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CH 5 : OSCILLATIONS

Q. 1: Define the terms with two examples.

1) Periodic motion 2) Oscillatory motion.
Ans : 1) Periodic Motion : A motion that
repeats itself at definite intervals of time is
said to be periodic motion.
eg. Motion of hands of a clock, Motion of
moon around the earth.

2) Oscillatory motion (Vibratory motion) : A
periodic motion in which a body moves back
& forth over the same path, straight or
curved, between alternate extremes is said to
be an oscillatory motion.

eg. Motion of pendulum of clock, Oscillations
of spring, swinging of swing.

Note : Every oscillatory motion is periodic but
every periodic motion need not be oscillatory
circular motion is periodic but it is not
oscillatory.

Q. 2 : Define linear simple harmonic motion.
Give two examples.

Ans : It is defined as the linear periodic
motion of a body, in which the force (or
acceleration) is always directed towards the
mean position & it's magnitude is
proportional to the displacement from the
mean position.

eg. Vibrations of prongs of tuning fork,
Oscillations of needle of sewing machine.

Q. 3 : Define following terms : 1) Period
2) frequency 3)Amplitude 4) path length
of simple harmonic motion (SHM).

Ans : 1) Period (Periodic time) : The time
taken by a particle performing simple
harmonic motion to complete one oscillation
is called the period of SHM.

2) Frequency : The number of oscillations
performed per unit time by particle executing
SHM is called the frequency of SHM.

3) Amplitude The magnitude of the
maximum  displacement of a particle

performing SHM from it’s mean position ig
called the amplitude of SHM.

4) Path length : The length of the path over
which a particle performs SHM is twice the
amplitude of the motion is called path length
or range of SHM.

Q. 4 : Form the differential equation of linear
S.H.M.
OR
Obtain the differential equation of linear
simple harmonic motion. (2M - Mar’24)
Ans : Suppose a particle of mass ‘m’ is
performing S.H.M. ‘' is the restoring force on
particle when its displacement is x.
By definition of S.H.M.
f o x

~f=-kx
where, k = force constant
-ve sign indicates force is opposite to
displacement in direction.

According to Newton’s second law of motion,
~f=ma

S.ma=-kx

............... (2)

. . d
The velocity of particle is, v = d—t &

[From (1)]

It’s acceleration is —

2=%_ d(dx)_dzx
Tdt  dt \dt) dt?

2
.. Equation (2) > m (ﬂ) =-k x

dt?
d?x k
—_— X
dt? m
d’x  k
o — +—x =0
dt? m

ook .
Substituting —= ®%, where ® is the angular
frequency.

d%x
—+ wx =0
dt?

This is the differential equation of linear SHM.
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Q. 5 : State the differential equation of S.H.M.
Hence obtain the expressions for
acceleration, velocity & displacement of a
particle performing S.H.M. [4M - Mar’18]
Ans : The differential equation of S.H.M. is -

dZ
o d_2+ (,0 X = 0 ........ (1)

Expression for Acceleration :
d?x

T oaez
2

d?x . . .
But a =d—tf is the acceleration of the particle

=-(DZX

performmg S.H.M.
Acceleration, a = - w’x

Expression for Velocity :
Equation (1) =

d%x (sz
dez
d ,dx 2
T = - o'
dt ‘dt
dv 2
—=-0X
dt
dv dx 2
— . —=-OX
dx dt
dv 2
.— . V=-®X
dx 5
svdv =-ox.dx
Integrating
Jvdv =- o [ xdx
v? *x?
—=- FC i, (2)
2 2

where, c is constant of integration.

At the extreme position,
maximum & velocity is zero.
At x=4A, v=0
. Equation (2) =

“0=- ? A%

displacement is

+C
w?A?

S C=+4+
Put this in Equation (2) =
v? ?x? + w?A?
2 2 2
- (Az _xz)

=+ o VA% — x?

