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Chapter - Oscillations

Topic-1: Displacement, Phase, Velocity and Acceleration in S.H.M.
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) 1 MOQs with One Correet Answer &) o W tha

1. Apoint mass is subjected to two simultancous sinusoidal 3, The function x= 4 sin® ot + Bcos® ot + Csin ot cos o
dlspiacemenzts in x-direction, x,(t) = A sin @t and x,(t) = represent SHM for which of the option(s)
Asin [mr + Tﬂ] . Adding a third sinusoidal displacement (a) forall value of 4, Band C (C #0) (2006-5M,-1)
x,(t)=Bsin (ot + ¢) brings the mass toa complete rest. The (b) 4=B,C=2B
values of B and ¢ are [2011] (c) A=-B,C=2B

4

@) \ﬁA,% (b) A,—;—[ © JSA,'%“ (d) A% (d) A=B,C=0

2. Thex-t graph ofa particle undergoing simple harmonic 4. Three simple harmonic motions in the same direction

C%J

motion is shown below. The acceleration of the particle at
t=4/3sis [2009]
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having the same amplitude a and same period are
superposed. If each differs in phase from the next by 45°,
then. (19998 - 3marks)

(a) theresultantamplitudeis (1+ \[2_ a
(b) thephase oftheresultant motion relative to the first is 90°
(c) the energy associated with the resulting motion is

(3+2+/2) times the energy associated with any single
motion

(d) theresulting motion is not simple harmonic.

Topic-2: Energy in Simple Harmonic Motion

1.

A particle free to movealong the x-axis has potential energy

given by U(x) = k [ 1-exp(-x?)] for —o < x < +o0, Where k

is a positive constant of appropriate dimensions. Then
[1999S - 2marks]

at points away from the origin, the particle is in unstable

equilibrium

for any finite nonzero value of x, there is a force directed

away from the origin

if its total mechanical energy is &/2, it has its minimum

kinetic energy at the origin.

for small displacements from x =0, the motion is simple

harmonic

@
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A particle executes simple harmonic motion with a
frequency. f. The frequency with which its kinetic energy
oscillates is [1987 - 2marks]

@ f2 ®)f (© 2f ) 4

An object of mass 0.2 kg executes simple harmonic
oscillation along the x-axis with a frequency of (25/m) Hz.
At the position x = 0.04, the object has Kinetic energy of
0.5 J and potential energy 0.4 J. The amplitude of
oscillations s .......Im. [1994 - 2marks]
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A linear harmonic oscillator of force constant 2 x 105N/m
and amplitude 0.01 m has a total mechanical energy of
160 J. Its [1989 - 2 Mark]
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(a) maximum potential energyis 100J
(b) maximum kinetic energyis 100J

(¢) maximum potential energyis 160 J
(d) maximum potential energy is zero

Topic-3: Time Period, Frequency, Simple Pendulum and Spring Pendulum

MOQs with One Correet Ansvwer

An ideal gas enclosed in a vertical cylindrical container
supports a freely moving piston of mass M. The piston
and the cylinder have equal cross sectional arca A. When
the piston is in equilibrium, the volume of the gas is V),
and its pressure is Py The piston is slightly displaced
from the equilibrium position and released. Assuming that
the system is completely isolated from its surrounding,
the piston executes a simple harmonic motion with

frequency [2013]
@ L AyP, 1 VoMP,

2n V,M 2 A’y
© L Al pecienjilb

2n | MV, 2n \ AyR,

A small block is connected to one end of a massless spring
of un-stretched length 4.9 m. The other end of the spring
(see the figure) is fixed. The system lies on a horizontal
frictionless surface. The block is stretched by 0.2 m and
released from rest at # = 0. It then executes simple harmonic
motion with angular frequency @ =7t/3 rad/s. Simultaneously
at 1= 0, a small pebble is projected with speed v form point
P at an angle of 45” as shown in the figure. Point Pis ata
horizontal distance of 10 m from O. If the pebble hits the
block at #= 1 s, the value of v is (take g = 10 m/s?) [2012]

(a) @mf&

(b) V51m/s .
(©) V52m/s .,;a
@ V53m/s O = T

The mass M shown in the figure ‘oscillates in simple
harmonic motion with amplitude 4. The amplitude of the

point P is [2009]
M
P
KA kA kA kA
(a) k» (b) ky © ky +ko (@ ky + ko

A simple pendulum has time period 7;. The point of
suspension is now moved upward according to the relation
y=K#, (K=1m/s?) where y is the vertical displacement.

al

Thetime ,

period now becomes 7,. The ratio of -T]—z is
2
(g=10m/s?) [20058]
(a) 5/6 (b) 6/5 (c) 1 (d) 4/5
A block P of mass m is placed on a horizontal frictionless
plane. A second block of same mass m is placed on it and
is connected to a spring of spring constant k, the two
blocks are pulled by distance A. Block O oscillates without
slipping. What is the maximum value of frictional force
between the two blocks. [2004S]
(a) k42
(b) kA
(©) pymg
(d) zero
A particle of mass m is executing oscillations about the
origin on the x axis. Its potential energy is V(x) =k | x P
where k is a positive constant. Ifthe amplitude of oscillation
is a, then its time period T'is [1998S - 2marks]
(a) proportionalto 1/ Ja (b) independent of a

(c) proportionalto /g (d) proportional to a2

One end of a long metallic wire of length L is tied to the
ceiling. The other end is tied to a massless spring of spring
constant K.4 mass m hangs freely from the free end of the
spring. The area of cross-section and the Young'’s modulus
of the wire are 4 and Yrespectively. Ifthe mass is slightly
pulled down and released, it will oscillate with a time period

T equal to: [1993-2marks]
; Y4+ KL)
1/2 5o juiCEd + B0

(@) 2n(m/K) (b) ik

© 2n[(mYA/KLD)Y? (@ 2r((mL/Y4)''?
A highly rigid cubical block 4 of small mass M andsideL
is fixed rigidly on to another cubical block B of the same
dimensions and of low modulus of rigidity M such that
the lower face of A completely covers the upper face of B.
The lower face of B is rigidly held on a horizontal surface.
A small force F is applied perpendicular to one of the sides
faces of A. After the force is withdrawn, block 4 executes
small oscillations the time period of which is given by
[1992 - 2mark]
Mn
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9. A uniform cylinder of length L and mass M having cross
sectional area 4 is suspended, with its length vertical, from
a fixed point by a massless spring, such that it is
half- submerged in a liquid of density p at equilibrium
position. When the cylinder is given a small downward

push and released it starts oscillating vertically with small
amplitude. If the force constant of the spring is k, the
frequency of oscillation of the cylinder is [1990 - 2mark]
o L) 1 ()"

