HC VERMA Solutions for Class 11 Physics Chapter 15 Waves
Motion and Waves on a String

Question 1
A wave pulse passing on a string with a speed of 40 cm/s in the negative x-direction has its maximum
at x=0 at t=0. Where will this maximum be located at t=5 s?

Solution 1

distance

Speed = timsg
40
— ¥
X= 100 5
X=2m ( in negative direction)

Question 2

The equation of a wave travelling on a string stretched along the X-axis is given by
x , t)?

y=pe @ T

a) Write the dimensions of A, aand T.

b) Find the wave speed

c¢) In which direction is the wave travelling

d) Where is the maximum of the pulse located at t=T? Att = 2T?

Solution 2

a)

== T
and

Lxl  e]

lal_T _ [M’L’ T’]

= (12T )
m=("* T

b)

wave SpEEd _ lecaf ficientoftl {E)

|cosfficient of x| T hr

)
+

" Ne)
= B

= constant

As time increases, * must decrease
So, wave travels in negative direction

d) For maximum pulse location

. when 2+ =0
y=A, i.e. a T

-0



at
t=T;x=—-a

t=2T; x =—2a
Question 3

The Figure shows a wave pulse at t=0. The pulse moves to the right with a speed at 10 cm/s. Sketch
the shape of the string at t=1s, 2s, 3s.

£a
~la
1 0 » &0 80 = {in em)

Solution 3

*.\"-"T"'

":-H\- .‘._\:\l. - "” = 3 {im o)
\_ —JI—:\?' = -__.:..:'.- 1 bia K

At,
t = 1sec d; = = 10x1 = 10m
t=2secd, = = 10x2 = Z20m

t=3secd; =vxt = 10x3 = 30m
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Question 4
A pulse travelling on a string is represented by the function
3
a

il e e

Where a= 5mm and v=20 cm/s. Sketch the shape of the string at t=0, 1s, 2s. Take x=0 in the middle
of the string.

Solution 4
At t=0

a®

y= xita?

y(x=0)=a
y(x=E%)=0



At t=1 sec
EE’

y= (x=v)®*a® The wave is moving in positive direction with wave speed of v so in 1 sec it moves by
distance v in positive direction.

Question 5

The displacement of the particle at x=0 of a stretched string carrying a wave in the positive x-direction
is given by

f(t) = Asin(t/T)

The wave speed is v. Write the wave equation.

Solution 5
Since wave is travelling in positive direction
X

Replacet t-—
eplacet — -

. 1 X
Equation of wave = Asin —( ——)

T vT
— Asi (t X )
v = Asin T~ 7T

Question 6
A wave pulse is travelling on a string with a speed v towards the positive x-axis. The shape of the
string at t=0 is given by

gx) = A Sm(x*ia}, where A and a are constants.

a) What are the dimensions of A and a?



b) Write the equation of the wave for a general time t, if the wave of the speed is t.
Solution 6
a)[.f-‘a] = [ML'T7]

and
[l

fal - [I"’l LT ] [Since Trignometric ratios are dimensionless]
=M T

b)wave travels in positive direction
replacex by x — vt

(x—vt)

equation of wave = Asin

Question 7
A wave propagates on a string with a speedv. The shape of the string att:t“' is given
by g% to) = Asin (x/a). Write the wave equation for a general time t.

Solution 7

In time &~ ) wave travels distance of Y(t ~ to)
Since wave is travelling in positive x direction.

Replace ¥ by * v{t—to)

x—wvit—ty)
Equation of a wave A sin %
. x4ty —vt)
v= Asin ————
a
Question 8

The equation of a wave travelling on a string is
v =(0.10 mm) sin[ (31.4 m™Y)x + (31457 1)t]
a) In which direction does the wave travel

b) Find the wave speed the wavelength and the frequency of the wave.
¢) What is the maximum displacement and the maximum speed of a portion of the string?

Solution 8
31.4x + 314t = constant

As time increases, * decreases
So, wave travels in negative direction.

|coefficientaftl
wave speed =

b) |coefficient of vl
s
=314 =10m/s
Comparing withy = Asin (ot + Kx)
K=2F - 314
== =3

A= 02m = 20cm



w= 2nf= 314
f=50 Hz.

¢) maximum displacement = A= 0.1mm
Maximum speed = A®

-3
=0.1 * 1077y (314)

=314 x 107% s
=3.14 cm/sec

Question 9

A wave travels along the positive x-direction with a speed of 20 m/s. The amplitude of the wave is
0.20cm and the wavelength is 2.0cm

a) Write suitable wave equation which describes this wave

b) What is the displacement and velocity of the particle at x=2.0cm at time t=0 according to the wave
equation written?