Expression for Displacement :

. dx . .
Substitute v = d—: in equation (3) =

n o oVAZ =2 .. (Considering

dt
only magnitude)
. dx —
U Vaz—xz ~
Integrating

o.dt

dx
| == o dt
~sin™( g )= ot+ ¢
where, ¢ = constant of integration.
X .
w5 =sin (ot + @)

x =Asin (ot + ¢)

Q. 6 : Using differential equation of linear
S.H.M. obtain expression for displacement.
Ans. : Write Q. No. (5) — Only Expression for
Displacement part.

Q. 7 : Obtain the extreme values (maximum &
minimum) of displacement, velocity &
acceleration of a particle performing SHM.
Ans : 1) Displacement : The general expression
for displacement (x) is —

x =Asin (ot + ¢)
At mean position, (ot +¢)=0 or =«
". Equation (1) =

x=Asin (0) ORA

Xmin =0

Thus, at mean position, the displacement of
particle is minimum (ie. zero).

. 3
At extreme position, (ot + ¢) =§ or 7”

". Equation (1) =
x = Asin (g) or A Sin(gz—”)

Xmax =T A

Thus, at extreme position, the displacement of
particle is maximum.

OSCILLATIONS | LOCUS ACADEMY | 2




SLocus

academy

2) Velocity : The general expression for velocity
(v)is—

v =1+ oVA% — x?
At mean position, x =0
.. Equation (2) =

v=+oVvA2-0

vmax=iA(,0

Thus, at mean position, velocity is maximum.

At extreme position, x= + A
.. Equation (2) =

v=+ o VAZ— A2

VUmin =0

Thus, at extreme position, the velocity is
minimum.

3) Acceleration : The general expression for
magnitude of acceleration (a) is —
a=o'x

At mean position, x =0
.. Equation (3) =

a=0

Amin =0
Thus, at mean position, acceleration is
minimum.

At extreme position, x= £ A
.. Equation (3) =
v=+ o’A

2
Amax = T ®°A

Thus, at extreme position, acceleration is

maximum.

Q. 8 : Derive expression for period of S.H.M. in
terms of 1) angular frequency 2) force
constant 3) Acceleration. Also find expression
for frequency.

Ans : The general expression for displacement
(x) of a particle performing S.H.M. is -

x =Asin(wt + ¢)
1) Let T be the period of S.H.M. After time t =

(t + Zw—”) the displacement will be —
. 2
x—Asm[w (t+ ;ﬂ)+ ¢]
=Asin(wt+ 27 + ¢)
=Asin(wt + ¢)
Thus after time i)—” the particle is at the same

position ie. it has completed one oscillation.
Thus it is the minimum time after which it
repeats.

27T
T =—
w

.. Period is -

2) If m is mass of the particle & k is the force

/k
constant, w = |—
m

_T_z_n_ 2m
T w0  Jk/m
. - m
.T—ZT[\/;

3) The acceleration of a particle performing
S. H.M. has a magnitude -
a=w?x

w= ,/a/x

= /Accel® per unit displacement

2T
Now, T=—
w

T = 2

- JAcceln per unit displacement

The frequency of SH M is —

w 1 k

1
T 21 21 m

n=

Q. 9 : Show that linear S.H.M. is the projection
of U.C.M. on it’s diameter.

Ans : Consider a particle P moving along
circumference of circle of radius A with
constant angular speed ® in anticlockwise
direction.

At any instant t=0, particle P has it's
projection at point M as shown in fig(a). P is
called reference particle & the circle on which
it moves is called reference circle.
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Y
/ <
B! C X

2\

= - —

t=0
Fig (a)
Y
P
| o
Y/

(ot-l-:d)
B\O M -
t>0
Fig (b

As P revolves, it's projection moves back &
forth about centre O along diameter BC. The x-
component of displacement, velocity &
acceleration of P is always same as the
displacement, velocity & acceleration of M.
Suppose P starts from initial position with
phase ¢. In time t, the angle between OP & x-
axis is (ot + ¢) as shown in Fig (b).
Here, cos (ot + ¢) = % , Where x is displacement.