2n M 2n M
(s [_*_“ +ng)”2 e [’f.tA&g]m

2n M 2\ Apg

10. Two bodies M and N of equal masses are suspended from
two separate massless springs of spring constants k; and

ky respectively. Ifthe two bodies oscillate vertically such

that their maximum velocities are equal, the ratio of the
amplitude of vibration of Mto that of Nis  [1988 - Imark]

k: k
@ ;‘; ® Jk/k (© ;f" @ hk/h

11. Two point-like objects of masses 20 gm and 30 gm are
fixed at the two ends of a rigid massless rod of length
10 cm. This system is suspended vertically from a rigid
ceiling using a thin wire attached to its centre of mass, as

shown in the figure. The resulting i
torsional pendulum undergoes small
oscillations. The torsional constant of = lg

the wire is 1.2 x 10°® N m rad"’. The
angular frequency of the oscillations in

nx 1073 rads™!. The value ofn is

30 gm 20 gm

[Adv. 2023
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On a frictionless horizontal plane, a bob of mass m=0.1 kg
is attached to a spring with natural length /,= 0.1 m. The
spring constant is k, = 0.009 Nm~' when the length of the
spring [ > [,and is k,=0.016 Nm ' when [ <1, . Initially the
bob is released from /= 0.15 m. Assume that Hooke's law
remains valid throughout the motion. Ifthe time period of
the full oscillation is T= (5 ) s , then the integer closest to
BIS .. [Adv. 2022]
13. A spring-block system is resting on a frictionless floor as
shown in the figure. The spring constant is 2.0 Nm ! and
the mass of the block is 2.0 kg. Ignore the mass of the
spring. Initially the spring is in an unstretched condition.
Another block of mass 1.0 kg moving with a speed of 2.0
ms~! collides elastically with the first block. The collision
is such that the 2.0 kg block does not hit the wall. The
distance, in metres, between the two blocks when the
spring returns to its unstretched position for the first time
after the collision is : [Adv. 2018]

§) 6 MOQswith One or More than One Correct Answer
14.

15.

16.

Physics

A block with mass M is connected by a massless spring
with stiffhess constant k to a rigid wall and moves without
friction on a horizontal surface. The block oscillates with
small amplitude A about an equilibrium position x.
Consider two cases: (i) when the block is at x ; and (i)
when the block is at x = x, + A. In both the cases, a particle
with mass m(<M) is softly placed on the block after which
they stick to each other. Which of the following
statement(s) is (are) true about the motion after the mass
m is placed on the mass M? [Adv. 2016]

(a) The amplitude of oscillation in the first case changes

M
by a factor of ., whereas in the second case
m+M

it remains unchanged.
(b) The final time period of oscillation in both the cases
is same.
(c) The total energy decreases in both the cases.
(d) The instantaneous speed at x, of the combined
masses decreases in both the cases
A particle of mass m is attached to one end of a mass-less
spring of force constant k, lying on a frictionless horizontal
plane. The other end of the spring is fixed. The particle
starts moving horizontally from its equilibrium position at
time t = 0 with an initial velocity u,. When the speed of the
particle is 0.5 uy, it collides elastically with a rigid wall.
After this collision [Adv. 2013]
(a) The speed of the particle when it returns to its
equilibrium position is i,
(b) The time at which the particle passes through the

equilibrium position for the first time is t = n\j%

(c) The time at which the maximum compression of the

spring occurs is t = 4= JE
3 Vk

(d) The time at which the particle passes through the
equilibrium position for the second time is

_st [m

3 ¥k
List I describes four systems, each with two particles 4
and B in relative motion as shown in figures. List II gives
possible magnitudes of their relative velocities (inms™)

: n

attime ¢ = ES ¢ [Adv. 2022]
List-1 List-1I

(I) Aand B aremoving ona (P) JE; :

horizontal circle of radius 1 m
with uniform angular speed
®=1rads™'. Theinitial



angular positions of A and B
attimef=0areB=0and 0= %,
respectively.

A
B

(=

)

(I) Projectiles A and B are Q) 7

fired (in the same vertical
plane) atf=0andr=0.1s
respectively, with the same

S
speed Vv Iﬁm § and at

45° from the horizontal
plane. The initial separation
between A and B is large
enough so that they do not
collide. (g=10m 7).

t=01s
45°A

| B

t=0 A
4 45°
A

(TIT) Two harmonic oscillators
A and B moving in thex
direction according to

i

ty

fr :rc\l

. g + — -
sin k o 2J respectively,

®) 10

X, =X, sin and x, =X,

starting ¢ = 0. Takex, =1
mty=1s,

Xg =% sin(L+E‘1
B e Lr{, ZJ
%

b
X, = X;8in—
A 4= % o

(IV) Particle 4 is rotating
in a horizontal circular
path of radius 1 m on
the xy plane, with constant
angular speed © = | rads ™.
Particle B ismoving up ata
constant speed 3 m 57! in
the vertical direction as shown
in the figure. (Ignore gravity.)
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Which one of the following options is correct?
@ @O - R); (D) - (T); (1) — (P); (IV) > (S)
(®) (M —(S); ) — (P); () - (Q); (IV) = (R)
(e) (D) —(S); (1) — (T); (D) > (P); (IV) = (R)
(@ (@) —(T); () - (P); (III) > (R); (IV) = (S)

