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Oscillations

CLearning & Revision for the Day)

+ Periodic Motion + Simple Pendulum
+ Simple Harmonic Motion + Oscillations of a Spring
+ Force and Energy in SHM + Free, Damped, Forced and Resonant Vibrations

Periodic Motion

A motion which repeats itself over a regular interval of time is called a periodic motion.
A periodic motion in which a body moves back and forth repeatedly about a fixed point
(called mean position) is called oscillatory or vibratory motion.

Displacement as a Function of Time

In a periodic motion, each displacement value is repeated after a regular interval of
time, displacement can be represented as a function of time y = f(t).

Periodic Function

A function which repeats its value after a fix interval of time is called a periodic
function. yit)=yt +T)

where, T is the period of the function.

Trigonometric functions sin 6 and cos 6 are simplest periodic functions having period of
2TL

Simple Harmonic Motion

Simple Harmonic Motion (SHM) is that type of periodic motion in which the particle
moves to and fro or back and forth about a fixed point under a restoring force, whose
magnitude is directly proportional to its displacement

ie. FOx or F=-kx

where, k is a positive constant called the force constant or spring factor and x is
displacement.

2
Differential equations of SHM, for linear SHM, z—g/ + oy =0,
t

d*e

for angular SHM, e +w* 0 =0



Terms Related to SHM

The few important terms related to simple harmonic motion
are given as

e Displacement The a Displacemt?nt
displacement of a particle ;
executing SHM is, in :T/2 T -
@) : Time
general, expressed as \/
y =Asin (Wt + @. -a

where, A is the amplitude of

SHM, w is the angular frequency @Nhere W :2?1'[ :21'[\/@ and

@ is the initial phase of SHM. However, displacement may
also be expressed as x = Acos(wt + @.

e Amplitude The maximum displacement on either side of
mean position is called amplitude of SHM.

Velocity The velocity of a particle executing SHM at an
instant is defined as the time rate of change of its
displacement at that instant.

dy _
dt
At the mean position (y =0), during its motion

v = Aw =, and at the extreme positions (y =+ A),v =0.
max = Aw

Velocity ‘ ‘
N L/
772 /

OJ» \/ - Time

Acceleration The acceleration of a particle executing SHM
at an instant is defined as the time rate of change of
velocity at that instant.

2

Acceleration, th —a= —odzy

Velocity, v =A% - y?

Velocity amplitude =v

The acceleration is also a variable.

At the mean position (y =0), acceleration a =0 and at the
extreme position (y = £ A), the acceleration is a,,,, = —-Au’

= Aot

O Acceleration amplitude q,
Acceleration

max

Phase Phase is that physical quantity which tells about the
position and direction of motion of any particle at any
moment. It is denoted by @.

Phase Difference If two particles perform S.H.M and their
equations are

v, =asin(wt + @) and y, = asin(wt + @)
phase difference A@ fuw +@) fd +Q=¢ — @

Time Period The time taken by a particle to complete one
oscillation is called time period. It is denoted by T.

O Time period of SHM,

T _2mn - |yl _ - /Dlsplacem.ent
W | al Acceleration

¢ Frequency and Angular Frequency It is defined as the
number of oscillations executed by body per second. SI
unit of frequency is hertz.
Angular frequency of a body executing periodic motion is
equal to product of frequency of the body with factor 21
Angular frequency, w =2m.

Force and Energy in SHM

¢ Force For an object executing SHM, a force always acts on
it, which tries to bring it in mean position, i.e. it is always
directed towards mean position.
The equation of motion, F = ma,

g F=-mu'x [oa=-ufx]
0 0

=-kx [y = ED

O mrj

Here, negative sign shows that direction of force is always
opposite to the direction of displacement.

e Energy If a particle of mass m is executing SHM, then at a
displacement x from the mean position, the particle
possesses potential and kinetic energy.

At any displacement x,
. 1 1
Potential energy, U = Zm W*x? = 2 k x*

Kinetic energy, K = %m W (A% - x*)= %k (A% - x%)

Total energy, E =U + K :%moozA2 =21 mV A?

If there is no friction, the total mechanical energy,
E =K +U, of the system always remains constant even
though K and U change.

Simple Pendulum

A simple pendulum, in practice, consists of a heavy but small
sized metallic bob suspended by a light, inextensible and
flexible string. The motion of a simple pendulum is simple
harmonic for very small angular displacement (o) whose time
period and frequency are given by

T:ZH\F andvzi\/g
g 2m\ 1

where, I is the effective length of the string and g is
acceleration due to gravity.

e If a pendulum of length I at temperature 6°C has a time
period T, then on increasing the temperature by A8°C its
time period changes to T x AT,

AT 1

—==-a 0

where,
T 2



where, a is the temperature coefficient of expansion of the
string.

A second’s pendulum is a pendulum whose time period is
2s. At a place where g = 9.8 ms™2, the length of a second’s
pendulum is 0.9929 m (or 1 m approx).

If the bob of a pendulum (having density p) is made to

oscillate in a non-viscous fluid of density o, then it can be
shown that the new period is

T =21

If a pendulum is in a lift or in some other carriage moving
vertically with an acceleration q, then the effective value of
the acceleration due to gravity becomes (g + a) and hence

I
g*a
Here, positive sign is taken for an upward accelerated

motion and negative sign for a downward accelerated
motion.

T =21t

If a pendulum is made to oscillate in a freely falling lift or
an orbiting satellite, then the effective value of g is zero and
hence, the time period of the pendulum will be infinity and
therefore pendulum will not oscillate at all.