Can you get different values of this quantity if the wave equation is written in a different fashion?

Solution 9

2m 2m _
K = - = 3 = mem 1
v=1fx A
00 =fX2% 1077 sec™?
f=1000 Hz
w = omx10%sec™?

Equation of wave travelling in positive direction
v = Asin (Kx — wt)
= (0.2cm)sin{{mecm™1)x— (2mx10%)t

b)
Atx= 2cmandt=10
y= 0.2sin {(2m- 0)

y=0
Particle velocity
v[:l —w V 1:2-_‘,12 _},2}

! 2 _n2
(Zﬂxiﬂa)\-((ﬂ-z K'lﬂ} 0 :}

=4mm/s

Vi

It depends upon displacement not on fashion of wave equation

Question 10

A wave is described by the equation
) X t

v = (1.0mm)sinm [2.ﬂcm ﬂ.ﬂis]

a. Fin the time period and the wave length.

b. Write the equation for the velocity of the particles. Find the speed of the particle at x= 1.p cm at
the time t=0.01 s

c. What are the speeds of the particles at x=3.0 cm, 5.0 cm and 7.0 cm at t=0.01s?

d. What are the speeds of the particle at x=0.011, 0.012 and 0.013 s?



Solution 10

Comparing equation with ¥ = A sin (Kx —wt)

Oy
and T 0.01
T=0.02= 20ms

b)
Differentiate the displacement equation

dy
(Trx Tt )] —T

€512 Too1 {].ﬂi)

Atx= 1lcm &t= 0.01sec

- {n {11) [ (E_%)]

vp:{]

vy = (lmm)

C)Att = 0.01 sec

TO
=)
p =0

X = 5cm; Vp = 0

X = Tcocm; Vp = 0

—T

Vp = )
801/ cos
Atx = 3cm; v

d)atX =1lcm

{{] {11) [ (_ A %)]

Att=0.011

- E 1 =011
Ve = E) cos (E YT )
YP=97 cmis
At t=0.012

- it =0 012
Vo= ﬁ) cos (E T om )
YP=18 cmis
At t=0.013

- b1 0. 013
Ve = ﬁ) cos (E YT )
Ve =25 cm/s

Question 11



A particle on a stretched string supporting a travelling wave takes 5.0 ms to move its mean position to
the extreme position. The distance between two consecutive particles which are at their mean position
is 2.0 cm. Find the frequency, the wavelength and the wave speed.

?oMﬁon11
;=5ms

1
T=20ms="
f=50 Hz
XVaveIength:

2=2cm

A =4cm

Wave speed:
U=fx A

=50 x4 x 1077

Y=2mls
Question 12
Figure shows a plot of the transverse displacements of the particles of a string at t=0 through which a

travelling wave is passing in the positive x-direction. The wave speed is 20 cm/s. Find a) the amplitude
b) The wavelength v) The wave number and d) The frequency of the wave.

20

E
£
=

Solution 12

a) Amplitude = Ymaz= {mm
b) wavelength=4cm
N

c) wave matter K = =

k=157 =1.6°M '
d) frequency
D=fxA
20=fx4
f=5Hz

Question 13

A wave travelling on a string at a speed of 10 m/s causes each particle of the string to oscillate with a
time period of 20 ms.

a. What is the wavelength of the wave

b. If the displacement of a particle is 1.5mm at a certain instant, what will be the displacement of a
particle 10 cm away from it at the same instant?

Solution 13
o=FfxA



1
0=t x A\

A=10x 20 x 1073
A=0.2m =20 cm

b) Displacement equation of particle be
v = Asin{wt — Kx)

At any instant 1.5 = A sin (“’t- Kx)
Phase difference for particle at a distance x= 10 cm

n

P-20 x 10

_T

The displacement is given by
= — A sin{ {wt — Kx)

v = —1.bmm

Question 14

A steel wire of length 64 cm weighs 5 g. If it is stretched by a force of 8N, what would be the speed of
transverse wave passing on it?