B s Comprehension Pussie Based Quistions T

Passage
Two particles, 1 and 2, each of mass m, are connected by a
massless spring, and are on a horizontal frictionless plane, as
shown in the figure. Initially, the two particles, with their center
of mass at x;,, are oscillating with amplitude @ and angular
frequency w. Thus, their positions at time ¢ are given by x, () =
(xg * d) + a sin ot and x,(t) = (x5 — d) —
a sin o, respectively, where d>2 . Particle 3 of mass m moves

g : - (0}
towards this system with speed u, = -az—, and undergoes

instantaneous elastic collision with particle 2, at time #,. Finally,
particles 1 and 2 acquire a center of mass speed v, and oscillate
with amplitude b and the same angular frequency o [Ady. 2024]

X0
3 2 1
® O w@®
O e

vV
17. Ifthe collision occurs at time t, = 0, the value of % will
be

T
18. Ifthe collision occurs at time ‘o = @ , then the value of

2
—— will be
&

19. A small bodyattached to one end
of a vertically hanging spring is
performing SHM about its mean
position with angular frequency
@ and amplitude a. If at a height
»y* from the mean position, the
body gets detached from the
spring, calculate the value of y*
so that the height H attained by
the mass is maximum. The body
does not interact with the spring during its subsequent
motion after detachment. (aw® > g) [2005 - 4 Marks]
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20.

21.

22,

o

=
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A thin rod of length L and area of
cross-section § is pivoted at its
lowest point P inside a
stationary, homogeneous and
non-viscous liquid . The rod is
free to rotate in a vertical plane
about a horizontal axis passing
through P. The density d, of
the material of the rod is smaller fz:

than the density d, of the liquid.

The rod is displaced by a small angle O fromits equilibrium

position and then released. Show that the motion of the .

rod is simple harmonic and determine its angular frequency
in terms of the given parameters. [1996 - 5 Marks]
Twoidentical balls 4 and B each ofmass 0.1 kg, are attached
to two identical massless springs. The spring-mass system
s constrained to move inside a rigid smooth pipe bent in
the form of a circle as shown in Fig. The pipe is fixed ina
horizontal plane. The centres of -
the balls can move in a circle of
radius 0.06 T meter. Each spring
has a natural length zof 0.067
meter and spring constant 0.1
N/m. Initially, both the balls are
displaced by an

angle =7/6 radian with respect to the diameter PO of
the circle (as shown in Fig.) and released from rest.

[1993 - 6 marks]

(i) Calculatethe frequency of oscillation of ball B.

(i) Find the speed ofball 4 when 4 and B are at the two

ends of the diameter PQ.

(i) What is the total energy of the system

Two non-viscous, incompressible
and immiscible liquids of densities
pand 1.5p are poured into the two
limbs of a circular tube of radius R
and small cross section kept fixed
in a vertical plane as shown in fig.
Each liquid occupies one fourth the
circumference of the tube.

[1991-4+4 marks]

23.

24.

25.

Topic-4: Damped, Forced Oscillations and

Physics

(a) Findthean gle @ that the radius to the interface makes
with the vertical in equilibrium position.

(b) If the whole is given a small displacement from its
equilibrium position, show that the resulting
oscillations are simple harmonic. Find the time period
of these oscillations.

Two light springs of force constants k, and k, and a

block of mass m are in one lineABona smooth horizontal

table such that one end of each spring is fixed on rigid
supports and the other end is free as shown in the figure.

The distance CD between the free ends of the springs is

60 cms. Ifthe block moves along AB with a velocity 120

cm/sec in between the springs, calculate the period of

oscillation of the block (k, = 1.8 N/m, J‘(2 =32 N/m,m=

200 gm) [1985 - 6 Marks]

kL —60 cm—| kz
v

ACmDB

Two masses m, and m, are suspended together by a
massless spring of spring constant k. When the masses
are in equilibrium, m, is removed without disturbing the
system. Find the angular frequency and amplitude of
oscillation of m,. (1981 - 3 marks]

m 1
m,
A mass M attached to a spring, oscillates with a period of
2sec. If the mass is increased by 2 kg the period increases
by one sec. Find the initial mass M assuming that Hook’s
Law is obeyed. [1979]

Resonance

|

The amplitudeofa damped oscillator decreases to 0.9 times
its original magnitude in 5s. In another 10s it will decrease
to o times its original magnitude, where a.equals [2013]
(a) 07 (b) 0381 ) 0729 (d) 06

A simple pendulum is oscillating without damping. When
the displacement of the bob is less than maximum, its

acceleration vector g is correctly shownin: [20028]

(a)

(d)




3.  Aparticle executes simple harmonic motion between x = —
A and x=+A. The time taken for it togo from 0 to 4/2is T

and to go from 4/2 to A is T,. Then [20015]
(@ T,<T, ®) 7,>T,
© T,=T,

d) T,=2T,

4. A 0.1 kg mass is suspended from a wire of negligible
mass. The length of the wire is 1m and its crosssectional
areais 4.9 x 10~ m2. If the mass is pulled a little in the
vertically downward direction and released, it performs
simple harmonic motion of angular frequency 140 rad s
If the Young’s modulus of the material of the wire is n %
10° Nm2, the value of n is [2010]

5.  Twoindependent harmonic oscillators of equal mass are
oscillating about the origin with angular frequencies ®,
and ©, and have total energies E, and E,, respectively.
The variations of their momenta p with positions x are

a a
shown in the figures. If e n* and 7 =M then the

correct equation(s) is(are) [Ady. 2015]

P

Energy = £, /’ e
—— \L’
a

o)
@) E,0,=Eyo, S =n?
. E_E
(c) mymy=n (d) 7y _'502

6. A metal rod of length ‘L’ and mass ‘m’ is pivoted at one
end. A thin disc of mass ‘M’ and radius ‘R’ (<L) is attached
at its center to the free end of the rod. Consider two ways
the disc is attached: (case A). The disc is not free to rotate
about its centre and (case B) the disc is free to rotate
about its centre.

The rod disc system performs SHM in vertical plane after
being released from the same displaced position. Which
of the following statement(s) is (are) true? [2011]

(a) Restoring torque in case A = Restoring torque in
case B

(b) restoring torque in case A < Restoring torque in
case B

A95

(¢) Angular frequency for case A> angular frequency for
case B.
(d) Angular frequency for case A < Angular frequency

Column| Column IT
(A) Potential energy of  (p) X
a simple pendulum
(v axis) as a function
of displacement (x axis)
e Y

(B) Displacement (yaxis) (q) }
as a function of time
(x axis) for a one
dimensional motion
at zero or constant
acceleration when the
body is moving along 0
the positive x-direction.