If the pendulum bob of mass m has a charge q and is
oscillating in an electrical field E acting vertically

downwards, then T =27

If pendulum of charge q is oscillating in an electric field E
acting horizontally, then

T =21

y
T=1s
I-T
‘\ /- T2
o] X
The graph between T* and 1/g is a straight line.
y
72
—1/g

* The graph between T2 and g is a rectangular hyperbola.
y

T

(0] X
J—

Oscillations of a Spring

If the mass is once pulled, so as to stretch the spring and is
then released, then a restoring force acts on it which
continuously tries to restore its mean position.

JUTTTTUTTTY 7] Elongation

—>
X1

f— 1 Natural position

2y

Restoring force F = -k,
where k is force constant and I is the change in length of the
spring.
Here, x, = x, =1
e The spring pendulum oscillates simple harmonically
having time period and frequency given by

T:ZT[\/EBHC].V:l 5
k 2\ m

o If the spring is not light but has a mass m, then
m +1/3 my

k

e If two masses m, and m,,
connected by a spring, are made my mz

T =21

to oscillate on a horizontal TTITTTTITTTTTTTTTTTTTTITTT777
surface, then its period will be

T =21 [d
k
1, 1,

=reduced mass of the system.
m, + m,

where, g =

Combination of Springs

e If two springs of spring constants k, and k, are
joined in series (horizontally and vertically), then
their equivalent spring constant k; is given

1 1 1

by — =1+ b
Y & k&
ok =tk
ok +k




o If the two springs of spring constants k, and k, are joined
in parallel as shown, then their equivalent spring constant
k, =k, +k,

hence, T =21 m =27 _m
kp (kl +k2)
1

ko

Free, Damped, Forced and
Resonant Vibrations

Some of the vibrations are described below

Free Vibrations

If a body, capable of oscillating is slightly displaced from its
position of equilibrium and then released, it starts
oscillating with a frequency of its own.

Such oscillations are called free vibrations.The frequency
with which a body oscillates is called the natural frequency
and is given by

_ 1 |k

vV, = —  [—
0
2T\ m

Here, a body continues to oscillate with a constant
amplitude and a fixed frequency.

Damped Vibrations
The oscillations in which the amplitude decreases gradually
with the passage of time are called damped vibrations.

Damping force, F; =-bv

where, v is the velocity of the oscillator and b is a damping
constant.

The displacement of the oscillator is given by
x(t) = AeP?™ cos(Wt + @)
where, w' =the angular frequency

.|k p?
w=|—- 3
m 4m

The mechanical energy E of the oscillator is given by
E@) = %kAze"bt/m

Forced Vibrations

The vibrations in which a body oscillates under the effect of an
external periodic force, whose frequency is different from the
natural frequency of the oscillating body, are called forced
vibrations.

In forced vibrations, the oscillating body vibrates with the
frequency of the external force and amplitude of oscillations is
generally small.

Resonant Vibrations

It is a special case of forced vibrations in which the frequency
of external force is exactly same as the natural frequency of the
oscillator.

As a result, the oscillating body begins to vibrate with a large
amplitude leading to the phenomenon of resonance to occur.
Resonant vibrations play a very important role in music and in
tuning of station/channel in a radio/TV, etc.



( DAY PRACTICE SESSION 1)

FOUNDATION QUESTIONS EXERCISE

1 An elastic ball is dropped from a certain height and
returns to the same height after elastic collision on the
floor. What is the nature of repeated motion of the ball?

(a) Simple harmonic, oscillatory and periodic

(b) Simple harmonic, oscillatory but not periodic
(c) Simple harmonic, periodic, but not oscillatory
(d) Oscillatory, periodic but not simple harmonic

2 The displacement of a particle varies with time according
to the relation y =a sinwt + bcos wt
(a) The motion is oscillatory but not SHM
(b)The motion is SHM with amplitude a + b
(c)The motion is SHM with amplitude a® + b®
(d)The motion is SHM with amplitude \/a + b?

3 The graph between restoring force and time in case of
SHM is

(a)a straight line
(c)a parabola

(b) a circle

(d) a sine curve

4 Out of the following functions representing motion of a
particle which represents SHM? = CBSE AIPMT 2011

lLy=sinwt-cos wt Il.y=sin®wt

ll. y =5cos %—Sm@ IV.y =1+t +o’t?

(a) Only (IV) does not represent SHM
(b) (1) and (l11)
(c) () and (Il)
(d) Only (1)
5 The displacement of SHM is given by
y =5 cos (10t + 0.6)
What is the initial phase of the SHM?
(a)5 rad (b) 10 rad
(c)0.6 rad (d) None of these
6 A particle executes simple harmonic oscillation with an
amplitude a. The period of oscillation is T. The minimum
time taken by the particle to travel half of the amplitude
from the equilibrium position is

12

7 Figure shows the circular motion of a particle. The radius
of the circle, the period, sense of revolution and the initial
position are indicated on the figure. The simple harmonic
motion of the x-projection of the radius vector of the
rotating particle Pis

Qg

(2)x(0) =Bsm§%‘f§ ()0 = Boosf
(c)x() = Bsin%% + g% (d) x() = Bcos@% + g@

8 The displacement of a particle is represented by the

equation y =3 cos % -2w t@. The motion of the

particle is

(a) simple harmonic with period 21/ w

(b) simple harmonic with period 11/ w

(c) periodic but not simple harmonic

(d) non-periodic

9 When two displacements represented by y4 = a sin (wt)
and y, =b cos (wt) are superimposed the motion is
= CBSE AIPMT 2015

