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OSCILLATIONS

A small sphere carrying a charge q is hanging in
between two parallel plates

by a string of length L. Time period of

pendulum is T;. When parallel plates are

charged, the time period changesto T.

The ratio T /T, is equal to

+ + + + + +|+ + + + + +
L

i

1/2 3/2 1/2 d
2 gﬂf by (8 o (2 ) None of these
g E"'E g+E

m

The bob of a simple pendulum executes simple harmonic motion in water with a period t, while
the period of oscillation of the bob is ¢, in air. Neglecting frictional force of water and given that
the density of the bob is (4/3 x 1000 kg — m*). What relationship between t and t; is true?
ajt=t, b)t =ty/2 c) t = 2t, d) t = 4t,

As a body performs S.H.M,, its potential energy U. Varies with time as indicated in
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Two simple pendulum of length 0.5 m and 20 m respectively are given small linear displacement in one
direction at the same time. They will again be in the phase when the pendulum of shorter length has
completed... oscillations.

a)s b)1 c) 2 d) 3

A simple harmonic oscillator has a period of 0.01 s and an amplitude of 0.2 m. The magnitude of the
velocity in m sec™1! at the centre of oscillation is

a) 20m b) 100 c) 407 d) 100m

A body has a time period T; under the action of one force and T, under the action of another force, the
square of the time period when both the forces are acting in the same direction is

a) T{ T3 b) TE /T3 ¢) T + TS d) TETE /(T + 1)
For a simple pendulum the graph between L and T will be
a) Hyperbola b) Parabola c) A curved line d) A straight line

A mass of 4 kg suspended from a spring of force constant 800 Nm™~! executes simple harmonic
oscillations. If the total energy of the oscillator is 4/, the maximum acceleration (in ms~?) of the mass is
a)5s b) 15 c) 45 d) 20

A spring of force constant k is cut into two pieces such that one piece is double the length of the other.
Then the long piece will have a force constant of

a) (2/3)k b) (3/2)k c) 3k d) 6k
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There is a body having mass m and performing S.H.M. with amplitude a. There is a restoring force F =
—Kx, where x is the displacement. The total energy of body depends upon
a) K,x b)K,a c) K,a,x d)K,a,v
If a body of mass 0.98 kg is made to oscillate on a spring of force constant 4.84 N /m, the angular
frequency of the body is
a) 1.22rad/s b)2.22rad/s c) 3.22rad/s d) 4.22 rad/s
The amplitude of vibration of a particle is given by a,, = (a,)/(aw? — bw + ¢); where a,, a, b and ¢ are
positive. The condition for a single resonant frequency is
a) b? = 4ac b) b? > 4ac c) b? = sac d) b? = 7ac
The period of oscillation of a simple pendulum of constant length at earth surface is T. Its period inside a
mine is
a) Greater than T b) Less than T c) EqualtoT d) Cannot be compared
In a simple pendulum, the period of oscillation T is related to length of the pendulum [ as

2 2
a) % = constant b]i? = constant c) % — constant d) % = constant

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?

1 1 1 1
a}gs b]ZS C}§s d]ﬁs
A mass m is suspended from a spring of length [ and force constant K. The frequency of vibration of the
mass is f;. The spring is cut into two equal parts and the same mass is suspended from one of the parts.
The new frequency of vibration of mass is f,. Which of the following relations between the frequencies is
correct

a) f, =V2f, b) fi =12 c) fi=2f d) £, = V2f;
How does time period of a pendulum very with length?
a) VI b) \E o) % d) 21

A particle is vibrating in a simple harmonic motion with an amplitude of 4 cm. At what displacement from
the equilibrium position, is its energy half potential and half kinetic

a)1lcm b) ﬁcm c)3cm d) 2\,@ ocm

A simple pendulum has a time period T; when on the earth’s surface and T, when taken to a
height 2R above the earth’s surface where R is the radius of the earth. The value of (T /T5) is
a)1/9 b)1/3 <) V3 d) 3

A ball of mass (m)0.5 kg is attached to the end of a string having length (L)0.5 m. The ball is rotated on a
horizontal circular path about vertical axis. The maximum tension that the string can bear is 324 N. The
maximum possible value of angular velocity of ball (in radian/s) is

a)9 b) 18 c) 27 d) 36
Two identical balls A 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 circle as shown in the

figure. The pipe is fixed in a horizontal plane. The centres of the balls can move in a circle of radius 0.06 m.

Each spring has a natural length of 0.06r m and force constant 0.1N /m. Initially both the balls are
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displaced by an angle 8 = /6 radian with respect to the diameter PQ of the circle and released from rest.
The frequency of oscillation of the ball B is

1 1
a)mHz b)—Hz ¢) 2m Hz d) —Hz
s 2

What is the maximum acceleration of the particle doing the SHM?
y = 2sin [“?t + @] where 2 is in cm.

2 T

: b]% cms™? c) — cms™

a) = cms” o d) " et
2 2 2

g i t i ; P
A particle moves according to the law, = rcos -;L The distance covered by it the time interval between t= 0

tot=3sis
ajr b) 2r c) 3r d) 4r
How does the time period of pendulum vary with length
L 1

a) VL b) |—= c) — d) 2L

) ) ﬁ ) i )
A force of 6.4 N stretches a vertical spring by 0.1 m. The mass that must be suspended from the spring so
that it oscillates with a period of G) 5.is

}(E)k b) 1k oy d) 10k
a\z/) g ) 1kg c) (E) g g

A metal rod of length L and mass m is pivoted at one end. A thin disk of mass M and radius R(<
L) is attached at its centre 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?

Restoring torque in case A=Restoring torque b Restoring torque in case A<Restoring torque

in case B in case B
Angular frequency for case A<Angular Angular frequency for case A<Angular
frequency for case B frequency for case B

A man having a wrist watch and a pendulum clock rises on a TVtower. The wrist watch and pendulum
clock by chance fall from the top of the tower. Then
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a) Both will keep correct time during the fall

b) Both will kept incorrect time during the fall

c) Wrist watch will keep correct time and clock will become fast

d) Clock will stop but wrist watch will function normally

For a particle executing SHM, the kinetic energy kis given by k = k, cos® wt. The equation of its
displacement can be

1/2

ky \M2 2k \ M2 202 \"? 2k
a) ( 2 ) sin wt b) ( L ) sin wt c) sin wt d) (—O) sin wt
mew? mao? m kg )

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

m m m 2Zm
a)T ZHJM{ )T 2nf2k T erik )T 2n'k

A particle of mass 200 g executes SHM. The restoring force is provided by a spring of force constant 80
N/m. The time period of oscillation is

a) 0.31s b) 0.15s c) 0.05s d) 0.02s

The variation of potential energy of harmonic oscillator is as shown in figure. The spring constant is

U {oule)
N7
0.01
y {in mm)
{0, 0)
20mm
a) 1 x 102N /m b) 150 N/m ¢) 0.667 x 102N /m d) 3 x 102N/m

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 observation, till water is coming
out, the time period of oscillation would

a) First increase and then decrease to the origin value

b) First decrease and then increase to the origin value

c) Remain unchanged

d) Increase towards a saturation value

Length of a simple pendulum is [ and its maximum angular displacement is 8, then its maximum K.E. is

a) mglsing b) mgl(1 + sin ) c) mgl(1 + cos @) d) mgl(1 —cos@)
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A simple pendulum has time period T. The bob is given negative charge and surface below it is given
positive charge. The new time period will be

a) Lessthan T b) Greater than T’ c) Equalto T d) Infinite

The displacement of a particle executing SHM is given by y=0.25 sin 200t cm. the maximum speed of the
particle is

a) 200 cms™! b) 100 ems™! ¢) 50 cms™? d) 5.25 cms™!
Graph between velocity and displacement of a particle, executing S.H.M. is
a) A straight line b) A parabola ) A hyperhola d) An ellipse

Displacement-time equation of a particle executing SHM is, x = 4 sin wt + 3 sin(wt + 7/3). Here x is in
centimeter and t in second. The amplitude of oscillation of the particle is approximately

a)} 5cm b) 6 cm c) 7cm d) 9 cm
A plate oscillates with time period 'T'. Suddenly, another plate put on the first time, then time period
a) Will decrease b) Will increase c) Will be same d) None of these

A mass Mis suspended from a light spring. An additional mass madded displaces the spring further by a
distance x. Now the combined mass will oscillate on the spring with period

B ’ mg | Em)x
a)T =2r X—(M+m) b)T =2n —mg
: - mg _ (M +m)
c)T=mn/2 ‘X—(M+ ) d)T =2r —g

An ideal spring with spring-constant K is hung from the ceiling and a block of mass M is attached to its
lower end. The mass is released with the spring initially unstretched. Then the maximum extension in the
spring is
a)4Mg/K b)2 Mg/K c) Mg/K d) Mg/2K
Due to some force F a body oscillates with period 4/5 s and due to other force F; oscillates with period
3/5 s. If both forces act simultaneously, the new period will be
a) 0.72s b) 0.64 s c) 0.48s d) 0.36 5
The time period of a mass suspended from a spring is 5 s. The spring is cut into four equal parts and the
same mass is now suspended from one of its parts. The period is now
a)5s b)2.5s ¢) 1.255s d]i s
16

A block of mass Mis suspended from a light spring of force constant & another mass m moving upwards
with velocity v hits the mass M and gets embedded in it. What will be the amplitude of the combined
mass?

mv Muv mv Mv
) T —m)k gy ) M £ mk D T+ mk
A small block is connected to one end of a massless spring of un-stretched length 4.9m. The other end of
the spring (see the figure) is fixed. The system lies on a horizontal frictionless surface. The block is
stretched by 0.2m and released from rest at t = 0. It then executes simple harmonic motion with angular

frequency @ = %rad/s. Simultaneously at t = 0, a small pebble is projected with speed v from point P is

at angle of 45° as shown in the figure. Point P is at a horizontal distance of 10 m from 0. If the pebble hits
the block at t = 1s, the value of v is (take g = 10m/s?)

v
' 10m P
a) V50m/s b) V51m/s ) V52m/s d) V53m/s
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The equation of motion of a particle is in + Ky = 0, where K is positive constant. The time period of the
motion is given by

21 2
a) = b) 21K c) ® d) 2nvK

A particle executing a simple harmonic motion has a period of 6 s. The time taken by the particle
to move from the mean position to half the amplitude, starting from the mean position is

1 3 1 3
a};s b]:S C}ES d];S
A particle of mass m oscillates with simple harmonic motion between points x; and x5, the equilibrium

pusition being 0. Its potentia energy is plotted. It will be as given below in the graph

A particle is moving with constant angular velocity along the circumference of a circle. Which is the
following statements is true

a) The particle so moving executes SHM b) The projection of the particle of any one of the
diameters executes SHM
c) The projection of the particle of any one of the d) None of the above
diameters executes SHM
A particle oscillating under a force F = —k% — bv is a (k and b are constant)
a) Simple harmonic oscillator b) No linear oscillator
c) Damped oscillator d) Forced oscillator
Infinite springs with force constants k, 2k, 4k and 8k ..... respectively are connected in series. The

effective force constant of the spring will be
a) 2k b) k ¢) k)2 d) 2048
The period of oscillation of a simple pendulum of length [ suspended from the roof of a vehicle,
which moves without friction down an inclined plane of inclination a is given by
1 1 l 1
b

c) 2m |- d) 2n

a) 2w m :
gcosa gsina g gtana

The mass Mshown in the figure oscillates in simple harmonic motion with amplitude A. The

amplitude of the point Pis

Ky Pk
M

a)— —_— c
) ) ) ky + ks ) ky + ks
The time period of a simple pendulum of length L as measured in an elevator descending with acceleration

9is
3

a) ZHE b) m (%) €) 2m (%) 4 2n (%)

A simple pendulum is suspended from the ceiling of a lift. When the lift is at rest its time period is
T. With what acceleration should the lift be accelerated upwards in order to reduce its period to
T/2? (gis acceleration due to gravity)

a)2g b)3g c)4g d) g

Two simple pendulums of lengths 1.44 m and 1 m start swinging together. After how many
vibrations will they again start swinging together?
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a) 5 oscillations of smaller pendulum b) 6 oscillations of smaller pendulum
c) 4 oscillations of bigger pendulum d) 6 oscillations of bigger pendulum
The frequency of oscillation of the springs shown in the figure will be

K

Kz
N
=]

ay L X L Tl i (K LA
21 |m 2m KK, T lm 2 |m(K; + K3)

When a body of mass 1.0 kg is suspended from a certain light spring hanging vertically, its length
increases by 5 cm. by suspending 2.0 kg block to the spring and if the block is pulled through 10

cm and released, the maximum velocity in it (in ms™1) is (acceleration due to gravity=10 ms™~?)

a) 0.5 b) 1 c) 2 d) 4

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 constant 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 8 in one direction and

released. The frequency of oscillation is

g1 ek 5 R L g 3 |08 I e
2o, M 2 M 2n (M 2m. | M

The resultant of two rectangular single harmonic motion of the same frequency and unequal
amplitudes but differing in phase by n/2 is

a) Simple harmonic b) Circular c) Elliptical d) Parabolic

A block of mass m, attached to a spring of spring constant k, oscillates on a smooth horizontal table. The
other end of the spring is fixed to a wall. The block has a speed v when the spring is at its natural length.
Before coming to an instantaneous rest, if the block moves a distance x from the mean position, then

a)x =m/k b]x=%,e‘m/k c) x =vym/k d) x = mv/k

Two identical blocks A and B, each of mass m resting on smooth floor, are connected by a light
spring of natural length L and the spring constant k, with the spring at its natural length. A third
identical block at € (mass m) moving with a speed (v) along the line joining A and B collides with
A. The maximum compression in the spring is proportional to

m { v mv muv
a} UJ% b] m '2_}{ C} T d] H
The length of a spring is | and its force constant is k. When a weight W is suspended from it, its length

increases by x. If the spring is cut into two equal parts and put in parallel and the same weight W is
suspended from them, then the extension will be

X X
a) 2x b) x c) 2 d) Z
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A simple pendulum of length ! has been set up inside a railway wagon sliding down a frictionless inclined
plane having an angle of inclination 8 = 30° with the horizontal. What will be its period of oscillation as
recorded by an observer inside the wagon?

' 21
a) 2m JTT; b) 2m,/21/g c) 2m./l/g d) 27 \é_—?

Which of the following equations does not represent a simple harmonic motion

a)y=asinwt b)y=acoswt

c) y = asinwt + bcoswt d)y=atanwt

A body is executing simple harmonic motion with an angular frequency 2 rad/s. The velocity of the body
at 20 mm displacement, when the amplitude of motion is 60 mm, is

a) 40 mm/s b) 60 mm/s c) 113 mm/s d) 120 mm/s

A piece of wood has dimensions a, b and ¢. Its relative density is d It is floating in water such that the side
cis vertical. It is now pushed down gently and released. The time period is

a)T =2r (%) b)T =2m (Z—;) ©T=2n (dg_c) At =dp (%)

The metallic bob of a simple pendulum has the relative density p. The time period of this pendulum is T If
the metallic bob is immersed in water, then the new time period is given by

il P p—1 ’ p
a) T —— mTr——- c)T T

A particle executes a simple harmonic motion of time period T. Find the time taken by the particle to go
directly from its mean position to half the amplitude

a)T/2 b) T /4 c)T/8 d)T/12

A simple harmonic oscillator has a period T"and energy £. the amplitude of the oscillator is doubled.
Choose the correct answer.

a) Period and energy get doubled b) Period gets doubled while energy remains the
same

c) Energy gets double while period remains the samed) Period remains the same and energy hecomes
four times

On a planet a freely falling body takes 2 s when it is dropped from a height of 8 m, the time period of
simple pendulum of length 1 m on that planet is
a) 3.14s b) 16.28 5 c) 1.57s d) None of these

A simple pendulum has time period T;. The point of suspension is now moved upward according
to the relation y = k t2, (k = 1 ms™2) where y is the vertical displacement. The time period now

2
becomes T,. The ratio of :—;z is (g = 10 ms™?)

a) 6/5 b)5/6 ) 1 d) 4/5
A particle of mass m is located in a one dimensional potential field where potential energy is

given by (x) = A(1 — cos px) , where A and p are constants. The period of small oscillations of the

particle is

m m m 1 |AR
a) 2w |— b) 2w c) 2 J: d) — |—
.y Sy )2m 2 Ll b

An object is attached to the bottom of a light vertical spring and set vibrating. The maximum speed of the
object is 15 cm/s and the period is 628 milli-seconds. The amplitude of the motion in centimeters is
a) 3.0 b) 2.0 c) 1.5 d) 1.0
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The length of the second’s pendulum is decreased by 0.3 cm when it is shifted to Chennai from
London. If the acceleration due to gravity at London is 981 cms™2, the acceleration due to gravity
at Chennai is (assume 12 = 10)

a) 981 cms™? b) 978 cms 2 c) 984 cms 2 d) 975 cms 2
The velocity of a particle performing simple harmonic motion, when it passes through its mean position is
a) Infinity b) Zero c) Minimum d) Maximum

A girl swings on cradle in a sitting position. If she stands what happens to the time period of girl
and cradle?

a) Time period decreases b) Time period increases

c) Remains constant d) First increases and then remains constant
For a simple pendulum, the graph between T2 and L is

a) A straight line passing through the origin b) Parabola

c) Circle d) Ellipse

The motion which is not simple harmonic is

a) Vertical oscillations of a spring b) Motion of simple pendulum

c) Motion of a planet around the sun d) Oscillation of liquid column in a U-tube

In a simple harmonic oscillator, at the mean position

a) Kinetic energy is minimum, potential energy is maximum

b) Both kinetic and potential energies are maximum

¢) Kinetic energy is maximum, potential energy is minimum

d) Both kinetic and potential energies are minimum

Which of the following figure represent(s) damped simple harmonic motions?

ANTAWa
U U Time

()

Displacement

ANA
e

Displacement

Displacement
|
B
5

Displacement

4
a) Fig. 1 alone b) Fig. 2 alone c) Fig. 4 alone d) Fig. 3 and 4
The bob of a simple pendulum is of mass 10 g. It is suspended with a thread of 1 m. If we hold the bob so as
to stretch the string horizontally and release it, what will be the tension at the lowest position? (g= 10
ms™?)
a) zero b) 0.1 N c) 0.3N d) 1.0N
A body of mass 20 g connected to spring of constant k executes simple harmonic motion with a

frequency of G) Hz. The value of spring constant is

a)4Nm™?t b)3Nm™! ¢) 2Nm™! d)5Nm™?
Two SHMs are respectively represented by v, = a sin(wt — kx) and
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v, = b cos(wt — kx) The phase difference between the two is

a)m/6 b)r/4 c) /2 d)m

A mass Mis attached to a horizontal spring of force constant kfixed on one side to a rigid support as
shown in figure. The mass oscillates on a frictionless surface with time period 7and amplitude A. When
the mass is in equilibrium position. Another mass mis gently placed on it. What will be the new amplitude
of oscillations?

L
W“IH .'.1|

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 T. If the mass is increased by m, the time

period become 5T /3. Then the ratio of %is
a) 3/5 b) 25/9 ¢) 16/9 d)5/3

Five identical springs are used in the following three configurations. The time periods of vertical
oscillations in configurations (i), (ii) and (iii) are in the ratio

K K Ké K
K
(i) (iii)
(if)
1 1 1 1
a}l-ﬁ-ﬁ quﬁv’i.E c)ﬁ.2.1 d]z.ﬁ.

