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Chapter 1

Harmonic Motion

SOLVED PROBLEMS

Problem: 1.1- The period of a disk of radius 10.2 em executing small oscillations about

a pivot at its rim is measured to be 0.784 s. Find the value of g, the acceleration duet

to gravity at that location.

10.2
R =10.2 = —
cm 100 m
R =0.102 m
T =0.784 s
g ="
Since, we know that
T =27 ﬁ
29
3R
T? =4n*—



CHAPTER 1. HARMONIC MOTION

672 R
9 ="
6% (3.14)% x 0.102
9= (0.784)2
6% 9.8596 x 0.102
9= 0.6147
60337
9706147
g =9.815 ms2

Problem: 1.2- An oscillation block-spring system has a mechanical energy of 1.18 J,
amplitude of 9.84 ¢m, and a maximum speed of 1.22 ms™!. Find the force constant of

the spring, mass of the block and the frequency of oscillation.

E =118 J
9.84
Ty =9.84 cm = 100 m
Ty =0.0984 m
Vmax, = 11.22 ms™!

k=7

m ="

f=7

Since, the total mechanical energy of the mass-spring system is

1
E = _ka?
2

2F
T a2,
_ 2x1.18
~(0.0984)2
236
~0.009682
k =243.75 Nm™!

k
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The maximum velocity is given by

k
Umax. — T
m
k
UIQnax. = _xzn
m
k 2
Tt
243.75
= 0.0984)?
™ = o) )
m =1.61 kg

The frequency can be determine from:
1 /k
A
A- 1 243.75
“2x314V 16

f =196 Hz

Problem: 1.3- A 0.05 kg mass is attached to the bottom of a vertical spring and set
vibration. If maximum speed of mass is 0.15 ms~! and the period is 0.5 s. Find spring

constant of spring, amplitude of motion and frequency of oscillation.

Solution|

m =0.05 kg
T =0.5s
VUmax. =0.15 ms™!

k=7 z,=7; f="

Using the relation
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CHAPTER 1. HARMONIC MOTION

m
T =2, —
™k
T2 =472
%
47%m
k=
4% (3.14)* x 0.05
B (0.5)2
k=79 Nm™!

Also,

Umax. = WImy

Umax
Ty =
w
Umax
LTm = 2
T
Umax, X 1’
T
21
0.15 x 0.5
iy =
2 x 3.14
T, =0.012 m

Also, frequency is the reciprocal of time period, so

1
F =7 =05 :

Problem: 1.4- A physical pendulum consists of a meter stick that is pivoted at a
small hole drilled through the stick a distance = from the 0.5 m mark. The period of

oscillation is obtained to be 2.5 s. Find z.
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Now, using the quadratic formula, which is x =

Problem: 1.5-

8

g7

— 2__
b:t\/zb dac , we get
a

—(—gT?) £/ (9T2)? — 4(4n?) x =2
2 % 472

4 l6mtL2
gT —3

T 82
9.8 ( \/98>< 2.5)4 _16><(314)4()

8(3. 14) 8 x (3.14)2

_ 61.25 — /135.66

~78.88

78.88

49,
P = 0.628 m

A linear oscillator consisting of mass m fastened to a spring of spring

constant k oscillates on a frictionless surface at ¢t = 0 its displacement z, is —8.50 cm

and velocity v, is —0.92 ms™! its acceleration a, is 47.0 ms~2. What is the angular

frequency w and frequency f of the system. What is the phase constant.

T, = — 850 em = —0.085 m

v, = — 0.92 ms 1

Quanta Publishers
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CHAPTER 1. HARMONIC MOTION

w ="7
f 4
¢ =7
Since, we know that
o = — Tow?
W= &
Lo
Qo
Ww=,/——
Lo

Also, we know that

And,

Vo

WTo

Vo
¢ = tan! ( )
Wxo

5 — tan-! —0.92
233.5 x (—0.085)

¢ = tan"'(0.461)
¢ =180 — 25 = 155°

tan ¢ =
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Chapter 2

Wave in Physical Media

SOLVED PROBLEMS

Problem: 2.1- A string 2.7 m long has a mass of 260 g. The tension in the string is
36 N. What must be the frequency of traveling waves of amplitude 7.7 mm in order

that the average transmitted power be 85 W.