(a) not a simple harmonic

(b) simple harmonic with amplitudeg

(c) simple harmonic with amplitude 1/a® + b®

(d) simple harmonic with amplitude @

10 The displacement of a particle along the X-axis is given
by x =asin® wt. The motion of the particle corresponds
to = CBSE AIPMT 2010

(a)simple harmonic motion of frequency @
s

(b)simple harmonic motion of frequency :237“0
i

(c)non-simple harmonic motion
(d)simple harmonic motion of frequency 23
I

11 The time period of a SHM is 16 s. It starts its motion from
the equilibrium position. After 2 s its velocity is tms™ ",
What is its displacement amplitude?
(a)v2m (b) 242 m
(c) 4v2m (d)82m



12 The maximum velocity of a simple harmonic motion

represented by y = 3sin QOOt +g§is given by

3m s
= (c) 100 (d) =
6 6
13 A particle is executing SHM along a straight line. Its
velocities at distances x; and x, from the mean position
are v4 and v,, respectively. Its time period is

= CBSE AIPMT 2015
2 2 2 _ 2
(a) 2m [ 7% (b)2m |X2 =
1% + Vo Vi — Vs,
(o) 2m |[“ v (@) 2m [V~
X2+ X X2 = X2
14 A simple pendulum performs simple harmonic motion
about x =0 with an amplitude a and time period T. The

(a) 300 (b)

speed of the pendulum at x :% will be

= CBSE AIPMT 2009
w>ff§ ORic (@3fa (@“?3

15 The amplitude of a particle executing SHM is 4 cm. At the
mean position, the speed of the particle is 16 cm/s. The
distance of the particle from the mean position at which
the speed of the particle becomes 8+/3 cm/s will be

(@) 24/3cm  (b)v/3cm (d)2.cm

16 If at any time the displacement of a simple pendulum be
0.02 m, then its acceleration is 2 ms~2. What is the
angular speed of the pendulum at that instant?

(a) 100rads™ (b) 10rads™ (c) 1rads™  (d)0.1rads™

17 The x-t graph of a particle undergoing simple harmonic
motion is shown below. The acceleration of the particle at
t=4/3sis

(c)1cm

;
HANA
o
= 4\/8 12¢(s)
1
(a) V3 ™ cm/s? (b) - cm/s?
32 32

.‘.[2

(c) = cm/s? (d) - V3 ™ cm/s®
32 32

18 A particle moves such that its acceleration, a is given by
a = —bx, where x is the displacement from equilibrium
position and b is a constant. The period of oscillation is

(@2m/b  (b)2mWb  (c)2mb (d)2/mb

19 The oscillation of a body on a smooth horizontal surface
is represented by the equation, x = A cos (wt)
where, x =displacement at time ¢

w =frequency of oscillation

Which one of the following graphs shows

correctly the variation a with t? = CBSE AIPMT 2014
! a

@ o # Tt ® o T t—
! a

() 0 % T t — (d) @) T t—

Here, a = acceleration at time t
T =Time period

20 Which one of the following equations of motion
represents simple harmonic motion? = CBSE AIPMT 2009

(a) Acceleration = — kox + kyx?
(b) Acceleration = — k(x + a)
(c) Acceleration = k(x + a)

(d) Acceleration = kx
(where, k, ko, k; and a are all positive.)

21 Two simple harmonic motions of angular frequency 100
rad s~ and 1000 rad s~ have the same displacement
amplitude. The ratio of their maximum accelerations is

(a)1:10 (b)1:10? (c)1:10° (d)1:10*

22 A system is subjected to two SHMs given by

y; =6 coswtandy, =8 coswt
The resultant amplitude of SHM is given by
(a) 2 (b) 10 (c) 14 (d)20

23 A pendulum is hung from the roof of a sufficiently high
building and is moving freely to and fro like a simple
harmonic oscillator. The acceleration of the bob of the
pendulum is 20 m/s? at a distance of 5 m from the mean
position. The time period of oscillation is = NEET 2018

(a) 2s (b) mts (d) 1s

24 A particle executes linear simple harmonic motion with
an amplitude of 3 cm. When the particle is at 2 cm from
the mean position, the magnitude of its velocity is equal
to that of its acceleration. Then, its time period in

(c) 27mts

seconds is = NEET 2017
(@) Y2 (0) Y5

P o
(c) 5 (d) 73

25 A particle executing simple harmonic motion of amplitude
5 cm has maximum speed of 31.4cms™". The frequency of
its oscillation is

(a) 3Hz (b) 2 Hz (c)4 Hz (d) 1 Hz

26 A particle is executing a simple harmonic motion. Its
maximum acceleration isa and maximum velocity is 3.
Then, its time period of vibration will be = CBSE AIPMT 2015



2
@B ()2

a? B
2
(c) B~ (d) 2mnp
a a

27 A particle executes linear simple hormonic motion with
an amplitude of 2 cm. When the particle is at 1 cm from
the mean position the magnitude of its velocity is equal to
that of its acceleration. Then, its time period in second is

1 on V3
ol3 (b) 2T/3 (C)ﬁ (d)ﬁ

28 A point performs simple harmonic oscillation of period T

(a)

and the equation of motion is given by x =a sin @nt + g@

After the elapse of what fraction of the time period, the
velocity of the point will be equal to half of its maximum

velocity ?
T T T T
(a) 8 (b) o (c) 3 (d) %

29 A particle executes SHM with a period of T second and
amplitude A metre. The shortest time it takes to reach

A . L .
point — metre from its mean position in seconds is

2

.
(@rT (b) 2 (c) 5 (d) %

30 A SHM has an amplitude A and time period T. The time
required by it to travel from x = Ato x =§ is

(a)T/6 (b) T/4 (e)T/3 (d)7/2

31 The total energy of SHM is E. What will be the kinetic
energy of the particle, when displacement is half of the

amplitude?
V3 E 3E E
(3)75 (b)E (C)T (d)g

32 A body executing SHM has amplitude of 4 cm. What is
the distance at which the body has equal value of both
KE and PE?

(@) 2v2cm  (b)1/4/2cm  (c)2cm (d)v2/6 cm
33 If the length of a pendulum is quadrupled, its time period
is
(a) quadrupled (b) halved
(c) doubled (d) unchanged

