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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 is ....... m.

(1994 - 2marks)

MCQs with One Correct Answer

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

k, respectively. If the two bodies oscillate vertically such

that their maximum velocities are equal, the ratio of the
amplitude of vibration of M to that of Nis (1988 - Imark)
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A particle free to move along the x-axis has potential energy

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

a positive constant of appropriate dimensions. Then
(1999S - 2marks)

(a) atpoints 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

(c) ifits 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

The period of oscillation of a simple pendulum of length L

suspended from the roof of a vehicle which moves without

friction down an inclined plane of inclination a., is given by

(b)

(d)
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A particle executes simple harmonic motion between x = —A4
and x = +4. The time taken for it to go from 0 to 4/2 is 7| and

to go from 4/2 to 4 is T,,. Then (2001S)
(@ T,<T, b) T,>T,
(© T,=T, (d) T,=2T,

7.

Simple Harmonic Motion
(Oscillations)

For a particle executing SHM the displacement x is given by

-1 oL N JEE Advanced/ IIT-)EE
5-

x = A coswt. Identify the graph which represents the variation
of potential energy (PE) as a function of time ¢ and
displacement x (2003S)
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A simple pendulum has time period 7,. The point of
suspension is now moved upward according to the relation

y=Ke?, (K = 1 m/s?) where y is the vertical displacement.
2

. . P
The time period now becomes 7,,. The ratio of #2 is

2
(g=10m/s?) (2005S)
(@ 56 (b) 6/5 () 1 (d) 455
The x-t graph of a particle undergoing simple harmonic
motion is shown below. The acceleration of the particle at
t=4/3sis (2009)
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A uniform rod of length L and mass M
is pivoted at the centre. Its two ends
are attached to two springs of equal
spring constants k. The springs are
fixed to rigid supports as shown in the
figure, and the rod is free to oscillate in the horizontal plane.
The rod is gently pushed through a small angle 6 in one
direction and released. The frequency of oscillation is

(2009)
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The mass M shown in the figure oscillates in simple harmonic
motion with amplitude 4. The amplitude of the point Pis

(2009)

kq koA

12 =
@ ky (b ky
A point mass is subjected to two simultaneous sinusoidal
displacements in x-direction, x,(t) = A sin ot and x,(t) =

kA kyA
(C) kl + k2 (d) kl +k2

. 2
A sm(o)t +Tn) . Adding a third sinusoidal displacement

X,(t) =B sin (ot + ¢) brings the mass to a complete rest. The

values of B and ¢ are (2011)
@ VAT AT © B4 @ 43

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 ® = 7/3 rad/s. Simultaneously at =0, a
small pebble is projected with speed v form point P at an
angle of 45° as shown in the figure. Point P is at a horizontal
distance of 10 m from O. If the pebble hits the block at t=1s,
the value of v is (take g = 10 m/s?) (2012)
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MCQs with One or More than One Correct

A particle executes simple harmonic motion with a frequency.

/- The frequency with which its kinetic energy oscillates is
(1987 - 2marks)
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A linear harmonic oscillator of force constant 2 x 10° N/m

and amplitude 0.01 m has a total mechanical energy of 160 J.

Its (1989 - 2 Mark)

(@) maximum potential energy is 100 J

(b) maximum kinetic energyis 100J

(c) maximum potential energy is 160 J

(d) maximum potential energy is zero

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)

(a) L(k_Apg)l/Z (b) L(k_'_Apg)l/Z
2n M 2n M

(c) L(k+pgl,)l/2 (d) L[k_'_Apg)l/Z
2n M 2n \ Apg

A highlyrigid cubical block 4 of small mass M and side L 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 4 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 4. After the force is withdrawn, block 4 executes
small oscillations the time period of which is given by
(1992 - 2mark)

@ 2nfMnL (b)2n1/% (© sz% (d)2n\/1:4:L

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 Y respectively. If the mass is slightly
pulled down and released, it will oscillate with a time period
T equal to: (1993-2marks)

m(YA+KL)
() 2m—%
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A particle of mass m is executing oscillations about the origin
on the x axis. Its potential energy is V(x) = k| x | where kis
a positive constant. Ifthe amplitude of oscillation is a, then
its time period T'is (1998S - 2marks)
(@) proportionalto 1/+/a (b) independent of a

(c) proportional to /g (d) proportional to a?
Three simple harmonic motions in the same direction having
the same amplitude a and same period are superposed. If
each differs in phase from the next by 45°, then.

(1999S - 3marks)

(@) theresultantamplitudeis (1+ 2 )a

(b) the phase of the resultant motion relative to the first is
920°
(c) the energy associated with the resulting motion is

@ 2n(m/K)"?

3B+ 22 ) times the energy associated with any single
motion
(d) theresulting motion is not simple harmonic.

The function x= Asin® ¢+ B cos® ot + Csin ot cos o
represent SHM for which of the option(s)
(a) forall value of 4, Band C (C # 0)
(b) A=B,C=2B

(c) A=-B,C=2B

(d 4=B,C=0

(2006 - 5M, -1)
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Simple Harmonic Motion (Oscillations)

9.

o P-81

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) |
(@) Restoring torque in case A = Restoring torque in
case B
(b) restoring torque in case A < Restoring torque in case B
() Angular frequency for case A > angular frequency for
case B.
(d) Angular frequency for case A < Angular frequency for
case B.

10. Two independent harmonic oscillators of equal mass are

11.

oscillating about the origin with angular frequencies o; and
o, and have total energies E| and E,, respectively. The
variations of their momenta p with positions x are shown in

a a
the figures. If b n*and g =" then the correct equation(s)
is(are) (JEE Adv. 2015)
p P
Energy = E,

\Energy =E,
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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: (1) when the block is at x ; and (ii) when the block
isatx=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?
(JEE Adv. 2016)
(@) The amplitude of oscillation in the first case changes

f M . .
by a factor of ,/——, whereas in the second case it
m+M

remains unchanged.

(b) The final time period of oscillation in both the cases is
same.

(¢) The total energy decreases in both the cases.