Length of a string =L = 2.7m
260

Vil & %
1000 Y

Mass of a string =m = 260 g =

Mass of a string =m = 0.26 kg
Tension in the string = F = 36 N
Average power =P = 85 W

Max. displacement =v,,, = 7.7 mm = 7.7 x 107° m

Frequency of traveling wave = f =7

Since, we know that

P =27>\/Fuf*y,



CHAPTER 2. WAVE IN PHYSICAL MEDIA

, P
2/ Fuy?,
e
QWQQ/F(%)y?n

;o P

272,/ F (%)yfn
;o 85

2(3.14)2,/36 (%2) (7.7 x 10-3)?

f =+/0.0438 x 106
f =0.209 x 10* Hz
f =209 Hz

Problem: 2.2- The speed of a wave on a string is 172 ms~! when the tension is 123 N.
To what value must the tension be increased in order to raise the wave speed to

180 mst.

First, we have to determine the linear mass density, so we write the speed of a wave

in terms of tension and linear mass density as

F
v =4]—

1

F
MIE
123
= amn)y

p =416 x 1072 kgm™*

Now, we are given that to determine the tension in the string and we are given the

speed and we calculate 1 above, so we use
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2

F
vo=4]—
,u

F

Ju

v pr—

F = m?

F =4.16 x 1072 x (180)?
F =135 N

Problem: 2.3- The equation of a transverse wave on a string is
y = 2.0 mmsin (20 m~'z — (600 s71)) ¢

The tension in the string is 15 N. Find the linear density of this string in g m™?.

Given equation is
y = 2.0 mmsin (20 m~'z — (600 s)) ¢
and the general equation is
Y = Ymsin (kx — wt)

By comparing the above two equations, we get

Ym =2.0mm =2x 103 m
k=20 m™!
w =600 s !

600
Since, v = v = 20 = v =30 ms !

| &

Also,
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CHAPTER 2. WAVE IN PHYSICAL MEDIA

F
V=4 —
]
F
v’ ==
1
F
MZE
115
=302 ~ 900

1
=— = 0.016 kgm ™"
H =50 gm

p =0.016 x 1000 gm*
1

w =16 gm™
Problem: 2.4- A wave of frequency of 493 Hz has a speed of 353 ms~!. How far apart
are the two points differing in phase by 35°. Find the difference in phase between two

displacement at the same point but at times differing by 1.12 ms.

f =493 Hz
v =353 ms !
0 =35°

A=?7 _and ¢ =7

Since, we know that

v =fA\
v
A==
f
353
A=—=0.72
193 0.72 m
Also,
A
d =—=~0
2m
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0.72 .
d=53314 ">

d=007Tm = T7cm

And, the time period and frequency are reciprocal of each other so,

1
T =—
f
B 1
493
T =2.03 ms
0.72
=—— x 1.12
0 =503
¢ =0.34m

Problem: 2.5- What are the three lowest frequencies for standing waves on a wire 10 m

long having a mass of 100 g, which is stretched under a tension of 250 V.