Solution 14
E E
L= -\I M =-I"‘|I ™
IB:r 64X 102
—% 5x=i10-F
v=32m/s
Question 15

A string of length 20 cm and linear mass density 0.40 g/cm is fixed at both ends and is kept under a
tension of 16N. A wave pulse is produced at t=0 near an end as shown in figure. Which travels towards
the other end.

a) When will the string have the shape shown in the figure again?

b) Sketch the shape of the string at a time half that found in part (a)

a—

#rm |

Solution 15

B
a) Velocity of the wave = V¥
V16 X 1072/ (04X 107%)
=20 m/s
Distance travelled by wave = 20cm + 20 cm= 40 cm
T=0.02 sec



——

——A

In transverse wave, Phase difference of 11 occurs after reflection from denser medium.

Question 16
A string of linear mass density 0.5 g/cm and a total length 30 cm is tied to a fixed wall at one end and
to a frictionless ring at the other end. The ring can move on a vertical rod. A wave pulse is produced
on the string which moves towards the ring at a speed of 20 cm/s. The pulse is symmetric about its
maximum which is located at a distance of 20 cm from the end joined to the ring.

Assuming that the wave is reflected from the ends without loss of energy, find the time taken by

the string to regain its shape.

The shape of the string changes periodically with time. Find this time period.

What is the tension in the string?

- 4

i 20em

Solution 16
When transverse wave travels from dense medium to a rarer medium no phase change occurs.

a) Distance to travel by wave = 20 + 20
=40 cm

. distance 40
Time = =

- — = 2sec
sped 2

b) Phase change occurs at fixed end and not at free end.
Distance travelled to regain shape=

30 +30 =60 cm
o, 4 _ 60 _
ime = " = 20 = Sec
r
C)vz'\\l'u
T

5 | ——
0 %1072 _yesx10mt _ ¢ oo X 1073

Question 17

The wires of different densities but same area of cross section are soldered together at one end and
are stretched to a tension T. The velocity of a transverse wave in the first wire is double of that in the
second wire. Find the ratio of the density of the first wire to that of the second wire.

Solution 17

o= [ [E [T

Ve o m AL p4



gy uR Ug
Pz vl _ (Tug
P1Pz_q4.4
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Question 18
A transverse wave described by

y=(0.02m) sin [(1.0™ )x + (305 )]

Propagates on a stretched string having a linear mass density of 1.2 X 1ﬂm_4kg/m. Find the tension
in the string.

Solution 18

. |coefficient of t|
Velocity of wave =

| coefficient of x|

v=30 m/s

[Ty

I —
0

| T

30 - "'.J (1.2}(1'}_4)
T=0.108 N
Question 19

A travelling wave is produced on a long horizontal string by vibrating an end up and down sinusoidally.
The amplitude of vibration is 1.0cm and the displacement becomes zero 200 times per second. The
linear mass density of the string is 0.10 kg/m and it is kept under a tension of 90 N.

a. Find the speed and the wavelength of the wave

b. Assume that the wave moves in the positive x direction and at t=0 the end x=0 is at its positive
extreme position. Write the wave equation.

c. Find the velocity and acceleration of the particle at x = 50 cm at time t = 10 ms.

Solution 19

A=1cm;

p = 0.1 kg/m;

T=90 N

In one direction, displacement becomes

200

f= 2
=100 Hz

a) Speed of wave

wavelength:



v=Ffx A
30 = 100 = A
A =0.3m =30cm

b)

AT ﬂ, displacement is maximum wave equation.
t X

v = {1cm) cos Zﬂ(m - ﬁ}

Where x isin cm and tis in sec

d m t x
v, — ——sin2n(— — =
c) FP=dt= 001 .01 3

whenx = 50cm &time = 10ms = 0.01sec
YP = 5.4 m/s

d
Acceleration of particle = a Up

" (211)2 2{1: x}
= " loot) ™01 30

Whenx = S0cmandt = 0.01sec
a= 2km/5ec’

Question 20

A string of length 40 cm and weighing 10 g is attached to a spring at one end and to a fixed wall at the
other end. The spring has a spring constant of 160 N/m and is stretched by 1.0cm. If a wave pulse is
produced on the string near the wall, how much time will it take to reach the spring?

Solution 20
ot |l (Kx)

0= \ U L mass
, 160 x 0.01x 04

YT T iox 100

» length

v =08m/s
distanca (0.4

spesd =8 =005 sec.

