
where 4,= amplitude of incident wave.
Also amplitude of transmitted wave is

( 2V2 \
- LVI +Vvy
From (i), (i1)

Therefore, 4,=2cmand 4,=—1.5 cm.
Speed of sound, v= 340 m/s.

Let £, be the length of air column corresponding to the

4; (i)

fundamental frequency. Then

Y 2125
41,
340
or L)O = d =

4212.5) 4(212.5)

NOTE : In closed pipe only odd harmonics are obtained.
Now, let {;, {5, {3, {4, etc. be the lengths corresponding
to the 3rd harmonic, 5th harmonic, 7th harmonic etc. Then

(v
3LVJ =2125= (;=12m;
L%J =2125= (,=20m

Qﬁ} =212.5 = (;=2.8m;

(v)
9LEJ =2125= (4,=3.6m
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S
S

2.0m
(XD
2.8m

1.6m
0.8m

or heights of water level are (3 6-04)m,(3.6-1.2)m,
(3.6-20)mand (3.6—2.8) m.
Therefore heights of water level are 3.2 m, 2.4 m, 1.6 m and
0.8m.
Let 4 and a be the area of cross-sections of the pipe and
hole respectively. Then

A= (2x102)>=126 x 10> m2
and a=n(103)2=3.14 x 10°m?2

Velocity of efflux, v= \/2g—H

Continuity equation at 1 and 2 gives,
-dH )

dt

Therefore, rate of fall of water level in the pipe,

—dH ) a
— | =—42gH
( ar )~ aVE
Substituting the values, we get

_ -6
dH=3.14><10 Ax10xH

dt 126x107
= ‘Z—f’=(1‘11 < 10)VH

Between first two resonances, the water level falls from
32mto24m.

a\2gH A(

dH 5

L - 111x10724r

JH

24dH =) t
= [y, gy =110 )jodt

= 2V24-32]=—(1.1x107%)s
= t=~43second

KEY CONCEPT : The question is based on Doppler's effect
where the medium through which the sound is travelling is
also in motion.

By Doppler's formula

c+vp Vg
Vi=v| = (1)
C+Vpy £y

NOTE : Sign convention for ¥V, isas follows :

If medium is moving from s to O then + ve and vice versa.
Similarly v, and v_are positive if these are directed from Sto
O and vice versa.

(a) Situation 1.

10m/s
h— i
ity i < — s,
T T T M amitter) - — — — — 0]
—_—_—_—_Qr aﬂsn_ntt_er)_________ (Receiver)

: . B [2.088x10°
Velocity of sound in water ¢ = ; = T

c=1445m/s; v =+2m/s; v,=0; v,=10m/s

oy 144542070
1445+2-10

c 1445
A 14.45x1073
v'=1.007 x 10°Hz

() Situation 2.

. /y RT
= [ =344m/s
Inair ¢ M

=10°Hz

Applying formula (1)
. V[ 344-5-0
344-5-10

Second harmonic in pipe 4 is

_o| Y|l [raRT
2(V°)A_2[2e]_1f M,

Third harmonic in pipe B is

3(v0)B=3u} 43/\/W
Given v, = vp
_1_\/YART _i\/YBRT
(O M, 4\ Mg
My

=Y_Ax[i]2
Mg vp \3

A B

Gas (Monoatomic) Gas (Diatomic)
My Mg

] =1.03 x 10°Hz

5/3 16
7/5 9

400

or, = @

) 4

—

h 4

—/

O0)a _ [Ya Mp 3
(v)s Y4 Mp 4
22. KEY CONCEPT : In the fundamental mode

Now,

(+06r)=2=V

33y = VY06 =336ms

Aoy i g 2R 20T
23. Herec=50rk 20 Since, k x w1

The amplitude of vibration at a distance x from x=0 is given
by A=asinkx
Mechanical energy at x of length dx is