34 A tunnel is bored along the diameter of the earth and a
stone is dropped into it. What happens to the stone?
(a) It oscillates between the two ends of the tunnel
(b) It comes to rest at the centre of the earth
(c) It will go out of the other end of the tunnel
(d) It will come to a permanent stop at the other end of the
tunnel

35 Two simple pendulums first of bob mass M; and length
L4, second of bob mass M, and length L, . M; =M, and
Ly =2L,. If the vibrational energies of both are same.
Then, which is correct? = AIIMS 2010

a)Amplitude of B greater than A
b)Amplitude of B smaller than A
c)Amplitude will be same
d) None of the above

—~ o~ o~ —~

36 The potential energy of a simple harmonic oscillator
when the particle is half way to its end point is
= CBSE AIPMT 2003

1

(o)L E ©)ZE (@€

w|n

(where, E is the total energy)

37 A body of mass mis attached to the lower end of a
spring whose upper end is fixed. The spring has
negligible mass. When the mass m is slightly pulled
down and released, it oscillates with a time period of 3 s.
When the mass mis increased by 1 kg, the time period
of oscillations becomes 5 s. The value of min kg is

- NEET 2016
3 4 16 9
@5 (b) 3 (c) 5 (d) 6

38 A mass of 0.5 kg moving with a speed of 1.5ms ™' on a
horizontal smooth surface, collides with a nearly
weightless spring of force constant k =50 Nm™. The
maximum compression of the spring would be

(OH—
(a) 0.15m (b)0.12m (c)1.56m (d)0.5m

39 A block of mass mis suspended by different springs of
force constant shown in figure.

K
k
(0) (i
2k
2k 2k
2k
) )

(i

Let time period of oscillation in these four positions be
T,, T,, T3 and T,. Then, which of the following statement is
correct?

@7 =T,=T, b)T,=T,andT; =T,

)T, =T, =T, (d)T,=T; andT, =T,

—



40 A girl is sitting on the roof of a flat toy car of mass 6 kg. If
no slipping takes place between car and the girl, then
what should be the mass of the child in order to have
period of system equal to 0.758 s7?

k = 600 N/m

OO

(a) 9 kg (b)2.74kg  (c)6kg (d) 7.28 kg
41 Two springs of force constants ky and k, are connected

in series. The spring constant of the combination is

@k+k TR (gfith (g Ko
2 Kk ki + kg

42 As shown in figure, a simple harmonic
motion oscillator having identical four
springs has time period.

(a)T:ZH\/% (b)

T=om T
2k

m 2m
c)T =2m |— d)T=2m |—
@7 =2n 7 @reon
43 When a string is divided into three segments of lengths
L, I, and I3, the fundamental frequencies of these three
segments are v4, v, andv, respectively. The original
fundamental frequency (v) of the string is

= CBSE AIPMT 2012

(b)v=vi+ v, +vg
1

’
)7 - 4+ +___
44 One-fourth length of a spring of force constant k is cut

away. The force constant of the remaining spring will be

(a)%k (b)%k () k (d) 4k

=+ — + (

45 The period of oscillation of a mass M suspended from a
spring of negligible mass is T. If along with it another
mass M is also suspended, the period of oscillation will

now be = CBSE AIPMT 2010
@T (b) % (c)oT (d) 2T

46 A spring is vibrating with frequency n under some mass.
If it is cut into two equal parts and same mass is
suspended, then the new frequency is

(a)n/2 (b)n (c)n/2 (d)ynW2
47 The amplitude of a damped oscillator becomes half in

1 min. The amplitude after 3 min will be % times the

original, where X is
(@) 2x3 (b) 2° (c) 32 (d) 3 x 22
48 The damping force on an oscillator is directly
proportional to the velocity. The units of the constant of
proportionality are = CBSE AIPMT 2012
(a) kg ms™ (b) kg ms™
(c)kgs™ (d) kg's

(DAY PRACTICE SESSION 2)

PROGRESSIVE QUESTIONS EXERCISE

1 A mass of 2.0 kg is put on a flat pan attached to a
vertical spring fixed on the ground as shown in the
figure. The mass of the spring and the pan is negligible.
When pressed slightly and released the mass executes a
simple harmonic motion. The spring constant is
200 Nm™'. What should be the minimum amplitude of the
motion, so that the mass gets detached from the pan?
(take, g =10ms™ ?)

(a) 8.0cm

(b) 10.0 cm

(c) Any value less than 12.0 cm
(d)4.0cm

2 The equations of two linear SHM'’s are
X =a sinwt, along X-axis

y =a sin2wt, along Y-axis

If they act on a particle simultaneously, the trajectory of
the particle is

2 2 2
4

(a)fi;2 + 74)(32 =1 (b) y? = 78); @ - x%

(c)y? = 2ax (d) None of these

3 Atunnel is made along a chord inside the earth and a
ball is released in it. What will be the time period of
oscillation of the ball?