Question 21

Two blocks each having a mass of 3.2kg are connected by a wire CD and the system is suspended
from the ceiling by another wire AB. The linear mass density of the wire AB is 10 g/m and that of CD
is 8 g/m. Find the speed of transverse wave pulse produced in AB and in CD

time =

A
B
L}

Solution 21



Tension in string AB — (32 +32)g = 64N

Tension in string CD — >-29 = 32N
@
p=v ¥
For wire AB
|| 64 oo™
"-J 10 =10 5
For wire CD
3z

[—— ~ g3
= N Ex107E -

Question 22
In the arrangement shown in the given figure, the string has a mass of 4.5g. How much time will it take

Solution 22

II? (2gx2.25
p=VH =V 45x107F

0= 100m/s

distance

Time to reach pulley = speed

-
r

t = 100
=0.02sec

Question 23

A 4.0 kg block is suspended from the ceiling of an elevator through a string having a linear mass
density of 19.2 x 103 kg/m. Find the speed (with respect to the string) with which a wave pulse can
proceed on the string if the elevator accelerates up at the rate of 2.0 m/s?.

Solution 23
Tension in string
T=m(g+a)

= 4(10 +2)

T=48N
T [

0= -\‘IE - -\‘I 15.2x10"%

v=50 m/s

Question 24




A heavy ball is suspended from the ceiling of a motor car through a light string. A transverse pulse
travels at a speed of 60 cm/s on the string when the car is at rest and 62 cm/s when the car accelerates
on a horizontal road. Find the acceleration of the car. Tale g = 10 m/s2.

Solution 24

E
™o,
™ g

(Resy) [rﬂﬁﬁcﬁﬂ

T = mg
T
v= |-
JH
_ [me
0.6 _11|| 9 vereeen (1)
T =+/((mg? + (ma?))
T
v= |-
JH
062 — ||m(gz+a‘} )
N

Diving (2) by (1)
oe2 yETHE®

06 = VB
a=37ms

Question 25

A circular loop of string rotates about its axis on a frictionless horizontal plane at a uniform rate so that
the tangential speed of any particle of the string is v. If a small transverse disturbance is produced at
a point of the loop, with what speed (relative to the string) will this disturbance travel on the string?

Solution 25




Let mass per unit length be H

Mass of small section on 2d®; dm = p(2Rd6)
Now,
2Tsindd = dmRw?
2Td8 = pu(2R)d8 Rw?
T = [..lemz

. |T |!_,|_R2m.2
Velocity wave = |[— = |

[ N u

= Rw=uv
Question 28

A transverse wave of 0.50mm and frequency of 100 Hz is produced on a wire stretched to a tension
of 100 N. If the wave speed is 100 m/s, what average power is the source transmitting to the wire?

Solution 28
P = 2m*fA’tps
T
v = |—
Since \es
_ 1
P5 =700
Now, .
m2{100)2(0.5 % 10~3)—
p=g™ 00 )3o5(100)

= 49m"W

Question 30

A tuning fork of frequency 400 Hz is attached to a long string of linear mass density 0.01 kg/m kept
under a tension 49N. The fork produces transverse waves of amplitude 0-50 mm on the string.

a) Find the wave speed and wavelength of the waves.

b) Find the maximum speed and acceleration of a particle of the string.

c) At what average rate is the tuning fork transmitting energy to the string?

Solution 30
F[=
a) Ug s B _ 4/ 001
0=70 m/s
wavelength
p=fxA
70=440 x A

A =16cm



b) Maximum speed of the particle = A¥
={05 x107¥){(2 x mx440) = 1.4m/s

Maximum acceleration of particle =Am2

=(05 x 10732 x mx 400)?

= 3.8 Km/s?

c) P= 2n’f?A%up

= 2m2(400). (440). (0.54 x 1073).(0.54 x 10~3)(70)(0.01)

p =0.67W

Question 31

Two waves, travelling in the same direction through the same region, have equal frequencies,

wavelengths and amplitudes. If the amplitude pf each wave is 4mm and the phase difference between
the waves is 90°, what is the resultant amplitude?

Solution 31
Ap_ (AL + AL + 2AA; cosD)

NEOT+(@®Z+2(@(@) cos0

=
=4V2 mm

Question 32
The given figure shows two wave pulses at t=0 travelling on a string in opposite direction with the
same wave speed 50 cm/s. Sketch the shape of the string at t-4 ms, 6 ms, 8 ms and 12 ms.