~x=Acos(ot+¢) ...(1)
This  equation represents displacement.
Velocity is -
V=Z—:=-Amsin(mt+¢) ...... (2)

This equation represents velocity of projection
of P at time t.
Acceleration is —

a=2 =-A (ozcos(o)t+¢)

dt ,
=-0 X . (3)
This equation represents acceleration.

From equation (3) =>

a X —Xx

Thus acceleration is proportional to it’s
displacement & in opposite direction.

Thus projection of P performs simple
harmonic motion. But M is projection of P,
performing UCM. Hence, S.H.M. is projection of
UCM along a diameter of circle.

Q. 10 : Explain the terms phase & epoch of an
S.H.M.
Ans : 1) Phase : The physical quantity which
describes the state of oscillation is phase of
S.H.M. ie. it gives the magnitude & direction of
displacement of particle.

x=asin (ot+ ¢@)
Here, (ot + ¢) is called phase angle or phase of
S.H.M.
S.I. unit = rad

2) Epoch The physical quantity which
describes the state of oscillation of particle
performing S.H.M. at the start of motion is
called epoch of S.H.M.

In the term phase (ot + ¢), ¢ is phase at
start of S.H.M. ie. at t = 0. . This angle ¢ is
called starting phase or initial phase or epoch
of S.H.M.

S.l. unit = rad

Q. 11 : Particle performing S.H.M. starts from
mean position. Plot a graph of displacement,
velocity & acceleration against time.  OR
Explain graphical representation of
displacement, velocity & acceleration when
particle starts its S.H.M. from mean position
towards positive.

Ans : At Mean position, ¢=0

Displacement, x= A sin ot

. d
Velocity, v = d—f = Aw cos ot

. dv 2 .
Acceleration, a = pril A®” sin ot

The values of x, v & a are tabulated as below —
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31//4| T

0 T/4 | T/2 | 3T/4| T |5T/4 T 0 T/4 | T/2 5T/4
ot | O /2 m | 3m/2 | 2m | 5%/2 ot 0 /2| mw |3m/2| 2m |5m/2
X 0 A 0 -A 0 A X A 0 -A 0 A 0
v | Ao 0 -Aw 0 Ao 0 v 0 -Aw 0 Aw 0 -Aw
0 | -Aw? 0 Aw’ 0 | -Ae’ a | -Aw’ 0 Ao’ 0 -Aw? 0
The graphs of displacement, velocity & | The graph of displacement velocity &
Acceleration can be plotted as follows - acceleration can be plotted as follows —
AL H . H . AL H . H .
Tir'éne (t) or ot

5T :

7

Displacement
X

Velocity
Y,

>
g

+

>

gm
t

a

Acceleration

>
gm

Displacement
X

Velocity
\%

Ao+

+
>
Sm

.

a

Acceleration

>
87\7

Q. 12 : Particle performing S.H.M. starts from
positive extreme position. Plot a graph of
displacement velocity & acceleration against
time. OR

Show variation of displacement, velocity &
acceleration with phase for a particle
performing linear S.H.M. graphically, when it
starts from extreme position. [3M — Oct’14]
Ans : At extreme positive position, ¢ =1/2
Displacement x = A sin (ot +11/2) = A cos ot

. d .
Velocity, v = d—’: =- Am sin ot

. dv 2
Acceleration, a = pril Am” cos ot

The values of x, v & a are tabulated as below —

Q. 13 : State expressions for displacement,
velocity & acceleration of particle performing
linear SHM starting from mean position (OR
extreme position), Draw your conclusions
from the graph.
Ans : From mean position = Q. No. (11)
From extreme position = Q. No. (12)
+
Conclusions :

1) The displacement, velocity & acceleration of
particle are periodic functions. From mean
position, x-t and a-t graph are sine curves &
v-t graph is cosine curve (from extreme
position, v-t graph is sine curve & x-t and a-t
graph are cosine curve).
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2) There is a phase difference of m/2 rad
between x & vand v & a.