(d) The instantaneous speed at x  of the combined masses
decreases in both the cases

E Subjective Problems

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)
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,
m,

Two light springs of force constants &, and &, and a block
of mass m are in one line AB on a 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. If the
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, k,=3.2 N/m, m=200gm) (1985 - 6 Marks)

k, f—60 cm — | k,
- >
A C m D

Two non-viscous, incompressible and

immiscible liquids of densities p and

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
ofthe tube. (1991 - 4 + 4 marks)

(a) Findthe angle @ that the radiusto 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 identical balls 4 and B each of mass 0.1 kg, are attached

to two identical massless springs. The spring-mass system

is constrained to move inside a rigid smooth pipe bent in

the form of a circle as shown in Fig. The pipe is fixed in a

horizontal plane.

The centres of the balls can move

in a circle of radius 0.06 T meter.

Each spring has a natural length p

zof 0.06m meter and spring constant
0.1 N/m. Initially, both the balls are
displaced by an angle 9 =x/6
radian with respect to the diameter PQ of the circle (as shown
in Fig.) and released from rest. (1993 - 6 marks)
(i) Calculate the frequency of oscillation of ball B.

(i) Find the speed of ball 4 when 4 and B are at the two
ends of the diameter PQ.

(i) What is the total energy of the system

B




® Topic-wise Solved Papers - PHYSICS

6. A thinrodoflength L and area of 7. A small body attached to one end

cross-section S is pivoted at its of a vertically hanging spring is

stationary, homogeneous and position with angular frequency ®
non-viscous liquid . The rod is and amplitude a. If at a height y* 'I """ . J iy
Yo

free to rotate in a vertical plane from the mean position, the body
about a horizontal axis passing gets detached from the spring,
through P. The density d, of the calculate the value of y* so that the

height H attained by the mass is
material of the rod is smaller than the den31tyd ofthe 11qu1d maximum. The body does not interact with the spring during

Thg r.od isdisplaced by a small angle 8 from i 1t§ equilibrium its subsequent motion after detachment. (a? > g)
position and then released. Show that the motion of the rod (2005 - 4 Marks)

is simple harmonic and determine its angular frequency in
terms of the given parameters. (1996 - 5 Marks)

F Match the Following

DIRECTIONS (Q. No. 1-2) : Each question contains statements given in two columns, which have to P qr s t
be matched. The statements in Column-I are labelled A, B, C and D, while the statements in Column-

1l are labelled p, q, r and s. Any given statement in Column-I can have correct matching with ONE OR 9 @® e e
MORE statement(s) in Column-II. The appropriate bubbles corresponding to the answers to these ®@o®®
questions have to be darkened as illustrated in the following example : Q000G ®
If'the correct matches are A-p, s and t; B-q and r; C-p and q; and D-s then the correct darkening of 0l06] ;s ]0)
bubbles will look like the given.

o= >

1. Column I describes some situations in which a small object moves. Column IT describes some characteristics of these motions.
Match the situations in Column I with the characteristics in Column II and indicate your answer by darkening appropriate
bubbles in 4 x 4 matrix given in the ORS. (2007)

Column I Column I1
(A) The object moves on the x -axis under a (p) The object executes a simple harmonic motion.
conservative force in such a way that its

"speed " and position" satisfy v = ¢ e - x?

where ¢; and c, are positive constants.
(B) The object moves on the x- axis in such a way that (@) The object does not change its direction.
its velocity and its displacement from the origin
satisfy v = — kx,where k is a positive constant.
(C) The object is attached to one end of a mass-less (r) The kinetic energy of the object keeps on
spring of a given spring constant. The other decreasing.
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.
The motion of the object is observed from the elevator
during the period it maintains this acceleration.
(D) The object is projected from the earth's surface (s) The object can change its direction only once.

vertically upwards with a speed 2,/GM, /R,

where, M, is the mass of the earth and R, is the
radius of the earth, Neglect forces from objects other
than the earth.
2. Column I gives alist of possible set of parameters measured in some experiments. The variations of the parameters in the form of
graphs are shown in Column II. Match the set of parameters given in Column I with the graph given in Column II. Indicate your
answer by darkening the appropriate bubbles of the 4 x 4 matrix given in the ORS. (2008)
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Simple Harmonic Motion (Oscillations) ®

Column I Column II
(A) Potential energy of a simple pendulum (y axis) as @ X
a function of displacement (x axis)

Y
4
(B) Displacement (y axis) as a function of time (x axis) @
for a one dimensional motion at zero or constant
acceleration when the body is moving along the positive
x-direction.
10) X
(©) Range of a projectile (y axis) as a function of its @)
velocity (x axis) when projected at a fixed angle.
0 X
(D) The square ofthe time period (y axis) of a simple (s)
pendulum as a function of'its length (x axis)
10) X
2. For periodic motion of small amplitude A, the time period T
G Comprehension Based Questions of this particle is proportional to
PASSAGE -1 m 1 |m o 1 |a
When a particle of mass m moves on the x-axis in a potential of the @) A\/; (®) A \/; © A\/% @ A \/%
form V(x) = kx? it performs simple harmonic motion. The 3. The acceleration ofthis particle for [x| > X, is
. . .y . m V()
COI’l’eSpondlng time perlod 1S pI'OpOI'tlonal to \/: ,ascan be seen (a) proportional to VO a)) proportional to WO
easily using dimensional analysis. However, the motion ofa particle Vo
can be periodic even when its potential energy increases on both (c) proportional to , ,mT (d) zero
sides of x = 0 in a way different from kx? and its total energy is PASSzOXGE 5
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*  Phase space diagrams are useful tools
(o> 0) for x| near the origin and becomes a constant equal to ¥, ~ in analyzing all kinds of dynamical
for [x| > X, (see figure). (2010)  problems. They are especially usefulin € 4——5—

studying the changes in motion as initial
position and momenum are changed.
Here we consider some simple dynamical Position —

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

(x)

Momentum —

B X; """" > 18 x(t) vs. p(t) curve in this plane. The arrow on the curve indicates

1. Ifthe total energy of the particle is E, it will perform periodic  the time flow. For example, the phase space diagram for a particle
motion only if moving with constant velocity is a straight line as shown in the

(@ E<O0 (b) E>0 figure. We use the sign convention in which positon or momentum

(c) Vy>E>0 d) E>V, upwards (or to right) is positive and downwards (or to left) is

negative. (2011)
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®
The phase space diagram for a ball thrown vertically up 6.
from ground is
Momentum Momentum
@ Position (b) \ j Position
Momentum

© % Position @ _5?’5"““

The phase space diagram for simple harmonic motion is a
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

(@) E1=\/§E2 /E &

(b) E,=2E, ) .

