PHYSICS FOR JEE

WAVE ON A STRING

Bl Exercise-1 |

L 4

Marked Questions can be used as Revision Questions.

PART -1: OBJECTIVE QUESTION

Section (1) : Basic question

A-5.

Sol.
A-6.

Sol.

A-7.

A-8.

A-9.

A-10.

Clear from the figure

2n 170
Vmx=Aw=5 = A4 =5 > A= Tcm.
Sol. Satisfy the standard equation of wave
Sol. Key Ideal : The standard wave equation is

y = a sin (wt — kx)
The given wave equation is

{100t—i)
y =asin 10

Compare it with the standard wave equation, we obtain
1

w=100,k= 10
Velocity of the wave,
o 100
ko1
v= 10 =100 x 10 = 1000 m/s
Sol. The given waves are

y1 = 1076 sin[100t + (x/50) + 0.5] m
and y2 = 107 cos[100t + (x/50)] m
s

= y2 = 106 sin [100t + (x/50) + 2]m

[ sl o)-om

Hence, the phase difference between the waves is
ap=[Z-05lrad 3 _05rad
2 _\ 2

=(1.57 - 0.5) rad = (1.07) rad

Note : The given waves are sine and cosine function so there are plane progressive harmonic waves.

Sol. Find the parameters and put in the general wave equation.

Here, A=2cm
direction = +ve x direction

v=128 ms!

and 5N=4

2n 2nx5
Now, k=*= 4 =785

o
and v=K =128 mst
= w=vxk=128 x 7.85 =1005
As, y = A sin (kx — wt) y = 2sin (7.85 x — 1005 t)
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WAVE ON A STRING

A-11.

A-12.

A-13.

= (0.02)m sin (7.85 x — 1005 t)

Sol. Equation of wave is

[4oont— O"g J [
y=asin 85 Comparing this equation with y = a sin
w =400m, or 2mrn =400n = n=200

and A=085x2=17
Velocity v=nA=1.7 x 200 = 340 m/s

Sol.  Given equation is

y = 25 cos (2nt — px) (1)
Standard equation is

y = A cos (wt — kx) ...(2)

Comparing (1) and (2),
Amplitude A=25, w =2, k=n
© 2n

~ Frequency n= 27 = 2n 1 Hz

Sol. Here : Equation of the wave is
y=0.3sin (314 t-1.57 x)
The standard equation of wave is

{3
y =asin A

314t 1.57x}

y=0.3sin 2n[ 2n 2m

(1)

(2)

Compairing the given equation (1) and standard equation (2), we get

2n[50t—1} 1
_ - 4 T _ _
= 0.3 sin or =50andA=4

Hence, the velocity of the wave is
1
v=nk = T x4=50x4=200m/s

Section (B) : Equation of travelling wave

B-1.

Sol.

B-2.

5L

As 2 =20 = A=8cm
21 314
K= X - 4
2n

w=Kv8x107 350 = 27500
(314x - 27500tj
~y =0.05sin

v,
Sol. Pras = Aw = Yo 2nf = 4V,
2nf
27

Yo2rf=4 *

L 4
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B-3. Sol. Put a, B, A, x and t in the equation
2n

A =056 cmt
2nf =12 sec?

n 12.56x180

ax+pt+ 6= 314 430=7500
y =7.5cm sin 750° = 3.75 cm.

ﬂ [ax+[3t+£J ﬁ
v=dt = Apcos 6) —75x12x 2 =77.94 cm/sec.

B-4. Sol. w = 2nf = 4t sec™?
@

K= *» =2nmt ~y=0.5cos (2nx + 4nt)

B-5.

3.2g m
3
Sol. Vo= V8x107° _ V4000 = g3 sec

6.49 m
Vag = 10x107° ~ /640 =79 sec

B-6.
Vog oV

Sol. Raz= VA, V&
asVa>Vs,Ra<Rs

B-7.

Sol. (2)
y
Dotted shape shows pulse position after a short time interval. Direction of the velocities are decided
according to direction of displacements of the particles.
at x = 1.5 slope is +ve
at x = 2.5 slope is —ve

B-8.