"'E‘l
= 2

Solution 32
Distance travelled by pulse in 4ms
d=uxt

d=2mm
Cram)

\ " J [P "¢ G

* Distance travelled by pulse in 6ms

d=3mm



Lw'?j = Jmn,

O ‘_-.n.,r?-r.n{umhm
8 4 B

* Distance travelled by pulse in 8ms

d=4mm
_» On Sipempaiyion
‘_,_/—-\Wq xlmm) |L : +—= [ )
-

* Distance travelled by a pulse in 12ms
-3

y Lmm) .
Y -3 I 125
i —

H—
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Question 33

Two waves each having a frequency of 100 Hz and a wavelength of 2.0 cm, are travelling in the same
direction on a string. What is the phase difference between the waves

a) If the second wave was produced 0.015s later than the first one at the same place

b) If the two waves were produced at the same instant but the first one was produced at the same
instant but the first one was produced at a distance 4.0 cm behind the second one?

c) If each of the waves has an amplitude of 2.0mm, what would be the amplitude of the resultant waves
in part (a) and (b)?

Solutlon 33

)Eﬁ——xt—}rrfxt
a
_,m(100)(0.05)

@=3n

b) =2 (%)



R

(4)
=4m
Ag = 2Acos(®

i = 24005, 3

_ ™
when @ = 3T Ap = 2Acos( ,'rz

AR = ﬂ

_ 41
_ An =24
when @ =4m SR cos( fz

= 2 (2Zmm)cos2n

)

)
Ap =4mm

Question 34
If the speed of a transverse wave on a stretched string of length 1 m is 60 m/s, what is the fundamental
frequency of vibration?

Solution 34
Fugdamental frequency
f=21

=]
f=2(1)
=30 Hz

Question 35
A wire of 20om is stretched in a tension of 160 N. If the fundamental frequency of vibration is 100 Hz,
find its linear mass density.

Solution 35
fT
v Ix2
f=12 = 4u 2
[teo 1

[—
X2

100=V *
u=1x10"%kg/m

u=1lgm/m
Question 36

A steel wire of mass 40g and length 80 cm is fixed at the two ends. The tension in the wire is 50 N.
Find the frequency and wavelength of the fourth harmonic of the fundamental.

Solution 36
Wave speed
|IT |50 % 0.8
= -_= —_3
B 4x10
=100~
h) E
w100
fo_21 —2(0)

Fundamental frequency
=62.5Hz

Fourth harmonic frequency = 4f“‘



=4 (62.5)

=250 Hz

Wavelength of the fourth harmonic
v=1Ffxa

100 =250 x A

A =0.4m =40cm

Question 37
A piano wire weighing 6.00g and having a length of 90.0cm emits a fundamental frequency of vibration
is 100 Hz, find its linear mass density.

Solution 37
Fundamental frequency
g Y IT
T2 u

_1 [Txos
261.63=2(03) yex107®
T ~1480N
Question 38

A sonometer wire having a length of 1.50m between the bridges vibrates in its second harmonic
resonance with a tuning fork of frequency 256 Hz. What is the speed of the transverse wave on the
wire?

Solution 38

| b2

=

=3
=

Frequency in II"¥ harmonic =
1

256 = ic WU

0= 384 m/s

Question 39

The length of the wire shown in figure between the pulleys is 1.5m and its mass is 120g. Find the
frequency of vibration with which the wire vibrates in two loops leaving the middle point of the wire
between the pulleys at rest.

kg fkg
Solution 39
Wire is in 1I"d harmonic as two loops are formed
2 ll?
2[-\‘| i

Frequency of 11" harmonic =
_ 1 [5exis
T 154 12x10-% _70Hz

Question 40



A one meter long stretched string having a mass of 40g is attached to a tuning fork. The fork vibrates
128 Hz in a direction perpendicular to the string. What should be the tension in the string if it is to
vibrate in four loops?

Solution 40

If string forms 4 loops, it will be in 41" harmonic.
4T

'f:zl'-"ﬁI H

: T

=
10g=1\40x107%
T=164 N

Question 41

A wire, fixed at both ends is seen to vibrate at a resonant frequency of 240Hz and also at 300 Hz
a. What could be the maximum value of the fundamental frequency?

b. If transverse waves can travel on this string at a speed 0f 40 m/s, what is its length?

Solution 41
a) Maximum fundamental frequency will be highest common factor of 240 hz and 320Hz
So, 80 Hz is the fundamentaljrequency.

b) Fligdamental frequency = 2!

80=2x1
1=025m or 25 cm

Question 42

A string, fixed at both ends, vibrates in a resonant mode with a separation of 20 cm between the
consecutive nodes. For the next higher resonant frequency, this separation is reduced by 16cm. Find
the length of the string.

Solution 42

If n loops are formed initially then (n+1) loops will be formed in next resonance frequency
So, length of string

nx 2 = (n+ 1)(1.6)

0.4n=1.6

n=4

~ Length of string =4 x 2
=8cm

Question 43

A 660 Hz tuning fork sets up vibration in a string clamped at both ends. The wave speed for a
transverse wave on this string is 220 m/s and the string vibrates in here loops

a. Find the length of the string

b. If the maximum amplitude of a particle is 0.5 cm, write a suitable equation describing the motion.