Two simple harmonic motions are represented by y; = 4 sin(4mnt + %) and y; = 3 cos(4mnt). The resultant

1

amplitude is

a) 7 b) 1 c) 5 d)2++3

Two simple pendulums first of bob mass M, and length L, second of bob mass M, and length L,. My = M,
and Ly = 2L,. If the vibrational energy of both is same. Then which is correct

a) Amplitude of B greater than A b) Amplitude of B smaller than A

c) Amplitude will be same d) None of these

Four massless springs whose force constants are 2k, 2k, k and 2k respectively are attached to a mass M
kept on a frictionless plane (as shown in figure). If the mass M is displaced in the horizontal direction, then
the frequency of oscillation of the system is

gl | & >, 7k
2m |TM 2, M
A particle moving along the x-axis executes simple harmonic motion, then the force acting on it is given by
a) —AKx b) A cos(Kx) c) Aexp(—Kx) d) A Kx

The period of a simple pendulum inside a stationary lift is T. The lift accelerates upwards with an
acceleration of g/3. The time period of pendulum will be
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02

03

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

¥ 3 T
b)— paklics’ d) —

A particle is performing simple harmonic motion along x-axis with amplitude 4 cm and time period 1.2 s.
The minimum time taken by the particle to move from x = + 2 to x = + 4 cm and back again is given by
aj04s b)0.3s c)02s d) 0.6s

A body having natural frequency v’ is executing forced oscillations under a driving force of frequency. The
system will vibrate

a) with frequency of driving force v b) with its natural frequency v'

c) with mean frequency of the two [(v + v")/2 d) None of the above

The amplitude of a particle executing SHM is made three-fourth keeping its time period constant. Its total

energy will be

E 3 9 d) None of these

= b) > o

3 )3E T

A wooden cube (density of wood d) of slide [ floats in a liquid of density p with its upper and
lower surfaces horizontal. If the cube is pushed slightly down and released, its performs simple

harmonics motion of period T, then T is equal

‘ lp 'Id Ip Id
alin —— b) 21 |— c) 2 |— d) 2rr |———
(p—d)g pg dg (p—d)g

The restoring force of SHM is maximum when particle

a) Displacement is maximum b) Is half way between the mean and extreme
position
c) Crosses mean position d) Is at rest

A particle is oscillating in SHM. What fraction of total energy is kinetic when the particle is at A/2

from the mean position? (4 is the amplitude of oscillation)
3E 3 E
a) — b)=- F c) = d) 3E
)= )7 = )
The displacement equation of a simple harmonic oscillator is given by
y = Asinwt — B cos wt

The amplitude of the oscillator will be

a)A—B b)A+ B c) JAz + B2 d) A% + B?
What is the effect on the time period of a simple pendulum if the mass of the bob is doubled
a) Halved b) Doubled c) Becomes eight times  d) No effect

The time period of a particle in simple harmonic motion is 8 seconds. At t = 0, it is at the mean position.
The ratio of the distances travelled by it in the first and second seconds is

a) 1/2 b) 1/v/2 ) 1/(V2 = 1) d) 1/v3

A system exhibiting S.H.M. must possess

a) Inertia only b) Elasticity as well as inertia

c) Elasticity, inertia and an external force d) Elasticity only

A simple pendulum of length ! has a brass bob attached at its lower end. Its period is 7. If a steel bob of

same size, having density x times that of brass, replaces the brass bob and its length is changed so that
period becomes 2 7. then new length is

a)2l b) 41 c) 4 lx d)41/x

A particle at the end of a spring executes simple harmonic motion with a period t;, while the
corresponding period for another spring is 5. If the period of oscillation with the two springs in
seriesis T, then

a)T =t +t; b) T? =t +t5 QT =t +t;! d)T72 = t7% + 52
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104. A bottle weighing 220 g and of area of cross-section 50 cm? and height 4 cm oscillates on the surface of

105.

106.

107.

108.

109.

110.

111.

water in vertical position. Its frequency of oscillation is
a) 1.5 Hz b) 2.5 Hz ¢) 3.5 Hz d) 4.5 Hz
The x-t graph of a particle undergoing simple harmonic motion is shown below. The acceleration

of the particle at t = % s is

X
(cm) () 4\/8 12 -
-1

2 2
- b) —"— cms ™2 c) ?3:—2 cms™? d) ~3—\§ m?cms ™!
The displacement of an object attached to a spring and executing simple harmonic motion is
given by x = 2 x 107 cos it metre. The time at which the maximum speed first occurs is
a)0.5s b) 0.75 s c) 0.125 s d) 0.25s
A 15 g ball is shot from a spring gun whose spring has a force constant of 600 N/m. The spring is
compressed by 5 cm. The greatest possible horizontal range of the ball for this compression is (g =
10m/s?)
a) 6.0 m b) 10.0 m ) 12.0m d) 8.0 m
The acceleration a of a particle undergoing S.H.M. is shown in the figure. Which of the labelled points
corresponds to the particle being at —x,,, 4y

‘ 2 [\ t

a) 4 b) 3 c) 2 d) 1
The velocity-time diagram of a harmonic oscillator is shown in the adjoining figure. The frequency of
oscillation is

iz v:m my/s) 1
+r
0 04
003 —
_at : Tiin s)

_2_

a) 25 Hz b) 50 Hz c) 12.25 Hz d)333Hz
A simple pendulum is suspended from the roof of a trolley which moves in a horizontal direction with an

3
a) — 2
32

acceleration a, then the time period is givenby T = Zn\lg_ where g' is equal to

a)g b)g—a c)g+a d) g%+ a?
A tunnel is made across the earth of radius R, passing through its centre. A ball is dropped from a height /
in the tunnel. The motion will be periodic with time period.
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112.

113.

114.

115.

116.

117.

R h R 2h
amjiﬂf b]zﬁ\};q_
g aq g g
R h R 2h
] g g .\‘g

A simple pendulum is made of a body which is a hollow sphere containing mercury suspended by means of
a wire, If a little mercury is drained off, the period of pendulum will

©

a) Remains unchanged

b} Increase

c) Decrease

d) Become erratic

If the differential equation given by

i%-i- ZkZ—f-i- w?y = Fysinpt
Describes the oscillatory motion of body in a dissipative medium under the influence of a periodic
force, then the state of maximum amplitude of the oscillation is a measure of

a) Free vibration b) Damped vibration  c) Forced vibration d) Resonance

A simple pendulum is released from A shown.

If m and [ represent the mass of the bob and

Length of the pendulum, the gain kinetic energy

at B is
QD

b) mTiI c) ?mgi d) \% mgl

A point mass m is suspended at the end of a massless wire of length L and cross-section area A. If
Y is the Young's modulus for the wire, then the frequency of oscillations for the SHM along the
vertical line is

1 |va mL 1 [va mlL
R b okt c) = |— d N
21| mL )2m (o il 7

The graph between the time period and the length of a simple pendulum is

a) Straight line b) Curve c) Ellipse d) Parabola

A coin is placed on a horizontal platform, which undergoes horizontal SHM about a mean position O. the
coin placed on platform dies not slip, coefficient of friction between the coin and the platform isu. The
amplitude of oscillation is gradually increased. The coin will begin to slip on the platform for the first time
a) at the mean position b) at the extreme position of oscillations
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118.

119.

120.

121.

122.

123.

¢) for an amplitude of pg/w? d) for an amplitude of g/u w?
The displacement of a particle performing simple harmonic motion is given by, x =

8 sin wt + 6 cos wt, where distance is in cm and time is in second. The amplitude of motion is

a) 10 cm b) 2 cm c) 14 cm d)3.5cm

The S.H.M. of a particle is given by the equation y = 3 sin wt + 4 cos wt. The amplitude is

a)7 b) 1 c)5 d) 12

A particle executes SHM of amplitude 25 cm and time period 3 s. What is the minimum time

required for the particle to move between two points 12.5 ¢cm on either side of the mean position?
a)0.5s b)1.0s c)15s d)2.0s

A particle in SHM is described by the displacement function x(t) = A cos(wt + ¢), w = 2n/T. If the initial
(t=0)position of the particle is 1 cm, its initial velocity is m cm s~! and its angular frequency is wst, then
the amplitude of its motion is

a) mem b) 2 cm ¢) V2 em d) 1 cm

Two springs are joined and attached to a mass of 16 kg. This system is then suspended vertically
from a rigid support. The spring constant of the two springs are k; and k, respectively. The
period of vertical oscillations of the system will be

a}iq,,r'k1+k2 b) 8 M C}E\jk1_k2 d]E ﬁ
8m keyke, 2 2 |k,
A 0.10 kg block oscillates back and forth along a horizontal surface. Its displacement from the origin is
given by: x = (10cm) cos[(10rad/s)t + m/2rad]. What is the maximum acceleration experienced by the
block
107 107w

a) 10 m/s? b) 10 mm/s? c) Tm{sz I:I]Tm,’s2

124. A pendulum has time period T. If it is taken on to another planet having acceleration due to gravity half

125.

126.

127.

128.

129.

130.

131.

and mass 9 times that of the earth then its time period on the other planet will be

a) VT b) T c) T/3 d)V2T

A particle executes SHM with a period of 8 s and amplitude 4 cm. Its maximum speed in cms™?, is
T is T
T b) = = d) —
2) E: 93 Y
The time period of the variation of potential energy of a particle executing SHM with period T is
T T
a) — b)T c) 2T d) =
)z ) ) )5
A particle executes SHM in a line 4 cm long, Its velocity when passing through the centre of line is 12 cm/s.

The period will be
a) 2.047 s b) 1.047 s c) 3.047 s d) 0.047 s
A spring having a spring constant 'K’ is loaded with a mass "m'. The spring is cut into two equal parts and
one of these is loaded again with the same mass. The new spring constant is
a) K/2 b) K ¢) 2K d) K2
The KE and PE of a particle executing SHM of amplitude a will be equal when displacement is
a

a) 5 b) aV2 c) 2a d) a/v2

The composition of two simple harmonic motions of equal periods at right angle to each other and with a
phase difference of m resultin the displacement of the particle along

a) circle b) figure of eight c) straight line d) ellipse

A particle of mass m is hanging vertically by an ideal spring of force constant K. If the mas is made to
oscillate vertically, its total energy is

a) Maximum at extreme position b) Maximum at mean position

¢) Minimum at mean position d) Same at all position
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132

133.

134.

135.

136.

137.

138.

139.

140.

141.

A particle moves in x — y plane according to rule x = asinwt and y = a cos wt. The particle follows

a) An elliptical path b) A circular path

c) A parabolic path d A straight line path inclined equally to x and y —
axis

If the displacement of a particle executing SHM is given by y = 0.30sin(220t + 0.64) in metre, then the

frequency and maximum velocity of the particle is

a) 35 Hz, 66 m/s b) 45 Hz, 66 m/s c) 58 Hz,113 m/s d) 35 Hz, 132 m/s

Two SHMs are represented by the equations y; = 0.1sin(100xt + n/3 and y, = 0.1cos100mxt. The phase
difference of velocity of particle 2 with respect to the velocity of particle 1 is

a) —mn/3 b)m/6 c) —n/6 d)m/3

A uniform cylinder of length L and mass Mhaving cross sectional area 4 is suspended with its vertical
length, from a fixed point by a massless spring, such that it is half submerged in a liquid of density dat
equilibrium position. When released, it starts oscillating vertically with a small amplitude. If the force
constant of the spring is & the frequency of oscillation of the cylinder is

2) 1(k—Aa‘g)”2 ]1(k+Adg)”2
2m M 2n M
- HE 1 (k+Agl\'?
c)i(k a‘gL) d)—.( gL)
2 M 2r\ Adg
In case of a simple pendulum, time period versus length is depicted by

a) b) ) 0) TT[ d) TT{
g | — | —

— /
If a body oscillates at the angular frequency wy of the driving force, then the oscillations are called
a) Free oscillations b) Coupled oscillations
c) Forced oscillations d) Maintained oscillations
A point mass oscillates along the x-axis according to the law x = x, cos(wt — n/4). If the

acceleration of the particle is written as:a = A cos(wt + &), then

a)A =xy,6 =—m/4 b) A = xyw? 8§ = /4
) A = xpw? 8§ =—n/4 d) A = xpw?®, 8§ = 3n/4
The amplitude of an oscillating simple pendulum is 10cm and its period is 4 s. Its speed after 1 s after it

passes its equilibrium position, is

a) Zero b) 0.57m/s c) 0.212m/s d) 0.32m/s

The acceleration of a particle performing SHM is 12 cms~? at a distance of 3 cm from the mean position. Its
time period is

a)2.0s b) 3.14 s c) 05s d)1.0s

Time period of a block suspended from the upper plate of a parallel plate capacitor by a spring of stiffness
k is T. When block is uncharged. If a charge q is given to the block then, the new time period of oscillation
will be

b)>T c)<T d)=T
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142.

143.

144.

145.

146.

147.

148.

149.

150.

151

Two points are located at a distance of 10 m and 15 m from the source of oscillation. The period of
oscillation is 0.05 sec and the velocity of the wave is 300 m/sec. What is the phase difference between the
oscillations of two points

a) b]% 0 g d) ZT“

A particle executes simple harmonic motion with an amplitude 4 cm. At the mean position the velocity of
the particle is 10 cm/s. The distance of the particle from the mean position when its speed becomes
S5cm/sis

a)V3em b) V5 em ) 2(v3)em d) 2(¥5)em

A simple pendulum is hanging from a peg inserted in a vertical wall. Its bob is stretched in horizontal
position from the wall and is left free to move. The bob hits on the wall the coefficient of restitution is %
After how many collisions the amplitude of vibration will become less than 60°

a) 6 b) 3 c)5 d) 4

A particle of amplitude A is executing simple harmonic motion. When the potential energy of
particle is half of its maximum potential energy, then displacement from its equilibrium position
is

A A A A
a) — b) — c) — d)—
) 2 ) 3 ) > ) NG
A simple pendulum oscillates in air with time period T and amplitude A. As the time passes
a) T and A both decreases b) T increases and A is constant

c) T remains same and A4 decreses d) T decreases and A is constant

The period of particle in linear SHM is 8 s. At t=0, itis at the mean position. The ratio of the distances
travelled by it in Its second and 2nd second is

a)16:1 b)2.4:1 o325 d4.2:1

A pendulum clock is placed on the moon, where object weighs only one-sixth as much as on earth, how
many seconds the clock tick out in an actual time of 1 minute the clock keeps good time on earth?

a) 12.25 b) 24.5 c) 2.45 d) 0.245

Two bodies M and N of equal masses are suspended from two separate massless springs of force constants
Iy and k, respectively. If the two bodies oscillate vertically such that their maximum velocities are equal,
the ratio of the amplitude M to that of N is

a) kyfk;, b) ki /k; ¢) ka/k; d) ka2 /ky

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

a) 8.0 cm b) 10.0 cm
c) Any value less than 12.0 cm d) 4.0 cm
Choose the correct statement :

a) Time period of a simple pendulum depends on amplitude
b) Time shown by a spring watch varies with acceleration due to gravity
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152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

c) In a simple pendulum time period varies linearly with the length of the pendulum
d) The graph between length of the pendulum and time period is a parabola

Two masses m, and m, are suspended together

by a massless spring of constant k. When the

masses are in equilibrium, m, is removed without

disturbing the system. The amplitude of

oscillations is

mqg mzg 9 (m; + my)g

a}T b]T d]w

k k

Two pendulums of length 1 m and 16 m start vibrating one behind the other from the same stand. At some
instant, the two are in the mean position in the same phase. The time period of shorter pendulum is 7. the
minimum time after which the two threads of the pendulum will be one behind the other is?

a) T/4 b) T/3 ) 4T/3 d) 4T

In simple harmonic motion, the ratio of acceleration of the particle to its displacement at any time is a
measure of

a) Spring constant b) Angular frequency ¢) (Angular frequency)? d) Restoring force

Two particles P and @ start from origin and execute Simple Harmonic Motion along X-axis with same
amplitude but with period 3 seconds and 6 seconds respectively. The ratio of the velocities of the
velocities of P and @ when they meet is

a)1:2 b)2:1 c)2:3 d)3:2

A light spiral spring supports a 200 g weight at its lower end. It oscillates up and down with a period of 1 s.
How much weight (in gram) must be removed from the lower end to reduce the period to 0.5 s?

a) 53 b) 100 ¢) 150 d) 200

A pendulum of length 1 m is released from 8 = 60°. The rate of change of speed of the bob at 8 =
30°is (g =10 ms™?%)

a) 10 ms™2 b) 7.5 ms™? ¢) 5ms™? d) 5v/3 ms—2

A simple pendulum of length [ and mass (bob) m is suspended vertically. The string makes an
angle 8 with the vertical. The restoring force acting on the pendulum is

a) mgtanB b) —mgsin® c) mgsin @ d) —mgcos0

A body executes simple harmonic motion. The potential energy (PE), the kinetic energy (KE) and
total energy (TE) are measured as function of displacement x. Which of the following statement is
true?

a) KE is maximum when x=0 b) TE is zero when x=0
¢) KE is maximum when x is maximum d) PE is maximum when x=0
The height of a swing changes during its motion from 0.1 m to 2.5 m. The minimum velocity of a boy who

swings in this swing is
a)54m/s b) 4.95m/s c) 3.14m/s d) Zero
The displacement x (in metres) of a particle performing simple harmonic motion is related to time t (in

seconds) as x = 0.05 cos (am + E) . The frequency of the motion will be
a) 0.5 Hz b) 1.0 Hz ¢) 1.5 Hz d) 2.0 Hz
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162.

163.

164.

165.

166.

167.

168.

169.

170.

171

A particle is executing SHM at mid-point of mean position and extremely. What is the potential
energy in terms of total energy (E)?
G- b) — ey i

4 16 2 8

A pendulum has time period T in air. When it is made to oscillate in water, it acquired a time period T’ =
V2T. The density of the pendulum bob is equal to (density of water = 1)
a) V2 b) 2 ) 2v2 d) None of these
Time period of a simple pendulum of length [ is T} and time period of a uniform rod of the same
length [ pivoted about one end and oscillating in a vertical plane is T,. Amplitude of oscillations in
both the cases is small. Then T} /T, is

1
a) E b) 1 c) % d) %
A particle of mass m is attached to three identical springs 4, B and C each of force constant k a shown in
figure. If the particle of mass m is pushed slightly against the spring A and released then the time period of
oscillations is

C
90°

A

Zm m m m
o e b ol o= d Lo
3}21r’k ]E:rerk ::]2an ) 2n 5T

For Simple Harmonic Oscillator, the potential energy is equal to kinetic energy

a) Once during each cycle b) twice during each cycle

c) whenx = a/2 d) whenx = a

The displacement of a particle in SHM various according to the relation x = 4 (cosm t + sinm t).
The amplitude of the particle is

a) -4 b) 4 c) 42 d) 8

The maximum speed of a particle executing SHM is 1 ms~* and maximum acceleration is 1.57 ms~2. [ts
frequency is

a) 0.25 s! b) 2 5! ¢) 157 s* d) 2.57 s?

A body of mass 5 g is executing SHM about a fixed point 0. with an amplitude of 10 cm, its maximum
velocity is 100 cms™ L. Its velocity will be 50 ems ™! at a distance (in cm)

a) 5 b) 5v2 c) 5v3 d) 10v2

In the figure, §; and 5, are identical springs. The oscillation frequency of the mass m is f. If one spring is
removed, the frequency will become

a) f b) f 2 o) fxVZ d) f/VZ

A particle of mass m is executing oscillations about the origin on the x-axis with amplitude A. Its
potential energy U(x) = ax* where a is positive constant. The x-coordinate of mass where
potential energy is one-third of the kinetic energy of particle is
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172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

182.

183.

184.

+A +A +A4 +A
a) —= b)— ) — d) —
V3 V2 3 2
The displacement of tow particles executing SHM are represented equations y; = 2sin(10t + 8),y, =

3cos 10f. The phase difference between the velocity of these particles is
a) @ b) -6 c) O+m/2 d)o—mn/2
Starting fromy = Asinwt or y = Acoswt
a) acceleration lags the displacement by a phase m/4 b) acceleration lags the displacement by a phase n/2
acceleration leads the displacement by a phase
c)
/2
For any S.H.M. amplitude is 6 cm. If instantaneous potential energy is half the total energy then distance of
particle from its mean position is
a)3cm b) 4.2 cm c) 58em d)6cm
The displacement y in cm is given in terms of time t sec by the equation
y =3 sin 314t + cos314t
The amplitude of SHM is
a) 7 cm b) 3 cm c) 4cm d) 5cm
A particle is executing 5.H.M. Then the graph of acceleration as a function of displacement is
a) A straight line b) A circle c) Aellipse d) A hyperbola
Two particles execute SHM of the same amplitude and frequency along the same straight line. If
they pass one another when going in opposite directions, each time their displacement is half
their amplitude, the phase difference between them is

d) acceleration leads the displacement by a phase «

a) g b) % c) % d) 2—;
Two springs with spring constants K; = 1500 N/m and K; = 3000N /m are stretched by the same force.
The ratio of potential energy stored in spring will be
a)2:1 b)1:2 c) 4:1 d)1:4
If the period of oscillation of mass m suspended from a spring is 2 s, then the period of mass 4m will be
a)ls b)2s c)3s d)4s
If the length of second’s pendulum is increased by 2% How many seconds it will lose per day?
a) 3927 s b) 3427 s c) 3737 s d) 864 s
If a simple pendulum of length, L has maximum angular displacement «, then the maximum
kinetic energy of bob of mass M is
1 ML i
5 b]% ¢) MgL(1 — cos «) djw

The angular velocities of three bodies in simple harmonic motion are wq, w5, w4 with their respective
amplitudes as A4, 4,, A5, If all the bodies have same mass and velocity, then

a) Aywy = Ay = Ajws b) A,w? = A,w,? = Aywit
C) A12w1 Lo Azzwz == A32w3 d) Alzwlz = Azzwzz = AZ
Time period of mass m suspended by a spring is T. If the spring is cut to one-half and made to oscillate by
suspending double mass, the time period of the mass will be
T
a) 8T b) 4T c) £ d)T
The springs shown are identical. When A = 4kg, the elongation of spring is 1 cm. If B = 6kg, the

elongation produced by it is
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185.