Sol. V JT
vi [ ofFrzo1
V2 = T2 = T = \/E
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Section (3) : Interference, Reflection, Transmission, Power Transmited along the

C-1.

C-3.

C-4.
Sol.

C-5.

C-6.

C-7.

string.
Sol. By defination

Sol.  Amplitude varies between 0 and 2A

Path difference is A between B and G.
Sol. By defination

Sol. As y = A sin (Kx — wt + 30°) for incident wave
Now for reflected wave : Energy o Amp?
~Y =0.8 Asin (-Kx — wt + 30 + 180)

Y = 0.8 A sin (-Kx — wt + 210)

Y =-0.8 A sin (kx + wt —210)

Y =-0.8 A sin [Kx + wt — 30 — 180]

Y = 0.8 A sin [180 — (Kx + wt — 30)]

Y = 0.8 A sin (Kx + wt — 30)

m
Sol.  Vve. =10+ 10 =20 S€C
when string is flate v =fA
a1
20= Aty
A=20At=10m.

Section (4) : Standing wave and resonance

D-5.

D-7.

1\/? n+1f
Sol. 28 VM —350and 28 VM =420

n 350 YN 2\
m:rm =n=5u. ?:fﬁ)\:?
vo2e voof f
f=5 :E:s = f=5=70Hz
a T
Sol. The frequency of vibrating wire is n = 22\m , Where T is the tension in the wire.
1T

We have n= 22Ym
Here, m = mass per unit length = nr2d

1 T
n:_ —_—
22\ nr3d
1(TJ112
noc—| —
r.d

1/2
mon(T 4
n, nr\T, d

or

We have given,

o
v
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L ot d_, n_ 1
T, 2 d B, 2
g 2(1 1Y\
LT LV
n, 1.2 2
m_2 1,

or n, 1 2

or N2=nN1=n

Bl Exercise-2 |

Marked Questions can be used as Revision Questions.

PART -1: ONLY ONE OPTION CORRECT TYPE

measure AB
measure CD _ T _

2. Sol.
W 420
3. Sol. Vo= K = 21 =20
F
~v=1VH =20 = T =(20)? u = (20)? x 0.2 = 80N
@
6. Sol. K = v, for either component waves
n I n-1 [T
7. Sol. 28 VM =384 28 VM =288
BT )
n-1-=3 n=4Now ;4 a4 =384
PutL=75cm . V=144 m/sec.
11. Sol. By defination
12. Sol. As<P>=2r?2f2A2uv putvalues
m
13. Sol. pu=*? =pA
mz = pnr?
m2 = p4 nr?
V1 VT’II”L1
Vz — 1JT/|J.2
Let P loops and q loops are formed respectively 1st and 2" wire.
P 4 L
20y, = 20 v, = q=2
14, Sol.
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i

X

For the pulse;

uxg dx
v=\{ H :\/@: dt
dx dt
a:\/@ ,[ J-
2 X
t= V9 (1)

for the particle ,
1

L-x= 2gt
2(L-x)
t=" 9 @
L
1=2 = «x= 3 from the bottom
15.
f
Sol. Asfi=f, fo= 2 fa=f
& w1 = 2nf = w3 = 2nf and w2 = nf
\F / 1 9x10"" x5x107"
16.  Sol. f=2¢ \n 5 9x10° =35 Hz
17. Sol. y = a sin wt cos Kx
1
y = 2 (2asin wt cos Kx)
%
= Amplitude of component wave is /2
2 . 2
18. ol. 1
v
andn= 2¢ (for complete length of wire)
noo Y noo Y
128, 22,
Asl=/l1+l2+ ...
v VoV
2n= 20, 20,
1 11
n=M oy N2y
19. Sol. Given equation is

y=0.3sin (314t-1.57 %)
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Standard equation is
y = Asin (wt — kx)
Comparing (1) and (2), we get

w =314 rad/s
k=157m1 Velocity of wave, v =
1
20.  Sol. y=1+x* (t=0)

= |l

2
y= 1+(X—2V) (t: 2)
Now comparing
X—-2v=x-1

m
v=0.5 Se€c
1
2
y= 1+X2 (t_O) = y= 1+(X_2V) (t:2)

L 4

PART -1l : MISCELLANEOUS QUESTIONS

A-1. Sol. (4) Every small segment is acted upon by forces from both sides of it hence energy is not

conserved, rather it is transmitted by the element.