Length of a string =L = 10 m
Mass of a string =m = 100 g =

Mass of a string =m = 0.1 kg
Tension in the string = F = 250 N

fi =7
fo =7
fz =7
Since, we know that
v
In —ni
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CHAPTER 2. WAVE IN PHYSICAL MEDIA

Apply, v = fi\i = f1

n [|F
fn:_ -

2L\

n |F
fn__ m

2L 3

n |FxL
fn_ﬁ "
2. So,

1 FxL
ho=57\—

1 [250x10
h = 5510 0.1

f1 =8 Hz
For, fo = 2f;. So,
1 FxL
=04
f 2L m
1 /FxL
PEIV T
4, _ L [250x10
2710 0.1
fo =116 Hz
FOI', f3 = 3f1
fs =3f1
fg =3x8
fg =24 Hz
12 Waves and Oscillations
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Chapter 3

Beats and Polarization

SOLVED PROBLEMS

Problem: 3.1- An ambulance emitting a whistle at 1600 Hz overtakes and passes a
cyclist pedaling a bike at 340 ms~!. After being passed the cyclist hears a frequency

of 1590 Hz. How fast the ambulance moving.

f =1600 Hz
" =1590 Hz
vy =7

As, source moving away from the listener, therefore frequency of the source decrease.

;L v
P ()

340
1590 = ( —— ] 1600
(340 + vs)

1590 340
1600 340 + v,

So, by using formula




CHAPTER 3. BEATS AND POLARIZATION

1600 340 + v,
1590 340
1.006 x 340 =wv, + 340

342.13 = v, + 340
vy =342.13 — 340

vy =2.14 ms?

Problem: 3.2- The 15.8 kHz whine of the turbines in the jet engines of an aircraft

1

moving with speed 193 ms™" is heard at what frequency by the pilot of a second craft

trying to overtake the first at a speed of 246 ms~*

f =158 kHz = 15.8 x 10°> Hz
v =343 ms*
Vo =246 ms~!
v, =193 ms ™t

f="

If both the source and observer move through the transmitting medium, then we use

the relation to determine the frequency heard by the observer

vEv,\ ,,
= (1)

Here the observer is moving towards the source (with a speed v,) and the source is

moving away from the observer (with a speed v;), so we use the positive sign with
the speed of observer (because the observer is moving towards the source) and also a
positive sign with the speed of source (because the source is moving away from the

observer), that is

Quanta Publishers 14 Waves and Oscillations



U+ Vo ,
f= <v+vs)f

343 + 246 ,
— (22272 5.8 % 10
/ (343 + 193) x
f =174 x10°
f =174 kH>

So, the pilot will hear a frequency of 17.4 kH z.
Problem: 3.3- Diagnostic ultrasound of frequency 4.5 M H z is used to examine tumors
in soft tissues. What is the wavelength in air of such sound wave. If the speed of sound

in tissue is 1500 ms~!, what is the wavelength of this wave is tissue.

f=45MHz = 45x10° Hz
A =7

v =340 ms™*

v =1500 ms~!

N =7

Since, we know that

A =—
f
340

T 4.5 x 106
A =7556x107% m = 75.56 um

A

Also,
,U/
N o=—
f
Vo 1500
4.5 x 106

N =333x107*m
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CHAPTER 3. BEATS AND POLARIZATION

Problem: 3.4- An acoustic burglar alarm consists of a source emitting waves of fre-
quency 280 kHz. What will be the beat frequency of waves reflected from an intruder

walking at an average speed of 0.950 ms~! directly away from the alarm.

f =280 kHz = 28000 Hz

v =340 ms?
vy =0.950 ms?
f=1

Since, we know that

; v
f= (v—l—vs)f

340
!
4 A&y = i 2
/ (340+0.950) “N

f =27921.98 Hz

Problem: 3.5- A tuning fork of unknown frequency makes three beats per second with
a standard of frequency 384 Hz. The beat frequency decreases when a small piece of

wax is put on a prong of the first fork. What is the frequency of this fork?

Number of beats per second =3
3
fbeat =—- =3 Hz
5
Fork frequency = fp = 384 Hz
fa =7

We have to find fg, by using the relation

|fA - fB‘ :fbeat
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|f4—384] =3
fa—384 =+ 3

fa =3+ 384
fa =387 Hz
And,
fa=—-3+384
fA =381 Hz

Quanta Publishers 17 Waves and Oscillations



Chapter 4

Coupled Oscillators and Normal
Modes

SOLVED PROBLEMS

Problem: 4.1- Consider two discs with a weight less spring of force constant 10942

cm

Calculate the frequency of oscillation of the spring when the system is resting on a
table.