(a)2n\/E (b)ZT[\/E (c)2T[\/E (d) T[\/E
29 g g g9

4 A cylindrical piston of mass M slides smoothly inside a
long cylinder closed at one end, enclosing a certain
mass of gas. The cylinder is kept with its axis horizontal.
If the piston is disturbed from its equilibrium position, it
oscillates simple harmonically. Its period is



_ Mh
(a)T_ZT[\/g

(c)T=2m M
pAh

(b)T =2T[\/@
ph

(d) None of these

5 From the ceiling of a train, a pendulum of length 7 is
suspended. The train is moving with an acceleration a,
on horizontal surface. The period of oscillation of the
pendulum is

(a)T=2n\ﬁ
g

e)T=m

[

)T =21

[
,Iag + 92 g

6 A wire of length /, area of cross-section A and
Young's modulus of elasticity Y'is suspended
from the roof of a building. A block of mass mis
attached at lower end of the wire. If the block is
displaced from its mean position and released,
then the block starts oscillating. Time period of
these oscillations will be

(a) 210 f% (b) 21t é%
m m.
() 2m /M (d)2m |
YA YAl

7 On a smooth inclined plane a body of mass M is
attached between two springs. The other ends of the
springs are fixed to firm supports. If each spring has a
force constant k, the period of oscillation of the body is
(assuming the spring as massless)

k

a)2m /M b)2m eM
2k Tk
M sin® 2M sme
2k

8 A rectangular block of mass m and area of cross-section
Afloats in a liquid of density p. If it is given a small
vertical displacement from equilibrium it undergoes
oscillation with a time period T. Then,

@T0¢ OTO-— (©T0) (@70
p

|
JA m

9 The mass M shown in the figure oscillates in simple
harmonic motion with amplitude A. The amplitude of the

point Pis
ks ks
M
P
(@) A (b) KA
Ky K,
(c) 1A (d) A
ki + ks ki + kg

10 What will be the force constant of the spring system as
shown in the figure?

@5+ oyt 10
2 ki koD
-1
1 1 D2 10
(©) -+ — 1
2k kg % kO

11 In the given figure, the spring has a force constant k. The
pulley is light and smooth the spring and string are light.
The suspended block has a mass m. If the block is
slightly displaced from its equilibrium position and then
released. The period of its vertical oscillation is

m m
(a)2n\E (b)4n\g
k

(c)znﬁ @ 4m K
m m

12 The particle executing SHM has a kinetic energy
K, cos? wt. The maximum values of the potential energy
and the total energy respectively are

(@)0and 2K, (b) % and K,

(c)Ky and 2K, (d) Ky and K,



13 Aload of mass m falls from a height h on
to the scale pan hung from a spring as
shown in figure. If the spring constant is k
and mass of the scale pan is zero and
the mass m does not bounce relative to
the pan, then the amplitude of vibration is

()9

Tk
(by M9 /1+27hk
k m

15 The potential energy of a long spring when stretched by
2 cm s U. If the spring is stretched by 8 cm, the potential
energy stored in itis

(@) 4U (b)8 U Y

(d) "

16 A simple harmonic oscillator consists of a particle of mass
mand an ideal spring with spring constant k. The particle
oscillates with a time period T. The spring is cut into two
equal parts. If one part oscillates with the same particle,

(c)16U

9 the time period will be =+ AlIMS 2012
(C)mg + Mg 1+ 2hk 3 T T
\ a) 2T b) V2T c) al
k k mg (a) (b) ( )«E ( )2

(d) None of these
17 A particle moves with simple hormonic motion in a

straight line. In first T s, after starting from rest it travels a
distance a and in next 1 s it travel 2a, in same direction,
then

14 The angular frequency and amplitude of a simple
pendulum are wand A, respectively. At the
displacement y from the mean position, the kinetic

energy is K and potential energy is U. What is the ratio of ) o
(a) Amplitude of motion is ta

?
K" (b) Time period of oscillation is 8t
(a)MAZY sin® wt (b) MA?w’ cos? wt (c) Amplitude of motion is 4a
(©)(A2 = y2)/y? (d) y21(A2 - y?) (d) Time period of oscillation is 6t

ANSWERS

1(d 2 (d) 3 (d) 4 (b) 5 (c) 6 (c) 7 @) 8 (b) 9( 10 ()
1Md 12@ 13k 14 15 16(®b) 17 18() 19 20 (b
21(b)  22() 23(b) 24() 25() 26(d) 27() 28(d 29() = 30 (a)
31 ()0  32(  33() 34( 35() 36( 37() 38( 39() 40 (b
41(d)  42() | 43()  44(b)  45(d)  46() 47 () | 48 (0

1 (b) 2 (b) 3 (b) 4 (a) 5 (b) 6 (c) 7 (a) 8 (b) 9(d 10 (b)
1Mk  12d) 130  14@© 150 @ 16 17 (d)

Hints and Explanations

3 F=Ma=Mdcx =M Asin . Hence,

SESSION 1

6 Let displacement equation of particle

1

Here, the ball moves under constant
acceleration and hence displacement is
not proportional to acceleration. So, the
motion cannot be simple harmonic.

y = asin wt + bcos wt (1)
Leta= AcosBandb = Asin®
Then,

o + b* = A% (cos? 0 + sin® 6) = A®

or A=d +b?

From Eq. (i),
v = AcosOsin wt + Asin 6cos wt
= Asin(wt + 6)
It is an equation of SHM with amplitude
A =d +b°.

4

graph between F andt is a sine curve.
For a simple harmonic motion,
d*y
a0 Ty
dt
Hence, equations y = sin wt — cos wt

and y = 5cos é‘% -3 wt@are

satisfying this condition and equation
y =1+ + o3t? is not periodic and

y =sin® at is periodic but not simple
hormonic motion.