A-2.  Sol. (4) Two waves moving in uniform string with uniform tension shall have same speed and may
be moving in opposite directions. Hence both waves may have velocities in opposite direction. Hence

statement-1 is false

Section (B) : Match the column

B-1. Ans. (1->R);(2->P);(3->S)(4~>Q).
oy

oy

Sol. Use x = 0; t = 0 for y and particle velocity ot | Like for (@,y=0atx=0andt=0. a >oie. positive

therefore it matches with (R).

Section (C) : One or More Than One Options Correct

C-1*. Sol. Standard equation

C-2*.  Sol. Compare with y = a sin (wt + Kx)
C-3*.  Sol. Compare with y = A sin (wt — Kx
C-4*. Sol. Satisfy the standard equation of wave

C-5*.  Sol.  Comparing with y = A cos (wt — kx)
w =500 s, k=0.025 m™,

500

v= 0025 =5 x 104 m/s
2n

A= 0025 —gonm
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y = A cos (wt — kx)

C-6*. Sol.

J;x

A and B point will move in opposite direction diéplacement level of A and B will be equal

C-7. Sol. (¢=1m € =10 sin (80 mt t — 4nx)

For superimposed second wave is

€2 = 10sin (80 mt t + 4nx)

Amplitude of stationary wave = 2A =2 x 10 = 20m
2n

K=dn= *
1

Total (N =5)

~
-
J

Marked Questions can be Revision Questions.

PART -1: JEE (MAIN) / AIEEE PROBLEMS (PREVIOUS YEARYS)

1. Sol. yi+yz2=asin (wt—kx)—asin (wt+s kx)
=—2acos wt x sin kx
= yi+y2 =0atx=0
A
2. Sol. 2=y A=80cm
o _ 600
3. Sol. Vv=k 2 =300misec
2 T
4 Sol. n=28VH — 100 Hz
o _100
5. Sol. v=Kk 20 -5m/sec
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Sol.

10.

Sol.

11.

Sol.

12.

v nv

Sol. (n+1) 22 =420 .. )
v

(1)-@2) " =105Hz fmn==105 Hz

2_’]'{ 21 27
Sol. * =q a= 005 =25y T =g=2

Sol. By equation
1

f= 004 and A=05
1 25
= V = 0.04 x 0.5 = 2
2
AN
yv= 18 = 2) 2004 7= 4 x004
T=6.25N
Ans. (2)
y(x,t) = @ [Vaxrbir?
_ o—(ax+bt)?
It is transverse type Y1) =€
vb
Speed v = Ja

and wave is moving along —x direction.
y(xt) = g [WaxHbif

Ans. (4)

Y = A sin(wt — kx) + A sin(wt + kx)
Y = 2A sinwt coskx standing wave

For nodes, coskx =0
2n L3 (2n+ 1)
ho=@n+1) 2 x= 4
Ans. (1)
Since, | < AZ w?
l1 ¢ (2a)? w?
l2 < a2 (2w)?
=12
Intensity depends on frequency also.
v_1 ﬁ 1T
T T_YAR 1 [yat
Also Y= AA? = A ¢ - f= 20V &d
AR

¢=15m, ¥ =0.01,d=7.7 x 103 kg/m?