(c) E,=4E, \\ty

d) E,=16E,

Section-B |3, [, W35

In a simple harmonic oscillator, at the mean position [2002]
(a) kineticenergyis minimum, potential energy is maximum
(b) Dboth kinetic and potential energies are maximum
(c) kineticenergyis maximum, potential energy is minimum
(d) both kinetic and potential energies are minimum.
If a spring has time period T, and is cut into n equal parts,

then the time period of each part will be 12002]
@ Tn ®) T/n
(¢) nT @ T

A child swinging on a swing in sitting position, stands up,
then the time period of the swing will [2002]
(a) increase

(b) decrease

(c) remainssame

(d) increases of the child is long and decreases if the child

is short

A mass M is suspended from a spring of negligible mass.
The spring is pulled a little and then released so that the
mass executes SHM of time period 7. Ifthe massis increased

M
[2003]

5
d 3

m
by m, the time period becomes % . Then the ratio of — is

25

3 16
@ 3 (b) 5 © 5

5.

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 Momentum

@ /j\ b —~E

U Position \ _} Position
Momentum Momentum
© C) Position(d) AN

\J Position

Two particles 4 and B of equal masses are suspended from
two massless springs of spring of spring constant &, and
k,, respectively. Ifthe maximum velocities, during oscillation,

are equal, theratio of amplitude of 4 and Bis 12003]
ky ky ky ky
@ k (b & (© & (d) A

The length of a simple pendulum executing simple harmonic
motion is increased by 21%. The percentage increase in the
time period of the pendulum of increased length is ]2003]
@ 11% () 21% () 42% (d) 10%

The displacement of a particle varies according to the
relation x = 4(cos mt + sin it). The amplitude of the particle

is 12003
@ -4 M4 © a2 @ 8

A body executes simple harmonic motion. The potential
energy (P.E), the kinetic energy (K.E) and total energy (T.E)
are measured as a function of displacement x. Which ofthe
following statements is true ? 12003]
() KE.ismaximum whenx=0

(b) T.Eiszerowhen x=0

(¢) KE is maximum when x is maximum

(d) PEismaximumwhen x=0

GP_3481



Simple Harmonic Motion (Oscillations)

9.

10.

11.

12.

13.

14.

15.

The bob of a simple pendulum executes simple harmonic
motion in water with a period t, while the period of oscillation

of thebob is ¢, inair. Neglecting frictional force of water and
given that the density of the bob is (4/3)x1000 kg/m> .

What relationship between ¢ and ¢, is true [2004]
(© t=4 d =4

A particle at the end of a spring executes S.H.M with a
period ¢,. while the corresponding period for another spring
is t,. If the period of oscillation with the two springs in
series is T then [2004]

(@ T_1=t1_1+t2_1 (b) T2=t12+t§

© T=4+14 @ T2=12+5"

The total energy of a particle, executing simple harmonic
motion is [2004]
(@) independentofx (b) o 2

© ox @ ox’?

where x is the displacement from the mean position, hence
total energy is independent of x.

A particle of mass m is attached to a spring (of spring constant k)
and has a natural angular frequency ;. An external force
F(t) proportional to coswi(® # o) is applied to the
oscillator. The time displacement of the oscillator will be

proportional to [2004]
_ _r

@) m(m(z) +o)2) () m((o(z) —coz)
_m _m

© co(z) —0? d (co(z) + coz)

In forced oscillation of a particle the amplitude is maximum
for a frequency o, of'the force while the energy is maximum
for a frequencyw, of the force; then [2004]
(@ o, <, when damping is small and ®; > ®, when
damping is large
b) o>,
© o=o,
d) o<w,
Two simple harmonic motions are represented by the

equations y; =0.1 sin (lOOnt+§) and y, =0.1cos mt.

The phase difference ofthe velocity of particle 1 with respect

to the velocity of particle 2 is [2005]
T -7 T -

@35 ®F © @ 5

The function sinz((ot) represents [2005]

(a) aperiodic, but not SHM with a period z
®
. . .2
(b) aperiodic, but not SHM with a period f
(c) aSHM with a period %

(d) aSHM with a period 2
®

16.

17.

18.

19.

20.

21.

22.

23.

24.

The bob of a simple pendulum is a spherical hollow ball
filled with water. A plugged hole near the bottom of the
oscillating bob gets suddenly unplugged. During observa-
tion, till water is coming out, the time period of oscillation
would 12005]
(a) first decrease and then increase to the original value
(b) firstincrease and then decrease to the original value
(c) increase towards a saturation value
(d) remain unchanged

2

Ifa simple harmonic motion is represented by d_zx +ox=0,
its time period is 12005]
2n 21
@ = b < © 2toa @ 2
Jo o

The maximum velocity of a particle, executing simple
harmonic motion with an amplitude 7 mm, is 4.4 m/s. The
period of oscillation is 12006]
(@ 001s (b) 10s (c) O.1s (d) 100s

Starting from the origin a body oscillates simple harmonically
with a period of 2 s. After what time will its kinetic energy be

75% of the total energy? 12006]
ls b 1s ls d 1s
@ 5 O 5 © 3 @ 3

Two springs, of force constants k; and k, are connected to
a mass m as shown. The frequency of oscillation of the
massis /. Ifboth k; and k, are made four times their original

values, the frequency of oscillation becomes 12007]
ky - k,
N
s \
@ 2f b 2 (© f/A @ 41

A particle of mass m executes simple harmonic motion with
amplitude a and frequency v. The average kinetic energy
during its motion from the position of equilibrium to the end
is 12007]
@ 2n%ma*v? (b) nma*v?

2.2

1
(© Zma v (d) 4Tt2m¢12\/2

The displacement of an object attached to a spring and
executing simple harmonic motion is given by x =2 x 1072
cos ¢ metre. The time at which the maximum speed first

occurs is 12007]
(@ 025s (b) 0.5s
(c) 0.75s (d 0.125s

A point mass oscillates along the x-axis according to the
law x = x cos(wt — t/4) . If the acceleration of the particle
is written as a = 4 cos(wt + 8) ,then 12007]

@ A=xy0°, §=3n/4 (b) A=xo,8=—n/4
© A=xp0% 5=n/4 (@) A=x0", 5=-n/4
If x, v and a denote the displacement, the velocity and the

acceleration of a particle executing simple harmonic motion
of time period 7, then, which of the following does not

change with time? 12009]
(@ aTlx (b) al+2mnv
(©) aThv (d) a?T2+4nH?