In the equation of SHM,

v = Acos (wt + @) the initial phase is
the phase att = 0. Since, the phase is
wt + @ therefore att = 0, we have

@ =0.6rad.

executing SHM is y = a sin wt
As particle travels half of the amplitude
from the equilibrium position, so

y ==
2
a .
Therefore, — = @gsin wt
2
. _1_ _ T
or sinwt=-=sin —orwt = —
2 6 6
ort—lort— n I]s(.ozz—TTD
6w 6 ﬂ@ Ea T H
T
or t:Z
12

Hence, the particle travels half of the

amplitude from the equilibrium in 112 s.



7

10

Given, T =30s,0Q = B. The projection
of the radius vector on the diameter of
the circle when a particle is moving
with uniform angular velocity () on a
circle of reference is SHM. Let the
particle go from P to Q in time t.

Then, OPOQ= wi= 0 OQR. The
projection of radius OQ on X-axis will be
OR = x(t) say.

In AOQR, sinwt = @
oQ

or x(t)=Bsinwt = BsinzT—T[t
= Bsmz—nt
30
. s .
Given, y = 3cos @Z - Zwtg (1)
Velocity, v = dy _ 3 x Zwsingﬂ —Zoot@
dt 4

Acceleration,

=4V _ 4 x3cos§3 _2‘*”@
dt 4

As, A [0 y and negative sign shows that
it is directed towards equilibrium (or
mean position), hence particle will
execute SHM. Comparing Eq. (i) with
equation y = rcos (@ - wt), we have

W' =2w
2T
or =20
T
or T':E
w

v, = asin (wt)
, =bsin (wt + 1/2)

y
V=Y, * ¥V, =4d +b® sin (wt +6)
SHM with amplitude i/ a* + b*.

For a particle executing SHM,
acceleration,

a - w ? displacement (x) ()
...(i)
Differentiating the above equation w.r.t.
t, we get

dx

— = 2aw(sin wt) (cos W)
dt

Given, X = asin® wt

11

12

13

14

15

Again differentiating, we get

dx
dr?

=2auf[cos® at —sin® of]

= 2a0’ cos 2wt

The given equation does not satisfy the
condition for SHM [Eq. (i)]. Therefore,

motion is not simple harmonic.

Here, y = A sin wt and
v = Awcos wf

Since, w= 21 [T =16s]
16
Therefore,
v=A Bl cos LU
16
m=AX ani [v v = tm/s]
16 2

Hence, A-T[xz—x 2=8V2m

Maximum velocity,

Vi = QW=3 X100 =300

D& 3,6 100
Vf = o (d® - xf] ()
V% = (d - Xg] ...(ii)

On subtracting Eq. (ii) from Eq. (i), we
get

vi-v?
Vv =eftd - = 0
% - x
2
T:ZJ:ZT[ Xg—Xf
w Vf—vé

As we know, the velocity of body
executing SHM is given by

V:Z—f=awcos of = a1 - sin® t
=wd - X

Here, x=2
2
0 V—(uu),aZ 5—0)1302
_2ma3 _ma
T 2 T

At the mean position, velocity is
maximum

Vmax = a('o
(*):Vm%aX :E =4 [-.-VmaX:’lB]
a 4
O v=wd -y?
8v3 = 4y/(4f - (v} [ v = 83]

192 = 16(16 — y*)
12=16 -y
y =2cm

16

17

18

19

-y 0 d =w'y?

Hence, w = a - 2 =4/100
v 0.02

a=

[y =002 a=2]
=10rad s’
From given graph,
amplitude (a) =1 cm
Time period (T)=8s
0 w=2"="Ty,
8 4
Acceleration, A = - «fasin of
at ¢ = 4 s,
3
- T4
A= x 1 X sin §> X =
16 4 3

0 Az%sin%‘-@

O A= -3 ™ cm/s”
32

-Wx (1)
O a= -bx

| ofbwf =+b

O T—Zl

Vb
As, x = A cos wt
O V—d—X——Amsm(.of ...(1)
dt

2
and azd—X=—Aw2coswt

0 (i)

We can find the correct graph by putting
different values of t in Eq. (ii).
Att =0, a=-Aw

Att=z, ¢1=—A(,ozcos?><Z
T 2

Att:gy
4
a——Adcosgﬂxgg 0
T 4
Att=T

This condition is represented by graph
in option (c).

20 As we know that, the condition for a

body executing SHM is F = —kx
So,



21

22

23

24

or (1:—(.02X

Acceleration [+ (displacement)

Al y
A=-y
A:—ﬁy
m
A=-ky
Here, v=x+a
0 Acceleration = — k(x + a)

Maximum acceleration of body executing
SHM is given bya ., = w’a

max

So, for two different cases,

o 2
—mPa = &2 (- ais same)
Gmaxz (2
- (00f _ 1
(1000 10*

The phase difference between the
SHM’s is @ = 0. Therefore, resultant
amplitude is given by

A= A2+ A2 +24,A, cos

=JAZ+ A2 +24,4,
A, +A,=6+8=14

The acceleration of particle/body
executing SHM at any instant (at
position x) is given as

a=-wx
where, wis the angular frequency of the
body.
0 la|='x ()
Here, x=5m, |al|= 20ms
Substituting the given values in Eq. (i),
weget 20= of x5