(dm)A2 2= (,udx)(asmkx) @2nv)?
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= 2m?puv2a? sin? kx dx A-pt; B-ps; C-q,s; D-g,r
Butv=vA (A) Pipe closed at one end
2 W duced are longitudinal (sound waves)

v vi T/p aves pro g

T wv={T/n > >

A A2 40? [ ] Ay s < L ———————

dE=21u T—/zua2 sin? {[n] x}dx 4 [

¢ AAEAL 1 >

Total energy of the string

B it 2T/p2.2[nx]
E—jdE—IO2n u4€2a sin . dx
_ n*Ta®
4¢
24. Let the speed of the train be v,
While the train is approaching
Let v be the actual frequency of the whistle. Then

v'=v vs

Vs —Vr
where v = Speed of sound = 300 m/s (given)
v'=2.2KHz.=2200 Hz(given)
B 300 .
2200=v m )]
While the train is receding
Vs
Vg +Vr
Here, v'=1.8 KHz = 1800 Hz (given)
300 ..
1800= Vm ...(1)
Dividing (i) and (ii)
2200 _ 300 N 300+ vr
1800 300—vp 300

V"= V

disturbance is
y= asin(ot+kx=d)

Givenv,, =an=3m/s ..()
A, = ao?=90m/s? .. (i)
Velocity of wave v=20 m/s ... (i)
Dividing (ii) by (i)
2
@ . 20 = o=30rad/s ...(iv)
am
Substituting the value of ® in (i), we get
3
a=£=0.lm (V)
2 2 30 3
Now k= =""=2=2222 (i)

A oviv v 20 2
From (iv), (v) and (vi) the wave form is

3
y=0.1sin [30¢£ Ex:bd)]

F. Match the Following

1. (A) Pitch q. frequency
B) quality p. waveform
(C) loudness L  intensity

= vp=30m/s
25. KEY CONCEPT : The wave form of a transverse harmonic

(p, t) are correct matching 4
(B) Pipe open at both ends
waves produced are longitudinal (sound waves)

S =21 < A >
(p, s) are correct matching. 2~
(c) Stretched wire clamped at both ends
Waves produced are transverse in nature. (waves on string)

O

oo A=2L
(g, s) are correct matching.
(D) Stretched wave clamped at both ends & mid point
Waves produced are transverse in nature (waves on string)

Ae=L ;r .........................................

(g, r) are correct matching.

G. Comprehension Based Questions

1. (a) 2. (¢) 3.

The equations are y; = 4 cos (0.5 nx — 100 n¢) and
¥, = A cos (0.46 x — 92 mr) represents two progressive wave
travelling in the same direction with slight difference in the
frequency. This will give the phenomenon of beats.
Comparing it with the equation

y= A cos (kx — wf), we get

;=100 = 2nf, =100 = f, =50 Hzand

K,=05nt= i—ﬂ::O‘Sn = A =4m
1

Wave velocity = A,f, = 200 m/s [Alternatively usev= % ]
®,=92nt = 21tf2=921t :f2=46Hz
Therefore beat frequency = f, — f, =4 Hz and

200

2n
= R —— .4 = —
K,=046n = » 0 61t:>7\,2 6

x46=200m/s

NOTE : Wave velocity is same because it depends on the
medium in which the wave is travelling.
Now, atx=0,

Y1 Ty, =(Acos 10 mt) + (4 cos 92 ) =0

. 200
Wave velocity = 16
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= cos 100 it =—cos 92 7t = cos (— 92 nr)
= cos [(2n+1)m—92 p= 2t
=cos[2n+ )n-92 1t = = 192
1 191
whent=0,n= ) andwhent=1, n= 7=95.2

e
.

= net amplitude is zero for n = 96 times (the nearest

answer).

() The speed of sound depends on the frame of reference
of the observer.