Solution 43

f=660 Hz; v =220 m/s
o=FfxA

2201= 660 x A

A=Em



3
ops are formed, so length of wire = 2

b) Standing wave equation if Node is at x=0
v = (Amp)sinkx. coswt

=0.5cm sin( Tﬂ)_x cos (mt}
=0.5cmsin( * 200 X cos (2™ % 660t
v = 0.5cm [sin(0.06mcm ™) ]x cos(1320mns~1)t]

Question 44

A particular guitar wire is 30.0cm long and vibrates at a frequency of 196 Hz when no finger is placed
on it. The next higher notes on the scale are 220 Hz, 247Hz, 262 Hz and 294 Hz. How far from the
end of the string must the finger be placed to play these notes?

Solution 44
1

m —_
F ! [As velocity remains constant for given medium]
f; = 196 Hz; f, = 220 Hz, f; = 247Hz; . = 262 Hz,f; = 294 Hz

I, =267 cm
Now,

fi I

f3 4

196 15
247 ~ (0.3)

ls 223 8cm

Similarly
196 I 1%6 g

262 (03) gug 294 (03)
ls =224cm & 1; = 20cm

Question 45

A steel wire fixed at both ends has a fundamental frequency of 200 Hz. Aa person can hear sound of
maximum frequency 14Khz. What is the highest harmonic that can be played on this string which is
audible to the person?

Solution 45
th

Let highest harmonic be ™
So. fon_

14,000 = n(200)

n=70

n



Question 46
Three resonant frequencies of a string are 90, 150, 210 Hz.
a. Find the highest possible fundamental frequency of vibration of this string.
b. Which harmonics of the fundamental are the given frequencies?
c. Which overtones are these frequencies
d. If the length of the string is 80 cm, what would be the speed of the transverse wave on this string?

Solution 46

a) Maximum fundamental frequency will be highest common factor of 90Hz, 150 Hz and 210 Hz.
fo= 30 Hz

b) and c)

when f = 90 Hz

fr=3fo (3" harmonic and 2™ overtone)
When 2 = 150 Hz

fr =50 (5" harmonic and 4™ overtone)
fs = 210 Hz

=7 fi (7" harmonic and 6% overtone)

fo_ a1
d) 0 =2

30= 2 0.8)
v=48 m/s

Question 47

Two wires are kept tight between the same pair of supports. The tensions in the wires are in the ratio
2: 1, the radii are in the ratio 3: 1 and the densities are in the ratio 1: 2. Find the ratio of their
fundamental frequencies.

Solution 47
1T 1T
= - = l—x1
A4jp _2l4m

[rT [T
£ |(1) fp |#
o O ) hml/ . 4] (prr®)Ll

0=

—
fy 00 |——

N " [since | is same for both wires]
for (Ta Pz,
foo =Tz p. 72

Question 48

A uniform horizontal rod of length 40 cm and mass 1.2kg is supported by two identical wires as shown
in figure. Where should a mass of 4.8 kg be placed on rod so that the same tuning fork may excite the
wire on left into its fundamental vibrations and that on right into its first overtone?

Take g=10 m/s?



re—

= 40em ——

Solution 48
Fundamental frequency of 13! wire = first overtone of frequency of 2" wire
1R o2 fm

|
ZEﬁHI;L:Z!-\,‘],'.L
Tj_:"]:'Tﬂ _______ (l)

rs

g \2

2 -

®~f-—-.-x-> l
A 28
v

Dma]

[ u-gg]

Let mass m=4.8kg be placed at distance x from left end.
Now,

Ti+Ta - 1.2g + 4.8g (Translatory equilibrium)
4T1 + T: —_—

Apply rotational equilibrium at point (A)
Clockwise torque = anticlockwise torque
(4.8g)x + (1.2)g(0.2) = T, x (0.4)

48x+2.4=48

48x =24
_22 % 100

T

x=5cm

Question 49

The given figure shows an aluminum wire of length 60cm joined to a steel wire of length 80cm and
stretched between two fixed supports. The tension produced is 40 N. The cross-sectional area of the

steel wire is 1.0™™ and that of the aluminum wire is 3.001.0™™°. What could be the minimum



frequency of a tuning fork which can produce standing wavesé in the system with the joint as a node?