3) There is a phase difference of «t rad between
X & a.

Q. 14 : Discuss analytically, the composition of
two S.H.M.s of same period & parallel to each
other (along the same path). Find the
resultant amplitude when phase difference is
1)0 2)m/3 3)m/2 4)m radians.
Ans Consider a particle subjected
simultaneously to two S.H.M.s having same
period & travelling along the same path but of
different initial phases & amplitudes.
Equations of displacements of two S.H.M.s

of same period & centre.

x1=A;ssin (ot + ¢)

X = Azsin (ot + ¢,)
where A; & A, = amplitudes, ® =angular
frequency and ¢; & ¢, = initial phases.

The resultant displacement (x) is given by -
X=X1+X
= A; sin(ot + @) + Ay sin (ot + ¢,)
& X = Aq [sin ot. cos ¢ + cos mt. sin ¢ ]
+ A, [sin wt.cos ¢, + cos wt. sin @]

= A; sin ot. cos ¢, + A; cos ot . sing,
+ A, sin ot.cos ¢, + A, cos ot.sin ¢,

& X =sin ot [A;cos ¢ + A, cos @]
+cos ot [A; sin ¢ + Ay sin ¢,]

Let Rcos§ =A;cos ¢+ A, cos ¢,
& Rsind =A;sin ¢+ A;sin ¢,

~ x =sin ot. R cos § + cos wt. Rsin §
=R [sin ot.cos § + cos mt. sin §]

x = R.sin (ot + 6)

This is equation of S.H.M. of same angular
frequency & period with amplitude R & initial
phase §. Thus resultant motion is also S.H.M.

Amplitude (R) of resultant motion :
Squaring & adding equations (1) & (2) =
~R*sin’6 +R*cos’ §

= (Aq sin ¢y+A,sin ¢2)2+(A1 cos ¢ +A,cos ¢2)2
~R*(sin’ 8 +cos’§) =
A%sin’ ¢y + 2A1A;5in ¢y sing, + A3sin’ g
+ A2cos’ @y + 2A1A,C05 ¢y cos ¢, + Adcos’ g,

2~ R% = A%(sin” ¢y + cos’ ¢y) + AS(sin” ¢ + cos’ ¢,)
+2A; A; (sin ¢y sin ¢, + cos ¢ cos ¢,)

o R* = A2+ A3+ 2A1A;.cos(¢ - @)

~ Resultant amplitude -

R= \/A% + A3 +2A4,4;.cos(p, — 4,)

Initial phase (4) :
equation(2) =+ equation (1) =>

Rsiné _ Aqsin ¢ +A;sin ¢,
RcosS Ajcos ¢ +Azcos ¢,

Azsin ¢ +Azsin ¢,

~tand =

Ajcos ¢ +Azc0s ¢,

Apsin ¢ +Azsin ¢,

§ = tan™1(

Ajcos ¢, +Azc0s ¢,

1) Phase difference=0:
ie.h-¢=0 .cos(¢-¢)=cos0=1
#R=JA2 + A2 + 24,4,

= (41 + A)?

-'-R=A1+Az

2) Phase difference = /3 rad :
ie. - =m/3 - cos(¢r- ) =cosm/3="V

~R= \/A{ + A2+ 24,4, X -

“R=\A%+ A2+ A4,

3) Phase difference = /2 rad :
i.e. - =§ % cos(¢y - ) =cosm/2 =0
~R=4/A7 + A3

4) Phase difference =t rad :

ie.-dh=m cos(¢-¢)=cosm=-1
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“R=JAZ 4+ A2 4+ 24,4, (-1)
=A% + A2 — 24,4,
“R=[A- Ay |

Q. 15: Two S.H.M.S are represented by x;
=A;sin(ot + ;) & x, = A, sin (ot + ;). Obtain
the expressions for displacement, amplitude &
initial phase of resultant motion.