When the system is resting in the table, the equation of motion of the spring is given
by

d?y
e = kY

Where y is the displacement of mass m; at any instant ¢t. Here m; = 100gm and

K= 105%. Hence frequency of oscillation

1 K
my =—n4/ —
2rV my
1 /10°

N B -1
=5 \V10 - °°



Problem: 4.2- Consider two discs are shown in figure with a weight less spring of force
constant 10%. Calculate when the table is removed and the system is falling freely.

Also deduce the amplitude of oscillation of the lower disc.

When the table is removed and the system is falls freely under the gravity, the equation
of motion of the spring, when observed about the centre of motion of the system, is
given by

d?y
- J—

H a2 Y

Where p is the reduced mass of the system and is equal to

mimy 100 x 200 200
mi+ms  1004+200 3

Hence the frequency of oscillation is given by

1 |K
Ny =——4| —
' o n
1 /105 x 3
o 200

The force exerted by the lower disc on the spring is equal to the weight of the disc and
in the maximum displacement position from the normal the weight is balanced by the
restoring force produced on the spring. Thus 200 x 980 = A x 105.

Hence amplitude

200 x 980

A
105

=1.95 em

Quanta Publishers 19 Waves and Oscillations



CHAPTER 4. COUPLED OSCILLATORS AND NORMAL MODES

Problem: 4.3- From the spectroscopic measurement the fundamental vibrational angu-
lar frequency of the HF molecule is given by 7.55 X 1014%1. Deduce the force constant

for HF molecule.

Reduced mass

1x19
= L. 107
p=1 T x 1.66 x 10
Angular frequency
1 K
W=—q/—
2\
K =pw?
~ 19% 1.66 x 1072 x (7.55)% x 10%
| 20
~ 0.0 x 10724768
cm

Problem: 4.4- From the spectroscopic measurement the fundamental vibrational an-
gular frequency of the HF molecule is given by 7.55 x 1014%. Deduce work done in
stretching the atoms by 0.5A.

Work
w :%K(r —1p)?
:% X 9 x 10° x (0.5 x 1078)?
~1 x egs
~6 eV
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Problem: 4.5- In HCI molecules the force required to alter the distance between the

atoms from equilibrium is 5.4 X 10_5%. Calculate the fundamental frequency of
vibration of the HCI molecules.

Given

my =1.66 x 10"**gm

mer =35.5 X 1.66 x 10724 gm

The reduced mass of the molecule is

My X mao
a _mH + mgy
355 x (1.66 x 10724)2

(14 35.5)(1.66 x 1024)
w=1.6x10"** gm

The frequency of HCl molecule

1 K
vV=—|—
2\

1 [-5.4 x 10°
UV =
2x314V 1.6 x10-2

v =92 x 10" s7!

Quanta Publishers 21 Waves and Oscillations



Chapter 5

Diffraction and Interference

SOLVED PROBLEMS

Problem: 5.1- An astronaut in a satellite claims, she can just barely resolve two point

sources on the earth 1.6 x 10°> m below. Calculate their angular and linear separation.

Take A = 540 x 10~ m and the pupil diameter of astronaut’s eye to be 5 x 1073 m.

Since, we know that

D =16x10°m
d=5x10"m
A =540 x 107" m
Op =7

[ =7

A
0, =1.222
R d

540 x 107°
5x 103
0r =1.3 x 107 rad.

0 =1.22



Also, the linear separation is given as

| = Db

[ =1.6 x10° x 1.3 x 107*
I =2.08 x 10

1 =20.8m

Problem: 5.2- A double slit arrangement produces interference fringes from sodium
light A = 589 x 10~ m that are 0.2° apart. What is angular fringe separation, if entire

arrangement is in water.