25.

26.

27.

28.

29.
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Two particles are executing simple harmonic motion of the
same amplitude 4 and frequency w along the x-axis. Their
mean position is separated by distance X(X, > A). If the
maximum separation between them is (X, + 4), the phase
difference between their motion is: [2011]

@ 3 ® ; ©F5 @3

A mass M, attached to a horizontal spring, executes S.H.M.
with amplitude 4,. When the mass M passes through its
mean position then a smaller mass m is placed over it and
both of them move together with amplitude 4,. The ratio of

(4)

kA_z 1S: [2011]
1
M+m M 2
(@) M ®) [M+m]
1
Py M
© (2im)? @ 7

Ifa simple pendulum has significant amplitude (up to a factor
of 1/e of original) only in the period between t=0stot= ts,
then t may be called the average life of the pendulum.
When the spherical bob of the pendulum suffers a
retardation (due to viscous drag) proportional to its velocity
with b as the constant of proportionality, the average life
time of the pendulum is (assuming damping is small) in
seconds : [2012]
1 2
() b © 3 @ 3
The amplitude of a 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 o equals
(@ 07 (b) 081 ]JEE Main 2013]
(c) 0.729 d) 06
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 area A. When the
piston is in equilibrium, the volume of the gas is V, and its
pressure is P. 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 |JEE Main 2013]

0.693
@ —5

1 AyP, 1 V,MP,
a — — —_—
@ 2n V,M L A%y
© 1 [A%p, @ 1MV,

2n | MV, 2n \ AyP,

30. A particle moves with simple harmonic motion in a straight

31.

32.

33.

line. In first Ts, after starting fromrest it travels a distance a,
and in next t s it travels 2a, in same direction, then:

JJEE Main 2014]
(a) amplitude of motion is 3a
(b) time period of oscillations is 8¢
(c) amplitude of motion is4a
(d) time period of oscillations is 67
A pendulum made of a uniform wire of cross sectional area
Ahas time period T. When an additional mass M is added to
its bob, the time period changes to Ty;. If the Young's modulus

1
of the material of the wire is Y then Y isequalto:
[JEE Main 2015]

(T YA
Tv) |Mg

2 ] 2 ]
Iv) | A Tv ) _|Ms
© (T) y Mg @ (T) U

(g = gravitational acceleration)

E
1_(T_M) A
L T /) Mg

@ (b)

For a simple pendulum, a graph is plotted between its kinetic
energy (KE) and potential energy (PE) against its displacement d.
Which one of the following represents these correctly?
(graphs are schematic and not drawn to scale)

JJEE Main 2015]
AE KE
@ \/ va (b)
’// \\\‘PE
JB S
© X VELL @

A particle performs simple harmonic mition with amplitude
A. Its speed is trebled at the instant that it is at a distance

from equilibrium position. The new amplitude of the

3

motion is : [JEE Main 2016|
7A

@ AV3 ®) -

© %\/H @ 3A
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Simple Harmonic Motion
(Oscillations)

Section-A : JEE Advanced/ IIT-JEE

1. 006
1. (d 2. (d 3. (@ 4. (a) S.
10. (b) 11. (@)
1. (¢ 2. (b,e) 3. (b 4. (d) S.
10. (b,d) 11. (ab,c)

k mg
1. l6kg 2. \/m_tT 3.2.83sec. 4.(a) 6=tan

@)
(b)

e

= (b)

N L 3(dy —d))g
5. () s (i) 0.02x /s (iii) 3.95 < 1047 6. 24,1

1. (A)—p;(B)—>q,1;(C)—>p;(D)—>q,r 2.
L. © 2 (b 3. (d 4. (d 5.

(A)—=>p;
©

6. (b 7. () 8. (© 9 (@

6. (@) 7. (a,c) 8. (abec) 9. (ad

2n/1.803R
Je

(B)—q,r1,5,(C)—>s;(D)—>q
6. (b

Section-B : JEE Main/ AIEEE

. © 2 () 3. () 4 @© 5 @© 6.

@ 7.

©

8. (@ 9. ( 10. (b 1. @ 12. (b)

13. (©) 14. (b) 15. (¢) 16. (b) 17. @ 18. (@) 19. (@) 20. (@ 21. (b) 22. (b) 23. (@) 24. (a)
25. (d) 26. (c) 27. (d) 28. (©) 29. (¢) 30. (d) 3L (¢) 32. (d) 33. (d)

Section-A

A. Fillin the Blanks

x=0.04m,KE.=0.5Jand PE.=0.4]
TE.=(0.5+04)J=09]

Now, TE.= lm(oza2 = lm x 4nv2a?
2 2
= 09= l><0.2x47'c2 ><§x2—5><a2 = a =0.06m
2 T W

C. MCQs with ONE Correct Answer
(G

Both the bodies oscillate in simple harmonic motion,
for which the maximum velocities will be
Given thatv, =v, = a0, =a,0,

a)(z_‘}lc=azx2—7c
bn 15}
271\/Z
oa b Vh_ |k
o L , m \hk
ky

@

Let us plot the graph of the mathematical equation

2
U(x)=K[1—e'x2 } F= —%U = kxe™

JEE Advanced/ lIT-)EE

Cc 1 B
A

x=0 X
From the graph it is clear that the potential energy is
minimum at x= 0. Therefore, x = 0 is the state of stable
equilibrium. Now if we displace the particle fromx =0
then for displacements the particle tends to regain the

2kx
position x =0 with a force F'= —- Therefore for small
X

values of x we have F o x.
As shown in the figure, gsina is the pseudo acceleration
applied by the observer in the accelerated frame

a, = gsmacosax

GP_3481



Simple Harmonic Motion (Oscillations)

6.

@)

@

a,=g—gsin’a = g(1 —sin’ @) = geos’ar

a= \a}+a;

= \/g2 sin® a cos? oc+g2 cos* o
= g cosa sin? o+ cos? a =gcosa
L
T=2n
gcosa

NOTE : Whenever point of suspension is accelerating

’ L
use 7=2m
8eff

The velocity of a body executing S.H.M. is maximum at
its centre and decreases as the body proceeds to the
extremes. Therefore if the time taken for the body to go
from Oto 4/21s T} and to go from 4/2 to 4 is T, then
obviously

T,<T,

NOTE : In S.H.M,, at extreme position, P.E. is maximum
when

t=0,x=A4.