(C) Range ofa projectile (r)
(v axis) as a function
of its velocity (x axis)
when projected at a
fixed angle.

o

N

(D) The square ofthe  (s)

i B

time period (y axis)

of a simple pendulum

as a function of its

length (x axis)

0 X

Column I Column 11 [2007]
(A) The object moves (p) The object executes a

on the x -axis under a simple harmonic motion,

conservative force in
such a way that its
"speed " and position"

satisfy v=c ¢, —x*

where ¢, and c, are
positive constants.

(B) The object moves on (q) The object does not
the x- axis in such a change its direction.
way that its velocity
and its displacement
from the origin satisfy

=—kx,where kis a
positive constant.
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(C) The object is attached (1)
to one end of a mass-
less spring of a given
spring constant. The
other end of the spring
is attached to the ceiling
of an elevator. Initially
everything is at rest.

The elevator starts going
upwards with a constant
acceleration a. Themotion
of the object is observed
from the elevator during
the period it maintains
this acceleration.

(D) The object is projected (s) The object can change its
from the earth's surface direction only once.
vertically upwards with
aspeed 2,/GM, /R,
where, M, 18 the mass
of the earth and R, is
the radius of the earth,

Neglect forces from
objects other than the
earth.

S
Passage- 1

Phase space diagrams are useful tools
in analyzing all kinds of dynamical
problems. They are especially useful
in studying the changes in motion as
initial position and momenum are
changed. Here we consider some simple
dynamical systems in one dimension.
For such systems, phase space is a plane in which position is
plotted along horizontal axis and momentum is plotted along
vertical axis. The phase space diagram is x(f) vs. p(t) curve in this
plane. The arrow on the curve indicates the time flow. For example,
the phase space diagram for a particle moving with constant
velocity is a straight line as shown in the figure. We use the sign
convention in which positon or momentum upwards (or to right)
is positive and downwards (or to left) i negative. [2011]
9, The phase space diagram for a ball thrown vertically up

The kinetic energy of the
object keeps on decreasing

Momentum —»

Position —*

from ground is
Momentum Momentum
(a) \ Position (b) Pasition
Momentum

10. The phase space diagram for simple harmonic motionisa
circle centered at the origin. In the figure, the two circles
represent the same oscillator but for different initial
conditions, and E, and E, are the total mechanical energies
respectively. Then Momentum

(a) El = «EEQ
(b) E,=2E,
(c) E,=4E,
() E,=16E,

11. Consider the spring-mass system, with the mass submerged
in water, as shown in the figure. The phase space diagram
for one cycle of this system is

Momentum

(@ .__é

Momantum

o) ——Gj—u

M n?wntum

© ‘Q;‘mm(d} '—Gb—am.m

Passage - 2
When a particle of mass m moves on the x-axis in a potential of
the form V(x) = kx? it performs simple harmonic motion. The

- . . . - m
corresponding time period is proportional to J% ,as can be

seen easily using dimensional analysis. However, the motion of
a particle can be periodic even when its potential energy increases
on both sides of x = 0 in a way different from /c? and its total
energy is such that the particle does not escape to infinity.
Consider a particle of mass m moving on the x-axis. Its potential
energy is V(x)= ox* (o> 0) for x| near the origin and becomes a
constant equal to ¥ for x| > X, (see figure). [2010]

Mx)
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12.

13.

Ifthe total energy of the particle is E, it will perform periodic  14. Theacceleration of this particle for [x| > X, is

motion only if v
(a) E<0 (b)y E>0 (a) proportionalto V;  (b) proportional to - -
(©) Vy>E>0 @ E>V, :
For periodic motion of small amplitude A, thetime period T ’ Yo

of this particle is proportional to (c) proportional to n—IX"B‘ (d) zero

m l |m —y
(@) A\f; (b) E\E @E 10 |
15.

A point mass m is suspended at the end ofa massless wire

(c) A\/E (d) l\]g of length / and cross section 4. If Y is the Young’s modulus
m ANm for the wire, obtain the frequency of oscillation for the

simple harmonic motion along the vertical line.  [1978]

? Answer Key

Topic-1 : Displacement, Phase, Velocity and Acceleration in S.H.M.

1. 2. (@ 3. (abe) 4. (ag)
Topic-2: Energy in Simple Harmonic Motion
1A a2 () 4. (b,c) .
Topic-3 : Time Period, Frequency, Simple Pendulum and Spring Pendulum
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Topic-4 : Damped, Forced Oscillations and Resonance
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8. A->pBognCopD—ar 9. (d 10. (9 1. () 12. (©) = I3. (b} 14, (d)




Hints & Solutions

ﬁ Topic-1: Displacement, Phase, Velocity and

1.

2.

Acceleration in S.H.M.

=]

(b) Two sinusoidal _displacements x,(f) = 4 sin ot and x,

2
()= A4 sin [m: - Enj have amplitude A each, with a phase

difference of 22, It is given that sinusoidal displacement

x5(f) = B(sin of + ¢) brings the mass to a complete rest.
This is possible when the amplitude of third B = 4 and is
having a phase difference of 4

¢ = 4E with respect to x; (¢) as shown in the figure.

B=A
(d) The equation for the S.H.M. x = a sin ot
- [2::] : [Zn) T
= x=gsin|—|x¢t =lsin| — |t =sin—¢
T 8 4

(++ a=1cm, T'=8s from graph)

7 il f [ﬂ] T [n]
=—|8sin| —|t |=—co8| — |t
dt dt 4 4 4

or, velocity, y=—=
2 &
m L
4 4

. d’x
.. Acceleration a = S
dt

4 :
At r=§s acceleration

LSS o 47306 '3
s 2
'\.ET! (:m."s'2
32

(a, b, ¢) The given equation
x= A sin? ot + B cos? of + C sin of cos of

Rearranging the equation for SHM the sine and cosine
functions should have linear power.