(@) Since all the passengers in train 4 are moving with a
velocity of 20 m/s therefore the distribution of sound
intensity of the whistle by the passengers in train 4 is

uniform.
v=v, 340—30} 31
2) vy | 22" | —goo 800 x —
@ v Vl[v_vj [340—20 32
31
" =1120x —
\% V2|:v vi| 32
31
v'-v'=(1120- 800)><——320 35 = J10Hz.

I. Integer Value Correct Type

Weknowthat,v=\/Z = _2%5=10m/s
u 107°/0.2

The wavelength of the wave established

The distance between two successive nodes

Section-B

() Thiswill happen for fundamental mode of vibration as
shown in the figure. S,and S,are rigid support

Here % =40 .. A=80cm

€< 40cm —>
(¢) KEY CONCEPT : The fundamental frequency for

v
closed organ pipe is given by VL = m and
e v
For open organ pipe is given by Vg = 2
S _v 4 2
v, 2 v 1

() A tuning fork produces 4 beats/sec with another tuning
fork of frequency 288 cps. From this information we
can conclude that the frequency of unknown fork is
288 + 4 cps or 288 —4 cpsi.e. 292 cps or 284 cps. When
a little wax is placed on the unknown fork, it produces

JEE Main/ GIEEE
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Let v be the speed of sound and v, and f; the speed and
frequency of car.

The frequency of sound reflected by the car is

v+ v,
Dlﬂ'erentlatmg the above equation w.r.t. v, ,we get
, (v v,)
d f _ s
dvc 0 (V - vc)2
Cdff 2v 2v
"y, f"{(v_vc)z}:f" 2 (v <)
.‘.ﬁxmo:zxdvc
S v
2xd
0.012= =27 - dv,=0.198m/s ~ Tkm/h

Resultant amplitude, 4= \/ AZ + A2 + 24,4, cos §

=\/42 +3? +2x4x3xcos§ =V16+9+0=5

6)) y=%[sin0+sin§+sin23—n+sinn]

y=41o [i‘*i} V3.1,

I=y*=3l, = n=3

2 beats/sec. When a little wax is placed on the unknown
fork, its frequency decreases and simultaneously the
beat frequency decreases confirming that the frequency
of the unknown fork is 292 cps.

() To form a node there should be superposition of this
wave with the reflected wave. The reflected wave
should travel in opposite direction with a phase change
of . The equation of the reflected wave will be
y=asin (ot+kx +m)
= y=-—asin (ot + kx)

() KEY CONCEPT : The frequency of a tuning fork is
given by the expression

o m2k \/z
aW3n?\p

As temperature increases, { increases and therefore f
decreases.

@@ Y= 10 sin (600t -2x+ g)

But y = Asin(ot—kx +¢)
On comparing we get ®=600; k=2

GP_3481
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7. (@)
8. (o)
9. b
10. @
11. (o)
12. (o)
13. (@)
14. (@)

® P-S-143

v=2_ 80350 ms!
k 2
KEY CONCEPT : For a string vibrating between two

rigid support, the fundamental frequency is given by

po LT _ 1 [10x98 o
20\p  2x1\98x1073

As the string is vibrating in resonance to a.c of
frequency n, therefore both the frequencies are same.
A tuning fork of frequency 256 Hz makes 5 beats/
second with the vibrating string of a piano. Therefore
the frequency of the vibrating string of piano is
(256 £ 5)Hz e either 261Hz or 251 Hz. When the tension
in the piano string increases, its frequency will
increases. Now since the beat frequency decreases,
we can conclude that the frequency of piano string is
251Hz

From equation given,

o 100
®=100 and k=20, Vv K- 20
No. of beats heard when fork 2 is sounded with fork 1
=An=4

Now we know that if on loading (attaching tape) an
unknown fork, the beat frequency increases (from 4 to
6 in this case) then the frequency of the unknown fork
2 is given by,

n=ngy—-An =200-4=196 Hz

S RS

m_6.0n_ 675 100=20%
n 5 n 5

Sm/s

vi=v| — :10000:9500{ 300}
V-V 300

=300—v=300x095 = v=300-285=15ms"!