1.e., at time ¢ =0, the particle executing S.H.M. is at its
extreme position.

Therefore P.E. is max. The graph I and IIl represent the
above characteristics.

b y=k?
2
DY _on o d—2y=2k
dt dt

@

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

We know that 7= 27 \/z
g

I _12_6
[-g,=10m/s’and g,=g+2=12m/s’]
From the graph it is clear that the amplitude is 1 cm and

the time period is 8 second. Therefore the equation for
the S.H.M. is

) [Zn) ) [Zn) .
x=asin| — | x¢ =1sinf — [t =sin—¢
T 8 4

The velocity (v) of the particle at any instant of time 7’

is
a d| . (n) T (n)
v=—=—1|sin| — |t |=—cos| —|¢
dt dt 4 4 4

The acceleration of the particle is
d*x (n)z . (n)
—=—|—]| sin|—|t
a*  \4 4

4
At t=§s we get

d’x (n]z n 4 - . n
—| =| sin—x—=——si

4 4 3 16 3

_ V3

32

2
I _&

ar?

cm/s?

©

@

10. (b)

Figure shows the rod at an angle
6 with respect to its equilibrium
position. Both the springs are

stretched by length ?

The restoring torque due to the
springs

T = — 2 (Restoring force) x
perpendicular distance

2
) M

2
If I is the moment of inertia of the rod about M then

d*e
t=1a=l—2 ... (i)

dt
From (1) & (ii) we get
2 2 2 2 2
40 L0 dle_ k¢ k¢

dar? 2 a2 12 Mi/22

Comparing it with the standard equation of rotational
SHM we get

a’zez_wz9 , 6k

L = 02=% o6 &
dr? M M
6k 1 [6k
> 2=, = o y=— |2

™M Y=o\ m

Case (1)

Case (i1)

In case (ii), the springs are shown in the maximum
compressed position. If the spring of spring constant
k, is compressed by x, and that of spring constant k,
is compressed by x, then

X +Xy =4 (l)
klxl .

and klxl =k2x2 = Xy =k_ (ll)
2

From (i) & (ii)
kyA

xi +M =4 = x= 2

k2 k2 +k1

Two sinusoidal displacements have amplitude A each,
with a phase difference of 2%. It is given that

sinusoidal displacement x,(t) brings the mass to a
complete rest. This is possible when the amplitude of

third is Aand is having a phase difference of 4% with

respect to x; (t) as shown in the figure.
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2V sin 45°

° 1=T .'.v=\/%ms_1

2V sin6

1. @ T=

D. MCQs with ONE or MORE THAN ONE Correct

1. (¢) NOTE : During one complete oscillation, the kinetic
energy will become maximum twice.
Therefore the frequency of kinetic energy will be 2f.
2. (b,c) The total energy of the oscillator

= %kAz =Max KE. 6. (@)

1
= 5x 2x10% x (0.01)2 =100J

As total mechanical energy= 160J
The PE. at equilibrium position is not zero.
P.E. at mean position =(160—100)J=601J
Max PE.=(100+60)J=1601J.

Extreme Mean

position position
K.E. =100J
P.E.=60J] 7.

KE. =0
P.E.=160J
Ifx is the displacement then,

Mo?x = [pAg +k]x

[pAg+kT/2 1 [pAg+k]l/2
0= \% I —

M 2n| M
NOTE : When a force is applied on cubical block 4 in
the horizontal direction then the lower block B will get
distorted as shown by dotted lines and 4 will attain a
new position (without distortion as 4 is a rigid body)
as shown by dotted lines.

\
*

.\____..

ol USRI R
T
1
N
I
RN ez e

@
\
- N
A

= — ]
—

Ly

\
\

—

<

7

=
X
~

-
-~
~
=
~

1
/

7 a
N e
/777777777777 777777777777

For cubical block B 8.
Fi4a F L F L F
n:—:—x—:—zx—z—
AL/L A AL [ AL LxAL
F=nLAL
nL is a constant

Force F' o< AL and directed towards the mean position,
oscillation will be simple harmonic in nature.

Here, Mo?=nL
T= 21 ﬂ
\l nL

[ x_ [
TV T T M

Let us consider the wire also as a spring. Then the case
becomes that of two spring attached in series. The
equivalent spring constant is

I 1 1

—_——g—
ko k k'
where &' is the spring constant of the wire

We know that time perlod of the system

T=2n 211{
k k

re02m I 1+£ o [ OAED
k YA kYA

Ux)=k|x]
252
[k]= @ M 3T =ML'T7?
[x°] L
Now time period may depend on 7 o« (mass)*
(amplitudey (ky

[MOLOT) = [MF* [LY [ML™ T2

= [ij+zLy—z T—ZZ]
Equating the powers, we get
—2z=lor z=-1/2
y—z=0or y=z=-1/2
Hence T oc (amplitude) 12 oc g1/

(a, ¢) From superposition principle
Y=y ty,ty

= asin ¢+ a sin (wf +45°) +a sin (ot + 90°)

= a[sin ot + sin (¢ +90°] + a sin (of +45°)

= 2a sin (ot + 45°) cos 45° + a sin (o +45°)

=(~2 +1)asin (or+45°)

=4 sin (wt+45°)

Therefore resultant motion is simple harmonic of
amplitude 4 = ( V2+1 )a

and which differ in phase by 45° relative to the first.

Energy in SHM oc (amplitude)? [ v E= %mA2 o? ]

Epesui A\? X
—esutant. = (—) = 2+ =(3+2V2)
Esingle a
E resultant — =(+ 2\/_) Esmgle

(a,b,c) The given equation is

x = A sin? ot + B cos? wt + C sin of cos ot

[ NoTETHIS STEP

Rearranging the equation in a meaningful form (for
interpretation of SHM)

x= %(2 sin? o)+ §(2 cos? ot)+ %(2 sin ®f cos t)

= g[l —cos2mt]+ g[l +cos2mt]+ %[sin 20t

GP_3481



Simple Harmonic Motion (Oscillations)

° p-s-121

(@ For4=0andB=0,x= %sin (2ot)

.. . . C
The above equation is that of SHM with amplitude >
and angular frequency 2. Thus option (a) is correct.