G
< x= -§(2Sin2 i) -i—g(zms,2 wt)+ 5{25m 7 cos mt)

= g[l —cos 20t] +§[1 + c052m1]+%[sin 2mt]

(a) FordA=0andB=0,x= %sin{me)

The above equation represents SHM.,
(b) IfA=Band C=2Bthenx= B+ Bsin 2t
This is an equation of SHM.
(¢) A4=-B,C=25;
<. x=Bcos 2ot + B sin 20t
Two SHMs are superposed to give another SHM equation.
(d 4=B,C=0.. x=A.
This equation does not represents SHM.
(a, ¢) Applying superposition principle
¥=Jyr)o T )s
= a sin wf + a sin (of +45°) + a sin (@t + 90°)
= a[sin @t + sin (wt + 90°] + a sin (ot + 45°)
= 2a sin (ot + 45°) cos 45° + a sin (@t + 45°)

(V2 +1) assin (ot + 45°)
= A sin (o + 45°)

Clearly, resultant motion is SHM of amplitude 4 = ( \5 +1)
a and differ in phase by 45° not by 90° relative to the first.

Energy E in SHM o (amplitude)? [ = %mAzcoz}

2
Ercsuham i [i] - (\/5"‘1)2 = {3+2\f§}
Esing}c a

B csiton — OF 2“/5) Egingle

Ie

ETOpic—Z: Energy in Simple Harmonic Motion

2 du _x2
()] Given:U(x)=K[1—e“ } o e 2kxe™™
The corres,.pc-nding u — x graph of the given u(x)
= K [1 — e™"] which is an exponentially increasing graph of
u with x? is as shown in the figure.
Ufx)

—

the potential energy is
minimum at x = 0. Hence, x = 0 is the state of stable
equilibrium. Now if we displace the particle from x = 0 then
for displacements the particle tends to regain the position

x=(
From the graph it is clear that

2kx
x =0 with a force #= —- Hence, for small values of x we
X
have F'oc x. =
Hence for small displacement from x = 0 the motion is

simple harmonic.
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2.

(¢) During one complete oscillation, the kinetic energy
of particle executing SHM will become maximum twice.
Therefore the frequency with which its kinetic energy
oscillates will be 27,

25
Given: m=0.2 kg, 0= _'.rz_’ KE. =051, PE.=04]

and ga=17? :
TE.=KE.+PE.=(0.5+04)J=0.9]

1 9 1
Also, TE. = -Z-mw‘az = Em x 4n2v2a?

= 0_9:l>¢:0.2x41':2x—2—5><3§><a2
TN
(b, ¢) Maximum kinetic energy
= %k;ﬁ: %xzxwﬁ % (0.01)2 =100J

Total mechanical energy £ = 160 J

Soa =0,06m

Extreme Mean
position position
x=A x=0
KE.=0 K.E.= 100J
E=160J E=1601
P.E.=160J P.E.=60]

Topic-3: Time Period, Frequency, Simple

=) Pendulum and Spring Pendulum
M;
L © —F=h
RV, = PV
Mg=P s 1)

Let piston is displaced by distance
Rydxg" = PA(xo —x)"

Piston
By
pa B0
(% —x)"
3 x
B} \
Mg—| —20 | 4=F X Cylinder
{(I@ = I)? ] i L cgn;li:ing
ideal gas
1
xo 1 :
H)A{l—m] = Frestonng [%g—x=xg]

S e e g
PGAF (1 ¥t e %o
L__,—

=PDA[1-L1+1§}
X0
Poatc D oyt LIDAE o ST

X Xg xoM
.. Frequency with which piston executes SHM.

(2) Here, we don't need to consider the SHM part rather
we will focus on projectile part only. Since the pebble hits
the block after 1 sec. We can easily calculate the speed of
projection (V) from this time of flight.

Time of flight of projectile,
2V si a
= 2Vsin®

8
_ Wsinds°

1 V:\/-SEUIS_.I

e ;
Hence pebble is projected with a speed 7 = /50 ms™!

(d) If the spring of spring constant k, is compressed by
xy and that of spring constant k, is compressed by x, then

Xi+xy =4 ()
klx] +s
and kxy =kyxy = x5 ol (1)
2
Solving egs. (i) & (ii) we get
i B !rki-Ak
®) Given ! p= ke
dy d?'y
—_— =y = zk[ ——=g= 2.47
P e R

or a,=2m/ 52 (" k=1 m/s* given)

£ K?
We know that T'= 2x [— or, 7, = 2%, [—
g g
!
T,=2n/
% '\‘g+a.

¥y
L' _gtay R

/O
(a) Here acceleration is same for both 2 and Q as block O
oscillates but does not slip. The (P — Q) system oscillates

with angular frequency ®. The spring is stretched by 4.
Angular frequency of the system,

i k ﬁ k
0= = [=—
m+m Zm
Maximum acceleration of the system in SHM

amax: Amz :A (Ek—] :%(A;
m m

This acceleration to the lower block is provided by friction
Maximum force of friction

f - —m(.ﬂ)—.k_A_
Jmax = Tmax T 9, ) T 2
(8) Given: Ux)=k|x
22
[k]=[—[’;l=MLT =ML'1?
=i

Now time period may depend on T = (mass)®
(amplitudey’ (ky
oo [MOLOT) = (MY [LY [ML T-2p
=[MErZLy—2 T—Zz]