y = 2.2 x 1011 N/m?
After solving

L 4
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2 10°
£
f= V7 3 Hz
f~178.2 Hz
Ans. (2)
13. Ans. (2)
Sol. Let mass per unit length be A.
x=0

x=0
T
T=AX V= )L:\/g_x
V2 = gXx,
vdv _g
a= dx 2

14.
Sol.
T\ T T,
X
P]!]
M
2 =isn=2
A
N=( salt2 =2
vylf
vy /f
Vi LTI
Vo oo N2/ LT Ly )
Now moment about P : T1x =Tz (¢ -X)
{—X=4x X =05
PART - Il : JEE (ADVANCED) / lIT-JEE PROBLEMS (PREVIOUS YEARS)
! TTE4r2
2L\ p
1 F i T 1
1. sol.  f=20 \pPA L
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2. Sol.  Energy o A% w?
E A%
2 2
. B2 = A%(20) & E2=4E;
3. Sol. After 2 sec.

D=D1+D2=(2x2)-(2%x2)=0
As their amplitude is same
~PE =0
=~ purely kinetic
5 |99 3 |mg
4. Sol. f=2L VH nowfl= 2L V K
asff=f1 = m=25Kg

5 |9 3 Mg
n

5. Sol. f=2L VH now f = 2L
asff=f > M =25 Kg

6. Sol. Maximum patrticle velocity Vmax = w A =3 m/s

Maximum particle acceleration amax = w? A =90 m/s?

3 3
amax = Vmax 0 = w X 3 = 90 m/s? = w=30s" = A=© =30 -01m
o 30 3
k=v =20=-2 [where v is velocity of wave]
[30 t i%x +¢]
Equation of wave in string y = 0.1 sin [where ¢ is initial phase]
(30 t igx +¢J
Ans. Equation of wave in string y = 0.1 sin [where ¢ is initial phase]
7 Sol.
—_
As wave is travelling
in +ve direction
AZ _y2
V=w
2 .2
Ve =2nfVA 7Y

3n
Ve= 90 jm/s
Ans. (1)
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Sol.

10.*

11.*
Sol.

\/f [ 05
-3
Sol. v= VB = V107702 - 90 py/sec.

v="1A

10 = (100A = A=0.1m=10cm

distance between two successive nodes = 2 =5 c¢m

Ans. 5

Ans. 5

_ JAZ+A212AA, cos0
Aeq =

\/42 +32 4+ 2(4)(3)cos &
Ae = 2
q

Aeq = 5.

Sol.

(1) There are 5 complete loops.
Total number of nodes = 6
(2) w=628sec

(3) 2A =0.01 = maximum amplitude of antinode
v 10

4 f= 2¢ 2x0.25 =20 Hz.

Ans. (A), (C), (D)
V =100 m/s

3m

Antinode
Node
Possible modes of vibration

A

(=(@2n+1) 4
12

A= (@n+1)

L 4
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12.

Sol.

-Additional Problems For Self Practice (APSP)‘

L 4

2n 2n (2n+Nr
k= A = 12[2n+1) = 6
T (2n+1) 50m
w=vk=100(2n+1) & = 3
n 50r
if n=0 k:6 w = 3
51 250x
n=1 k= 6 w= 3
51
n=7 k= 2 w=250n

Ans. (ABD or BD)

i
M so speed at any position will be same for both pulses, therefore time taken by both pulses will
be same.
M=v== A =AxV, since when pulse 1 reaches at A, speed decreases therefore A decreases.
Note : If we refer velocity by magnitude only, then option (A, B, D) will be correct, else only (B,
D) will be correct.

PART-I: PRACTICE TEST PAPER

\F YAGAT
Sol. V= = M Put values

A

Sol. Distance between boat= 2 =10 m
= A=20m

time penod T =4 sec .

V=A/T=20m/4sec.

=5m/s.
Sol. Second string is denser so speed will decrease hence wavelength also A< A
T 3n

Sol.  Atxi= K andx.= 2K
Nodes are not formed because neither x1 nor x2 gives sin kx = 0
in

S AX = X2 —X1 = 6K

A
As this Ax is between A and 2
sh1=m
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\ 4

10.