O (.022@24 or w=2rads™
5

As, we know that

2n

w

0 Substituting the value of win
Eq. (ii), we get

Time period, T =

T ==—=Tms
2

Given, when x =2 cm

[v]=la]
0 w7 =
A% - ¥ —3
O w= = 9
X 2
O Angular velocity w =§

O Time period of motion
_2T_ 4T

w 5

25

26

27

28

29

Maximum speed of a particle executing
SHM is

=aw=a(2n\JDv:umi
2 Ta

Upmax

1

Here,u,,, =31.4 cms™ ,a =5 cm

Substituting the given values, we have
31.4

=~ =1Hz
2%x3.14x5

For a particle executing SHM, we have
maximum acceleration,

a = Aw* ()
where, A is maximum amplitude and w
is angular velocity of a particle.
Maximum velocity, B = Aw
Dividing Eq. (i) by Eq. (ii), we get

(i)

a _ Aw? a _ . _2m
=0 Z = w===
B Aw B T
ie. T = @
a
Thus, its time period of vibration,
T = LT[B
a
Velocity v = o A* - x*
and Acceleration = o’ x
Now given, wx = A% - %
o 0 = w@2f -0
w=+3
. . 2T _ 2Tt
Time period, T = =— = “=
w3

According to the question, equation of
motion of SHM is

X=asin§ot+E
6

velocity of body is given by

_dx _ Q‘I T[Q
v == = awcos + =
dt 6

aw Tt
— = awcos Qa‘ + —
2 6

1:005@»t+£§
2 6
wt+£:l-[ D--COSE:ED
6 3 B3 28
0 w=2"
6
zlt:ED t:l
T 6 12
Let y = Asin wt
i.e. i:Asin(,ol‘
V2
| smoot=i=s1nE
2 4
ie. (a)t=E
4

But
Therefore,

30

Here, y = Acoswt.

When y = A/2, we find

_1_ T
cos Wt == =cos —.
2 3

Hence, wt = n
3

_ T T _T
or tl=—=————=—
3w 3x2nT 6

31

32 Here, KE = PE

1mooz (A —y2]=1m(.3 v
2 2

y=4

J2

33 We know that, T =21t \ﬁ
8

T=2T[\/ZEIT'=ZT[\/§
g 8

T =2 0 T'=2T
T

Oy=2+2cm

O

When / is made four times, the time
period is doubled.

34

The acceleration due to gravity at a

depthd is
. :gé_gng R-dOp.
d rRH "HRr B
R —d =y is the distance of the point
from the centre of the earth. Then,
84 = % v. So, the acceleration of the
body in the tunnel is proportional to y.
And the motion is SHM with time
period
2
T =21 ?D
B0

Hence, it oscillates between the two
ends of the tunnel.

35 Frequency, n =1 Sorn I:IL
2m VL L
O n71: Li: Liz i:i
n, L, 2L, n, 2
n, —\/Elll
O n, >n,

Energy, E = % motd =21 mn*d*



36

37

38

and a0 5 [ E is same]
mn
2 2
O ail = 71712112
2 2
QG mn

Given,n, >n, and m; =m, O q, > q,
So, amplitude of B smaller than A.

Potential energy of a simple harmonic
oscillator

U =1mw2xZ
2

Kinetic energy of a simple harmonic
oscillator

K=§mu)2(a2—xz)

Here, x = Displacement from mean
position

a = Maximum displacement
(or amplitude) from mean position
Total energy isE =U + K

%mwzxz +%mmaz — )= %mwzaz
When the particle is half way to its end
point i.e. at half of its amplitude, then

X=_
2

Hence, potential energy

o= =4 o o

nu=Et
4

As we know that

Time period, T =27 \/%
m .
Casel T, =2rl\/% ...(1)

Case II When the mass m is increased

by 1 kg, then, T, =21 m+1 ...(ii)

From Egs. (ii) and (i), we get
T, _ m+1
T, m
+ +
3 m 9 m
D B, 1 o1 16
9 m m 9
0 m=£kg
16

By the law of conservation of energy,
Kinetic energy of mass = Energy stored

in spring
1 5, 1

ie. —mv?=>kx*
2 2

2 Omy2 0
0 2=" gx-= %"L%
k k
0 x= 0.5% 1.5 % 1.5 =015 m
50

39

40

41

42

43

44

Effective force constant in case (iii) and
(iv) is K =2k + 2k =4k

Therefore,

and T, =T, =21 ;n—k= T[\/i

Time period of the system is

T
T=2m MM
k

T, =T, =27

SE

S

-~

Given, m; = 6kg,
m, = m = mass of girl
k =600N/m, T =0758s

S
0T =2m /%" ™ =758
600

On squaring both sides, we get
6+ m _ (0758f
600 41’
For series combination of springs,
klkz
Tkt k

0O m=274kg

Spring P and Q, R and S are in parallel.
Then, x=k + k =2k [for P, Q]
and yv=k+k=2k [for R, S]
x and y both in series

Dil+ll

k' x

Time period, T -2T[\/7—2T[\/7

The fundamental frequency of string

2l N\m 1
| VL o,L w0 =k ()
FromEq. (), = 5,1, =X, = X,
vl VZ VS
Original length 1—5
v
Here, =0+ +1
kok,k,k
Vov,ov, v,
l:i+i+i.
VvV, v
. 1
By using k I]7

Since, one-fourth length is cut away, so

remaining length is % th, hence, k

becomes 4 times i.e. k' = 4 k.
3 3

45

46 T

47

48

1

Time period of spring pendulum

T:zrr\/g
k

When mass is doubled,

T' =21 %
V k
O 1:\/5
T
O T' = 2T

Hence, option (d) is true.