186.

187.

188.

189.

190.

191.

a)4cm b) 3cm c)2cm d)lcm
A mass m is suspended from the two coupled springs connected in series. The force constant for springs
are K; and K. The time period of the suspended mass will be

2m
a)T =2n ( ) b)T =2 ( )
) K+ K, ) T \K + 1,
m(K; + K,) mK, K,
O 1= 2n (LKD) D7 = 22 |(Hale)
) " KiK; ) . Ky + K,
A horizontal platform with an object placed on it is executing SHM in the vertical direction. The amplitude

of oscillation is 30.92x 10~ *m. What must be the least period of these oscillations, so that the object is not
detached from the platform?

a) 0.1256s b) 0.1356 s c) 0.1456 s d) 0.1556s

A disc of radius R and mass M is pivoted at the rim and is set for small oscillations. If simple pendulum has
to have the same period as that of the disc, the length of the simple pendulum should be

5 2 3 3
a)—R b)=R c) —R d)=R
) 4 ) 3 ) 4 ) 2
A body of mass 0.01 kg executes SHM about x = 0, under the influence of force shown in the figure The
period of the SHM is

FN)

|
B0 e

a) 1.05s b)0.52s c) 0.25s d) 0.03s

A particle is moving with constant angular velocity along the circumference of a circle. Which of the
following statements is true

a) The particle so moving executes S.H.M.

b) The projection of the particle on any one of the diameters executes S.H.M.

¢) The projection of the particle on any of the diameters executes S.H.M.

d) None of the above

Two identical pendulum are oscillating with amplitudes 4 cm and 8 cm. the ratio of their energies
of oscillation will be

a) 1/3 b) 1/4 c) 1/9 d)1/2

Consider the following statements :

The total energy of a particle executing simple harmonic motion depends on its

I. Amplitude

[I. Period

[II. Displacement

Of these statements

a) I and Il are correct b) Il and III are correct
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192.

193.

194,

195.

196.

197.

198.

199.

200.

c) 1 and Il are correct d) I, 11 and Il are correct

The total energy of a particle, executing simple harmonic motion is

Where x is the displacement from the mean position.

a) X x b) e x? ¢) Independent of x d) oc x1/2

The bob of a pendulum of length [ is pulled aside from its equilibrium position through an angle 8 and then
released. The bob will then pass through its equilibrium position with a speed v, where v equals

a) /2gl(1 — cos®) b) /2gl(1 + sin©)
c) 2gl(1 —sinB) d) /2gl(1 + cos 8)

While driving around a curve of 200 m radius the driver noted that pendulum in the car hangs at an angle
of 159 to the vertical. The speedometer of the car reads (in ms™1)

a) 20 b) 23 c) 230 d) 236

A point mass is subjected to two simultaneous sinusoidal displacements in x-direction, x; (t) = 4 sinwt

and x,(t) = Asin (mt + 2_::) . Adding a third sinusoidal displacement x5(t) = B sin(wt + ¢) brings the

mass to a complete rest. The values of B and ¢

3 41 5 T
— b) 4, — —_ d) A=
a) V24, - VA~ c) V34, ) ) A3

A mass M is suspended by two springs of force constants K; and K; respectively as shown in the diagram.
The total elongation (stretch) of the two springs is

K1

K

Mg Mg(K; + K3) Mgk, K, K, + K,
Vet i )¢k, TR+ 3 K KoMy
One end of a long metallic wire of length L is tied to the ceiling. The other end is tied to massless spring of
spring constant K. A mass m hangs freely from the free end of the spring. The area of cross-section and
Young's modulus of the wire are A and Y respectively. If the mass is slightly pulled down and released, it

will oscillate with a time period T equal to

m (YA + KL)m)"? myYA mL
a) 2w |— b -— C —_— d —
) (K) ]2;':{ AR } ) 2n i ]erm
What is constant in S.H.M.
a) Restoring force b) Kinetic energy c) Potential energy d) Periodic time

A simple pendulum has a time period T in vacuum. Its time period when it is completely immersed ina
liquid of density one-eight of the density of material of the bob is

’7 ’5 ’3 f8
L5 b) [= et d) |-
a) BT ) 8T c) BT ) 7?’

Two springs of force constant k; and k; are connected as shown.

‘ ks !

The effective spring constant k is

a} kl -+ kz b]"_ C} kjkz d] Zkikz
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201. A particle of mass 1 kg is moving in SHM with an amplitude 0.02 m and a frequency of 60 Hz. The
maximum force in newton acting on the particle is
a) 188 n* b) 144n? c) 288m? d) None of these

202. The maximum velocity of a particle, executing simple harmonic motion with an amplitude 7 m, is
4.4 ms™1. The period of oscillation is
a) 0.01s b)10s c)0.1s d) 100 s

203. A body executing simple harmonic motion has a maximum acceleration equal to 24 ms™

maximum velocity of 16 ms™!, the amplitude of the simple harmonic motion is

1024 32 64 3
a)Tm b]?m c)?m d];m

2 and

204. The potential energy of a simple harmonic oscillator when the particle is half way to its end point is
(where E is the total energy)

1 1 1 2
a)— b)— c) = d) =
) = E ) 4E ) 5 E ) 3 E
205. The minimum phase difference between two simple harmonic oscillations,
yi = ésin wt +§cos wt

Va = sin wt + cos wt, is

7m 4 rr /[
a) EF b) 1 £) = 6 d) g
206. The length of simple pendulum is increased by 1%. Its time period will
a) increase by 2% b) increase by 1%
c) increase by 0.5% d) decrease by 0.5%
207. In case of a forced vibration, the resonance wave becomes very sharp when the
a) Restoring force is small b) Applied periodic force is small
c) Quality factor is small d) Damping force is small

208. The pendulum bob has a speed of 3ms™* at its lowest position. The pendulum is 0.5 m long. The

speed of the bob, when the length makes an angle of 60° to the vertical will be (g = 10 ms™?)
1 1

a) 5 ms ™} b]§ ms c) 3ms~! d)2ms™!
209, If a simple pendulum is taken to a place where g decreases by 2% then the time period

a) increases by 0.5% b) increases by 1%

¢) increases by 2.0% d) decreases by 0.5%

210. Time period of a spring mass system is T If this spring is cut into two parts whose lengths are in
the ratio 1:3 and the same mass is attached to the longer part, the new time period will be
a) \E- ¥ b) gL d) V3T

211. A weightless spring of length 60 cm and force constant 200 N /m is kept straight and unstretched on a
smooth horizontal table and its ends are rigidly fixed. A mass of 0.25 kg is attached at the middle of the
spring and is slightly displaced along the length. The time period of the oscillation of the mass is

T T T T

a}ﬁs b]ﬁs c)ES d]mé‘

212. Identify correct statement among the following

a) The greater the mass of a pendulum bob, the shorter is its frequency of oscillation
A simple pendulum with a bob of mass M swings with an angular amplitude of 40°, When its angular
amplitude is 20°, the tension in the string is less than Mg cos 20°.

c) As the length of a simple pendulum is increased, the maximum velocity of its bob during its oscillation
will decrease

d) The fractional change in the time period of a pendulum on changing the temperature is independent of
the length of the pendulum
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213. The average acceleration of a particle performing SHM over one complete oscillation is

nﬂg miﬂ kA d) Aw?
2 V2
214. A particle is moving in a circle with uniform speed. [ts motion is
a) Periodic and simple harmonic b) Periodic but no simple harmonic
c) A periodic d) None of the above
215. The differential equation of a particle executing SHM along y-axis is
2 2 2 2
a}{;—t?+w2y=0 b]%%—aﬂy::(} C]d—;—-—wzy=0 d]i—tjz—’-}-mytﬂ

216. A simple harmonic oscillator has an amplitude a and time period T. The time required by it to travel from
x=qtox=a/f2is
a)T/6 b) T /4 c) T/3 d)T/2

217. 1f the length of a pendulum is made 9 times and mass of the bob is made 4 times then the value of time
period becomes
a) 3T b) 3/2T c) 4T d) 2T

218. Two simple pendulums whose lengths are 100cm and 121c¢m are suspended side by side. Their bobs are
pulled together and then released. After how many minimum oscillations of the longer pendulum, will the
two be in phase again

a) 11 b) 10 ¢) 21 d) 20
219. Resonance is an example of
a) Tuning fork b) Forced vibration c) Free vibration d) Damped vibration

220. When a mass m is attached to a spring, it normally extends by 0.2 m. The mass m is given a slight addition

extension and released, then its time period will be

1 2T 2
a)—s b) 1 sec C) — d) —
}7586 ) ) 7T ]311 sec

221. The period of oscillation of a simple pendulum of length £ suspended from the roof of a vehicle which
maoves without friction down an inclined plane of inclination « is given by

L L L L
a) 2m b) 2 - c) 211'\[: d) 2m
‘g cos a ’gsma g ’gtana

222. Out of the following functions representing motion of a particle which represents SHM
(1) y =sinwt —coswt  (2) y =sin® wt
y= SCGS(%H-— 3wt) D)y =1+ wt + w?t?
a) Only (1) and (2) b) Only (1)
c) Only (4) does not represent SHM d) Only (1) and (3)
223. A simple pendulum has a length . The inertial and gravitational masses of the bob are m; and m,

respectively. Then the time period 7 is given by

l 1
a)T =2 Mgt b)T =2r i
mg mgg
m; Xm, X1 l
T =2n |—2— AT =21 |——
g m; X mg X g

224. The total energy of a simple harmonic oscillator is proportional to
a) Square root of displacement b) Velocity
c¢) Frequency d) Square of the amplitude
225. The displacement of a particle from its mean position (in metre) is given by y = 0.2 sin(10mt +
1.57) cos(10xt + 1.57). The motion of particle is
a) Periodic but not S.H.M.

b) Non-periodic
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226.

227.

228,

229.

230.

231.

232

233.

234.

235.

236.

c) Simple harmonic motion with period 0.1 s
d) Simple harmonic motion with period 0.2 s
What will be the force constant of the spring system shown in figure?

kg b][—+— A d][i+l]_l

gk 2Ky " kg 2k ky B - K
A particle is executing SHM of period 24x and of amplitude 41 cm with O as equilibrium position. The
minimum time in seconds taken by the particle to go from P to Q. where OP = —9 ¢cm and 0Q =40 cm is
a)5 b) 6 c) 7 d)o9
The velocity of particle in simple harmonic motion at displacement y from mean position is

a) w+/a? + y? b) w./a? — y? ) wy d) w?y/a? — y?

The ratio of frequencies of two pendulum are 2:3, then their lengths are in ratio

a) \/2/3 b) /3/2 ) 4/9 d) 9/4

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

a) 2m[M/2k]|v2 b) 27[2M k|12
c) 2w[Mgsin@ /2k]1/2 d) 2r[2Mg/k]1/2
A body is vibrating in simple harmonic motion. If its acceleration is 12 cm s™2 at a displacement 3

cm, then time period is

a) 6.28 s b) 3.14s c) 1.57s d) 2.57 s

Which one of the following statements is true for the speed v and the acceleration a of a particle executing
simple harmonic motion

a) When v is maximum, a is maximum b) Value of a is zero, whatever may be the value of v
c) When v is zero, a is zero d) When v is maximum, a is zero

A body is moving in a room with a velocity of 20 m/s perpendicular to the two walls separated by

5 meters. There is no friction and the collisions with the walls are elastic. The motion of the body is

a) Not periodic b) Periodic but not simple harmonic

¢) Periodic and simple harmonic d) Periodic with variable time period

The periodic time of a particle doing simple harmonic motion is 4 s. The taken by it to go from its
mean position to half the maximum displacement (amplitude)
2 1
25 b) 1s = d) =
a) ) c) 35 ) 3

A uniform spring of force constant &is cut into two pieces, the lengths of which are in the ratio 1: 2. The
ratio of the force constants of the shorter and longer piece is

a)l:2 b)2:1 c)1:3 d)2:3

A particle is executing simple harmonic motion with frequency f. The frequency at which its kinetic
energy change into potential energy is
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a) f/2 b) f c)2f d) 4 f

237. A mass M, attached to a spring, Oscillates with a period of 2 s. If the mass is increased by 4 kg, the time
period increases by 1 s. Assuming that Hooke's law is obeyed, the initial mass M was
a) 3.2 kg b)1kg c) 2kg d) 8 kg

238. The kinetic energy and the potential energy of a particle executing S.H.M. are equal. The ratio of its
displacement and amplitude will be

1
2) 7 ORE 95 a)V2
239. Which one of the following equations of motion represents simple harmonic motion
Where k, kg, k; and a are all positive
a) Acceleration = —kgx + k,x? b) Acceleration = —k(x + a)
c) Acceleration = k(x + a) d) Acceleration = kx
240. Acceleration A and time period T of a body in S.H.M. is given by a curve shown below. Then corresponding
graph, between identic energy (K.E) and time ¢ is correctly represented by

ATJ
7N,
7

e—— T ——|

) e b)

¢ KET

e— T ——|

fe—— T —|

NS i

—t —>
e—— T —| e——— T ——3|

241. U is the PE of an oscillating particle and F is the force acting on it at a given instant. Which of the

following is true?

yJ s by 2Y 0 v E s o E 1w
a) — b= — = C)] — o — =
FrX Frx T 2wt

242. Two particles executes S.H.M. of same amplitude and frequency along the same straight line. They pass

one another when going in opposite directions, and each time their displacement is half of their amplitude.

The phase difference between them is
a) 30° b) 60° c) 90° d) 120°

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

1 2n 3
a) 2?1"\/5 b) ZK\E c) @ d) E
244. To show that a simple pendulum executes simple harmonic motion, it is necessary to assume that
a) Length of the pendulum is small b) Mass of the pendulum is small
c) Amplitude of oscillation is small d) Acceleration due to gravity is small

245, A lift is ascending with an acceleration equal to g/3. Its time period of oscillation isT. What will be the time
period of a simple pendulum suspended from its ceiling in stationary lift?
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246.

247.

248.

249,

250.

251.

252.

253.

254,

255.

256.

a)2T b)3T o) (/3/9T d) 27/V3

If the displacement equation of a particle be represented by y = A sin PT + B cos PT, the particle executes
a) A uniform circular motion b) A uniform elliptical motion

c) AS.H.M. d) A rectilinear motion

A simple pendulum is set into vibrations. The boh of the pendulum comes to rest after some time due to
a) Air friction b) Moment of inertia

c) Weight of the bob d) Combination of all the above

A mass m attached to a spring oscillates every 2 s. If the mass is increased by 2 kg, then time-period

increases by 1 s. The initial mass is

a) 1.6 kg b) 3.9 kg c) 9.6 kg d) 12.6 kg

If a simple pendulum oscillates with an amplitude of 50 nm and time period of 2 s, then its
maximum velocity is

a) 0.10 ms™! b) 0.15 ms™! ¢) 0.8 ms™! d) 0.26 ms™!

The displacement of a particle executing SHM is given by y = 5sin (4t + %)

If T is the time period and mass of the particle is 2g, the kinetic energy of the particle when t = Eis given

by
a) 0.4 b) 0.5 ) 3J d) 0.3)
Two identical springs are connected in series and

parallel as shown in the figure. If f; and f, are

frequencies of arrangements, what is ,}:—j

p

a) 1:2 b) 2:1 c) 1:3 d) 3.1

The scale of a spring balance reading from 0 to 10 kg is 0.25 m long. A body suspended from the balance
oscillates vertically with a period of m/10 second. The mass suspended is (neglect the mass of the spring)
a) 10 kg b) 0.98 kg c) 5kg d) 20 kg

A mass m is vertically suspended from a spring of negligible mass; the system oscillates with a frequency
n. What will be the frequency of the system if a mass 4 m is suspended from the same spring

ajn/4 b) 4n c) n/2 d) Zn

A simple pendulum is oscillating without damping. When the displacement of the bob is less than
maximum, its acceleration vector d is correctly show in figure.

b) c) d)
R =\ .
> < b @

a) i
a

A particle starts SHM from the mean position. [ts amplitude is a and total energy E. At one instant

its kinetic energy is 3 % [ts displacement at that instant is
(2

a) % b]% c) (E)

2

)7

A man measures the period of a simple pendulum inside a stationary lift ad finds it to be 7'second. If the
lift accelerates upwards with an acceleration g/4, then the period of pendulum will be
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257.

258.

259,

260.

261.

262.

263.

b) T 2T T

a) 2TV5 6 — d) -

) ) N )7
One end of a spring of force constant kis fixed to a vertical wall and the other to a block of mass m resting

on a smooth horizontal surface. There is another wall at a distance x; from the black. The spring is then
compressed by 2x, and released. The time taken to strike the wall is

L—wmmffﬁ“m

]
2%y %o

1 k k 2m m T |k
e ’ﬁ b ’_ —_ = d)— [—
a}ﬁﬂ m ) m <) 3Nk ]4 m

If x, v and a denote the displacement, the velocity and the acceleration of a particle executing
simple harmonic motion of time period T, then, which of the following does not change with time?

T T
a) a’T? + 4n2p? by = ¢) aT + 2mv )
X v

In the figure, the vertical sections of the string are long. A is released from rest from the position shown.
Then

a) The system will remain in equilibrium

b) The central block will move down continuously

c) The central block will undergo simple harmonic motion

d) The central block will undergo periodic motion but not simple harmonic motion

A horizontal platform vibrates with simple harmonic motion in the horizontal direction with a period 2 s.
A body of mass 0.5 kg is placed on the platform. The coefficient of static friction between the body and
platform is 0.3. What is the maximum frictional force on the body when the platform is oscillating with
amplitude 0.2 m? Assume 7° = 10 = g.

a) 05N b)1N c) 15N d 2N

The P.E. of a particle executing SHM at a distance x from its equilibrium position is

a) %mwzxz b) %mwzaz c) %mwziaz — %) d) Zero

For a particle executing SHM the displacement x is given by x = A cos wt. Identify the graph
which represents the variation of potential energy (PE) as a function of time ¢ and displacement

a) I, 111 b) I, IV c) 1L, 111 d) I, IV

For a particle in SHM, if the amplitude of the displacement is a and the amplitude of velocity is v’
the amplitude of acceleration is
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264.

265.

266.

267.

268.

269.

270.

271

272

273,

274,

275,

2 VZ

v v
a) va b) — c) — d)—

a 2a a
Two pendulums have time period T and 5T /4. They start SHM at the same time from the mean position.
What will be the phase difference between then after the bigger pendulum completed one oscillation?

a) 45° b) 90° c) 60° d) 30°

In a seconds pendulum, mass of the bob is 30 g. If it is replaced by 90 g mass, then its time period
will be

a)ls b)2s c) 4s d)3s

The time period of a simple pendulum is 2 s. If its length is increased 4 times, then its period becomes
a)l16s b)12s c) 8s d)4s

The periodic time of a body executing simple harmonic motion is 3 s. After how much interval from time
t = 0, its displacement will be half of its amplitude

a}%s b]%s c) %s d]%s

For a body of mass m attached to the spring, the spring factor is given by (w, the angular frequency)

a) m/w? b) m w? c) m*w d) m?w?

A body of mass 1kg is executing simple harmonic motion. Its displacement y(cm) at t seconds is given by
¥ = 6sin(100¢ + 1 /4). [ts maximum kinetic energy is

a)6] b) 18] c) 24] d)36]

If a simple pendulum has significant amplitude (up to a factor of 1/e of original) only in the period
between t = 0s to ¢ = 15, 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

a) 0.693/b b) b c) 1/b d) 2/b

What is time period of pendulum hanged in satellite?