-V

Given ™V _ 35 and (n+l)l=420
20 20

n+1 420
= =

o A o n=3

n 315

Hence 3x— =315 = — =105 Hz
20 20

Lowest resonant frequency is when n =1
Therefore lowest resonant frequency = 105 Hz.

We have, L; = 1010g(11—1) ; Lo =lOlogG—§]
0

R () (L)
- Li-L, IOIOgLIOJ lOlogLIOJ

or, AL =10log| L x 20 | or, AL=1010g{1_1]
I, I 1,

15. ()

16 (a)

17. ()

18. (a)

19. @

or, 20=1010g(11—1} or, 2=log(II—1)
2 2

or, I—1=102 or, I, =I—1.
I, 100

= Intensity decreases by a factor 100.

For first resonant length v = 4—:)1 =2 :18 (in winter)
For second resonant length
3V 3V (insummer) - v _3
40, 4x 4x18  4xx

L x=3x18x— L x=54x~cm
A\ A\

V' >v because velocity of light is greater in summer as
compared to winter (v o /T)

. x>54cm

y(x,t) =0.005 cos (ax —Bt) (Given)
Comparing it with the standard equation of wave
y(x,t) =a cos (kx —ot) we get

k=a and o=
T 2n
—=Q =
7» and T B
27 2n
. a——0‘08—25n¢ and B= > = T
Maximum number of beats=(v +1)—(v —=1)=2
u=0 a=2ms Vo oo
Electric s Motor
siren cycle
vfn —u?=2as = vfn =2x2xs ..V, =2/s
According to Doppler’s effect
330-2Vs
094y =y| ——— =
v V[ 330 } = 5=98.01m

. t x
y= 0.02(m)sm|:2n(0,04(s)j_ 0’50(m)]

But y = asin(wt — kx)

2n 1
004 = " " 004 z
k=2 —2=05m
0.50

- velocity, v=yi =25x0.5m/s=12.5m/s
Velocity on a string is given by
T

V=L T=v2xpu=(12.52x0.04=625N
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20. (a) Given wave equation is y(x,)= e(‘a’fz‘fbt2 +24fab xt)

21.

22,

23.

@

®)

©

_ W) +(bry’ +2Jaxb1)

( )2
’b
_ e—Lx+ ;l}

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

— e—(\/;x+x/3t)2

= Speed of wave = \/g

The fundamental frequency of open tube

— v .
Vo = % ..()
That of closed pipe
— v ..
Ve = E ... (i)

According to the problem I, =

Thus v, = 1/2: c
0

From equations (i) and (iii)

... (i)

Vo = V¢
Thus, v, = f (" vg=f is given)
Fundamental frequency,
- dp= m
YR u Y L
Also, Y= = = L TAE  p L W ()
AN A 2

Putting the value of ¢, A7€ pandyineq™ (i) we get,

210
S=\7*3 or, f~1782Hz

Length of pipe =85 cm=0.85m
Frequency of oscillations of air column in closed organ
pipe is given by,
_(2n-Do
S=ur

@2n-1v

f= <1250

(2n-1)x340
0.85x4
= 2n-1<125~6

24. (@ f1=f{ } 1322 b

<1250

V=V 300

_ v
e

(Q—l x100 = (ﬂ—l) 100 =12%
Ua =) " Gao

320
x 2= Hz
/340

25. (a) We know that velocity in string is given by
v [T 1
m (D

here m  massof string
W == —
" 1 lengthof string

(I

Thetension T = %x XXg

From (a) and (b) '5‘
dx _ T
E“/g_" p
X
v
{ (
X_l/zdx=\/gdt . IX_I/ZdX—\/gjdt
0 0
21 =Jgxt . t=2\/z=2\/%=2\/5
g

f A

26. () IT I\/
l

The fundamental frequencyin case (a)is f = %

(2) (b)

The fundamental frequency in case (b) is

oy Y
=212 " 2

GP_3481