Ans : Write complete Q. No. (14) upto (*).

Q. 16 : Obtain expression for kinetic energy,
potential energy & total energy of a particle
performing linear S.H.M. Hence show that
total energy is conserved.

OR
Show that the total energy of the particle
performing linear S.H.M. is constant.
Ans : Consider a particle of mass ‘m’ is
performing a linear S.H.M. along the path MN
about the mean position O. At a given instant,
let the particle is at P, at a distance x from O.

N O PQ M
—— A e
X dx

A is the amplitude of SHM. Velocity of particle
is— v = 0 VA? — x?
Kinetic Energy is —

Ex = %mv2

= %mm2 (A% — x?)
=k (42 - x?)
The restoring force acting on particle at point

Pis -

e (k=me?)

f=-kx { k = force constant }
Suppose the particle is displaced further by
small displacement ‘dx’ against force f. The
external work done is -
dW = f (- dx)

= (-kx)(- dx)

=kx dx
negative sign indicates that force is opposite
to displacement in direction.
The total work done for displacement x is -

W=["dW = [ kx.dx

W= % ko2
This work done is stored in the form of P.E.
1,2
o Ep = E kx
The total energy of particle is given by-
E=E +Ep
1 2 2 1 2
=-k(A%-x°)+-kx
2 2

% k (A%- x%+x?)

E=1kA’=Ime®d2 | . (1)
2 2

As m, ® & A are constant, the total energy
of the particle at any point P is constant
(independent of position x & time t), the
energy in S.H.M. is conserved.

Q. 17 : Show that energy of S.H.M. is directly
proportional to 1) square of amplitude & 2)
square of frequency.
Ans : Write upto equation(1) from Q. No. (16)
+
From this equation, it is clear that 1) E « o &
2) E o A’
i.e. Total energy is directly proportional to -
1) square of angular velocity &
2) square of amplitude.

Now putting @ = 2mn in equation (1) =

“E==mx4m’n’x A2

2 2,252

~E=2mm"n°A

Itis clear that
E o« n?

i.e. total energy is directly proportional to
square of frequency.

Q. 18 : State the expression for total energy of

a particle performing SHM. Write conclusions.

OR State the factors which the total energy of

a particle executing SHM depends on.

Ans : The total energy of a particle performing

SHM of angular frequency ® & amplitude A is —
E= %kA2= %mmzA2 = %m x 4*n®x A

2 7m A?

= 2r'mn’A? =
TZ
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Where n = 23 &T= zf are frequency & period

v
of motion & k = m®? is force constant.
Conclusions : The total energy of particle is —
1) Independent of x & thus remains constant
when m, ® & A are constant.
2) Directly proportional to force constant (k)
3) Directly proportional to mass of particle (m)
4) Directly proportional to square of amplitude
(A%)
5) Directly proportional to square of frequency (n)
6) Inversely proportional to the square of the
period (T).

Q. 19 : Represent graphically the variations of
K.E, P.E., & T.E. of a particle performing linear
SHM with respect to it’s displacement.

Ans :
Energy

E E E

+
B

A
2

A 0 +A
Displacement
Energy in SHM

Q. 20 : Define an ideal Simple pendulum.
Show that under certain conditions, the
simple pendulum is simple harmonic. Obtain
expression for it’s period. [4M — Mar’13]

OR
Show that under certain conditions, a simple
pendulum performs linear S.H.M. OR
Obtain expression for the period of a simple
pendulum performing S.H.M.
Ans : Ideal Simple pendulum : It is a heavy
particle suspended by a massless, inextensible,
flexible string from a rigid support.

Consider a simple pendulum of length L,
suspended from rigid support O. It is displaced
through some angle 6 from its mean position &

released. It performs oscillations between
point B & C.