-5 £
The density of aluminum is 2.6 == and that of steel is 7.8 ==
9 BOcm Edem s
. Sleel .ia.]ll.lnllanluiu::'ll
Solution 49
T_ [T

Velocity of wave in wire V=Y* VP&
For steel wire

f 40
Vetaal _ 1‘|| (7.8210%)(1%107%) _

71.6 m/s
For Aluminum wire
f 40

r———
Var=y (260351079 _ 24 o o

th th
Let?  harmonic frequency of steel wire matches with 9" harmonic of Aluminum wire

Vsteal Val
P 20lsteel) = q 20140
P_9
80 60
3p=4q

P ia e T
1 212f6 (9 |

For minimum, p = 4 loops and q= 3 loops
Vateel

So, minimum frequency = P 2(steet)
71.6

— 4:'< zi0.8)
=~ 180 Hz

Question 50

A string of length L fixed at both ends vibrates in its fundamental mode at a frequency v and a
maximum amplitude A.

a. Find the wavelength and the wave number k.

b. Take the origin at one end of the string and the X-axis along the string. Take the Y-axis along the
direction of the displacement. Take t=0 at the instant when the middle point of the string passes
through its mean position and is going towards the positive y-direction. Write the equation describing
the standing wave.

Solution 50
_.___.____Fl
B = —
%#f,__/«%

o9l "



o

a) Distance between two consecutive nodes is 2=L

A=2L

EL,
wave number k=4 =L
m
k=L
b) Equation of standing wave having having node at origin and antinode of mean position
v = Asinkzsinwt

X

y=Asin (% )sin2™®Y)
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Question 51

A 2m long string fixed at both ends is set into vibrations in its first overtone. The wave speed on the
string is 200 m/s and the amplitude is 0.5cm

a. Find the wavelength and frequency

b. Write the equation giving the displacement of different points as a function of time. Choose the X-
axis along the string with the origin at one end and t=0 at the instant when the point x=50cm has
reached its maximum displacement.

Solution 51

e A

3. T ) 'AY

i - -

= 5 el
X N
2,
a) wavelength A = 2m
frequency=Er XA
200=9>2
i = 100 Hz

b) Equation of a standing wave having node at origin and antinode at maximum displacement at t=0
v = Asinkxcoswt

2m
v = (0.5cm)sin (?x}cns(?rr % 100t)

= 0.5cm sinmx cos 200mt

y
Here x is in meter and t is in second
Question 52

The equation for the vibration of a string, fixed at both ends vibrating in its third harmonic is given by
v = (0.4cm)sin[(0.314 cm™1) x] cos[(600ms~1)t]

a. At what frequency of vibration?

b. What are the position of the nodes?

c. What is the length of the string?

d. What is the wavelength and the speed of two travelling waves that can interfere to give this
vibration?



Solution 52

Comparing equation with y= A.sinkx.cos®t

e = 600

f=600Hz
b) K=0.314

1 =0314

A =20cm
Azi3a

Nodes are at distance of 0, 2 2 2 from one end i.e., x=0, 10cm, 20cm, 30cm.

=2 _3050) = 30em
c) Length of string 2 2
d) v=fxa
= 300 x 20
- 100
Y =60 m/s
Question 53

The equation of a standing wave, produced on a string fixed at both ends, is
¥ = {ﬂ.‘l‘ﬂm} sin [(G.B-l4‘Cm_1}X]COS[6001TS_1)t]

What could be the smallest length of the string?

Solution 53

Here K=0.314

21T—{]314‘
=0

A=20cm

A

[=]
ba |G

minimum length of string = :10cm

Question 54

A 40 cm wire having a mass of 3.2g is stretched between two fixed supports 40.05cm apart. In its
fundamental mode, the wire vibrates at 220 Hz. If the area of cross-section of the wire is 1.0mm?2, find
the Young's modulus.

Solution 54
Fundamgﬂtal frequency
1T
zﬁqﬁ
1 T x40x10~2
200= 2(0:4005) § 32x107%

f

T¥2482N



Tl
Y= E
248.2x(0.4)
—(1x 10~ &) = (04005—0.20)

y= 1.98% 107 N/m?

Question 55

The figure shows a string stretched by a block going over a pulley. The string vibrates in its tenth
harmonic in unison with a particular tuning fork. When a beaker containing water is brought under the
block so that the block is completely dipped into the beaker, the string vibrates in its eleventh harmonic.
Find the density of the material of the block.