(T is time period on earth)

a) Zero b)T c) Infinite d) T/\6

A mass m performs oscillations of period T when hanged by spring of force constant K. If spring is cut in
two parts and arranged in parallel and same mass is oscillated by them, then the new time period will be

=

) 2T b)T ) r d) k
a C] — AN
V2 2
A particle moves so that its acceleration a is given by a = —bx, where x is displacement from

equilibrium position and b is a non-negative real constant. The time period of oscillation of the
particle is

2m 2n T
a) 2nrvb b)— c) A d) 2 J%
A simple pendulum hanging from the ceiling of a stationary lift has time period t,. When the lift
moves downward with constant velocity, the time period is t,, then
a) t, is infinity b)t, >t t, <ty d) & =%
A body of mass 500 g is attached to a horizontal spring of spring constant 82 N m™L. If the body is pulled

to a distance of 10 cm from its mean position, then its frequency of oscillation is
a) 2 Hz b)4 Hz c) BHz d) 0.5 Hz
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276. The kinetic energy of a particle executing S.H.M. is 16 J when it is at its mean position. If the mass of the
particle is 0.32 kg, then what is the maximum velocity of the particle

a)5m/s b) 15m/s c) 10 m/s d) 20m/s
277.1n SHM restoring force is F = —k x, where k is force constant, x is displacement and 4 is
amplitude of motion, then total energy depends upon
a)k,Aand M b) k,x, M c) k, A d) k, x
278. To make the frequency double of a spring oscillator, we have to
a) Reduce the mass to one fourth b) Quardruple the mass
¢) Double of mass d) Half of the mass

279. A particle of mass 10 g is executing simple harmonic motion with an amplitude of 0.5 m and periodic time
of (m/5) s. The maximum value of the force acting on the particle is
a) 25N b)5N c) 25N d) 05N

280. A block whose mass is 650 g is fastened to a spring whose spring constantly is 65 Nm~!. The block is
pulled a distance x = 11 cm from its equilibrium position at x = 0. On a frictionless surface and released
from rest at t = 0.The maximum velocity of the vibrating block is
a) 1.1 ms™! b) 0.65 ms™! c) 1.30 ms™? d) 2.6 ms™!

281.

A child swings sitting and standing inside swing as shown in figure, then period of oscillations have the

relation
a) (T)Sitting = (T)Standing b) (T)Sitrfu_g > (T)Standing
c) (T)Sftting < (T)Standing d) 2(T)Sittin_g = (T}Standing

282. A particle is subjected simultaneously to two SHM's one along the x-axis and the other along the
y-axis. The two vibrations are in phase and have unequal amplitudes. The particle will execute
a) Straight line motion b) Circular motion ¢) Elliptic motion d) Parabolic motion
283. A block is placed on a frictionless horizontal table. The mass of the block is m and springs are attached on
either side with force constants K; and K;. If the block is displaced a little and left to oscillate, then the
angular frequency of oscillation will be
}(aq +K2)1 /2 b][ KK, C}[ K.K, ]”2 ][ K? + K} ]1
m m(K; + K,) (Ky — K;)m (Ky + Ko)m
284. Two linear SHMs of equal amplitude A and angular frequencies w and 2w are impressed on a particle
along the axes x and y recpectively. If the initial phase difference between them is /2, the resultant path
followed by the particle is

1/2 f2

a) y2 = x2(1 — x?/4?) b) y* = 2x*(1 — x*4%)
c) y% = 4x?(1 —x%/A%) d) y? = 8x%(1 — x%/4?)
285. If a watch with a wound spring is taken on to the moon, it
a) Runs faster b) Runs slower c) Does not work d) Shown no change
286. The displacement x(in metre) of a particle in simple harmonic motion is related to time ¢(in
second) as

T
x = 0.01 cos (mt + :)
The frequency of the motion will be

287. A simple pendulum is attached to the roof of a lift. If time period of oscillation, when the lift is stationary is
T. Then frequency of oscillation, when the lift falls freely, will be
a) Zero b)T c) 1/T d) None of these
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288.

289.

290.

291.

292,

293.

A highly rigid cubical block A4 of small mass M and side Lis fixed rigidly on the cubical block of same
dimensions and low modulus of rigidity 1 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 side faces of A, after the force is withdrawn, block A executes small oscillations, the time period of
which is given by

a) 2m, /MLy b) 2m\/Mn /L c) 2m/ML/y d) 2my/M /L

A heavy brass sphere is hung from a weightless inelastic spring and as a simple pendulum its time
period of oscillation is T. When the sphere is immersed in a non-viscous liquid of density 1/10
that of brass, it will act as a simple pendulum of period

a)T b]%r C}@T d]\/(:f)?*

2
If a simple harmonic is represented by Z—rz{ + ax = 0, its time period is
21 21
a) — b)— ¢) 2na d) 2mva
a Va
A body of mass 4 kg hangs from a spring and oscillates with a period 0.5 s on the removel of the

body, the spring is shortented by

a) 6.3 cm b) 0.63 cm ) 6.25cm d) 6.3 cm

Two particles A and B execute simple harmonic motion of period T and 5T /4. They start from
mean position. The phase difference between them when the particle A complete an oscillation
will be

a)m/2 b) Zero c) 2m/5 d)m/4

A body of mass 8 kg is suspended through two light springs X and ¥ connected in series as shown in
figure. The readings in X and Y respectively are

a) Bkg, zero b) zero, 8 kg c) Bkg,Bkg d)2kg.6kg

294. A simple pendulum is suspended from the ceiling of a stationary elevator and its period of oscillation is T

295.

296.

The elevator is then set into motion and the new time period is found to be longer. Then the elevator is

a) Accelerated upward b) Accelerated downward
¢) Moving downward with nonuniform speed d) Moving downward with uniform speed
A spring (spring constant =k) is cut into 4 equal parts and two parts are connected in parallel.

What is the effective spring constant?

a)d k b)16 k c)8k d6k

A block (B) is attached to two unstretched springs §; and S; with spring constants k and 4 k, respectively
(see figure I). The other ends are attached to identical supports M, and M, not attached to the walls. The
springs and supports have negligible mass. There is no friction anywhere. The block B is displaced towards
wall 1 by a small distance x (figure II) and released. The block returns and moves a maximum distance y
towards wall 2. Displacements x and y are measured with respect to the equilibrium position of the block
B. The ratio% is
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297.

298.

299,

300.

301.

302

305.

304.

305.

306.

307.

2 1
M s s, Mij 1
-I“—%v'-b “-I B |'"' i

2 b 1

i
X
r«i_fm ; f M| 1
X

a) 4 b) 2 g d]i
2 4

In S.H.M. maximum acceleration is at

a) Amplitude b) Equilibrium

¢) Acceleration is constant d) None of these
A particle executing simple harmonic motion along y-axis has the its motion described by the
equation y = A sin(wt) + B. The amplitude of the simple harmonic motion is

a) A b) B c)A+B d)VA+B
A particle executes simple harmonic oscillation with an amplitude a. The period of oscillation is T. The
minimum time taken by the particle to travel half of the amplitude from the equilibrium is
T T T T
a) — b)— c) — d) -
) 4 ) 8 ) 12 ) 2
Maximum speed of a particle in SHM is v Then average speed of a particle in SHM is equal to
Vmax MTVmax Vmax 2Vimax
a) = b)— )50 d)——

In a simple harmonic oscillator has got a displacement of 0.02 m and acceleration equal to 2.0ms ™2 at any
time, the angular frequency of the oscillator is equal to

a) 10rad s™! b) 0.1rad s™1 ¢) 100rad s™* d) 1rad s™*

A pendulum is made to hang from the ceiling of an elevator. It has period of T s (for small angles). The
elevator is made to accelerate upwards with 10m/s2. The period of the pendulum now will be (assume

g = 10m/s?)

a) T2 b) Infinite ) T/N2 d) Zero
A particle starts S.H.M. from the mean position. [ts amplitude is A and time period is T. At the time when
its speed is half of the maximum speed, its displacement y is
A A 2A
A= b= o AV3 d)—=
2 V2 2 V3

A particle is undergoing a one dimensional simple harmonic oscillation of amplitude X,; about the
origin on X-axis with time period T and is at -X,, at. What is the position of the particle after a
time interval t = 3.15T?

a) Between - X); and 0 b) Between O and +X,

c) At the origin d) At +X,

A particle is having kinetic energy 1/3 of the maximum value at a distance of 4 cm from the mean position,
Find the amplitude of motion.

a) 2v6cm b) 2/v6 cm c) v2cm d) 6v2 cm
The displacement of a particle varies according to the relation x = 4(cos t + sinmt). The

amplitude of the particle is

a) -4 b) 4 c) 42 d) 8

A particle is oscillating according to the equation X = 7 cos 0.57t, where t is in second. The point moves
from the position of equilibrium to maximum displacement in time
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a)4.0s b)2.0s c)10s d)05s

308. The displacement y of a particle executing periodic motion is given by y = 4 cos?(t/2) sin(1000t). This
expression may be considered to be a result of the superposition of....... independent harmonic motions
a) Two b) Three c) Four d) Five

309. A simple pendulum of length £ and mass of bob Mis oscillating in a plane about a vertical line between
angular limits —¢ and + ¢. For an angular displacement|6| < ¢. the tension in the string and the velocity
of the bob are 7T'and v respectively. Which of the following relation holds good under the above

conditions?
a) TcosB = Mg b) T — Mg cos B = Mv? /L
c) T+ Mgcos® = Mv?/L d)T = Mgcos9

310. A uniform rod of length 2.0 m is suspended through an end is set into oscillation with small amplitude
under gravity. The time period of oscillation is approximately
a) 1.60 s b)1.80 s c) 205 d) 2.40s

311. The displacement of a particle of mass 3 g executing simple harmonic motion is given by ¥ =
3 sin(0.2t) in ST units. The KE of the particle at a point which is at a distance equal to 1/3 of its
amplitude from its mean position is
a) 12 x 1073 b) 25 x 1073 ] ¢) 0.48 x 1073 ] d) 0.24 x 1073 ]

312. A uniform spring of force constant k is cut into two pieces whose lengths are in the ratio of 1:2.

What is the force constant of second piece in terms of k7

k 2k 3k 4k
a) - b) — ) — d) —
2 2 2 2
313. An object suspended from a spring exhibits oscillations of period 7. Now the spring is cut in two halves
and the same object is suspended with two halves as shown in figure. The new time period of oscillation

will become

L T T d) 2T

a} m b] E :’:} V’_E

314. The displacement of two identical particle executing SHM are represented by equations x; = 8 sin(10t +
m/6) and x; = 5sin wt.
For what value of w energy of both the particle is same?
a) 4 units b) 8 units ¢) 16 units d) 20 units

315. A particle performing SHM has time period % and path length 4 cm. The displacement from mean

position at which acceleration is equal to velocity is

a) Zero b) 0.5 cm c) 1cm d) 1.5 cm
316. A simple harmonic motion is represented by F(t) = 10sin(20 t + 0.5). The amplitude of the S.H.M. is
a)a =30 b)a =20 c)a=10 d)a=5

317. 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 xy(x, > A). If the maximum
separation between them is (x; + A), the phase difference between their motions is

T i T T i T
A3 )7 g )3

318. The time period of a simple pendulum, when it is made to oscillate on the surface of moon
a) Increases b) Decreases
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319.

320.

321

322

323

324.

325.

326.

327.

328.

c) Remains unchanged d) Becomes infinite

Aand Bare fixed points and the mass Mis tied by strings at A and B. If the mass Mis displaced slightly out

of this plane and released, it will execute oscillations with period ( given AM = BM = L, AB = 2d)
Agrmmmmmrmmm e |

L 2 _ J2y1/2
a) Zj::t b) 27 =49
g g
12 4 d2)1/2 242)3/2
9 21 /% @ 27 | ;

The angular amplitude of a simple pendulum is 8. The maximum tension in its string will be
a) mg(1 — 8,) b) mg(1 + 6,) o) mg(1 — 62) d) mg(1 + 62)

A

A weightless spring which has a force constant & oscillates with frequency nwhen a mass m is suspended

from it. The spring is cut into two equal halves and a mass 2 m is suspended from one part of spring. The
frequency of oscillation will now become

a)N b) 2n 0) ‘%_ d)n (2)1/2

Two pendulums of length 212 ¢cm and 100 cm start vibrating. At same instant the two are in the mean

position in the same phase. After how many vibrations of the shorter pendulum, the two will be in phase in

the mean position?

a) 10 b) 11 c) 20 d) 21
The function sin?(wt) represents

a) A periodic, but not simple harmonic, motion with a period 2n/w

b) A periodic, but not simple harmonic, motion with a period r/w

c) a simple harmonic motion with a period 27/w

d) a simple harmonic motion with a period m/w

The periodic time of a simple pendulum of length 1 m and amplitude 2 ¢m is 5 seconds. If the amplitude is

made 4 em. Its periodic time in seconds will be

a) 2.5 b) 5 ) 10 d) 5v2

The total energy of a particle executing S.H.M. is proportional to

a) Displacement from equilibrium position b) Frequency of oscillation

c) Velocity in equilibrium position d) Square of amplitude of motion

A hollow sphere is filled with water through the small hole in it. It is then hung by a long thread
and made to oscillate. As the water slowly flow out of the hole at the bottom, the period of
oscillation will

a) Continuously decrease b) Continuously increase

c) First decrease then increase d) First increase then decrease

A simple pendulum is set up in a trolley which moves to the right with an acceleration a on a horizontal
plane. Then the thread of the pendulum in the mean position makes an angle 8 with the vertical

a) tan™! % in the forward direction b) tan™" % in the backward direction
c) tan~! % in the backward direction d) tan™! % in the forward direction
Consider the mechanical vibrating systems shown in figure 4, B, € and D. The vibrations are

simple harmonic in
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329.

330.

331

332

333

334,

335.

336.

A B
S
—fl'l“\—’?l T) T
5 giissead
a) A,C b) A, B, C ¢) B,D d)A,B,C,D

A particle in SHM is described by the displacement function x (t) = A cos{wt + 8). If the initial (t=0)
position of the particle is 1 cm and its initial velocity is mems ™!, what is its amplitude? The angular

frequency of the particle ism s~ 2.

a)1lcm b)V2cm c) 2cm d) 2.5 cm
The period of a simple pendulum is doubled, when
a) Its length is doubled b) The mass of the bob is doubled

c) Its length is made four times d) The mass of the bob and the length of the
pendulum are doubled

A particle is executing simple harmonic motion with a period of T seconds and amplitude a metre. The
a
vz
a)T b) T/4 c) T/8 d)T/16

A simple pendulum with a bob of mass 'm’ oscillates from A to C and back to A such that PB is H. If the
acceleration due to gravity is 'g’, then the velocity of the bob as it passes through B is

shortest time it takes to reach a point —=m from its mean position in seconds is

-]

a) mgH b) \/2gH c) 2gH d) Zero
A particle of mass m is executing oscillations about the origin on the x-axis. Its potential energy is U(x) =
k[x]?, where k is a positive constant. If the amplitude of oscillation is a, then its time period T is

a) Proportional to \.TIE b) Independent to a ¢) Proportional to va d) Proportional to a®/?

A particle is performing simple harmonic motion with amplitude A and angular velocity w. The ratio of
maximum velocity to maximum acceleration is

a) w b) 1/w ) w? d) Aw

If < E > and < U > denote the average kinetic and the average potential energies respectively of mass
describing a simple harmonic motion, over one period, then the correct relation is

a)< E>=<lU> by<E>=2<U> c)<E>=-2<U> d<E>=-<U>

A pendulum oflength 2m lift at P. When it reaches @, itlosses 10% of its total energy due to air resistance.

The velocity at  is
P
2m

a@

a)6m/s
b)1m/s
c) 2m/s
d)8Bm/s
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337.

338.

339.

340.

341.

342

343,

344.

345.

346.

347.

A particle executing simple harmonic motion with amplitude of 0.1 m. At a certain instant when its
displacement is 0.02 m, its acceleration is 0.5 m/s?. The maximum velocity of the particle is (in m/s)
a) 0.01 b) 0.05 c) 0.5 d) 0.25

When a mass M is attached to the spring of force constant k, then the spring stretches by 1. If the mass
oscillates with amplitude [, what will be maximum potential energy stored in the spring

a}% b) 2kl 0) %Mgl d) Mgl

A brass cube of side a and density o is floating in mercury of density p. If the cube is displaced a bit
vertically, it executes S.H.M. Its time period will be

a) 21 |— N ¢) 2r |24 d)2n |22
|pg ’09 oa ‘pa

A simple spring has length [ and force constant k It is cut into two spring of length {yand{; such that [, =
nl,( n = an integer). the force constant of the spring of length [; is

a) k(1 +n) b) (k/n) (1 +n) c) k d) k/(n+1)

Which one of the following is a simple harmonic motion

a) Wave moving through a string fixed at both ends

b) Earth spinning about its own axis

c) Ball bouncing between two rigid vertical walls

d) Particle moving in a circle with uniform speed

The period of oscillation of a mass i suspended from a spring is 2 s, If along with it another mass 2 kg is
also suspended, the period of oscillation increases by 1 s. the mass mrwill be

a) 2kg b) 1kg c) 1.6 kg d) 2.6 kg

The total energy of a simple harmonic oscillator is proportional to

a) Square root of displacement b) Velocity

c¢) Frequency d) Square of the amplitude

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

i"c:':i b]‘”txi ) T d]”oci
B I YT ufp )7

The amplitude of a damped oscillator becomes e) rd in 2 s. If its amplitude after 6 s is % times the

original amplitude, the value of n is

a) 3% b) 3v2 c) 3v3 d) 3°

A particle of mass m is released from rest and follows a parabolic path as shown. Assuming that the
displacement of the mass from the origin is small, which graph correctly depicts the position of the particle
as a function of time

Vix)

x(r)

ﬁ)\ x(f) x(1)

; b /\ d

a) 7l ? ) / N\ , 8 9 : N,
\_/ ”l/ | Nl

The amplitude of a particle executing SHM is 4 cm. At the mean position the speed of the particle

is 16cms ™! . The distance of the particle from the mean position at which the speed of the particle

become 83 ems ™1, will be
a) 24/3 cm b) V3 cm c)lcm d) 2 cm
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348.

349.

350.

351

352.

353.

354.

355.

356.

357.

The maximum velocity of a simple harmonic motion represented by y = 3 sin(100t + E)m is
given by
3m T
a) 300 ms ™! b]? ms~! ¢) 100 ms™? d) 72 ms~*
A particle executes simple harmonic motion between x = —A4 and x = +A. The time taken for it to
go from0to A/2 is Ty and to go from A/2 to A is T5. Then
a} T'l < TZ b] Tl > Tz C) T'l = T2 d] T1 = 2T2
The variation of the acceleration a of the particle executing S.H.M. with displacement y is as shown in the

figure

a) af b) ETJ c) \ETI d) GTV

Values of the acceleration A of a particle moving in simple harmonic motion as a function of its
displacement x are given in the table below

Almms™2) 16 8 0 —8 —16

x (imm) -4 -2 0 2 4

The period of the motion is

a}ls b]ES C}ES d)mws
T T 2

The bob of a simple pendulum of length L is released at time t = 0 from a position of small angular
displacement. Its linear displacement at time t is given by

L
a}X=asin2nJ;><t b]X=aCDSZTIJLEXE
C)Xzasin\j%xt d]X:acosJLEXt

The displacement of a particle along the x axis is given by x = a sin® wt. The motion of the particle
corresponds to
a) Simple harmonic motion of frequency w/2m
b) Simple harmonic motion of frequency w/m
¢) Simple harmonic motion of frequency 3w/2n
d) Non simple harmonic motion
The time period of a mass suspended from a spring is T. If the spring is cut into four equal parts and the
same mass is suspended from one of the parts, then new time period will be
a)T b)T/2 c)2T d) T/4
A particle of mass m is attached to a spring (of spring constant k) and has a natural angular frequency wg-
An external force F (t) proportional to cos wt(w # wy) is applied to the oscillator. The time displacement
of the oscillator will be proportional to

m 1 1 m
O e =P S By gy d)
Two pendulums of lengths 1m and 1.21m respectively start swinging together with same amplitude. The
number of vibrations that will be executed by the longer pendulum before the two will swing together

2) ——— __
}wg—wz wi + w?

again are
a)9 b) 10 c) 11 d)12
A body is vibrating in simple harmonic motion with an amplitude of 0.06 m and frequency of 15 Hz. The

velocity and acceleration of body is

a) 5.65m/s and 5.32 x 10%m/s? b) 6.82 m/s and 7.62 x 10?°m/s?
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358.

359.

360.

361

362.