The forces acting on bob in position B are -

1) Force T’ due to tension in string (Directed
along string)

2) Weight of bob = mg (Directed vertically
downward)

The weight mg is resolved as —
1) mg. cos@ parallel to length of string.
2) mg. sinf perpendicular to length of string.

Rigid Support

7

mg. cos 8 is balnced by T' & mg.sin 8 provides
necessary restoring force to carry bob to mean
position.

-~ Restoring force, F = - mg sinf
-ve sign indicates that force is opposite to
displacement in direction.
If 8 is very small & in radian, Sin 6 = 6

~F=-mg.0
Now, 6 = Arc. =X
radu)tcs ng
.‘.F:-mg.z =-T.X ............... (1)

Asm, g & L are constant,

Foc-x

Thus restoring force is directly proportional
to the displacement. Hence motion of simple
pendulum is linear S.H.M.

mgx/L

. F
Now, Acceleration, a = —=- ..From (1)
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N
L

. . . a
Acceleration per unit displacement = |;| = “2—]

Period of simple pendulum is -
21

T==
w
_ 21T
JAcceleration per unit displacement
_ 2m
Va/L

T=21r\/Z
g

Q. 21 : Show that the period of a simple
pendulum is directly proportional to square
root of its length & independent of weight of
bob
Ans : write complete Q. No. (20)
+

As there is no term of mass of bob in
above equation, the period is independent of
mass of bob (m) & hence weight of bob (mg).

At a given place g is constant.

ZTo L [~ T? L]

i.e. period of simple pendulum is directly
proportional to square root of its length.

Q. 22 : Show that the frequency of a simple
pendulum is independent of mass of bob.
Ans : Write complete Q. No. (20)

+

1
But frequency, n = p

1
.'.n:—\/é
2w L

As there is no term of mass of bob in above
equation, the frequency of bob of simple
pendulum is independent of mass of bob.

Note : In above equation, g is constant at given
place.

1
S nNoKC—

or nzoc1
VL L

Q. 23 : Find the expression for periodic time of
a simple pendulum. State the factors on which
it depends.
Ans : Write complete Q. No. (20)

+

Write first 2 laws from Q. No. (24).

Q. 24 : State the laws of simple pendulum.
Ans : The time period of simple pendulum is

given by -
T= 271\/Z
g

where L = length of simple pendulum &
g = acceleration due to gravity at that place

The laws of simple pendulum are -

1) Law of length : The period of simple
pendulum is directly proportional to square
root of its length.

Tx VL

2) Law of acceleration due to gravity : The
period of simple pendulum is inversely
proportional to square root of acceleration
due to gravity

Toc\/E

g

3) Law of mass : The period of simple
pendulum does not depend upon mass.

4) Law of isochronism : The period of simple
pendulum does not depend upon on the

amplitude of oscillation provided that the
amplitude is small.

Q. 25 : What is seconds pendulum? Find the
expression for it’s length at a given place.
Show that it’s length has a fixed value at a
given place.

Ans Seconds pendulum The simple
pendulum of which period is two seconds is
called as second’s pendulum.

Period of simple pendulum, T = 277\/%

For second pendulum, T=2s

-'-2=27T\/Z
g

~1 =1

Q |~

2.

~

1=

°|

- Length of second pendulum is

)
L==
2
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Q. 26 : Show that length of seconds pendulum
is directly proportional to acceleration due to

gravity.

Ans : Write complete Q. No. (25)

+
As 7% is constant.
Lxg

i.e. length of seconds pendulum is directly
proportional to acceleration due to gravity.