11.

n % 6
and ¢2 = KAx = 6 W 227
o4
Sol. v=fr =60 x10 =9 msec.
Sol
4 4
<—L>10 = ZD:S
7
2 2
Resultant Amplitude = V3~ +4° =5um
1T 1 [YAqT
Sol. n= 20V -20 H
Put values ~nN=11Hz
YA 1
Sol. As, T= 204 5 vo= 2x24
YA 1 [As
andT = 20 6 > v =2x26 V20 n
Vo246
. Vo - 26 V4 YV >V

Sol. K=0.025n= *
A 1
Required length = 2 = 0.025 =40 ¢cm

Sol. 2A=(=>A=

As x =0 is a node
2n

“Ase. =Asin A x

n+1 45X10T

YA 4

20

n

Page| 14



PHYSICS FOR JEE

WAVE ON A STRING

\ 4

12.
13.

15.
17.

18.

19.

n 6
1:2 = Nh+1 =7 =5 n=6
6
Putnin (1) s 20 3x102=420
30000 1500
¢= 140 (= 7 =214cm

Sol. By difination

Sol. Po = Ao? wo? pv
Po
2 A2 v
2.2

Ay oy
N2 = A2(02
~As,w=wo (frequency remains the same)

Ag
SA= \/5
Sol. As x=0isnode = standing wave should be y = 2a sin kx sin wt
Sol. Key Ideal : The expression of travelling wave is sine or cosine function of wt + kx.
The general expression of travelling wave can be written as

y = A sin (wt £ kx) (1)

For travelling wave along positive x-axis we should use minus (-) sign only
y = A sin (wt — kx)

but  w= * andk= *
2n
So, y=Asin* (vt—x) ...(ii)

Given, A=0.2m,v=360m/s,A=60m
Substituting in Eg. (i), we have
2n

y=0.2sin 60 (360t - x)

o-a)
or y =0.2sin 2n 60

Sol. Key Idea : The standard transverse wave propagating along x -axis can be written as
y = a sin(kx — wt + ¢)
The given equation is

(O.Snx—4nt—£}
y(x, 1) = 8.0 sin 4 0

The standard wave equation can be written as ,
y = a sin(kx — wt + ¢) (i)

where a is amplitude, k the propagation constant and w the angular frequency, comparing the Egs. (i)

and (ii), we have
k=0.51, w=4n
Speed of transverse wave

o _ 4
v= kK 057 =gmys
Sol. The given wave euqation is

y = Asin(wt — kx)

L 4
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20.

21.

22.

23.

[0
Wave velocity, v = K
dy
Particle velocity, vp = dt = Awcos(wt — kx)
Maximum particle velocity, (Vp)max = Aw (D)
According to the given question
V= (Vp)max
9 _rw
k (Using (i) and (ii)
1A * A (IX k
k or 2n
mg
Sol. 60= VMY (1)
m(g? +a?)”
62 = R 2)
Solve (1) and (2)
m
2
~a=37 Sec
Sol. Given w = 3n
°
f= 21 =1 5,
Also Ax=1.0cm
EAX E E
Given, = * = 8- 1 x1
= A=16cm > \
2n
Sol. y=asin * vt—x)
2n

y =2sin A (24t - x)
fort=1,x=4cm

(f"xzoj {2n+;J
y = 2sin 6 =2sin = y=2cm.

=fA=16 x 1.5 =24 cm/sec

L 4

A=2nA

Sol. Attt = 2 second, the position of both pulses are separately given by fig.(a) and fig. (b); the

superposition of both pulses is given by fig. (c)
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2cm

D Fig. (a)

Fig. (b)

24, Sol.  y(x,t)=2sin (0.1 nx) cos (100 mt)
compare with
y = A sin (Kx) cos wt

2n

K=01ln= *

A=20cm

= 20

4= 4 =5cm
1 T

25. Sol. f=2¢\H
If radius is doubled and length is doubled, mass per unit length will become four times. Hence

1T 21 f
p= 2x22 \4p _22

26. Sol. Wavelength and velocity are medium dependent. Final amplitude is decided by the superposition
of individual amplitudes.