363.

c) 891 m/s and 8.21 x 10%°m/s? d) 9.82 m/s and 9.03 x 10*m/s?
If a simple pendulum of length ! has maximum angular displacement 8, then the maximum kinetic energy
of bob of mass m is

1 1 1 mg
) 2 \g ) 2 1
1
c) mgl x (1 —cosB) d]EXmgIsinB
The time period of a simple pendulum in a lift descending with constant acceleration g is

c) Zero d) Infinite
l l
a)T =2m |— b)T =2n |—

g 2g

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

— ) —>

a) T = 2 (%) b]:r:zn\l@ C}T=2n’(%) d) T = 2nVMPhA

A particle starts SHM form the mean position. Its amplitude is a and total energy £ At one instant its

kinetic energy is 3 £/4 its displacement at this instant is
a

A
a)y=a/V2 b]}’zg C]yzm Jr=a

Displacement between maximum potential energy position and maximum kinetic energy position for a
particle executing S.H.M. is

a) —a b) +a c) ta d) +a/4

The total energy of the body executing S.H.M. is E. Then the kinetic energy when the displacement is half of
the amplitude, is

E ) 3E
3}5 b]z c) T d]?ﬁ'

364. When the displacement is half of the amplitude, then when fraction of the total energy of a simple

365.

366.

harmonic oscillator is kinetic?

a) 2/7th b) 3/4th c) 2/9th d) 5/7t

A simple pendulum has a length [ and the mass of the bob is m. The bob is given a charge g
coulomb. The pendulum is suspended between the vertical plates of a charged parallel plate
capacitor. If E is the electric field strength between the plates, the time period of the pendulum is
given by

!
a) 2w |-

A particle of mass m is executing oscillations about the origin on the x-axis with amplitude A. Its PE is
given as U, = ax*, where a is positive constant. Thex- coordinate of mass where potential energy is one-

third of the KE of particle, is

el b) + !
a}_ﬁ Jit

) += @)+

Sk
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367.

368.

369.

370.

371.

372.

373.

374.

375.

376.

If a spring has time period T, and is cut into n equal parts, then the time period of each part will
be
a) TVn b) T/vn c) nT d)T
The potential energy of a particle with displacement X is U(X). The motion is simple harmonic, when (K is
a positive constant)

KXx? _ 2 _ _
U =— b)U =KX U=K d) U =KX

Two identical springs are connected to mass m as shown (k = spring constant). If the period of
the configuration in (a) is 2 s, the period of the configuration in (b) is

1
a) 2y2s b)1ls ) 55 d)V2s
The bob of a simple pendulum is displaced from its equilibrium position O to a position ¢ which is at
height i above O and the bob is then released. Assuming the mass of the bob to be m and time period of
oscillations to be 2.0 s, the tension in the string when the bob passes through O is

.a
T

o

e w2
a) m(g + m\/2gh) b) m(g + m2gh) c)m| g+ ’-2—91'1 dym| g+ ?gh

A mass m is suspended by means of two coiled spring which have the same length in unstretched
condition as in figure. Their force constant are ky and k, respectively. When set into vertical vibrations,
the period will be

a) 27; klkz b) 2r ’m(i;) ¢) 2m (klrilkz) e (kITkz)

A clock which keeps correct time at 20°C, is subjected to 40°C. If coefficient of linear expansion of the
pendulum is 12 x 107¢/°C. How much will it gain or loose in time

a) 10.3 seconds/day b) 20.6 seconds/day c) 5 seconds/day d) 20 minutes/day
The motion of a particle executing SHM is given byx = 0.01sin 100p(t + 0.05), where x is in metre and
time tis in second. The time period is

a)0.2s b)0.1s c) 0.02s d) 0.01s

A mass of 10 kg is suspended from a spring balance. It is pulled aside by a horizontal string so that it
makes angle of 60° with the vertical. The new reading of the balance is

a) 10V3 kg wt b) 20v3kg wt c) 20 kg wt d) 10 kg wt

The motion of a particle varies with time according to the relation y = asinwt + b cos wt

a) The motion is oscillatory but not SHM b) The motion is SHM with amplitudea + b

¢) The motion is SHM with amplitude a* + b? d) The motion is SHM with amplitude Va2 + b2
A body is executing S.H.M. When its displacement from the mean position is 4 cm and 5 cm, the
corresponding velocity of the body is 10 cm/s and 8 cm/s. Then the time period of the body is
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377.

378.

379.

3380.

38L

382

383.

384.

385.

386.

387.

a)2ms bym/2s c)ms d) 3m/2s

The mass and diameter of a planet are twice those of earth. The period of oscillation of pendulum on this
planet will be

(If itis a second’s pendulum on earth)

1
a)—s b) 22 s c)2s d)=s
)5 )22 ) )3
The motion of a particle executing S.H.M. is given by x = 0.01 sin 1007(t + .05), where x is in metres and

time is in seconds. The time period is
a) 0.01s b) 0.02 s c)0.1s d)0.2s
Let Ty and T, be the time period of spring A and B when mass Mis suspended from one end of each spring.
If both springs are taken in series and the same mass M is suspended from the series combination, the
time period is 7, then

11,1 o R
A)T="+T, )T T, T2 )Te=T{+T; )=zt

T= T& T3

A1.00 x 10”?%kg particle is vibrating with simple harmonic motion with a period of 1.00 X 10™®s and a
maximum speed of 1.00 x 10®m/s. The maximum displacement of the particle is

a) 1.59 mm b) 1.00m c) 10m d) None of these

For a particle executing SHM the displacement x is given by x = A cos wt. Identify the graph which
represents the variation of potential energy (PE) as a function of time and displacement x.

a) LI b) ILII c) LIV d) ILIV

Which of the following function represents a simple harmonic oscillation

a) sinwt — cos wt b) sin® wt c) sinwt + sin 2wt d) sinwt — sin 2wt

In damped oscillations, the amplitude of oscillations is reduced to one-third of its initial value a, at the end

of 100 oscillations. When the oscillator completes 200 oscillations, its amplitude must be

a) ap/2 b) ay/4 c) a,/6 d) ay/9

Two springs of force constant K and 2K are connected to a mass as shown below. The frequency of
oscillation of the mass is

K 2K I

| ]
a) (1/2m)y/(K/m) b) (1/2m)/ (2K /m) c) (1/2m)y/ (3K /m) d) (1/2m)y/ (m/K)

The amplitude of SHM y

= 2(sin5mt + vZcosmt) is

a) 2 b) 2v2 c) 4 d) 2v3

A particle doing simple harmonic motion, amplitude = 4 ¢m, time period = 12 s. The ratio between time
taken by it in going from its mean position to 2 cm and from 2 ¢m to extreme position is

a) 1 b)1/3 c) 1/4 d)1/2

If the mass of an oscillatar is numerically equal to its force constant, then the frequency is
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388.

389.

390.

391

392.

393.

394.

395.

396.

il
a)m b) 21 c) d d) —
8 Zn

Two simple harmonic motions are represented by the equations
¥y, = 0.1sin (100 mt + g) and y, = 0.1 cosnt.

The phase difference of the velocity of particle 1, with respect to the velocity of particle 2 is

-7 " i -7 4 T
A3 )3 93 )
The potential energy of a particle (U,) executing SHM is given by
k
a) U, =§(x—a)2 b) Uy = kyx + kyx? + kx?
6) I, =de ™ d) U, = a constant
A spring has a certain mass suspended from it and its period for vertical oscillation is T. The spring is now

cut into two equal halves and the same mass is suspended from one of the halves. The period of vertical
oscillation is now

T T
a)— b)— c) vaT d) 2T
) 7 ) N7 ) V2 )
A body performs S.H.M. its kinetic energy K varies with time t as indicated by graph

a) xle\/\/ b) KET'\ c) KETK d) ke 1
/ /
= o=y

A particle is executing SHM with amplitude a. when the PE of a particle is one-fourth of its maximum value
during the oscillation, its displacement from the equilibrium position will be
a)a/4 b)a/3 c)a/2 d) 2a/3
A particle free to move along the x-axis has potential energy given as
U(x) = k[1 — exp(—x?)] (for — o0 < +00)
Where k is a positive constant of appropriate dimensions. Then

a) At points away from origin, the particle is in For any finite non-zero value of x, there is a
equilibrium * force directed away from the origin

E Its total mechanical energy is k/2 and it is J At x = 0, the motion of the particle is simple
equal to its kinetic energy at origin harmonic

The force constant of two springs are K, and K. Both are stretched till their elastic energies are equal. If

the stretching forces are Fy and F,, then Fy: F, is

a) K, : K, b) K, : K, c) VKK d) K2: K?

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 simple harmonic oscillations with a time period T. If the mass is increased by m
then the time period becomes G T). The ratio UFE is

a)9/16 b) 25/16 c) 4/5 d) 5/4

Two springs, of force constants k; and k,, are connected to a mass m as shown. The frequency of
the mass is f. If both k; and k, are made four times their original values, the frequency of
oscillation becomes

e

a) f/2 b) f/4 c) 4f d) 2f
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397.

398.

399.

400.

401.

402.

403.

404,

405.

406.

407.

A simple pendulum performs simple harmonic motion about X = 0 with an amplitude 4 and time period
T. The speed of the pendulum at X = %wil] be
r. A 2
2) A3 by e 0 A3 d) 3nA
T 2T T
A mass 1 kg suspended from a spring shoes force constant is 400 Nm ™, executes simple harmonic

oscillation. When the total energy of the oscillator is 2j, the maximum acceleration experienced by the
mass will be

a) 2ms™? b) 4 ms~? ¢) 40 ms~? d) 400 ms~—?

Two mutually perpendicular simple harmonic vibrations have same amplitude, frequency and phase.
When they superimpose, the resultant from of vibration will be

a) A circle b) An ellipse c) A straight line d) A parabola

There is a simple pendulum hanging from the ceiling of a lift. When the lift is stand still, the time
period of the pendulum is T. If the resultant acceleration becomes g/4, then the new time period
of the pendulum is
a)08T b) 0.25T 2T d) 4T
The angular velocity and the amplitude of a simple pendulum is @ and a respectively. At a displacement x
from the mean position if its kinetic energy is T and potential energy is V, then the ratioof T to V is
a) (a? — x%w?)/x*w? b) x2w?/(a? — x*w?)
) (a®> — x?)/x d) x?/(a? — x?)
The equation of a damped simple harmonic motion is m% +b % + kx = 0. Then the angular frequency
of oscillation is

2\ 1/2 1/2 24 1/2 2
a}w=(%—iz-) b]w=(%—%)x ch.J:(f—b—) d)m=(£—f?)
In a simple harmonic motion maximum velocity is at
a) Extreme position b) Half of extreme position
c¢) Equilibrium position d) Between extreme and equilibrium position
The displacement-time graph of a particle executing SHM is as shown in the figure.

o

The corresponding force-time graph of the particle is

5 | F F "
a) b) c) d)
o] I o t
o f o -

When the amplitude of a body executing SHM become twice what happens?

a) Maximum potential energy is doubled b) Maximum kinetic energy is doubled

c) Total energy is doubled d) Maximum velocity is doubled

A spring with 10 coils has spring constant k. It is exactly cut into two halves, then each of these new
springs will have a spring constant

a) k/2 b) 3k/2 c) 2k d) 3k

A simple pendulum of length [ has a bob of mass m, with a charge g on it. A vertical sheet of change, with
surface charge density o passes through the point of suspension. At equilibrium, the spring makes an angle
0 with the vertical. Its time period of oscillations is 7'in this position. Then
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a)tan 8 = i };,tzmlﬁ'zi : AT = 1
d} zgﬂmg ] £omg C]T}Z:rr E ]T—ZR g

408. The amplitude of damped oscillator becomes %in 2s.

Its amplitude after 6 is 1/n times the original. Then n is equal to
a) 2 b) 3 c) 33 d) 3°

409. A particle executes harmonic motion with an angular velocity and maximum acceleration of 3.5 rad/s and
7.5 m/s? respectively. The amplitude of oscillation is
a) 0.28m b)0.36m c) 0.53m d) 0.61m

410. A simple harmonic wave having an amplitude A and time period T is represented by the equation
y = 5sin m(t + 4)m. Then the value of 4 in (metre) and T in (second) are
a)A=10,T =2 b)A=5T=1 c)A=10,T =1 dA=5T=2

411. The potential energy of a particle executing S.H.M. is 2.5 |, when its displacement is half of amplitude. The
total energy of the particle be
a) 18/ b) 107 c) 12/ d) 2.5/

412. Two masses my and m, are suspended together by a massless spring of constant & When the masses are in
equilibrium, m, is removed without disturbing the system. Then the angular frequency of oscillation of
m, IS
a) T b) JETms
o) KTy ¥ ) ) TGy =)

413. The kinetic energy of a particle executing S.H.M. is 16 J when it is in its mean position. If the amplitude of
oscillations is 25 ¢m and the mass of the particle is 5.12 kg, the time period of its oscillation is

T
a}gs b)2rs c) 20w s d)5ms

414. Average value of KE and PE over entire time period is

1 1
a) D,Em w?A? h) >m w?A?,0
1 1 1 1
C)Em szZ,Em w?A? d]zm mzﬂz,zm w?A?

415. 5 particle has simple harmonic motion. The equation of its motion is x = 5 sin (4—t = E) , Where x is its

displacement. If the displacement of the particle is 3 units, then it velocity is
2 5
5 i By c) 20 d) 16
3 6
416. This time period of a particle undergoing SHM is 16 s. It starts motion from the mean position. After 2 s, its

velocity is 0.4 ms™1, The amplitude is
a) 1.44 m b) 0.72 m c) 2.88m d) 0.36 m

417. The maximum velocity of a particle executing SHM is V. If the amplitude is doubled and the time period of
oscillation decreased to 1/3 of its original value, the maximum velocity becomes

a) 18V by 12V c) 6V d)3v
418. The equation of S.H.M. is y = a sin(2nnt + a), then its phase at time t is
a) 2mnt b) a c) 2mnt + « d) 2mt

419. A spring executes SHM with mass of 10kg attached to it. The force constant of spring is 10N,/m. If at any
instant its velocity is 410cm/s, the displacement will be (where amplitude is 0.5m)
a) 0.09m b) 0.3 m c) 0.03m d)0.9m

- 2
420. The acceleration 4 x;dtz of a particle varies with displacement x QSZT;= —kx where k is a constant of

the motion. The time period T of the motion is equal to
a) 2mk b) 2k c) 2 [Nk d) 2n/k
421. Lissajous figure shown in figure. Corresponds to which one of the following?
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422

423.

a) Phase difference m/2 and period 1: 2

c) Phase difference m/4 and period 2: 1

Mark the wrong statement

a) All S.H.M.'s have fixed time period

b) All motions having same time period are S.H.M.
c) In S.H.M. total energy is proportional to square of amplitude

d) Phase constant of S.H.M. depends upon initial conditions

The displacement equation of a particle is x = 3 sin 2t + 4 cos 2t. The amplitude and maximum velocity
will be respectively

a) 5,10 b) 3,2 c) 4,2 d) 3,4

b) Phase difference 37 /4 and period 1: 2
d) Phase difference 27r/3 and period 2: 1

424. Which of the following combination of Lissajous’ figure will be like eight (8)?

425.

426.

427.

428.

429,

430.

431.

432.

a)x = asin4dwt,y = bsinwt b) x = asin2wt,y = bsinwt
¢) x = asin 2wt,y = b sin 2wt d) x = asinwt,y = bsin4wt
A horizontal plank has a rectangular block placed on it. The plank stars oscillating vertically and simple
harmonically with an amplitude of 40 cm. the block just loses contact with the plank when the later is
momentary at rest. Then

b) The block weighs double its weight when the

a) the period of oscillating is 21 /5 s plank is at one of the positions of momentary at

rest.
¢) the block weight 1.5 times its weight on the plank d) The block weights its true weight on the plank,
half way down when the latter moves fastest

A simple pendulum is vibrating in an evacuated chamber, it will oscillate with
a) Increasing amplitude b) Constant amplitude c) Decreasing amplitude d) First (c) then (a)

When the displacement is half the amplitude, the ratio of potential energy to the total energy is
1 1 c)1 1
a) - b)— d) =
)5 ) =
A S.H.M. is represented by x = 5v2(sin 2at + cos 2it). The amplitude of the S.H.M. is
a) 10 cm b) 20 em ¢) 5v2cm d) 50 cm
If a body is executing simple harmonic motion then

a) At extreme positions, the total energy is zero

b) At equilibrium position, the total energy is in the form of potential energy
¢) At equilibrium position, the total energy is in the form of kinetic energy
d) At extreme position, the total energy is infinite

Two simple harmonic motions are represented by

y;, = 5[sin2nt + V3 cos2nt]
and y; = 5sin (Zﬂt + E)

4
The ratio of their amplitudes is
a)1:1 b)2:1 ) 1:3 d)v3:1

The equation of a simple harmonic wave is givenby y = 5 5‘.'11'1%t (100t — x), where x and y are in

metre and time is in second. The period of the wave in second will be

a) 0.04 b) 0.01 g}l d) 5

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
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433.

434,

435.

436.

437.

438.

439.

440.

441,

442,

443,

444

445.

a) 11% b) 21% c) 42% d) 10.5%

A body is executing Simple Harmonic Motion. At a displacement x its potential energy is £; and at a
displacement vy its potential energy is E;. The potential energy E at displacement (x + y) is

a) VE = [E, — JE; b) VE = JE; + JE, ¢ E=E—E d)E = E; + E;

The bob of a simple pendulum of mass m and total energy E will have maximum linear momentum equal
to

a) 25 b) V2mE c) 2mE d) mE?
‘ m

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

1 .
a) m?ma’v? b) E:rn.a:z*.r':a c) 4rma’v? d) 2rma? v?
Two blocks with masses m; = 1kg and m, = 2 kg are connected by a spring constant k = 24 Nm ™! and
placed on a frictionless horizontal surface. The block m; is imparted an initial velocity v, = 12 cms ! to
the right, the amplitude of oscillation is
a)lcm b) 2 cm c) 3cm d) 4 cm
The amplitude of a damped oscillator becomes half in one minute. The amplitude after 3 minute will be%

times the original, where X is

a)2x3 b) 23 g) 3¢ d) 3 x 22

A pendulum bob of mass m is hanging from a fixed point by a light thread of length [. A horizontal speed v
is imparted to the bob so that it takes up horizontal position. If g is the acceleration due to gravity, then v,
is

a) mgl b) \/2gl c) /gl d) gl

A particle is executing simple harmonic motion with an amplitude A and time period T. The
displacement of the particle after 2T period from its initial position is

a) A b) 44 c) 84 d) Zero

The time period of a simple pendulum is T. When the length is increased by 10 cm, its period is T;.

When the length is decreased by 10 cm, its period is T,. Then, relation between T, T; and T, is
1 1 2 i 1

2 o = 2 _m2 2 2 _ 2 2
a}ﬁ—r—lz'l'?_,—; b]E_T_f_T_f Q2T =Ty + T3 d) 2T =77 —-T;
A simple pendulum is taken from the equator to the pole. Its period
a) Decreases b) Increases
c) Remains the same d) Decreases and then increases

A spring of spring constant k is cut into two equal parts. A block of mass m is attached with one
part of spring. What is the frequency of the system if a is frequency of block with original spring?

a)\V2«a b) a/2 c) 2o d) o

If a spring extends by x on loading then the energy stored in the spring is (if 7is the tension and k is the
force constant of the of the spring).
! e 2k Zr=
a) — b) — c) — d
) 2x ) 2k ) T*® ) k

The SHM of a particle is given by
x(t) = 5 cos (Zm? +E) in MKS units.

Calculate the displacement and the magnitude of acceleration of the particle at t = 1.5s.

a) —3.0m, 100 m/s®> b)+2.54m,200 m/s®* ¢) —3.54m,140 m/s? d)+3.55m,120 m/s?
Two identical springs of constant K are connected in series and parallel as shown in figure. A mass m is
suspended from them. The ratio of their frequencies of vertical oscillations will be
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446,

447.

448.

449,

450.