—

Solution 55
In air In water

. ‘4'1-.*%_

'rﬁﬂ wj

T=mg=dVg T" = mg—Vp,, g

= dUg— vag

T= (d_ Pw}vE

Since, fork = fioth harmf11th harm
xﬂ—ll T_11x e [

=10 * 4 B 24fu

100(dVg) = 121(d—p,,)v,
d = 5.8 x 10% kg/m?

Question 56

A 2.00m long rope, having a mass of 80g, is fixed at one end and is tied to a light string at the other
end. The tension in the string is 256 N

a. Find the frequencies of the fundamental and the first two overtones.

b. Find the wavelength in the fundamental and the first overtones.

Solution 56

a) Fundamental frequency



T [ 256x2

= Em; 0_ Ju  AEox10E

A

T3

A=8muv =80 m/s
1T

_4fn

1 256 w2

— 4(2) so=10-E

fo = 10 Hz,

b) 15t overtone frequency
v="fxA
80=30 x A,

1=2.67m

2" overtone frequency
o=fx A

80=50 x A,

A= 1.6m

Question 57

A heavy string is tied at one end to a movable support and to a light thread at the other end as shown
in the below figure. The thread goes over a fixed pulley and supports a weight to produce a tension.
The lowest frequency with which the heavy string resonates is 120 Hz. If the movable support is
pushed to the right by 10cm so that the joint is placed on the pulley, what will be the minimum
frequency at which the heavy string can resonate?

1lcm
Solution 57

Initially, heavy string is fixed at one end only
So, Iowsst frequency means fundamental frequency = 120 Hz

=G40

Now, when moved by 10cm, heavy string is fixed at both ends

'H_h

0

fi = 3f, = 3(10) = 30 Hz

fo = 3f, = 5(10) = 50 Hz

So, minimum frequency = u =2fo
=2(120)
= 240Hz
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Question 26

A heavy but uniform rope of length L is suspended from a ceiling a) write the velocity of a transverse
wave travelling on the string as a function of the distance from the lower end. b) If the rope is given a
sudden sideways jerk at the bottom, how long will it take for the pulse to reach the ceiling? c) A particle
is dropped from the ceiling at the instant the bottom end is given the jerk, where will the particle meet
the pulse?

Solution 26



a) Let mass per unit length be y

Tension at point P; T = mass X g

T = pxg
T luxg
n = |— = |—
a.J!J- N u
v= J5E
&
b)v= dt =""'IXg
L dx £
IQE= \,-'Efﬂdt
[
-|-=-"HI E
c)

Acceleration of pulse wave

dv d

a= UE = \"@'E(\f{x—g
a= 2

2
Now
l-'lrelzo
Frel=3g/2
S|."-atl=|_

1 .
Spal = !-'Lrel+5 arElt



For pulse,

=
©) o
u:O’ a:l , t:d"\I E

s = ut1+9a":2 i

E
I
s= 3 from bottom

Question 27

Two long strings A and B, each having linear mass density 1.2 x 10"' kg/m are stretched by different
tensions 4.8N and 7.5N respectively and are kept parallel to each other with their left ends at x=0.
Wave pulses are produced on the strings at the left ends at t=0 on string A and t = 20 ms on string B.
When and where will the pulse on B overtake that on A?

-
i

Solution 27
Tl

U_A:‘\.J 1) - ‘\J 1.2x10-2 - 20 m/S
T 7.5

Up_W B W 1Ix107% _ o5 e

In 20ms, pulse in string A travels = speed * time
- 20)( 20 % 1073

=0.4m
Now, Ursl= 2520 = 5 m/s
Srel= 0 4m
pal = 0
Brel.

t = Urel = 0.08 sec = 80 ms
Total time =20 + 80
=100ms

In 100ms, string A travels a distance of =
= 20 x 100 x 1073
X=2m

Uﬂxt

Question 29

A 200 Hz wave with amplitude 1 mm travels on a long string of linear mass density 6 g/m kept under
a tension of 60 N.

a) Find the average power transmitted across a given point on the string.

b) Find the total energy associated with the wave In a 20 m long portion of the string.

Solution 29

Velocity ofwave = vy =
a)

Ju 4 \sx10-E

Fo oy



v =100 m/s

Power = P= 2ﬂ‘f“’5“p"'s
p= 2112(1:]:]}2(1:]‘3}2(100}{51{ 107%)

P=0.47W
b)
Length of the string = 2m

-
r

Time to cover the distance t=1%¢ = 0.02 sec
p= Energy

Time
Energy = (0.47)(0.02)
E=9.4mJ
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