—ZT[\/iESmce T——

Therefore, n Ok
Also, for a spring k O 1
X

Thus, k—z =% -9
k  x

Therefore, new frequency

n2:n1X ki:nﬁ
kl

Amplitude of damped oscillator
A=A 0e_’\t; A = constant,t = time
Fort =1 min,
ﬂ:Aoe_“l:l ed =2

2
For t = 3 min,

A=Aje”

=@y

Given, Damping force O velocity
FOv

0o X

0 F=kv Ok=F
A%

unit of F' _ kg - ms 2
ms

Unit of k =

unit of v

-1

=kgs

SESSION 2

Let the minimum amplitude of SHM is
a. Restoring force on spring

F = ka
O ka=mgora= me
Here, m =2 kg, k =200 Nm™?,

g =10ms™>

0 _2x10 _ 10
200 100
=£ X100 cm = 10 cm
100

Hence, minimum amplitude of the
motion should be 10 cm, so that the
mass gets detached from the pan.



2 -

5

X = asin wt

. X
O sinwt = =
a

@ - X
a
and y = asin 2wt = 2a sin wfcos wf

g XNE X _2xyd - X

cos Wt =

Force on the mass m along the tunnel
will be

F:—écmiamygsine
R

O
%‘rom fig. sin® = E|:|
yo

0O

or F=—EX
R

It is a SHM with k = mg/R

Hence, T =2T[\/E=2 T E,
k g

where g is the acceleration on the
surface of the earth.
1 |BA

Frequency, f = —
4 v f 21 | MV,

B = bulk modulus of elasticity

T =21 %:2]’[ M:ZT{ M7h
| BA pA? PA

Let train is moving towards right. The
Pseudo force is acting in left direction
= maq,

Effective acceleration,

Qi = \la%) +g°

/ !
T =21 [— =2T |[—————
et b + g*

6 Force constant of a wire is

:ﬁorT:ZT[\/E:ZT[ ﬂl
/ K VYA

7 K =2k

OT =27 M
2k

Period (or K ) is independent of 8.

8 Let block is displaced through x, then
weight of displaced water or upthrust
(upwards) = — A xpg
where, A is area of cross-section of the
block and p s its density. This must be

equal to force (= ma)applied, where m is

mass of the block and a is acceleration.

a ma=-Axpg
or a=—Aﬁx=—w2X
m

This is the equation of SHM.
Time period of oscillation

T=2T_Hon | M oo L
® Apg JA

9 Extensions in springs are x, and x,, then

kix, =k,x, andx, + x, = A

0 x=KXig e KXoy
kZ kZ

O X, :1(27A
k +k,

10 In series combination

1
— =+ — 0 kg = +
kg 2k, Kk, S 7 Bk,

11 Let tension in spring at equilibrium

positions for block is T,

Klxg+2
(XO 2

Kk X

To To T T
O mg =T,
From force diagram of pulley,

2T, = kx, O 2mg = kx,

12

13

When block is displaced a small
distance x in downward direction from
equilibrium position, tension in the
string is T'.

mg - T =ma

2T=k§x0+5§=kxo+%

2
mg—%mg+§ = ma
4
kx _
-— =ma
4
O
| a——DLHX
M4m0
Ok O
0 &(—x)z—wkmx
04m0Q
_ |k
w= [—
4m
O Zj: i DT:4T[\/E_
T 4m k

In SHM, the total energy of the particle
is constant at all instants which is
totally kinetic when particle is passing
through the mean position and is totally
potential when particle is passing
through the extreme position.

Energy
Total energy
/. N/ N/ N/ t
T/4 27/4 37/4 4T/4

The variation of PE and KE with time is
shown in figure by dotted parabolic
curve and solid parabolic curve,
respectively.

Figure indicates that maximum values
of total energy, KE and PE of SHM are
equal.

Now, Ey =K, cos® wt
O [EK ] max — KO

SO! (EP]max :KO

and (E ]total = KO

From conservation principle,

mgh = %kxﬁ - mgx,

where, x,, is maximum elongation in
spring.

0 %kx%—mgxo—mgh=0

O X%) Zlnigxo—mighzo
k k

2mg [2mg

ﬁ 2mg
ki\/%TE+4xkh
2

Xg =




Amplitude = elongation in spring for
lowest extreme position — elongation in
spring for equilibrium position

=x, - x, =18 1+%

0 mg ]
X, =<2
H ™ «H
Hence, option (b) is true.
14 Let y = Asinwt

Then, K = % MA?0 cos? «t and

U =1 MA? o sin®
2

Therefore,
K _ cos? wt _1- sin® wt
U sin® wt sin® ot
_ 1- yZ/AZ
y2/A2
A2 -yt

- 2

y

15 Potential energy of stretched string is

=1,
2
where, k is spring constant or force
constant.
2
] U % ()
U, x*

2
Given, U, =U, x, =2cm, and x, = 8cm
On putting these values in Eq. (i), we get

O U,=16U
16 Mass of the particle = m
Spring constant = k

The time period of oscillator, T = 21t m

k
Ask O % [where, / is the length of spring]

k' =2k
m 1
0 T =21 |—=—_—"—T
Vok 2

17 x = Acoswt
Displacement int time = A — Acos wt
Fort =1t O A[l-coswt] =a (1)
Fort =210 A[1-cos2wt] =3a ...(ii)
Divide eq (i) by eq (ii)

1-coswt :1
1-cos2wt 3
1—cos(,ot:1
2sinwt 3
say x = coswi
i S
21-x*) 3
O 1 :1
21+ x) 3
O 3=2+2x
| X=1=COS()Jt
2
A=2q wt =21
3
O ZJT:E
T 3
O T =6t