451

452,

=

=

(8)

(A)
a)2:1 b)1:1 ¢} 1:2 d)4:1
A wooden block performs SHM on a frictionless surface with frequency, v,. The block carries a change +Q

on its surface. If now a uniform electric field E is switched-on as shown, then SHM of the block will be

E

]

2

a) Of the same frequency and with shifted mean position

b) Of the same frequency and with the same mean position

c¢) Of changed frequency and with shifted mean position

d) Of changed frequency and with the same mean position

The acceleration due to gravity at a place is 72 m/s?. Then the time period of a simple pendulum of length
one metre is

a}g-s b)2r s c)2s dms
i

Three masses 700g, 500g, and 400g are suspended at the end of a spring a shown and are in equilibrium.
When the 700g mass is removed, the system oscillates with a period of 3 seconds, when the 500g mass is
also removed, it will oscillate with a period of

a)ls b)2s c)3s d) %5

When a body of mass 1.0 kg is suspended from a certain light spring hanging vertically, its length increases
by 5 cm. By suspending 2.0 kg block to the spring and if the block is pulled through 10 cm and released,
the maximum velocity of itin ms ™! is (g = 10 ms~2)

a) 0.5 b) 1 c) 2 d) 4

The velocity of simple pendulum is maximum at
a) Extremes b) Half displacement c) Mean position d) Every where
Two equal negative charge -q are fixed points (0, a) and (0,-0) on the Y-axis. A positive charge () is

released from rest at point (2a, 0) on the X-axis. The charge Q will

a) execute SHM about origin b) move to infinity
c) Move to the origin and remained at rest d) execute oscillatory but not SHM
A simple pendulum, suspended from the ceiling of a stationary van, has time period T. If the van starts

moving with a uniform velocity the period of the pendulum will be
a) Lessthan T b) Equal to 2T c) Greaterthan T d) Unchanged
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453.

454.

455.

456.

457.

458,

459,

460.

461.

462.

463.

A particle is executing SHM with amplitude a. When the PE of a particle is one-fourth of its
maximum value during the oscillation, its displacement from the equilibrium position will be
a)a/4 b)a/3 c)a/2 d) 2a/3

A massm = 100 g is attached at the end of a light spring which oscillates on a frictionless horizontal table

with an amplitude equal to 0.16 metre and time period equal to 2 sec. Initially the mass is released from
restatt = 0 and displacement x = —0.16 metre. The expression for the displacement of the mass atany
time t is

a) x = 0.16 cos(mt) b) x = —0.16 cos(mt)

c) x = 0.16sin(mt + ) d) x = —0.16sin(mt + m)
Acceleration of a particle, executing SHM, at it's mean position is

a) Infinity b) Varies ¢) Maximum d) Zero
The equation of SHM is given by

x = 3sin 20wt + 4 cos 20t
Where x is in cm and t is | second. The amplitude is

a) 7 cm b) 4 cm c) 5cm d) 3cm
A S.H.M. has amplitude "a" and time period T. The maximum velocity will be
4a 2a a Zna
a) — b) — C i d =
)7 )= ) on fz )=
The magnitude of maximum acceleration is m times that of maximum velocity of a simple

harmonic oscillator. The time period of the oscillator in second is

a) 4 b) 2 61 d) 0.5

If two springs A and B with spring constants 2 k and k, are stretched separately by same
suspended weight, then the ratio between the work done in stretched A and B is

a)1:2 b) 1:4 c) 1:3 d) 4:1

1

An electric motor of mass 40 kg is mounted on four vertical springs each having constant at 4000 Nm ™.

The period with which the motor vibrates vertically is
a) 0.314 s b)3.14 s c) 0.628 s d) 0.56 5

When the kinetic energy of a body executing S.H.M. is 1/3 of the potential energy. The displacement of the

body is x percent of the amplitude, where x is

a) 33 b) 87 c) 67 d) 50

A mass m is suspended separately by two different springs in successive order then a time period is
tyand t, respectively. If m is connected by both spring as shown in figure, then time period is t;,
the correct relation is

%

E

a)ti =tf +1t2 b) g2 =2+ 157
eyt =t + 51 dtg=t;+t,
Two blocks each of mass m are connected to a spring of spring constant k. If both are given velocity v in

opposite directions, then the maximum elongation of the spring is
v ¥

— m Ly .

muv? 2mup? muy? mup?
3 [ et d) 2 ——
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464.

465.

466.

467.

468.

469.

470,

471.

A particle of mass 10 g is describing S.H.M. along a straight line with period of 2 s and amplitude of 10 cm.
Its kinetic energy when it is at 5 cm from its equilibrium position is

a) 37.5m%ergs b) 3.75n%ergs c) 375n2ergs d) 0.375n%ergs

The graph shows the variation of displacement of a particle executing S.H.M. with time. We infer from this
graph that

e

/4 w TA ot

a) The force is zero at time 37" /4 b) The velocity is maximum at time T /2

c) The acceleration is maximum at time T d) The P.E. is equal to total energy at time T/2

A point particle of mass 0.1 kg is executing SHM of amplitude 0.1m. When the particle passes through the
mean position, its KE is 8 x 1073]. The equation of motion of this particle, if its initial phase of oscillation
is 45% is

—01‘(T+ﬁ) b -01'(t+ﬁ]
aly = .sm4 2 Jy= .sm2 7
¢) y = 0.1sin (4t —E) d)y= U.lsin(4t+£)
4 4
A man weighing 60 kg stands on the horizontal platform of a spring balance. The platform starts executing

simple harmonic motion of amplitude 0.1 m and frequen{:y%Hz{ Which of the following statements is

correct

/

£

a) The spring balance reads the weight of man as 60 kg

b) The spring balance reading fluctuates between 60 kg and 70 kg

c) The spring balance reading fluctuates between 50 kg and 60 kg

d) The spring balance reading fluctuates between 50 kg and 70 kg

The period of a simple pendulum, whose bob is hollow metallic sphere, is T. The period is T; when the bob
is filled with sand, T; when it is filled with mercury and T35 when it is half filled with mercury. Which of the
following is true

T T T

Hollow ar;;:l MErcuw
AT=T=T>T; b)T, =T, =T;>T GTSTy>Ti=T; dT=T,=T,<Ts
Two simple harmonic motions of angular frequency 100 and 1000 rad/s have the same
displacement amplitude. The ratio of their maximum acceleration is
a) 1:10 b) 1: 102 c) 1:103 d)1:10*
A chimpanzee swinging on a swing in a sitting position, stands up suddenly, the time period will
a) Become infinite b) Remain same c) Increase d) Decrease
Ratio of kinetic energy at mean position to potential energy at A/2 of a particle performing SHM
a) 2:1 b) 4:1 c) 8:1 d) 1:1
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472.

473,

474,

475.

476.

477.

478.

479.

480.

The motion of a particle varies with time according to the relation y = a(sin wt + cos wt).
a) The motion is oscillatory but not SHM b) The motion is SHM with amplitude a

¢) The motion is SHM with amplitude av2 d) The motion is SHM with amplitude 2a

A particle, with restoring force proportional to displacement and resisting force proportional to velocity is
subjected to a force.

F = F,sinwt

If the amplitude of the particle is maximum for @ = w; and the energy of the particle is maximum for w =
w- then

a) wy = wp and w; #F wy b) w; = wy and w; = wy

€) wy # wyand w; = wy d) wy # wy and w, # wy

A particle executing S.H.M. of amplitude 4 cm and T = 4 5. The time taken by it to move from positive
extreme position to half the amplitude is

a)ls b)1/3s c) 2/3s d)./3/2s
A heavy sphere of mass m is suspended by string of length [. The spear is made to revolve above a vertical

line passing through the point of suspension in a horizontal circle such that the string always remains
inclined to the vertical at £6. What is its period of revolution?

I ‘.f 0
a}T:Zn'J: b)T = 21 |—2
g g

[sinB [tan B

c)T=2m

d)T =2n

The maximum velocity and the maximum acceleration of a body moving in a simple harmonic oscillator
are 2 m/s and 4 m/s?. Then angular velocity will be

a) 3rad/s b) 0.5 rad/s c) 1rad/s d) 2Zrad/s
The vertical extension in a light spring by a weight of 1 kg suspended from the wire is 9.8 cm. The period
of oscillation
a) 20ms b) 2ms c) 2rm/10s d) 200ms
What is the velocity of the bob of a simple
pendulum at its mean position, if it is able
to rise to vertical height of 10 cm?
(g=9.8 ms~?)
§
A d\A/OB
M
a) 2.2ms™! b) 1.8 ms~! c) 1.4 ms™! d) 0.6 ms™!
A second’s pendulum is placed in a space laboratory orbiting around the earth at a height 3R, where R is

the radius of the earth. The time period of the pendulum is

a) Zero b)2v3 s c) 4s d) Infinite

Velocity at mean position of a particle S.H.M. is v, they velocity of the particle at a distance equal to half of
the amplitude
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481.

482.

483.

434,

485.

486.

487.

488.

489.

490.

491.

492.

493,

a) 4v b) 2v c) Vl?gv d]\?v

A point performs simple harmonic oscillation of period T and the equation of motion is given by x =

a sin(w + m/6). After the elapse of what fraction of the time period the velocity of the point will be equal to
half its maximum velocity

T T T T
a) — b)— c) — d)—
) 3 ) 12 ) 8 ) 6
If a body is released into a tunnel dug across the diameter of earth, it executes simple harmonic motion
with time period

R 2R R
a)T =2n |— b)T =2n £ AT =2n |— d) T = 2 seconds
g g 2g

The phase difference between the instantaneous velocity and acceleration of a particle executing simple
harmonic motion is

a)05m b)m c) 0.707m d) Zero

Two particles A and B of equal masses are suspended from two massless springs of spring
constants k, and k,, respectively. If the maximum velocities, during oscillations are equal, the
ratio of amplitudes of 4 and B is

a) \ky/k; b) k1 /k; c) ka/ky d) kz/ky

Which one of the following equations does not represent SHM, x = displacement and t = time. Parameters
a, b and c are the constants of motion?

a) x = asinbt b)x =acosbt+c

c) x =asinbt + ccos bt d) x = asecht + c cosec bt

An instantaneous displacement of a simple harmonic oscillator is x = a cos(wt w/4). Its speed will be

maximum at time

a) mfdw b)n/2w c) nfw d) 2n/w

Two simple harmonic motions act on a particle. These harmonic motions are

x = A cos(wt + 8); A cos({wt + o) when

a) an ellipse and the actual motion is counter b) an ellipse and the actual motion is clockwise
clockwise

c) acircle and the actual motion is counter clockwise d) a circle and the actual motion is clockwise

Two springs have spring constants K, and K and K4 > Kg. The work required to stretch them by same

extension will be

a) More in spring A b) More in spring B c) Equal in both d) Nothing can be said
The acceleration of a particle in S.H.M. is
a) Always zero b) Always constant

¢) Maximum at the extreme position d) Maximum at the equilibrium position
A particle executing simple harmonic motion of amplitude 5 cm has maximum speed of
31.4 cm/s. The frequency of its oscillation is

a) 3Hz b) 2 Hz c) 4 Hz d) 1 Hz
A particle is executing the motion x = A cos(wt — @). The maximum velocity of the particle is
a) Aw cos @ b) Aw c) Awsin#d d) None of these

An ideal spring with spring constant K = 200 N /m is fixed on one end on a wall. If the spring is pulled
with a force 10 N at the other end along its length, how much it will extended?

a)5ecm h)2m c) 2cm d)5m

Two equations of two S.H.M. are y = asin(wt — a) and y = b cos(wt — a). The phase difference between
the two is

a) 0° b) a® c) 90° d) 180°
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494. The total energy of a particle executing SHM is 80 J. What is the potential energy when the particle is ata

495.

496.

497.

498.

499,

500.

501

50Z.

503.

distance of 3/4 of amplitude from the mean position?

a) 60] b) 10] c) 40] d) 45]

An elastic string has a length [ when tension in it is 5 N. Its length is h when tension is of 4 N. on subjecting
the string to a tension of 9 N, its length will be

a)l+h b)i—nh c) (51—4h) d)({+h)/(h=1

A particle executes simple harmonic motion with a time period of 16 s. At time t = 2 s, the
particle crosses the mean position while at t = 4 s, velocity is 4 ms~'. The amplitude of motion in
metre is

2v?2
) Vn ) 16V3 ) 24v3n DEAL
T
One-fourth length of a spring of force constant K is cut away. The force constant of the remaining spring

will be
5 4
a) -k b) = K oK d) 4K
A block is resting on a piston which is moving vertically with SHM of period 1.0 s. At what amplitude of

motion will the block and piston separate?
a) 0.2m b)0.25m c) 0.3m d) 0.35m

The kinetic energy and potential energy of a particle executing simple harmonic motion will be equal,
when displacement

a
a) % b) avZ )7 d) “3_‘5
A solid cylinder of mass 3 kg is rolling on a horizontal surface with velocity 4ms~1. It collides with a
horizontal spring of force constant 200Nm . The maximum compression produced in the spring will be
a) 0.5m b) 0.6 m c) 0.7m d) 0.2m
A particle executes S.H.M. with a period of 6 second and amplitude of 3 ¢m. Its maximum speed in cm/s is
a)m/2 b)w c) 2w d) 3n
A particle executes simple harmonic motion with a frequency f. The frequency with which its kinetic

energy oscillates is

a) f/2 b) f c) 2f d) 4f

A large horizontal surface moves up and down in SHM with an amplitude of 1 cm. if a mass of 10 kg (which
is placed on the surface) id to remain continuously is in contact with it. The maximum frequency of SHM
will be

a) 5 Hz b) 0.5 Hz c) 1.5 Hz d) 10 Hz

504. The circular motion of a particle with constant speed is

505.

506.

507.

a) Simple harmonic but not periodic b) Periodic and simple harmonic

c) Neither periodic nor simple harmonic d) Periodic but not simple harmonic

Masses mand 3 m are attached to the two ends of a spring of constant k. If the system vibrates freely. The
period of oscillation will be

a}nﬁ b)znﬁ c}nﬁ d]ZnJ%

The equation of a simple harmonic wave is given by v = 6 sin 2m(2t — 0.1x), where x and y are in mm and
t is in seconds. The phase difference between two particles 2 mm apart at any instant is

a) 54° b) 72° c) 18° d) 36°

Two simple harmonic motion are represented by

vy = 5(511‘1 2mt + /3 cos 2;rrt)

v, = 5sin (Zﬂ’f + E)

The ratio of the amplitudes of two SHM's is
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a)1:1 b)1:2 c) 2:1 d)1:v3
508. A mass M, attached to a horizontal spring, executes SHM with amplitude A;. 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 A4,. The ratio of (%) is
2z
M + 1/2 1/2 M
a) —— b]( M ) ) (M""m) d)
M M+m M M+m

509. Two springs of constant k4 and k, are joined in series. The effective spring constant of the combination is
given by

a) ks b) (ky + k3)/2 c) ky +k; d) keykg/(ley + k3)

510. A particle starts oscillating simple harmonically from its equilibrium position with time period T.

The ratio of KE and PE of other particle atthe t = T/12 is
a) 1:4 b) 2:1 c) 3:1 d) 4:1
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OSCILLATIONS

1)

5)

9)
13)
17)
21)
25)
29)
33)
37)
41)
45)
49)
53)
57)
61)
65)
69)
73)
77)
81)
85)
89)
93)
97)
101)
105)
109)
113)
117)
121)
125)
129)
133)
137)
141)
145)
149)
153)
157)
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2)
6)
10)
14)
18)
22)
26)
30)
34)
38)
42)
46)
50)
54)
58)
62)
66)
70)
74)
78)
82)
86)
90)
94)
98)
102)
106)
110)
114)
118)
122)
126)
130)
134)
138)
142)
146)
150)
154)
158)
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3)

7)
11)
15)
19)
23)
27)
31)
35)
39)
43)
47)
51)
55)
59)
63)
67)
71)
75)
79)
83)
87)
91)
95)
99)
103)
107)
111)
115)
119)
123)
127)
131)
135)
139)
143)
147)
151)
155)
159)
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4)

8)
12)
16)
20)
24)
28)
32)
36)
40)
44)
48)
52)
56)
60)
64)
68)
72)
76)
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165)
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163)
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OSCILLATIONS

1 ()
The motion of sphere is simple harmonic. It's
time period (T,) is given by

+ + + + I+ + +
T
l 1+q
E ;

m lmgwf

To = 2::\@ (i)

where [ is length of string, g the acceleration

due to gravity.

When sphere is placed in electric field. (E)

force due to electric field acts on the sphere-1
Fp =qE =mg

where q is charge on sphere.

Hence, resultant acceleration is

=gt 8

g —g+m
I

T =2 ol

..(ii)

[Time period decreases]
Dividing Eq. (ii) by Eq. (i), we get

A (]

The time period of simple pendulum in air

T=t,=2n (ﬁ)

(D)
1, being the length of simple pendulum.
In water, effective weight of bob
w' = weight of bob in air - upthrust
= pPVgerr = mg —m'g
=pVg—pVg=(p—p)Vg

where  p' = density of bob,

p = density of water

: HINTS AND SOLUTIONS :

Beff — (%)g (1 —%)g
(

L
fo=2 ’ ;
T 1_%)g
(i)
2

Thus, L= ’ ]
to —_
4
(_1"u‘u'r ‘ )
(4/3x1000)
2

= = 2?:0

(b)

PE varies from zero to maximum. It is always
positive sinusoidal function

(a)

Let T;, T be the time period of shorter length and
longer length pendulums respectively. Ads per

E—

—

question, nT; = (n — 1)Ty;

So HZHE:{?I—I)ZHE

or n=Mn—1v40 = (n—1)6
Hence, 5n =6
Hence, after 5 oscillations they will be in same

phase
()
At centre vy, = aw = a,% = %’;12“; o
(d)
2
By = mq’“ P landF, = 222
T2
I 47 ma+4rr2ma
T i,
4 1 1
= 4mma iy
TZ T T2
Am’ma 1 1
Or e 4m’ma (F+T_f)
11,1
O mEmty
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10

11

12

13

1 TE+TS
Or e 12 -22

T TETS
(b)

T= 27!\/% = [ o¢ T? [Equation of parabola]

(d)
Here,m = 4kg; k = 800Nm™1,E = 4]

In SHM, total energy is E = %kAE

TETE
r T2 = ==
T 4T3

where A is the amplitude of oscillation
1
4 ==x800 x A?

8 1
800 100

1
=>A=Em—0.1m

AZ

Maximum acceleration, @y, = w?A

k k
=—4 = |[—
m m

_ 800Nm ™!

Thg x 0.1m = 20ms*

(b)

1

; S (R
Force constant (k) Longth of spring

K_I1_§1=K =
7 R e
(b)
Total energy U = %Kaz
(b)

= Jk/m= '84—222 d
w=.k/m= 098~ & rad/s
(@)

For resonance amplitude must be maximum
which is possible only when the denominator of
expansion is zero

‘ 5 +b ++vb? - 4ac
lL.e.aw* —bw+c=0>w= o5

For a single resonant frequency, b? = 4ac

(a)

Inside the mine g decreases

I ;
Hence from T = ZRJJ; T increase

14

15

16

17

18

19

(c)

[ l g
T=2nm E::'F:m:constant

(a)
KE of a body undergoing SHM is given by

1 mw? A?
KE = ;?na:;u?.f%2 cos? wt and KE,,, =

[symbols represent standard quantities]
From given information
75
KE=(KEmaz) X —

mw?A? 2 mw?d? 3
— cos” wt = =
2 4
V3
= coswt = i?
T
= wt =—
6
2r s
= — Xt ==
g 6
¥
= t=—=-5
12 6
(d)

When spring is cut into two equal parts then
spring constant of each part will be 2K and so

using n o \/?, new frequency will be \r’f times,

iefr=v2f

(a)

Time period of pendulum T = 271'\/%
T 1

(d)

Let x be the point where K.E. = P.E.

1 1
Hence Eif:m:;:rz(a2 —-x3) = Emmzxz

a 4
= 2x% = a? ﬁ%tﬁ:Zﬁcm
(d)
The periodic time of a simple pendulum is
given by,
T = Z'nr‘F
g
When taken to height 2R.
o h)?
g =g(1+3)
IRy 2
= 1 —_— = 3 —2
g( +— g(3)
L S .2
T, 432
T 1
= Tz — 3T1 = T_; = ;
(d)
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21

22

23

T sinf = mlL sin fw?
324 = 0.5 x 0.5 X w?

RPN
05x%x05

324
SRR 0.5x0.5

8
== 05~ 36 rad/sec

(b)

As here two masses are connected by two springs,
this problem is equivalent to the oscillation of a
reduced mass m,. of a spring of effective spring
constant

my
T=2m
Kegr.

L ER L
Here m, = ——%

m
gt g = Keff. = Kl + Kz = 2K

1 |Kepr, 1 |2K 1 (K 1 (01
O = — X2 == |—_ == |—
2w | m, 2w m m/m w01
1
=—Hz

T

(b)

The acceleration of a particle in SHM is,
amax = _sz

Where w is angular velocity and A the

amplitude.