Q. 27 : Distinguish between simple pendulum

& conical pendulum.
Ans:

Simple Pendulum

Conical Pendulum

1. The oscillations of
the bob areina
vertical plane.

2. The bob performs
UCM in a horizontal
plane & string
describes a cone.

2. The period is given
by —

T=2TL’\/Z
g

3. The period is given
by -

T=21 Lcosé
\I g

3. The energy of bob
transfers between K.E.
& P.E. Total
mechanical energy
remains constant.

3. Gravitational P.E. of
bob is constant nearly
zero. Total mechanical
energy is constant & it
is only K.E.

Q. 28 : Define angular or torsional oscillations.
Hence obtain the differential equation of the
motion. Also define angular S.H.M. & find it’s
period.

Ans:
e

A metallic
disc >

Suppose a disc is suspended from it’s centre
by a wire such that disc remains horizontal. If
the disc is slightly twisted about the axis along

the wire & released, it performs rotational
motion partly in clockwise & anticlockwise
sense. Such oscillations are called angular or
torsional oscillations.

The restoring torque is always opposite to
angular displacement. If it'’s magnitude is
proportional to  corresponding  angular
displacement, the motion is called angular
SHM.

Thus for angular SHM, Restoring torque is —
Toc-0
~1T=-c0
where ¢ = constant of proportionality.
If 1 is the M.I. of body, then torque acting on
the body is —
T=la
where a = angular acceleration
From equation (1) & (2) =

laa=-c0

daze . dze

4+ = . -

| -5 +c6 =0 (Ca=—3

This is differential equation of angular SHM.
420 _ et
Atz

. 4 o (24 C
Acceleration per unit angular displ. = |—9| A

Since ¢ & | are constants, the angular
acceleration is directly proportional to 6 & it’s
direction is opposite to angular displacement.
Hence, this oscillatory motion is called angular
S.H.M.

Angular S.H.M. : It is defined as the oscillatory
motion of a body in which torque is directly
proportional to the angular displacement & it’s
direction is opposite to angular displacement.
The period of angular S.H.M. is

2T
T==
o
_ 21
JAcceleration per unit angular displacement
_2m
c/l

T=21t\/1
C

Q. 29 : Prove that under certain conditions a
magnet vibrating in uniform magnetic field
performs angular SHM.
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Ans : Consider a bar magnet of magnetic
moment u, suspended horizontally by a
twistless fibre. The bar magnet is free to rotate
in a horizontal plane. It comes to rest in

approx. the North-South direction along B.Ifit
is rotated in the horizontal plane by a small
displacement 6 from rest, the suspension fibre
is twisted. When the magnet is released, it
oscillates about the rest position in angular
oscillation.

—_—

d.B

A — A A

A

—_—

-9..B

The bar magnet experiences a torque t due
to field §, which tends to restore it to original
position parallel to B.
The restoring torque is —

T=-uBsind
If 6 is small, sin6 ~ 0
T=-uB 0O

S| Toc-0
Thus, torque (hence angular acceleration) is
directly proportional to angular displacement &
it's direction is opposite to angular
displacement.

Hence, for small angular displacement, the
oscillations of the bar magnet in uniform
magnetic field is simple harmonic.

Q. 30 : Obtain the expression for the period of

a magnet in angular simple harmonic

oscillations in a uniform magnetic field.

Ans : Write complete Q. No. (29) upto equation (1)
+

dzo
Also,t=1la _IF veeen(2)

where | = M. |. of magnet
o = Angular acceleration
Form equation (1) & (2) =

+29=0 .03

k dt? I
This is equation of motion of bar magnet.
Equation (3) =

0L+“I—B9 =0

. __ KB
"6 1
Angular acceleration per unit angular

. a B
displacement = |5| = ”T

.. Period of oscillations is —
2

- \/Angular acceleration per unit angular displace.
2 0
=— =27 \/:
f a
a/g
I
T=2x ’—
uB

Q. 31 : What is meant by damped oscillations?
Draw a neat labelled diagram of damped
spring-and-block oscillator.

Ans Oscillations of gradually decreasing
amplitude are called damped oscillations.
Oscillations of a system in the presence of
dissipative frictional forces are damped. The
oscillator is called a damped oscillator.