(b) If4A=Band C=2Bthenx=B+ Bsin2w¢

This is equation of SHM. The mean position of the

particle executing SHM is not at the origin.
Option (b) is correct.
(¢) A=-B, C=2B;Therefore
x =B cos 2wt + B sin 2t
Let B= X cos ¢=Xsin ¢ then
x=Xsin 2¢ cos ¢+ X cos 2t sin
This represents equation of SHM.

(d) A=B,C=0andx= 4. Thisequation does not represents

SHM.
@d) .
Applying t=Ja

L . .
For case A: mg[isme) +Mg(Lsin@)=1,0a,

LLLLLILL L0

Mg
{ . .
Forcase B : mg(asm 9) +Mg((sin®)=Ipap

The restoring torque in both the cases is same.

10. (b,d)

Also I,>1p .ay<ap
LWy <O0p

(a) and (d) are correct options.
Maximum linear momentum in case 1 18 (P} )0 = MVyax
b=m[aw] ()
Maximum linear momentum in case 2 18 (p,),,, = MV, .o
R=m[Ra,]
s 1=mae, ..(ii)

A b_am
Dividing (i) & (ii) 1 o,
o _b_1

"y a n? .. Bisa correct option.

1
Also El = Em w12a2

1
Ey= = mo3R>

2
El (1)_12 612 (1)12 1 2

’ E2 - (l)% R2 B (l)% n (1)% o (0]
E _E

. o = ®, D is the correct option

11. (a,b,d)
Case (i) : Applying conservation of linear momentum.

MV,=(M+m)V, =) v, =(L)V.
M+m

From(1)
M (Al X col) =(M+m) (A2><0)2)

fK , K
— =(M+
MAIX ™M m)A2>< Mo
A —1/ =A
2 M+m 1

1 2

1 1
and E2=5(M+m)v22= 5 (M+m)
MZvZ 2
o LM e
M+m)”  2{M+m
Clearly E, <E,;

, M
The new time Period T,=2 m;;

M
Case (i) : The new time Period T, =2, /mT
Also A, = A

Here E,=E,
The instantaneous value of speed at X of the
combined masses decreases in both the cases.

E. Subjective Problems

1. KeyConcept:

The time period T of the springis 7= 2x /%

M .
or, 2 =2x.|— ...()
™%

In the second case

3= 2n‘/M;2 (i)

From (i) and (ii)
2 [M
3 M+2




Ps122 o

Topic-wise Solved Papers - PHYSICS

& hoe

When mass m; is removed then the equilibrium will get
disturbed. There will be a restoring force in the upward
direction. The body will undergo S.H.M. now.

Let x, be the extension of the spring when (mj +m,) are

suspended and x, be the extension of spring when m, is
removed.

m +m
ke = (m1+m2)g o x = —( d P 2)g
and, kx, = myg o x, = %

Amplitude of oscillation = x; —x,

(m +my) g —myg _ mg

k k
Let at any instant the mass m, be having a displacement x
from the mean position. Restoring force will be

or A =

k
F=—kx or mya=-kx = a=-—x
ny

Comparing this with a =— a’x,
k

k
weget w?=— = o=, [—
mp my
The mass will strike the right spring, compressit. The K.E.
of the mass will convert into P.E. of the spring. Again the
spring will return to its natural size thereby converting its
PE.toK.E. of the block. The time taken for this process will

T m
be - ,where T=2n,{;.
l |-—60 cm—s|

: —Z— \/7 1/ =(.785 sec
ky

The block will move from A to B without any acceleration.
The time taken will be

60
=—=05
27 120
Now the block will compress the left spring and then the
spring again attains its natural length. The time taken will be

m 02
3= n\/k—71= nJR =1.05sec.

Again the block moves from B to A, completing one
oscillation. The time taken for doing so

60
4= 130707
The complete time of oscillation will be
=ttt +t+t,
=0.785+0.5+1.05+0.5
=2.83 (app.)

1
At equilibrium, taking torque of liquids about O

(Torque dueto ] ~ (Torque dueto )
liquid of densityp /) \liquid of density1.5p

myg x OM=m, g x PN

m,g Rsin (45°+0 )=m,gR sin (45°—6 )

VpgR sin (45°+0)=1.5VpgR sin (45°—0)...(1)
- s¥n(45+9) -15
sin (45—-0)
sin45°cos 0+ cos45°sin6 _ 3
sin45°cos0—cos45°sin® 2

= tan6=l
5

NOTE THIS STEP : Let us now displace the liquids in
anticlockwise direction along the circumference of tube
through an angle .
The net torque

T=m,gR sin (45°+ O + ) —m, gRsin (45° - 6 — )

=VpgRsin (45°+ 0 +a)—1.5VpgR (45°- 0 —)

= VpgRsin ( 6 +45° cosa + VpgR cos (45°+ @)

sina— 1.5 VpgR sin (45°-0) cos o

+ 1.5 VpgR cos(45° - 0) sin a

Using eq. (1) we get

1="VpgR [ cos(45°+0)sino +1.5c0s(45°—0)sina |

©=VpgR[cos (45°+ 0 )+ 1.5cos (45°— 0 )] sina
when o is small (given)

sino = o

©=VpgR [cos(45°+ 6 )+ 1.5cos (45°— 0 )]a

Since, T and o are proportional and directed towards mean
position.

The motion is simple harmonic.
Moment of inertia about O is

I=VpR%+ 1.5 VpR?

’I
T=2m |—
T

JVpx2.5R?)

2
" Jlcos(d5+8) +1.5cos(45— 0) ]V pgR
JI803R

g

(1) As both the balls are displaced by an angle 9 = /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.

(using the value tang = %)

GP_3481



Simple Harmonic Motion (Oscillations) ® P-S-123

L
1=LSg(d,—d,) s1n9
when 0 issmall, sin@ ~ 0

2
=L Sg L2 (4, —d))6. Since,

Motlon is simple harmonic.