Given, y = 2sin [%t + @]

i)
Standard equation of a wave in SHM is
y = Asin(wt + 0)

-..(1ii)
Comparing Eq. (i) with Eq. (ii), we get

T
A=2cm,w=;

(c)
When t=0,x = 1»'{:05”7’({J =

24

25

26

27

28

29

Whent = 3s,x = r‘cos%’ci =0

Here w = = or Ciud
T2 T

=~ In 3 sec, the particle goes from one extreme to
other extreme and then back to mean position. So
the distance travelled = 2r + r = 3r

(a)

L
Time period T = 215\/:
g

(b)
Force constant of a spring is given by F = kx
6.4 = k(0.1) or k = 64N /m

2

oT =2 F:;ﬁ—z /m'm—(l)- — 1
0 = T k 4—' T 6 ;64_ 8 P = 1kg
(d)

T4 =15 = (mg%sin 6+ M glLsing)

gor T = 4s

= Restoring torque about point 0.
In case A, moment of inertia will be more.
Hence, angular acceleration (a = t/I) will be
less. Therefore angular frequency will be less.
Note Question is difficult because this type of
SHM is rarely.
o]

mg

v
(d)
Function of wrist watch depends upon spring
action so it is not effected by gravity but

pendulum clock has time period, T = ZK\E.

During free fall effective acceleration becomes
zero, so time period comes out to be infinity, i. e,
the clock stops

(d)

[f m is the mass, r is the amplitude of oscillation,
then maximum kinetic energy,

1
1 2Kz
Ko =Emw21’2 or r= ( ﬂ)

maw?
The displacement equation can be
1
_ 2Kp\2
y=rsinwt = (—) sin wt
M
(c)

S S S S S S S S S S S S S S S S S S S S S S S S S S R S S S S S S S S S S S N S S S S R S S S S S S S S S —

o o o)



T D S M N S SN N B B NN SN SEE N SN BN BN NI NS B EES SN SN SN N BN BN NN BN BN NN NN BN BN ST NN NN SN SN N NN BN NN BN SN N B B BN B

Spring P and @, R and § are in parallel
then,x =k +k =2k [for P,Q]
andy =k+k=2k [forR, 5]
x and y both in series

1 1 1 1

‘ToEtyTk

Time period T = ZTIJE = ZTTJ%

30 (a)

]"'—ZJﬁ
_.T[k

=2 0'2—0315
=l g o

31 (bh)
Total potential energy = 0.04 J
Resting potential energy = 0.01
Maximum kinetic energy = (0.04 — 0.01)

1 1
=0.03] = >m w?a? = —ka*

2
(]{)3—1><kx( el )2

Tt T2 1000

k = 0.06 x 2500 N/m = 150 N/m

32 (a)

33

34

35

{ IEVAY

Spherical hollow ball Spherical hollow ball
filled with water half filled with water

r=2u|L I'|=2ﬁ||ﬂ
g g

Spherical hollow ball

Tr,=2m L
B g

and T, >T,
Hence, time period first increases and then
decreases to the original value.

(d)

Kinetic energy will be maximum at mean position.

From law of conservation of energy maximum
kinetic energy at mean position = Potential
energy at displaced position

= Kpax = mgh = mgl(1 — cos 8)

()

In this case time period of pendulum becomes

+ + 4+ 4+ A+ o+
T'"=2 !
:‘_I'rm-—-—-v—
qk
(9+%)
=>T"'<T

(c)

S S S S S S S S S S S S S S S S S S S S S S S S S S R S S S S S S S S S S S N S S S S R S S S S S S S S S —

o o o)



T D S M N S SN N B B NN SN SEE N SN BN BN NI NS B EES SN SN SN N BN BN NN BN BN NN NN BN BN ST NN NN SN SN N NN BN NN BN SN N B B BN B

36

a7

38

39

40

41

y = 0.25sin 200¢;
Speed, =X = 0.25 x 200 cos 200¢

Max. speed = 0.25 x 200 = 50 cms™!

(d)

In simple harmonic motion

y = asinwt and v = aw cos wt from this have

2 vl . i ; ;
St 1, which is a equation of ellipse
(b)

x = 3sinwt + 4sin(wt + m/3)

Comparing it with the equations

x = rysinwt + ry sin(wt + ¢)

We have, 1, =3 cm,r, = 4cmand ¢ = n/3
The amplitude of combination is

i 2 Z n
r_Jrl +715 + 2y cosd

=4/32+42+2%x3%4xcosm/3

=v37=6cm

()

Time period is independent of mass of pendulum
(b)

A total restoring force, F = kX = mg

Or k=mg/X

Total mass that oscillates= (M + m)

s ‘M= pip [ DL
mg/X mg

(b)
Let x be the maximum extension of the spring.
From energy conservation

K

v=0 'T'

wﬂ@i

Loss in gravitational potential energy
= Gain in potential energy of spring

1
Mgx =EKIZ

ZMg
Ay
(c)

Under the influence of one force F; = mw?y and
under the action of another force, F, = mw3y
Under the action of both the forces F = F; + F,
= mw?y = mwly + mwiy

5 2, 2 (Zn)z (Zn)z 3 (211:)2
= — = | — = — SR
(i3] IfJJl (-Uz T T.l Tz

42

43

44

45

46

47

(b)
T—ZFT’—Z F—T—S =25
B e i e
(9

If v and v’ are the velocities of the block of mass
M and (M + m) while passing from the mean
position when executing SHM

Using law of conservation of linear momentum,
we have

mv =M+ m)v' or v\ =mv/(M+m)

Also, maximum PE= maximum KE

Lo come & 2
7 Ek/’q —E(M+m)v

) _ (M+m /2 mu
or A _( i ) (M+m)
N muv

(M +m)k
(@)

4 9m 4.9m
A

49m v = 0 02Zm )
T :
I 1

4.9m

The block is released from A
) T
x =4.9m + (0.2m) sin (wt +§)

att =1s;x =5m
so range of projectile will be 5m

2.t o
Now 5 = Z32% oy 2 = 50 = p = /50
()
2
On comparing with standard equation ';TJ; +
w?y =0
8o — 2 o
wegetw =K = w = = —*J?:}T—JF
()
y = Asin (i—ﬂ)t
—=Asm(2— t =2—Ht=:rr/6
T T
Time period t =L=-L_-1
12 12
(d)

Potential energy of particle performing SHM is
given by: PE = %mmzyz, i.e. itvaries
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49

50

51

52

53

54

parabolically such that at mean position it
becomes zero and maximum at extreme positions
()

A particle oscillating under a force F = —ki = b
is a damped oscillator. The first term —k¥
represents the restoring force and second term
—b represents the damping force

(¢

Effective force constant is equal to the
reciprocal of the sum of individual force

constant, hence
1 1 1 1
e e T
ky =k k, =2k, ky =3k, .....
1 1 1 1 1
e kT imtmtT

Given,

The given series a geometric progression
series, hence sum is

Sy = —
@

where a is first term of series and r the
common difference.

S Lol o2k
ke Kk (1_5)_:: e 2
(a)

T=2n ’L
Beff

Time period

(d)

xX; _ky
X1 + Xy = A and klxl = kzxz

or —=—
X, ky

Solving these equations, we get
o f K
X1 = (k1+R2)A
(<)

The effective acceleration in a lift descending with

' ionZis —g_92_24
acceleration Si5Gerf =g —3=3

e (o) o (g = G

(b)

56

57

58

Time period of simple pendulum is given by
T = ZTTJE
B
(1)

When the lift is moving up with an
acceleration @, then time period becomes

T = f
gta
Here, T’ =£
!
= - ——
2 g+a
(i)
Dividing Eq.(ii) by Eq. (i), we get
a=3g

(d)

1 (K 1 K, K,
"Toarm  2n |+ Kpm
(b)

m,; = 1 kg, extension[; =5cm =5 x 10’ m

m,g = ki,
k = force constant of the spring
k="a8= 220 900 Nm?
E-l 5)(10_2

Time period of the block of mass 2 kg.

T=2TIIJE=2T[ /i=21t><i=55
i 200 10 5

Maximum velocity vy = Aw
where A = Amplitude
=10ecm=10x10"%m

vmax:sz?ﬂzll]x lﬂ‘zxﬂif"g

=0t X 2% 5=1ms™
(9
Torque about P = T(kx)gv% (—-kx 5) = —kxl, =

3
2

For small angle 8, x = %6; T=—la
X
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59

60

61

62

63

()

If first equation is
Y1 = aq Sin wt = sin wt 22—
1
(D)
Then second equation will be
y; = a, sin(wt + g)

A [ . T
= a,|[sin wt cos 5t coswtsin 5] =

a, cos wt
= coswt =22
2
.(11)
By squaring and adding Eqgs. (i) and (ii)
2 2
sin? wt + cos? wt =21 + 22
ay 4az
.}'_12 Jv‘z =
= a? e az =5
This is equation of an ellipse.
(c)
By using conservation of mechanical energy
- kx? = il g = k
5 kx® =zmv x =uwvym/
(a)

When block (C) strikes the block (4), then it
begins to oscillate, whose time period

T
T—ZH'J;

. m
Compression x = vT = v X 21 ’—

2k
o ™
X v K
(d)

Spring is cut into two equal halves so spring
constant of each part = 2k

These parts are in parallel so K.q = 2K + 2K =
4K

Extension force (i.e. W) is same hence by using
F=kx

S4kxx' =kx=x"=-

(a)

On the inclined plane, the effective acceleration
due to gravity

g' = gcos30°

=gxV3/2

64

65

66

67

68

69

70

71

> 1 9 21
=27 |l—=21t | —
g’ V3g

Standard equation of S.H. M. L dcz = —w?y, is not

satisfied by y = atan wt
(o)

v = wyf(a? — y?) = 2,/602 — 202 = 113mm/s

(d)

Let the distance of vertical disc ¢ of block be
pushed in liquid, when block is floating, then
Buoyancy force

= abxx,, g = abxg

The mass of piece of wood= abcd

So acceleration= —ab xg/abcd = — (c—gd-) X

Hence, time period, T = ZHE

(d)
When the bob is immersed in water its effective
weight
(ma =7 ) )
=s\mg——g|=mgl\l——
P P
p - 1
“ Geff =
T o =
- t_Ast:'rt A
y=Asinwt = T 3
Asi 2mt T
— — t [l —
sin T = T
(d)

Time period of harmonic oscillator is independent

of the amplitude of oscillation. Energy of
oscillation is

1
E :Emmzaz ie, E o« a?

So if a is double, F becomes four times.

(a)

On a planet, if a body dropped initial velocity (u =
0) from a height h and takes time t to reach the

groundthenh=—gpt :gp—&—?=
4 m/s?
Usmg?‘—erJ;::»T—21[\,—1—1'[:3.14536
()

Y= Jgt?

2y

arz_Zk
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72

73

74

75

76

or @, =2ms?

(ask = 1ms™2)

L
Tl':sz;

!

and T,=2m
g+—ay
T _gtay _ 1042 _ 6
T2 g 10 5
(b)
v, = A(1 — cos px)
dv
F= e —Ap sin px
For small (x)
F = —Ap*x
2
— M
a = wx
_ [
- m
= i
T=2n e
(@
2n

Vmax = Q0 = a"T_

UmaxT _ 15 % 628 x 1073
2n 2x3.14

== =15cm

(b)

The time period of a pendulum of length [, is

T=2?I\F
g

Tz
= I_gzmz

Since, T=2s (for
second’s pendulum)
L= glfz) _ B 1 82(2) _ 82
S

T w2 T T T W
Since, length is decreased, g, is less than g,
_ Bi—8z
I — 1y =8

= (L-Lin*=g —g
03x10=g; — g,

g, =981 —3 =978 cms ™2

(d)

In S.H.M. at mean position velocity is maximum

So v = gw (maximum)

(a)

As the girl stands up, the effective length of

pendulum decreases due to the reason that

the centre of gravity rises up. Hence,

according to

77

78

80

81

82

T=2n\F
g

T will decrease.

(a)
T:Z?TJE

g

2 A

(0, 0) =/
or ToevL or T?e«L

It is linear relation between T and [ hence
the graph between T?and L is a straight line
passing through the origin.

(©)

The motion of a planet around the sunisa
periodic motion but not a simple harmonic
motion. All other given motions are the examples
of simple harmonic motion

(a)

Fig. (i) alone represents damped SHM

(c)

When the bob falls through a vertical height of
1m, the velocity acquired at the lowest point,
v=,[2gh=vV2x10x1=v20ms™*

2
mu* — O.UllXZl] = 0.20N

Centrifugal force=

Net tension=weight+centrifugal force
= (0.01 x 10 4+ 0.20) = 0.30 N

(<)
Mass (m)=20 g=0.02 kg

Frequency (f)=% Hz

Time period of a loaded spring

m
T—ZHJ;

Frequency (f) = zi JE

Alw

-

k
or =

a_
k =2 Nm

1
2m
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83

84

85

86

()

vy = asin(wt — kx);

S L. T
Vo= hens | ot~ | SHER{a - n/
- Phase difference= (mt - % + 7!/2) — (wt — kx)
=m/2
(c)
When a mass m is placed on massM, the new

system is of mass= (M + m), attached to the
spring. New time period of oscillation,

M+m
k

T—2E
_;rgk

Let v =velocity of the mass M while passing
through the mean position.
v" =Velocity of the mass(M + m), while passing
through the mean position.
According to law of conservation of linear
momentum Mv = (M + m)v'
At mean position,v = Awandv’' = A'w’

MAw = (m+ m)A'w

e (LIE NOL 5 r
or 4 _(M+‘m)w’A_1'%1'+1>‘n}|< x4
B ( M ) " M+m il
\M+m M
S M +m
(<)
= Z?IJ_ when mass is increased by m then
(1)
_ M+m
T=2m ”
5T M+m
= e 2m m
w 1L}
Dividing Eq. (i) by Eq. (ii), we get
B o B
5 A M+m
9 M
25 M+m
= 9M + 9m = 25M
= 16M =9m
m _ 16
M~ 9
(a)

87

88

89

90

91

92

()
. T
vy = 4sin (-fhrt + E) = 4 cos 4t
v, = 3cos(4nt) = 3 cos 4mt
The phase difference = 0, both are along the same
line
A2 =42 +32 42X 4x3c0s0°
A2=(4+3)=2A=7
The resultant amplitude is 7 units

(b)

=L g =n« =) Iz Lo
TEamNT T .30

n 1
S—=—on, =20, 20, >0

1, \({E 2 i, 2 1
Energy E = %mwzaz = 2m’mn’a?

ai myni

—1_ =2 i [+ E is same]

a; myng

Given ny > ny and my
(b)
The two spring on left side having spring constant

of 2k each are in series, equivalent constant is
1

()
mass M are in parallel. Their effective spring
constantis (k + 2k) = 3k

Equivalent spring constants of value k and 3k are
in parallel and their net value of spring constant
of all the four springsis k + 3k = 4k

:mzﬂaJ_}az

= k. The two springs on right hand side of

. 1 |4k
~ Frequency of massisn = il 7
T

M
(a)
For SHM. F = —kx
~ Force = Mass x Acceleration o< —x
= F = —Akx; where A and k are positive
constants
(©
When lift accelerates upwards, then effective

acceleration on the pendulum

ag
Berf—g+‘:—

~ Time period T' = 2r , f
v“'

(a)

S S S S S S S S S S S S S S S S S S S S S S S S S S R S S S S S S S S S S S N S S S S R S S S S S S S S S —

o o o)



T D S M N S SN N B B NN SN SEE N SN BN BN NI NS B EES SN SN SN N BN BN NN BN BN NN NN BN BN ST NN NN SN SN N NN BN NN BN SN N B B BN B

93

94

95

96

When particle is atx = 2, the displacementis y =
4~2 = 2 cm. If r is the time taken by the particle
to go from x = 4 cm to x = 2 c¢m, then

2mt 2mt

=acoswt =adcos— = acos—
y T 12

or cuszrrtmy-z_1_cnsﬂ
12 a 4 2 3
2t 1 1.2
or —==o0r t=—=0.26
12 3 6

time taken to move fromx = +2cmtox = +4 cm
and back again
=2t =2x%x025=045

()
Under forced oscillations, the body will vibrate
with the frequency of the driving force

()
gl o B _a? _E
—zmwa E—a2=>E

9
=>E' =—E
(b)
Let at any instant, cube is at a depth x from
the equilibrium position then net force acting
on the cube = upthrust on the portion of
length x

F = —pl*xg = —pl’gx
cakd)
Negative sign shows that, force is opposite to
x. Hence equation of SHM

F=-kx
..(11)
Comparing Egs. (i) and (ii)
I/l
';_::.JMW‘«? 5

_ f !3d fca
(a)
We know that during SHM, the restoring force is
proportional to the displacement from
equilibrium position. Hence restoring force is

maximum when the displacement is maximum at
its extreme position

97

98

99

(b)
Kinetic energy in SHM
KE = %mwz(;&z — x?)
At x=12

2

1 afa2_ A\ _3.1 2,2
KE = smw? (42 - %) =2 Gmw?4?)

= % X Total energy of the

particle
(c)
Displacement equation
y = Asinwt — B cos wt
Let A=acos8 and
So, A*+B?=a?

= a=+A%+ B?

Then,

B =asinf

y = acos f sin wt — asin d cos wt

y = asin(wt — 8)

which is the equation of simple harmonic

oscillator

The amplitude of the oscillator
=a=VAZ + B2

(d)

T= ZH\E =T« JE, it is does not depend upon

mass

100 (c)

Whent =15y, =rsinwX1l=rsinw
When t =25, y, =rsinw X2 =rsin2w
Vi rsinw

E_ rsin2w
- 1
" 2cosw  2cos2m/T
1

~ 2cos 2 /8
1

~ 2cos /4
1

1
T 21N2) V2
¥z = \E}’l
Distance converted in 2" second
=YW= (Vfi_ 1)}’1
Ratio = 1: (v/2 —

102 (b)

[
T=~2m |—
g
and ZTZZHJI
g
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Then %=J§ or I' =4l

103 (b)
Time period of spring

=20 )

k, being the force constant of spring
For first spring

ty =2m (:)
(1)
For second spring
wrfii)

The effective force constant in their series

combination is
kqkeo
Ky +hy
~ Time period of combination
m(ky+ky)

kaks )
amim(ky+ksz)

Kk

T'= 2%
=% =

..(iii)

Form Eqgs. (i) and (ii), we obtain
2 2 __ 2fm m
6+ = an? (T + 1)

t7 +t7 =4 (1 + 1)

= 4m’*m —
1 2 kl k

> gl
242 =72
[from Eq. (iii)]
104 (b)
Let h be the depth of bottle in water then

e ) _m _ 200
Pg=mg o A= T 50x1

P h -
=2m z or V_Z_Z'IT b

__ T _so_, ..
T N

105 (d)
21 m
s = ey =1
T=8sw= 7= (4)rads
x=A

sinw t

106

107

108

109

a=—-wix= — (?11;) sin (Z t)

Substituting t = % s, we get

a= — (gﬂ,’z) cms™?
(a)
x = (2% 107?) cosmt
Here, a=2x10"?m=2cm

At t = 0,x = 2 cm, ie, the object is at
positive extreme, so to acquire maximum
speed (ie, to reach mean position) it takes i th
of time period.

: j T
Required time = =

where w=2=
7
= T=2s
So, required time = E = % =05s
(b)

For getting horizontal range, there must be some
inclination of spring with ground to project ball

45° ‘i'qL'_

| R |

S Rux =% (D)

But K.E. acquired by ball = P.E. of spring gun
R U . UCEF N

= gmu® = ikx DU = . (i)

From equation (i) and (ii)
kx? 600 x (5% 107%)?

Rpax =—— = =10m
M mg  15x 1073 x 10

(d)

Using acceleration A = —w?x

At — Xy A will be maximum and positive

(a)
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111 (b)
When the ball of mass m falls from a heighth, it
2h/g. Its

2gh. It then moves in to the

reaches the surface of earth in timet =
velocity isv =
tunnel and reaches on the other side of earth and
goes again upto a height h from that side of earth.
The ball again returns back and thus executes
periodic motion. Outside the earth ball crosses
distance h four times.

When the ball is in the tunnel at distance x from
the centre of the earth, then gravitational force
acting on ball is

Gm 4 " 4
F :?x (grrx p) =G X (gzrrp) mx
Mass of the earth, M = %nRzp
¥ M
or Tmp ==
GMmx
= E e, F o x

As this F is directed towards the centre of earth
ie, the mean position so the ball will execute
periodic motion about the centre of earth

Here inertia factor=mass of ball= m
GMm _ gm
R® R
-~ time period of oscillation of ball in the tunnel is

inertia factor
T'=21r |[———
spring factor

Time spent by ball outside the tunnel on both the
sides will be = 4,/2h/g
Therefore, total time period of oscillation of ball is

R 2h
=2m |—+4 |—
g g

112 (b)
When a little mercury is drained off, the position
of ¢. g. of ball falls (w.r.t. fixed end) so that
effective length of pendulum increases hence T
increases

113 (d)

Spring factor=

Here, the state of maximum amplitude of the
oscillation is a measure of resonance.