Equating the powers, we get

—2z=lorz=-1/2

y—z=0or y=z=-1/2
Hence T o (amplitude) 2 oc g71/2

Therefore, T o —1—

Va
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(b) Let us consider the wire also as a spring of spring 11, (10) Time period of torsional pendulum
constant k’. Then the case becomes that of two spring o . i ldeses
attached in series. The equivalent spring constant T=2% _on JI
1851 4 1 ; kk' 0] (& )
i e i e e |~
Force constant of spring = k I
= i i 6em
Where I = moment of inertia 4cm
1=(30) (4)? + (20) (6)* = 1200 gem? .
30gm CM 20gm
-8
or,1=1.2x10*kg-m? = \Em: szi-?
I 1.2x10
[ Torsional constant of the wire
C=1.2x10* N mrad! given]
w=v10"* =107
~nx103=102 - n=10
12. (6) We have
I>dg=k=k;; £<ly=k=k;
Time period of oscillation,
TJE g oL [0
ki Vka 0.009 V0.016
il RX_O.?O =5.83n=6n
03 04 0.12
Modulus of rigidity, n = F/4 8 So,n=6
Restoring force 13. (2.09)
F=—gAti=—q Lx Let velocities of 1 kg and 2 kg blocks just after collision be
or, acceleration, v, and v, respectively.
F nL Just after collision
= N " ]
Since, a o — x So, oscillations are SHM. Therefore, time "'[1_@ 2kg
period of which is given by From momentum conservation principle,
displacement x My + motly =M Vy + MyVy
T=2T|: 1 = =2TE i 0""1)(2:—11’1"'21)2 ______ (i)
acceleration & Collision is elastic. Hence e = 1
M
o, T'=2n o= et 2-0
Y T v +v
() If x is the displacement then, L B
Net restoring force = extra upthrust + extra spring force = vty =2 e )
) and Gi
Mo’x= [pAg +!c] x L (])‘:n (i1, "
2 |:pAg+J’(TI2 > 1 [pAg—!—k}“z v2=§mfs.v|=§mfs
o= e T
: M . _2“ M 5 2 kg block will perform SHM after collision, so spring returns
@ ?}“’en s velosity, vy =vy o 510y =) to its unstretched position for the first time after.
e maximum &
2n 2n T J; JE
gy x— == =mn|—=m/>=n=314
= @)X p=@xy S £ A2 :
Distance or required separation between the blocks
o 2
i e . e 0 =[vjt= 3%3.14 =2.093=2.09m
o T m \hk 14. (a,b,d) _ ;
2 g Case (i) : Applying principle of conservation of linear

momentum.
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15.

00090000, T ¥, Lomowufq»vz
MV,=(M+m)V,

M (A * @)= (M+m) (Agxmz)

K K
e G5

M
M +m

fig=

b
4

and

= E(Mm)vﬁz = é(M +m)

[ V= (E‘T—m]v, from eq (i}]

2
ﬂ__ 1 M ; v 2
(M +m)’ M +m :
ClearlyE; > E,
: . m+M
The new time Period T, = 2 K
Instantaneous speed at X, of the combined masses
v MV; Y
= <
2 Ma+m "1
3 : ; m+M
Case (ji) : The new time Period T, = 2 K

AlsoA,=A; and E,=E,
In this case also, instantaneous speed at X of the
combined masses decreases.

(a, d) The particle collides elastically with rigid wall.

e=

=1 = V=05,

ie., the pam [ic rebounds with the same speed. Therefore
the particle will return to its equilibrium position with
speed uy. So, (a) is correct.

Equilibrium position
The velocity of the particle becomes 0.5 after time ¢.

Using, equation V=V __ cos ot
0.5u5 = uy cos ot

£=2_TC T = ;:E

3 i

: e I . =R
ThcnmepenodT—zn\{;..x 3Jk—

The time taken by the particle to pass through the

16.

. Physics

ug by 2n |m
equilibrium for the first time = 2¢ = T‘h{m So, (b) is
wrong.
The time taken for the maximum compression
=t T ipa T lac

T m © fm = [m i [ . |
=—J——+—1’—+-,/—=ﬂ,)-— —+ ==
3Nk "3IVE 13Nk k3 S..2
'h: m y

= —.So, (c) is wrong.

The time taken for particle to pass through the equilibrium
position second time

_2[ \ﬂ \{—_u\f +1-—u\/— So(d)

is correct,

(© @ Vgi=VZ2+Vg-2VyV,cos0
As © = wg, 0 = 90° remains constant
Also,V,=Vp=1m/s  [» V=0R]

Vga=+v2 m/s.Sol->S.

Sne Smq
m qu_'z“lJf?_]
V Sn: (5m s 5me (S5m0 )
vAL:ﬂ,]sec = 1+(?—10x0_1)1 "‘2'1""(“2——]].]

—S5me. Sme

vB’t=0,lscc 7 Tl ?J

After t = 0.1 sec, both projectile came in air. So there rela-

tive acceleration is zero. So relative velocity should not
change after it.

Viel = Vet (t = 0.1 sec) = iSnf —]} =
D) x=x,—xp

. 3 19
_XDSIIIT—KOSIH([+§-J [.I. t0=l]

2512 +1.S0l > T

=sint-cost= \/E(—l-—sint——l-costJ

e
Zs‘m[t—gJ

dx n T T
Vel e 2cos[t—z] ﬁcos(———]

3 4
B+l \/§+l
s, -2
av) VA and Vg are always perpendicular

‘VBA' =\HV§ +V§ =V32 $12 =-\h—0 m's.

SolV—->R

=2x

—F - So,lll > P
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(0.75) At time t,, = 0 collision occurs
Before collision

1
VAAVATAVAN t_/\fv%f‘v’\,-— = e
Ty 4 B

*——
x=0 ao

After collision

aw/'2 am
— --r—d\/\,’\hﬂv’\_l.,/\f\f\fv\.r—b
L m

m
X
29 +mad
m.—+m.a 330)

Ve =—2——="—+
it m+m 4

L Yem 3 _ 75
am 4

T T

. . th =—=—
(4.25) If the collision occurs at time to 20 4
Particles are at extreme position
O

(0]
L e AVAVAVAVAVAPS AVAVAVAVATFES
L _extension=2a M
After collision

0]
o ) __/\v.f‘\_r‘\_\;f\l J'\.f\., /V\ S \/\-'ﬂ\,f“.

aw/2
C’j_ > aw/4

inC - frame
N MANSNVVA —»
an/4 am, 64
0O
——AAANN NN —e
extension =2p extreme

using work - energy theorem W AK

spring

2
%k(Zb)z—%k(Za)2=2x%—mx(§4ﬂ]
2
40?42 0 i x By 2K
16 m
2
= fhwilgl . D0
a2

Under SHM, at a distance y above the mean position
velocity of block, v = w/a® - 2

After detaching from spring, net downward acceleration
of the block = g.

Height attained by the block = h

i 2 m2(a2_y2)
=Yt or =1t
2g ¥ 2g
. dh
For A to be maximum, — =0, y = y*.

7. 2w
"ﬁ=i+9‘(—“2y*) or 0 1_2(1:‘ y
dy 2g 2g
o’y*

or = =1m-}*—_-.§?
g (0]

Since aw?’ > g (given)

20.