A =589 x 107" m

0 =0.2°
n =1.33
o =7
Since, we know that
dsinf =mA\
df =\
A
0 =2
d
o _ %
d
Since, n = £ = v = £. Then,
o =L
d
o =L
nd
A
0 =—
nd
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CHAPTER 5. DIFFRACTION AND INTERFERENCE

0 A

g == e = =

n ’ d
;o 0.2
©1.33
0 =0.15°

Problem: 5.3- A double slit arrangement produces interference fringes for sodium light
A =589 nm, d=0.10 mm and D = 20 c¢m. On a viewing screen, what is the distance

between the fifth maximum and seventh minimum from the central maximum?

Given data:

A =589 nm = 589 x 1072 m
d=010mm = 0.1 x 10> m
D =20cm = 02 m

yr—=ys =7
For maxima,
AD
m = M—
/ d
For, fifth maxima,
AD
WeEe

For, minima

R
Ym = \"MT5) 74

B 6—|—1 D
Yr = 5 p

_13)\D
y7—2 d
_13)\D 5>\D
Y y5—2 d d

For seventh minima,
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AD

— . =322
Y7 — Ys 5d

_3546 x 107°D x 0.2
Y15 T 010 x 103

yr —ys =1.64 x 107 m

Problem: 5.4- A diffraction grating has 1.26 x 10* rulings uniformly spaced over width
W = 25.4 mm. It is illuminated at normal incidence by light of wavelength 450 nm
(blue) and 625 nm (red). At what angles occurs? Also find the line width for both

blue and red lines in the 2" order.

N =1.26 x 10*

W =25.4mm = 25.4x 107> m
; W 254x1073
TN 126 % 104
d =2.0116 x 107% m = 2016 x 10~ m
A =450 nm = 450 x 107% m

Ao =625 nm = 625 x 107 m

m =2
61 :92 :7
dl :dg :?

Since, we know that

dsinf = mA\

A
91 = sinfl (md 1)

P <2 x 450 x 109)
1 =

So,

2016 x 109
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CHAPTER 5. DIFFRACTION AND INTERFERENCE

900
0, =sin ! | —
2016

0, = sin~'(0.446)

0, =26.5°
And,
A
Ay = sin™ (m 2)
9 2 x 625 x 107°
= sin~
270 2016 x 109
1250
)
? (2016)
0, = sin™ 0 62)
0, =38.3°
Now,
A1
di =
! sin 91
450 x 1079
dy F
sin(26.5)
o 450 107°
LT 0.446
dy =1008.9 x 107
dy =1008.9 nm
And,
Ao
do =
2 sin 92
625 x 1077
~ sin(38.3)

Quanta Publishers 26 Waves and Oscillations



dy =1008.0 x 107

dy =

625 x 107
0.62

dy =1008.0 nm

Problem: 5.5- Find the sum y of the following quantities y; = 10.0sinwt and y, =

8 sin(wt + 30).

Horizontal component is

Yo =Yz T Y2u
Yr =10+ 8cos 30
y> =10 + 8(0.866)
Yy =10+ 6.93
Y =16.93
Vertical component is
yy = yly + y2y
yy =0+ 8sin30
Yy = 8(0.5)
Yy =4
Now, the sum v is
Ym =1\/Yz Y,
Ym =/ (16.93)2 + (4)2
Ym =V 286.62 + 16
Ym =V 302.62
Ym =174
Quanta Publishers 27 Waves and Oscillations



CHAPTER 5. DIFFRACTION AND INTERFERENCE

8 sin 30°
10 + 8 cos 30°
tan ¢ =0.238

¢ = tan'(0.238)
¢ =13°

tan¢p =

Now, the equation of resultant wave is

Y =y + Y2
Y =Ymsin(wt + @)
y =17sin(wt + 13°)
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