Compressmn RO= elongatlon =x On comparing it with ©=C6

Force exerted by each spring on each ball =2 kx 12

Total force on each ball due to two springs = 4 kx We get C= _g(d2 —d))

Restoring torque about origin O = _(4105) R 2

125, .

t = —4k (RO) R, where = Angular displacement = la?= Tg(ar2 —dy) @)
of  ¢=-4kR%0 The moment of inertia / of the rod about P

Since torque () is proportional to 6, each ball executes 2

angular SHM about the centre O. VY [ 5)

Again, ¢ = —4kR%0
or Jo =—4kR*0 where a.=angular acceleration I= 1 MI? = 1 LSd I* ...(ii)

3 3
4k
or (mRz)a = —4kR%0 or o, = —[;] 0 From (i) and (i)
3 2
1 |o 2 L L Sg
- |Z o x—=S8d| = dy —d
Frequency f 5o 3 %4 = —(dy—dy)
Frequency of each ball = oy - o= 388 4y =d1) — = 3(dy—di)g
2m @ 2L8d, @ 2d,L
_ L Ax0l_1 sec’! (i) 7- Ifasmallmassisattached tooneend ofa vertically hanging
01 = spring then it performs SHM.

(i) Let velocity at the mean position be v,
Loss in elastic potential energy = Gain in kinetic energy

2 Under SHM, velocity y — 2_,2
e o o

Angular frequency = o, Amplitude =a

= MVmax
2 After detaching from spring, net downward acceleration of
X R the block=g
T
Vinax = \/; X3 = 0.02  m/s . Height attained by the block = A
2 2(2 .2
(i) Total energy = 2[lmvﬁm] . h=y+l o pe y+co (a Y )
2 R 2g 22
1 2
= 2[5 x0.1(0.02m) } Forhtobemaximum,%: 0,y=y*.
=3.95x 104] 4
6. Let 0 be the angle made by the rod at any instant 7. . dh_ . 0)_2 (_2 ) or 0=1 202 p*
The volume of the rod = LS Tody 2g Y T 2

Weight of therod = LS d, g

Upthrust acting on rod = LS d,g

Since, d, > d, (given). Therefore

net force acting at the centre of

mass of the rod at tilted position is
(LSd,g—L5d,g)

Taking moment of force about P

2%
@y =lory"‘=£2
®

or

Since aw? > g (given)

t=(LSd,g— LSd,g) x PN . a>-=5.’.a>y*y* frommean position <a.
where PN = perpendicular @
distance of line of action of force H «_ &
from P ence y*=-—=>.

®
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F. Match the Following
A—-p

. . . 22
Reason : For a simple harmonic motion v= av®~ —X~ On

comparing it with v = cl\/cz—xz we find the two
comparable.

B-ogq,r

Reason :v=—rFkx

when x is positive; vis — ve, and as x decreases, v decreases.

Therefore kinetic energy will decreases. 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-op

Reason : 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)

D-ogq,r

(Since a is constant)

The speed is /2 times the escape speed. Therefore the
object will leave the earth. It will therefore not change the
direction and its kinetic energy will keep on decreasing.
A->p

When simple pendulum is displaced from the mean position
towards any of the extreme position, its potential energy
increases. In case of a S.H.M. we get a parabola for potential
energy versus displacement

Bogq,rs

S =ut for zero acceleration. Therefore we get a straight line
passing through the origin. Therefore option (q) is correct.

1 .. . .
S=ut +5at2 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.

L.

Cos

©

)

@

@

©

)

G. Comprehension Based Questions

If the energy is zero, the particle will not perform
oscillations. Therefore E should be greater than zero.
Further if E = V), the potential energy will become
constant as depicted in the graph given. In this case
also the particle will not oscillate.

Therefore E should be greater than zero but less
than V.

We can get the answer of this question with the help of
dimensional analysis.

Given potential energy = o

_ Potentialenergy MI’T™
*= x* Rz

N l\/ﬁ_l/L_T
WNo LN M2T?

Therefore option (b) is correct.

—dV(x)

=[ML>T™]

F=

As V (x) = constant for x > X,

S F=0 for x> X,

Since F=0,a=0

When the ball is thrown upwards, at I\(Iomentum

the point of throw (O) the linear
momentum is in upwards direction (and
has a maximum value ) and the position Pasition
is zero. As the time passes, the ball 0 A

moves upwards and its momentum
goes on decreasing and the position
becomes positive. The momentum
becomes zero at the topmost point (A).

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.

These characteristics are represented by graph (d).
We know that the
total mechanical energy oc (Amplitude)?
o E| «c(2a)?
& E, « a2
£y
E_2 =

4

As the mass is osicillating in water its amplitude will go
on decreasing and the amplitude will decrease with
time. Options (c) and (d) cannot be true.

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.
These characteristics are depicted in option (b).

GP_3481
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| 222202 JEE Main/ GIEEE

1 2 2 1 {
oge _ 8eff g

At the mean position x=0

1 Buoyant
- KE.= EkAz =Maximumand U=0 force | 1000 Vg
2.  (b) Let the spring constant of the original spring be .
p” 24,1000 vg
Then its time period T = 27, [— where m is the mass of : 3
k Weight
oscillating body. mg =mg-B=my-V x100 x g
When the spring is cut into n equal parts, the spring . 100 1000 g
constant of one part becomes nk. Therefore the new CBeff =8 8=8"7 &=
. - (m/v) 4
time period, 3 x1000
m T Y
T'=2n|—=— = — -
nk J; st=27 g/4 t_zto
3. () KEYCONCEPT: Thetimeperiod T =27 £ where 10, (b) For first spring, t,=2n \/Z
g k
£ = distance between the point of suspension and the m
centre of mass of the child. This distance decreases For second spring, ¢, = 2w P
when the child stands 2 ok
LT <T i.e., the period decreases. when springs are in series then, kg = p 1+]2€
1 TR

/M
4. (c) T = 21’[ 7 - T _ 27[ m(lzl—:kz)
T M+m _g \ 172
V 3
nT=2n | o
/ ’ m E ky kK
M =T =1l +13

. . . k here x is the displ t from th iti
= A X where x is the displacement from the mean position
5. (¢) Maximum velocity during SHM = Ao \/; 11. (a) Atany instant the total energy is
k

[ o= —] %kA2 =constant, where 4 =amplitude
m

@en)?  (2n)?