21.

' ab%.‘.a:-y*.y‘ from mean position < a.
®

Hence y*= ,.'%.
Volume of the rod = LS
Weight of the rod = LS d,g

Upthrust acting on rod = LS dyg
Since, dy > d| (given).

- Net force acting at the centre
of mass of the rod at tilted position

(LS dyg ~ LSd,g)
Torque about this force about P
T=Fxr =(LSd,g—LSd,g) x PN

L.
T=L5Sg (dy—d)) x —2—sm9

when 6 is small, sin@ ~ 6
g Sg

T=

(dy —dp)b.  ..(0)
Since, 1 o 8, hence motion is simple harmonic.
On comparing it with t = C 6, we get

R by
C= Tg(dz —-dy)

= lo?= ﬁ;—g(dz —-dy) ..(i)

The moment of inertia 7 of the rod about P,
I= %MI} - %LSdle

Putting this value of / in eq. (ii)

3 2
ol x 550 =X @y ~d)
3(d, ~dy)g

3
355(d, -d)
= (_2,_;‘ =
= sk, 0 2d\L

Hence angular frequency of oscillation,

_ 32l -a)
OTY 24l

()  Given : Natural length of spring, I;=0.06 ©=nR
Spring constant, k = 0.1 N/m

Mass of each block A and B, m = 0.1 kg

Radius of circle, R=0.06 m

As both the balls are displaced by an angle § = 1/ 6 radian

with respect to the diameter PQ of the circle and released
from rest.

It results into compression of spring in upper segment
and an equal elongation of spring in lower segment. Let it
be x. PB and QA4 denote x in the figure.
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Compression = RO = elongation = x

Force exerted by each spring on each ball = 2 kx
Total force on each ball due to two springs = 4 Ax

Restoring torque about origin O = — (4 kx)R
S 1 =—4Kk(RO)R, where 8 = Angular displacement
or = — 4kR%0

Since torque (1) is proportional to 6, each ball executes

angular SHM about the centre O.
Again, 1 = - 4kR20

or Ia =-4kR*® where o = angular acceleration

or (mR%)a=-4kR*® or o= —(ﬁ} 0
m

F f oscillation f 1 1’0.
: =i
requency of oscillation 2\

1 |4k
Frequency of each ball =—,[—
2\ m
W 4x0.i_lsec,1 =
27\ 0.1 Ll

(i) vy, be the velocity at the mean position

Loss in elastic potential energy= gain in kinetic energy

- 1 1 4 1 2
2 EK[ZRE] =2x,:5mvmax:'

K ok
s ;xTn:o.oznmfs =0.628 m/s

(iti) Total energy = ZBmvﬁm } (= K.E. at mean position)

= 2[% x 0.1(0.02::)2}

=3.95x%1074]
22.

mg
At equilibrium,
Torque at qdueto | [ Torque at pdueto }
liquid of densityp ~ | liquid of density1.5p

mag x OM=mg x PN

myg R sin (45° +0 ) =m gR sin (45°-0)

VpgR sin (45°+0 )= 1.5VpgR sin (45° -0 )... (i)
sin(45+0) 38

sin (45 -0) f

sin45° cos B+ cos45°sin6 §_
sin45°cosf —cos45°sin@® 2

Solving we get,

23.

1
tan® = —5‘
(b) Let us now displace the liquids in anticlockwise
direction along the circumference of tube through an angle
a,

.. Net torque
T=mygR sin (45° + 0 + o) — mygR sin (45° - 6 —a)
= VpgRsin (45°+ 6 + o) — [.5VpgR (45° - 0~ )
= VpgR sin ( 0 + 45°) cos oo + FpgR cos (45° + 9)
sina — 1.5 FpgR sin (45° — 0) cos a

+ 1.5 VpgR cos(45° — 0) sin a
Using eq. (i) we get

1=VpgR [cos(45° +0)sino +1.5cos(45° -B)Sina:[
T = VpgR [cos (45° + 0) + 1.5 cos (45° — B)] sin &
when a is small (given) .. sina = a
©= VpgR [cos (45° + 8) + 1.5 cos (45° - 0)]at
Since, T and « are proportional, motion is simple harmonic,
Moment of inertia about O
I'=mR?+m,R? = VpR? + 1.5 VpR® = 2.5 VpR?

4
Now fi = 2m|—
ow from Tc C

J(px2.5RY)

=< J[cos(45+0) +1.5cos(45- 0)]V pgR

Since AB is a smooth table. So no acceleration or
retardation in this region so motion from C to D to C is
uniform with speed 120 m/s.

The mass will strike the right spring, compress it. The K.E.
of the mass will convert into P.E. of the spring. Again the
spring will return to its normal size thereby converting its
P.E. to K.E. of the block.

o, T=2n

T m
For this process, time taken = 5 where 7'=2m, 'Hk_

=t -0—2 =(.785 sec
32

Now, time taken to travel from D to C
distance 60

ty = ==

velocity 120
Now the block will compress the left spring and then
the spring again attains its normal length. The time taken
Cto A

m 0.2
L= :rr\h?z TE"_IE =1.05 sec.

Rl
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Again time taken to travel from C to D

60
I4 = 1—2—0 =0.5
Total time of oscillation
T=t+h+ti+1
= 0.785+ 0.5+ 1.05 + 0.5 =2.83 (Approximately)

24,
2.
3.
Let x, be the extension in equilibrium when both m,; and
m, arc suspended.
(my +my)g .
(my+my)g=hkx, =x; = SR ) 9 (D) 4

Let x, be the extension when only m, is left.

myg .
kxy=m,g or x; = prre ...(ii)
From egs. (i) and (ii), amplitude of oscillation

mg
A=x—x;= _f:T_
Angular frequency when m, is removed only m, is left,
k
0=
my

25. According to question, if the mass is increased by 2 kg the
period increases by 1 s. Time period the spring

T= ZnJ—__Ai_
k 5.
o 2= 21:\[-‘% ()

When mass is increased by 2 kg
M+2

3=2m,[— .. (i)

Dividing eq. (i) by (ii)

200l s olim ¥ i

3 Aps 0 Mg o T
ﬁ Topic-4: Damped, Forced Oscillations

and Resonance

E—J

bt

1 () ~A=Age g

(where, A, = maximum amplitude)
According to the questions, after 5 second,

A215
_b(s) :
0.9A0 = Age 2m )
After 10 more second,
_b(5) :
aAg=Age 2m (i)

From eq"s (i) and (ii) o.=0.729
(¢) The resultant of fransverse
i,and radial 7, component of the g

acceleration is represented by 7 ;
a,

(a) In SHM, velocity of particles goes on decreasir;g from

maximum value to zero as the particles travel from mean

position to extreme position.