Rigid Support

«—

Spring

Block

— Vane

Fig. : A damped Oscillator
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Figure shows a spring-and-block oscillator
attached with a light Vane that moves in a fluid
with viscosity. When the system is set into
oscillation, the amplitude decreases for each
oscillation due to the viscous drag in the vane.
The mechanical energy of the block-spring
system decreases with time, as energy is
transferred to thermal energy of the liquid &
vane.

Q. 32 : Distinguish between free vibrations &

forced vibrations.
Ans:

Free vibrations

Forced vibrations

1. Free vibrations are
produced when a
body is disturbed from
it’s equilibrium
position & released.
eg. Simple pendulum

1. Forced vibrations
are produced by an
external periodic
force.

eg. Musical
instrument having a
sounding board.

2. The frequency of
free vibrations depend
on the body & is
called natural
frequency.

2. The frequency of
forced vibrations is
equal to that of the
external periodic
force.

3. The energy of the
body remains
constant only in the
absence of friction, air
resistance etc.

3. The energy of the
body is maintained
constant by the
external periodic
force.

Q. 33 : Explain 1) free vibrations & 2) forced

vibrations.

Ans : Write points (1) to (3) from Q. No. (32).

Q. 34 : Explain Resonance.

Ans : Resonance : If a body is made to vibrate
by an external periodic force, whose frequency

] ’
] b

@ cO

(Driver Pendulum)

Op

Consider 4 pendulums are tied to a string. A
& C are of same length, B is shorter & D is
longer. Pendulum A having a solid rubber ball
as bob acts as a driver or source pendulum.

As A & C are of same length, their natural
frequencies are same. A is now set into
oscillations perpendicular to string. In the
course of time other 3 will also start oscillating.

It is observed that pendulum C oscillates
with maximum amplitude & other 2 with
smaller amplitude. Thus C has absorbed
maximum energy. Thus it is in resonance with
A.

Resonant
Frequency

A2

f. Forced Frequency (f)

If graph of squares of amplitudes of

different pendula is plotted against their
natural frequencies then peak occurs when

is equal to the natural frequency of the body, | forced frequency matches with natural
the body vibrates with maximum amplitude. | freauency ie. at resonant frequency.
This phenomenon is called resonance.
The corresponding frequency is called the
resonant frequency.
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FORMULAE

1) Restoring force :

F=-kx =-mo’x ..(0°= E)
m

2) Differential equation of linear S.H.M.

d?x 2.
F +ox=0
3) Displacement in S.H.M. :
x =A.sin (ot + P)
i) Mean position, (P =0) = x =A.sin ot
ii) Extreme position, (P = g) = x =A.cos ot

4) Velocity in S.H.M. :
v=mVAZ—x?
i) Mean position, (x =0) = Vmayx =A®
ii) Extreme position, (x =A) = Vpnin=0

5) Acceleration in S.H.M. :
a=o’x  ..(In magnitude)
i) Mean position, (x =0) = anin=0
ii) Extreme position, (x = A) = amnax = o’A

6) Period of S.H.M. :

T=21T\/E
k

7) Composition of S.H.M.
i) Resultant displacement :
x =R sin (ot + )
ii) Resultant amplitude :

R= \/A% + A% + 2A1A2. COS(q)l - q)z)
iii) Phase :

5= tan'l Aqsin®,+A4,5ind,

Ai1cosD1+ AycosD,

8) Energy in S.H.M. :
1) KE. =~ k(A*—x") =2 m o (A’—x")
2) P.E. =2k = 2o’y
2 2

3) T.E. = K.E. + P.E. = %kAZ =%mm2A2

9) Period of simple pendulum :

T=27r\/Z
g

10) Length of seconds pendulum :

=9
L=

11) Period of torsional oscillation (angular
S.H.M.)

T=2m

al~

12) Period of magnet performing angular
acceleration :

T=2m /L
uB

XXXXXXXXXXXX
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