27. Sol.  As wave has been reflected from a rarer medium, therefore there is no change in phase. Hence
equation for the opposite direction can be written as
y = 0.5A sin (=kx — wt + 8)
= —0.5A sin (kx + wt —06)

PART -1l : PRACTICE QUESTIONS

1. Ans. The waves can be added using a phasor diagram.

2. Sol. The velocity of profile of each elementary section of the pulse is shown in figure 1 and figure 2.
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pulse moving
towards right

elementary =" pulse moving

sectlm towards left
‘|

o ! ' i

velacity ! | i

ivector of ! ! i

lelementary! A

A
H}T v Velocity [ﬂIF \Te_lo-cny

prof\Ie profile
(Figure-1 (Figure-2)

When both the pulses completely overlaps, the velocity profiles of both the pulses in overlap region are
identical. By superposition, velocity of each elementary section doubles. Therefore K.E. of each section
becomes four times. Hence the K.E. in the complete width of overlap becomes four times, i.e., 4k.

X
t+—}
3. Sol. Ar=0.02x0.75=0.015; yr = +0.015 sin Bn[ Sy ; their is no phase difference of n produced
as the reflection is from rarer medium.
%)
A =0.02x0.75=0.015 ; y: = +0.015 sin 8L 20 .
4. Sol.
1 2
_>/'\
AT A
A,
ﬁ
V2 =
2v,
Vi+V,
A _
Y V2 V1 A;
A, _ Vi+V,
{ 2V,
Vo =V,
V. V.
2.1 A
4 2 4
Vioy | W 2
= 4 = 4 = 3
by 2 L
5 Sol 2 =6cm = 2n =g = n= 6
;\'n+1 2L E
2 =4cm > 2n+1) =4 o ntl= 4
L L
= 4_6-1 o L=12cm
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6.

Sol.

Sol.

Sol.

A
At point C node and at B antinode 4 =20 cm

A
L=2
Sol.  Fundamental mode — 2 sA=2L
v_Vv
o= A 2L

e e

A
|
Q N N N
L= a2 A anar= Y po sy,
2 3 3 X

[Ind overtone

L 4

1

So it contain 4 node and —3 antinode frequency is 3 time at fundamental frequency wavelength is 3 time

at fundamental wavelength.

20 1

Length of BC to AC is 80 = 4
So, value of loops in BC to AC willalsobe 1: 4
So, of vibration will be

1 T

= MOV _ 1051y
3 F
= HO2DNH _ 975 .

Initially,
3T
fo= 28\ n

3 /100
fO: 2x1 001 =150 Hz

In the second case suppose the tuning fork is in resonance with n" harmonic

n [T
fo=§ E
n 400 n
150 = 2¢V0.01 /=15
a
n=1 n=15=067
2
n=2 /=15=133
3
n=3 €3=1-5=2m
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10.
T_BF 9
> =
Sol. T2 (@°=4, T,=T:-B = B=Ti-T>
wt.in air T
specific gravity of block = loss in wt. in water _ T, -T,
1 1
'I—T—2 1,& 9
= T = 9 -5 =1.8
P T
420=—,[—
1. Sol. 2L \'m
P+1 |T
490 =——,[—
2L Vm
490 P+1
420 P
P=6
substituting P = 6 in above equation
P }T
420=—,|—
2L Vm
10
L=—
m
300
12.  Sol. v=fA = A= (110.04) g9
2 2 n
Ap= H (xe—x1)= 12 (6)= 1 =n .
13. Sol.
LU
h
Th = phg
F
Vh= VM
Vh = \/g_h
2
Vi — gh

14. Sol. y=Asin(—wt+kx + ¢)
314

w=2x 100 x 125 =785
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15.

16.

Sol.

2n 314 400

= X =2x 156

Sol. y=Asin (wt—kx+ ¢)

b=nfort=0

y = A sin (kx — wt) for positive direction
y = A sin (kx + wt) for negative direction

Ans. (2)
Ty
Vy = My

y
{ I uoeydy} g
Ty = 0

Ty = po(e¥-1).9

-8
9=y

vy = w2 =g(1l-eY).

L 4

Page| 21