Therefore if the time taken for the body to go from O to

A/2is T, and to go from A/2 to A is T, then obviously T} < T,

FL YA
4) A know, Y=—::>F=[——]I
(4) As we know, i I

Also, F=KI

i
or, K£=(ﬁjf — K=—A;
L L

K Y4
Angular frequency o = ,/— or, ®=,/—
m ml

_ [nx10°x4.9x107

or, 140= .+ ¥=9x 107 given
" oax ( e

n=4

(b, d) For first harmonic oscillator,

Mass = m £

Angular frequency = ®, E,, o,

Amp_limdc =a b

Total energy = E; y "

Maximum momentum, k a

Prax =
1

E = Emcn%az ..(0)

Prax = MVpax =M a®; = b=maoy,

g. = _l— e p

b m[l.)] M(]n

For second harmonic oscillator,
Mass = m

Angular frequency = o,
Amplitude = R

Maximum momentum, p_ .. =R
Total energy = E,
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1
Ey= Smo3R® .(il)

Proax = MV, = Mo, R
R=moy,R = mo,=1 ..(iv)
From eqns. (ii) and (iv).

£
B o (V)

From eqns. (i) and (iii),

B _dd
E, wiR?

a a
Iy =nzandi = n then from eqn. (v)

o]

ket SRR
W
and from eqn. (vi)

z
ﬂ=ﬂx 2=ﬂ J i: E_Z
E, o} (05} o @
(a,d)

Applying, torque 1=/q

For case A : mg[—ésin BJ +Mg(lsinB)=1,a, ..()
(LIS

For case B : mg(%sinﬁ] +Mg(¢sin@) = Igap...(ii)

From eq. (i) & (ii)
lya,=Igap

SiIICCIA}IB S0y <dp

Hence, o, < wg

A-p;Boqrs;Cos;D—>q

(A) : Potential energy k minimum at mean position and

maximum at extreme position. In case of a S.H.M. we get a

mPhysics)

parabola for potential energy versus displacement graph,
(B) : S = ut for a = 0, Therefore we get a straight line
passing through the origin, as shown in graph (a).

Ifatt=0,Y#0and¥Y = Y ;- Then for constant acceleration,
we have graph as shown in (r),

1
S =ut +~2' a® for constant positive acceleration. In this

case we get a part of parabola as a graph line between s
versus ¢ as shown by graph (s).

(p) is ruled out because if a is —ve and v is positive.

8= 8, + vt graph (r) =
A

b
\« S
(c):R=ﬂE=,R¢uz f
u
g
?-l
¢
D) : T=27'5\/:=>T20c ‘
g I

A-p;BoqrC—opDog,r

(A) : For a simple harmonic motion v = ® a2 —-x?' . On

comparing it with v = ¢j4/cy —x* this equation is SHM
with w = ¢, and a?= ¢y

B):v=—kx

when x is positive; v is — ve, and as x decreases, v decreases.
Therefore kinetic energy will decrease. When x = 0, v = 0.
Therefore the object does not change its direction,

When x is negative, v is positive. But as x decreases in
magnitude, v also decreases. Therefore kinetic energy
decreases. When x = 0, v = 0. Therefore the object does
not change its direction. ;
(C): When a = 0, let the spring have an extension x.
Then kx = mg.

When the elevator starts going upwards with a constant
acceleration, as seen by the observer in the elevator, the
object is at rest.

ma+mg=kx'

= ma=k(x'-x) (Since a is constant)

(D) : The object is projected with a speed is \E times the

2GM,
R,

leave the earth. It will therefore not change the direction
keeps on moving with decreasing speed.

(d) When the ball is thrown upwards, at the point of
throw (O) the linear momentum is in upwards direction
(and has a maximum value ) and the position is zero. As the
time passes, the ball moves upwards and its momentum

escape speed V, = . Therefore the object will
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10.

11.

12.

13.

14.

goes on decreasing and the position becomes positive.
The momentum becomes zero at the topmost point.
As the time increases, the ball starts moving down with an
increasing linear momentum in the downward direction
(negative) and reaches back to its original position.
(¢) In SHM mechanical energy, £ o (amplitude)?

E; o (22 & E, o a2

(b) When the position of the mass is at one extreme end
in the positive side (the topmost point), the momentum is
zero. As the mass moves towards the mean position the
momentum increases in the negative direction.
As the mass is osicillating in water its amplitude will go on
decreasing and the amplitude will decrease with time.
(¢) The particle will not perform oscillations if
energy < 0. Therefore E> 0. If E=V;, the potential energy
will become constant as depicted in the graph given. In
this case also the particle will not oscillate.

E >V,

Vo>E>0
(b) Potential energy, ¥ = « x* given

Potentxal energy _ ML? T

e ot

—dV(x)
dx

As V (x) = constant for x > X
F=0and hence a=0 forx > X

=[ML?*T?)

@ F=

15.

A217

A point mass m is suspended at the end of a massless wire
of length L fig. (a).

From fig. (b), due to equilibrium

T=mg ..(i)

_TI4 r”T“
From Y= 1L i
=>T= L . (1) JI
x: T

From eq. (i) and (ii)

mg
YAé Fig. (a) Fig. (b) Fig. (c)
mg=—r

L

From fig. (c)
Restoring force

... (i)

YA(L+x) YAL

——-—[’{"-—mg]=—[ 7 L] [from (iii)]

—YAx
L

On comparing this equation with F = — me?x

i T i S 2 8
L T VmL
1 1 [v4
Or,ﬁ'uﬂnc == f—
i & Ao reigip st e
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