; o . hence total energy is independent of x.
Here the maximum velocity is same and mis alsosame 17, ®) Equation of displacement is given by

. A k = Asin(ot +
- Ak = Ay Jky A_1= k_2 x (w1 +9)
2 ! where 4 = fo
T=2 V4 d T'=2 1.210 m(wy” —»”)
6. @ ‘=T 2 an = < g 13. (¢) Themaximum ofamplitude and energy is obtained when

the frequency is equal to the natural frequency

(o £'=L+21% of {) (resonance condition)

S0 =02
. T-T 1210 -1
0 - = x100=10% dy;
% 1Increase e x100 = J_ ° 4. ® v = Z =0.1x100m cos[lOOnt+ 3)
sinm¢  cosTt
_ . _ d .
7. (¢ x=4(cosTt+sinmt) «/5X4( NG + 2 ) vy =%=—0.1n51nnt=0.1n008[ﬂt+§)

x = 4/2sin(m £ +45°) . Phase diff. = §; — ¢ n n_2n-3n _
1702 =7757 -

8. @) K.E.=%mm2(a2—x2)

1 15. (¢) y=l—lcos2a)t
Whenx=O,KEismaximumandisequaltoEmo)zaz. 2 2
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16. (b) Centre of mass of combination of liquid and hollow  22.
portion (at position (), first goes down (to £+ A() and
when total water is drained out, centre of mass regain
its original position (to £ ),
T=2n \/Z
g
*. ‘T first increases and then decreases to original value.
23.
17. @ i
. @ —5 =-ax=-0"x
dt*
or T 2n  2¢m
= o=+Ja =—=—F
o o
18. (@) Maximum velocity,
2n
Vmax = 490, Vmax =ax7
-3
T = 2rna 2x3.14><7x10 ~0.01 s
Vmax 44
19. (@) K. ofabodyundergoing SHM is given by,
KE. = %maza)2 cos? ot, TE = ;mazm2
GivenK.E.=0.75TE. 24.
= 0.75 = cos> ot = of = %
T X2 1
=>t= =>t= >t==3s
6x® 6x2m 6 25
20. (@) Thetwosprings are in parallel. )
1 [K+K . 26.
f= o 2172 ..()
T m
, 1 4K, +4K
f'= 1—2
[4(K1+4K2 ( 1 /K +K, \
ﬁom eqn. (1) 27.
2. &) KEY CONCEPT : The instantaneous kinetic energy of

a particle executing S.H.M. is given by
K= %ma2 o? sinwt

1
» averageKE.=<K>=<— ma? a? sin? ot >

1 .
=3 m?a? <sin? ot >

= — 2.2 — 5 e>=—
S mo'd 5 <sin 7

1 1
= —mo’a’=~ma? (2nv)2 (. o=2mnv)
4 4
2.2

2
or, <K>=n"ma"v

)

@

@

@
©

@

Here, x=2x 102 cos rt ¢

dx .
L yv=—=2x10"2 gsingt
dt
For the first time, the speed to be maximum,

. . . m
sint =1 or, smnt=sm5

> m== ot : 0.5

T = — = —=0. .
2 or, 5 sec

Here,

x=x,cos (0f—m/4)

. Velocity, v = ax = —X(®sin (wt - E)
dt 4

Acceleration,
_&_ —xy0° cos((ot—zj
dt 0 4

2 n
= Xo® cos{n +(cot _Zﬂ

2 3n
= Xp® COS 0)t+7

-
-Q)

Acceleration, a = A4 cos (0t + d)
Comparing the two equations, we get

A= xo(nzandés_?%C

For an SHM, the acceleration a = ~02x where o? is

a . . .
a constant. Therefore S sa constant. The time period

. al .
T 1s also constant. Therefore 7 1S a constant.

For X, + A to be the maximum seperation y one body is
at the mean position, the other should be at the extreme.

The net force becomes zero at the mean point.
Therefore linear momentum must be conserved.

=(M+m)v,

MAI\/7 (M+m)A2r.‘. (V=A\/%

Al_ m+M
A1W=A2\/M+m A_z_‘/T

The equation of motion for the pendulum, suffering
retardation

To.=—mg((sin 6) — mbv () where I =m/(?

and o = d20/dr?

2
Cald ~& tan0+ b
dr* 4
—b—sm(u)t+¢)
On solving we get =10, e
-br

. . 0
According to questions —> = §,e 2
e

2
o T=—
b

GP_3481



Simple Harmonic Motion (Oscillations)

28.

29.

30.

©)

©)

@

° P-s-127

_bt

wA=Ape 2m (where, A, =maximum amplitude)
According to the questions, after S second,

_b®) .
09Ay=Age 2m -0
After 10 more second,

_bas .
A=Age 2m )
From eq"s (i) and (ii)

A=0.729A, .. a=0.729
M,
7g =h RV =PVY
Mg=PyA  ...(1) ByAxy" = PA(xy —x)"
po_fo%
(%o —x)"
Let piston is displaced by distance x
( ])Oxg \\
Mg - L(XOT)YJ = Frestoring
Piston
| x
v
Xo Cylinder
containing
ideal gas
( x )
R)ALI_(XOT)YJ = E’estoring [xp —x = xg]
Fo_ YRy Ax

X0

.. Frequency with which piston executes SHM.
_ 1 ypd 1 |yp4?
2n\\xoM 22\ MV,

In simple harmonic motion, starting from rest,
Att=0,x=4

x=Acosot . @)
Whent=t,x=A4A-a
Whent=27,x=4-3a

From equation (1)

A—a=Acoso
A-3a=Acos20t

Ascos2o7 =2cos?mr—1...(iv)
From equation (i), (iii) and (iv)

2
A-3a =2(A—a) 1
A A

3. ()

32. @

33. 0

A-3a_24% +24* —44a- A*
A 42
—3ad=A%+2a%>-44a

A=2a

(
As we know, time period, T = 275\/2
When additional mass M is added then

T T L

2

Mg/(
e ]
T Ay Ay
L1 (T_M)Z_l A
Ty (UT Mg
1

KE=5k(A2 d?)

)
andP.E.=5kd

At mean position d = 0. At extremes positions d=A
Weknowthat V= ¢/p2 _2
2

Initially V=9¢/A%— (%
Finally 3v=o/A?— 2A
) ) 2A )
Where A'=final amplitude (Given atx = T , velocity
to trebled)
o)
3
On dividing we get s
(%)
3
4A° 2 A
A2—— = v2_4A . v=7_
9[ 9 ] A 9 . A 3
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