114 (c)
Loss of potential energy in coming from A to
B

= mgh
= mglcos 30° = ? mgl
QA
300
! ’
h
Qs

Kinetic energy gained = loss of potential

energy
= "\;_’E mgl
115 (a)
In this case,
L
Stress = =
Strain :% (where [ is
extension)

Now, Young’'s modulus Y is given by
stress _ mg/A

¥= strain /L
__val
mg = T
So, kl = % (- mg=

kl)
(k is force constant)
Now, frequency is given by

1k
n=s— |—

2 m
=& /=)
116 (d)

The time period of a simple pendulum is

T=2’.ITJE
g
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117

118

119

120

Tl
Here, [ is the length of the pendulum.
On squaring both sides
T2 = 4m2l
g

= 4.8

So, the graph between time period T and
length [ of the pendulum is a parabola.

(<)

Let O be the mean position and x be the distance
of coin fromO. The coin will slip if centrifugal
force on coin just becomes equal to force of
friction ie, mxw? = pmyg

The coin will slip if x = maximum = amplitude A
& mAw? = pmg or A = ug/w?

(@)
A harmonic oscillation of constant amplitude
and of single frequency is called simple
harmonic oscillation.

Here, x = 8sinwt + 6 cos wt
So, a; =8cm and a, =6cm
+ Amplitude of motion
A=.lat+al

VT

= V64 + 36 = V100 = 10 cm
()
Resultant amplitude = V32 + 42 = 5
(a)

In order to find the time taken by the particle
from -12.5 cm to +12.5 cm on either side of
mean position, we will find the time taken by
particle to go fromx = —12.5cmtox =
Oandtogofromx =0tox = +12.5 cm.
Let the equation of motion be x = A sin wt
First, the particle moves from
x=-125cmtox =0

125 =25sinwt + A=25cm

1 =
= 3: sin wt
=

6w
Similarly togo fromx =0tox = 12.5cm

w o
wt===t=—
6 G

121

122

123

124

125

126

127

~. Total time taken from x = —12.5cmtox =
12.5cm

= T T
T 6w | 6w 3w
=2 =I=2-055
35 6
(c)
x(t) = Acos(wt + ¢)  ...(I)
l1=Acos(mx 0+ ) =Acosd ..(ii)

Velocity= d!x{m —Aw sin(wt + ¢)

T=—-AX ﬂ:sm(U +¢)=-—nmdsind—-1=Asind
...(iii)

Squaring and adding Egs. (ii) and (iii), we have
14+1=A4%(cos?p +sin®p) = A%0or A=+2cm
(b)

The two springs are in series. Therefore, the
time period is

Z-'":ZTt\/E
k

Ktk
= 21 =z Z)

Kikz
Asm = 16 kg;

T =8n e

(a)
a=10x10"?mand w = 10 rad/s
Anae =760%0 = 10X 1072 X 10% = 10 mi/fs®

(d)
[
T=2rx |[—=T oc— :> Tp
g
= \l_ 2T,
(a)
For a particle executing SHM
Vmax = A®
=4xZ -y x=E
T 8
= mems?
(<)

The potential energy of a particle executing SHM
is periodic with time period %

(b)

Length of the line = Distance between extreme
positions of oscillation = 4 cm

So, Amplitude a = 2 cm

also tyay = 12 cm/s

2w
Y Vpaxy = Wa = ?ﬂ
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128

129

130

131

Z?ra_2><3.14><2

=1.047s
Vinax 12

i Te

()

Spring constant (K) « 2

Length of the spring (1)

as length becomes half, k becomes twice is 2K

(4

KE=PE

= % mw?(a? —y?) = % mw?y?
= © %

()

X = asin wt
And y = bsin(wt + ) = —bsinwt

l']]'x" J'IIC.‘I' = bx
a b P a

it is an equation of a straight line.

(d)

In simple harmonic motion, energy changes from
kinetic to potential and potential to kinetic but the
sum of two always remains constant

132 (b)
x
— =sinwt
a
Z= cos wt
a
2 2
i 2 Bl
E'l'—z-—— 1=y +x o
133 (a)
w220 -
C2n 2w z
Vmax = wa = 220 ¥ 0.30m/s = 66m/s
134 (b)
- dy,
T
= 0.1 x 1007 cos(100mt + m/3)
dy, .
v, =——=10.1 %X 1007 sin 100 mt
2T dt

135

= 0.1 x 100w cos(100mt + n/2)

Phase difference between two velocities

(100wt + m/2) — (100wt + 1/3)
=n/2—n/3—nf6

(b)

When the cylinder is given a small downward
displacement, say y, the additional restoring force
is due to (i) additional extension y, which is

F; = ky (ii) Additional buoyancy, whichis F, =
AYdg

Total restoring force, —F = F; + F, = (k + Adg),
=new force constant

_ 1 [k 1 |k+Adg
TRk 2nd M

136 (b)
Tovi=T? ol
T

137 (c)
[n forced oscillations, the body oscillates at the
angular frequency of the driving force
138 (d)
X = X CoS (cut — %)
. d?x
Acceleration, a = —
dt

n
= —w?x, cos (cut - :)

3m
= —w?x, cos (mt T T)

So, A= w?x,
and §=3E
4
139 (a)

At the time t = E = % = 1 sec after passing from
mean position, the body reaches at it’s extreme
position. At extreme, position velocity of body

becomes zero
140 (b)

a 2
Acceleration, a = —w?y = ;f y
_ (amly 1}2_ ¥
or Tﬂ( - ) =27 =
—2><22>< 3 =3.14
- 7 12 7
141 (a)

The forces that act on the block are gE and mg.
Since gF and mg are constant forces, the only
variable elastic force changes by kx. Where x is
the elongation in the spring = unbalanced

(restoring) force = F = —kx
5 X k
- _—— _— —
mwex X=>w T
142 (d)

Wave length = velocity of wave X Time period
A =300 x 0.05= A4 =15 metre

According to problem path difference between
two points = 15— 10 = 5m
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143

144

145

147

. Phase difference = 2= x Path difference

1
ﬁ2n’x _Zir
1577 3
(<)
Vypax 10
= = — [ j—
Vpax = QW = @ @ )
Now, v = wfa? — y? = v? = w?(a® - y?) =
2
y2=a2—%
v 52
o T
=y (Bogs (Bpams 23 em
(b)

2n

: ; N
From the relation of restitution h—“ = e¢“" and

a

h
hy, = hy(1 — cos60°) = h—" =1 — cos60°
0

2 Zn

- (%)

i~ 8+ =)
2 \5 2 \5

Taking log of both sides we get

log1l —log2 =n(log4 — logh)

0 - 0.3010 = n(0.6020 — 0.6990)
0.3010

0.097

n

-0.3010 = —n X 0.097 = n =
(4

Potential energy of particle

U =% mw?y?

Potential energy of maximum particle
B % mw?A*

According to given position,

. E
The potential energy =
L matv? =1x L mwta?
or 5 M’y 2><2nm:uwfl
T
yo=5
Q.
Tz
(b)

x; =asin(fwx1) =asinw
and x, =asin(w X 2)—asinw
x; _sin(Zw) —sinw
x_l_ sinw
=sin2 x (2m/8) — sin 2 /8
_1-0KZ) -1
(1/V2) 1
or =_1__ VZ+1
x, VZ-1 0 (VI-1)(VE+)

148

149

150

151

153

V241
2-1
=2414=24
(b)

T' = 2m,/1/(g/6) = V6T Hence, the clock will tick

in one minute
= 60/V6 = 24.5 times
(d)

Maximum velocity = aw = a

GiventhatalJ%: a, %:;Z_:: %
(b)
Let the minimum amplitude of SHM is a.
Restoring force on spring
F =ka

IR

Restoring force is balanced by weight mg of
block. For mass to execute simple harmonic

motion of amplitude a.

ka = mg
_me
or "
Here, m = 2kg,k = 200Nm™1,g = 10 ms™2
_2x10 _ 10
T 200 100

= ﬂx 100 cm = 10 cm
100

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

(d)

The relation between time period (T) and
length of pendulum (1) is

TT—Z?IJZ
g

On squaring and rearranging the terms, we
get
T2 = 4n? =
g
Which is general equation (y* = 4ax) of a
parabola.

(c)

T |L |16
?_\f;_j;_4

Or t; =4T
Let after timet, the pendulum be in the same

phase. It will be so then
g & . =T

T T T
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t e

or =T
or t=4t—4t
or 3t =4T
or t=4T/3
154 (c)
a
a=—-wx= |—| = @?
x
155 (h)

The particle will meet at the mean position when
P completes one oscillation and @ completes half
an oscillation

vp awp Tp 6 2

So = =—2" —=

vg awg Tp 3 1
156 (c)

Using, T = 21!‘\[%, we have

; I'zna :
=2m e (l)
(200-m) s
and 0.5=12n JT ...(ii)

on solving, m = 150 g.
157 (c)
For a simple pendulum time period

TZZ?TJI
g

2
or Z= B
T !
w= |
i
2 _E
@ !
()
Amplitude, when angular displacement is 60°
2l 2l
i S o o e EFS
360 6

Therefore, displacement when angular
displacement is 30°

1 27:!)

2 \e6
il
y=0
i)
Acceleration (a) = —w?y
Using Egs. (i) and (ii), we get
g m 10%3.14
f=—=¥—=—
! (&) 6
=—52ms 2 =—-5ms?
158 (b)

159

160

161

162

B &
o g
o
&

When the bob is displaced to position P,
through a small angle 6 from the vertical, the
various forces acting on the bob at P are
(i)the weight mg of the bob acting vertically
downwards
(ii) the tension T in the string acting along PS
Resolving mg into two rectangular
components, we get
(a)mg cos 0 acts along PA, opposite to
tensions, we get
(b)mg sin 8 acts along PB, tangent to the arc
OP and directed towards 0.
If the string neither slackens nor breaks but
remains taut, then

T =mgcost
The force mg sin @ tends to bring the bob
back to its mean position 0.
=~ Restoring force acting on the bob is

F =-mgsin@

()
At x = 0, kinetic energy is maximum and
potential energy is minimum.
(d)
Minimum velocity is zero at the extreme
positions. After 1s it will be at extreme position
(d)
From the given equationw = 2mn =41 = n =
2Hz
(a)
If a particle executes SHM, its kinetic energy is
given by

KE = ~maw? (4% - x?)
or KE = - k(A2 — x?)
where k = mw? = constant
Its potential energy is given by

KE = %mmzxz = % kx?
Thus, total energy of particle
E = KE + PE
= = k(A® — x?) + 2 ka?
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= - kA?
2
2
Hence, PE=1+kx?=1k (ﬂ)
2 2 2
A
(+ x=9)
_ 11, 42
T4 (2 A )
_lg
4
Hence, potential energy is one-fourth of total
energy.
163 (b)

The effective acceleration of a bob in water
=g' =g (1 - %) where o and p are the density of
water and the bob respectively. Since the period

of oscillation of the bab in air and water are given
as

l I
]"'=23'TJ:2,111(1T"=ZIIJ:r
g g

It g g p p

T—.i i E: —-1— =
F—E.Weubtam,z 1 p=>p 2

164 (d)
Time period of simple pendulum is given by

T1=2?IJE
g

and time period of uniform rod in given
position is given by

Inertia factor
T, =2 [—=22
spring factor

cscssscnmssccscbscsscadas

Here, inertia factor=moment of inertia of rod

at one end
mi? mi? i mi?
Tz s 3
Spring factor=restoring torque per unit

angular displacement

2 8
! .
=mgXxs (if 8
is small)
_ fmizjz 2 1
Tp=2n mgi/2 21 3 g
Hence, Lo 2
T 2
165 (b)

When the particle of mass m at O is pushed by y
in the direction of A the spring A will be
compressed by y while spring B and C will be
stretched by ¥’ = y cos 45°. So that the total
restoring force on the mass m along 0A

Fe Fa

cC k\ /ﬂ B
oTm
.FAT
A ol
Foet = Fy + Fg cos 45° + F- cos 45°
= ky + 2ky’ cos 45°
= ky
+ 2k(y cos 45%) cos 45° = 2ky
Also Fppe = k'y =2 k'y =2ky = k' =2k

m m
T= 2??\{; = ZRJ%
166 (b)
Total energy= PE + KE. When a particle executes

SHM, there will be two position in each cycle
where the PE is equal to KE of the body in SHM
167 (c)

Rsind =4
and Rcosd =4
R =42
168 (a)
Vg =rw =1

And ay = w?r = 1.57
w = wr/ro =157/1

Or 2mv = 1.57

B 1.57 _1_025 i

V=o2x31a 3 0%
169 (c)

Vmax = 100 = a w;
w = 100/a = 100/10 = 10 rads ™.
v? = w?(a* —-y?)
or 50% = 10%(10%2 — y?) or 25 = 100 — y?
or y =475 =5v3cm.
170 (d)
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For the given figure f = % ‘% = %J% (1)

If one spring is removed, then k., = k and

1 |k
o= = W)

T 2mm

From equation (i) and (ii),

f_ :_f
F_w’z—_-:uf_-—z
171 (b)

Energy of oscillation, E = aA*
KE of mass at is
K=E—U=a(4*—x*

172 (d)
dy

vy = d_rl = 2 X 10 cos(10t + 6);

7y = =3 x 10sin 10t = 30cos(10 + /2)
- Phase difference= (10t + 8) — (10t + w/2)
173 (d)
‘ dy
y =asinwt; v == aw cos wt

= aw sin(wt + 7/2)

: o :
Acceleration A = a—i: = —w?asinwt

2

= w*asin(wt + m)
174 (b)
If at any instant displacement is y then it is given
that
1 1 1 1
e RS N T s TR SR .
U—2XE=>2mcuy Zx(zmwa)
o B8 _ s
- — T — . cm
SRRE
175 (d)

Y =3s5in31 4t + 4cos31 4t
=rcosBsin314t +rsinf cos31 4t
=rsin(314t +0) ..(i)
Wherercosf =3 and rsinf =4
r?(cos? @ +sin? @) = 32 + 42 = 25
or r=5cm
176 (a)
Because acceleration « displacement
177 (d)
Equation of simple harmonic wave is
y = Asin(wt + @)

A
Here, y = 5

A
Asin(wt + Q) = 3

m 51
So, 5—wt+@—g or 5

So, the phase difference of the two particles
when they are crossing each otherat y = %in

opposite directions are
5T b 2

5=61_52=___=_

6 6 3
178 (a)
v=F spulsife
2K KT K

179 (d)

T=2 F:Tz— 2 4m—2=>T
= & k Tl_ m.l_ m 2

=2x2=4s

2

180 (d)

‘ 1 +21/100
==

ZAME 1
=r(1+555) =2(1+5p)
o 2 1
“ 7100 s0°
Therefore, loss in seconds per day

1/50
:—z—x24x60><60=8645

181 (c)
Given, mass of bob=M
Length of simple pendulum=L

0]
i P =
7 L
! ‘R
1 I o
| h o i
: : -~ i
M C
. oA
Now, in AOAB, cosa = —
0A
or cosa =—
or AO = Lcose
and AP = 0P — A0
AP =L —Lcosa
or h=L(1—-cosa)

The maximum Kkinetic energy of bob
= Maximum potential energy
KE = Mgh
KE = MgL(1 —cos a
182 (a)
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Velocity is same. So by using v = aw
= A1wy = Apw, = Azws
183 (d)

m
=2n |—

T

I

T CLL Jﬁ—T
T 2 TN T

184 (b)
F=kx=>mg=kx =mu kx
Hem:eﬁ—ixx—1 4—ix1

my Ky x; 6 k/2 xy

= x; =3cm

185 (c)
In series koq = KK:K; so time period T =
1 2
mikq,+Kz)
2 ’——Kﬂﬁ
186 (a)

The object is not detached from the platform if

" 4?rzx i r
mg=mwr=m-—xror T=2m|—
3) T2 g

187 (d)

Time period of a physical pendulum

)
: ‘ d=R
i (%mR2 + mRz)
=2m =2
mgd mgR

3R .

=1Ir |35 (1)

[ .
Tsimpte pendulum = an; - (1)

Equating (i) and (ii), L = SR

188 (d)
Here, k = = = 2% = 400 Nm™?
x 0.2
T =2n =
_,, 001
=<7 1300
= 7o = 0031425
190 (b)

Total mechanical energy in case of oscillation

E = Zmw?A?

B[4 21

Es - [3] - 4
191 (a)

Potential energy of particle in SHM

1
U= Emmzxz

or = %m(Z:rrf}zxz
or U=2n°mf?x?
(D)

Kinetic energy of particle in SHM
Ri= %mwz(ﬁlz —x?)
or K = 2n?mf?(A% — x?)
(i)
Hence, total energy
E=K+U-=2m*mf?x* +
2mimf2(A%2 — x?)

= 2w*mfraAt=

(- 73

Thus, it is obvious that total energy of particle
executing simple harmonic motion depends
on amplitude (A4) and period (T).

192 (c)
In simple harmonic motion when a particle
displaced to a position from its mean position
then its kinetic energy gets converted in
potential energy. Hence, total energy of
particle remains constant or the total energy
in simple harmonic motion does not depend
is displacement x.

193 (a)
When the bob of pendulum is brought to a
position making an angle 8 with the equilibrium
position, then height of fall of pendulum will be,
h=1—-1lcosB =I(1—cosh).
Taking free fall of the
u=0,a=g0=h=11-cos8),v=?
Now, v? = u? + 2gh = 0 + 2gl(1 — cos 8)
de o=, TRTET~E050)

194 (b)

2

muw

S mgsin® or v =,/grsin@
=10 x 200 x 5in15° = 23 ms™!

195 (b)

2n?ma*®
TZ
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196

197

199

200

201

SoB =A,¢ =240° ==
(b)
; e KyK
For series combination Keq = T e
1 2
F=K = —( Kle ) =
Bl A TR e
_ mg(K; + K3)
KK,
(b)

The wire may be treated as a spring for which

force constant

Force

YA F L
- (=)

 Extension L ~a”aL

Spring constant of the spring k, = K

Hence spring constant of the combination (series)
_ kik,  (YA/DK  YAK

keq = ki +k, (YA/L)+K YA+KL

1/2
- Time pEI"iDd T = Zn‘j% =2m [(Yﬂ:‘f:)m]
(d)
In vacuum, T = ZH\E

g
V ?H
(upthrust)

¥ pg (Weight)
Let V be the volume and T be the density of the
mass of the bob.
Net downward force acting on the bob in side the
liquid = Weight — upthrust
B r 7
=Veg-V.ga=3
i.e., effective value of g is Eg

Vpg

So, time period of the bob inside the liquid

YTy =2 : =72 EX 8— 8T
R 1773 v R PR A 7

(a)
Effective spring constant of parallel
combination

ke =k +k;

()

Maximum force= mw?a = m4nvia

=1 x 4m? x (60)% x 0.02 = 288n?

202 (a)
The maximum velocity of a particle
performing SHM is given by v = Aw, where A
is the amplitude and w is the angular
frequency of oscillation.
: 44 = (7x1073) x 2n/T

—3
s ™= T=10 x 2x22 =001s
4.4 a
203 (b)

Maximum acceleration is given by
= aw? =24 ms™?

0
Maximum velocity= aw = 16 ms™2
(i)

Dividing Eq. (i) by Eq. (ii)

aw? 24 6 3

P AT A
Now putting the value of w in Eq. (ii), we get

ax2=16
2
3z
a=—m
3
204 (b)
2
1
U Emcuzyz y? (%) 1 " E
—_—_—— = — = = —
E lnw2gz a2 a? 4 4
2
205 (b)

Here, y, = %sin wt + \;—icos wt
= COS %sin wt + sin% cos wt
Y, = sin (wt + g)
Similarly, y, =2 sin (wt + E)

- Phase difference AQ = g i I8,

4 12
206 (c)
We have, T « Wﬁ
) Ty _ 0.01!
S T

1/2

1
=(1+5) =1+ ]
( 100 2x100

~ % increase in time period

= (Tl _T) x 100
N T
1

~ 2x100
207 (d)

Less damping force gives a taller and narrower

resonance peak

% 100 = 0.5%
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Amplitude

Frequency

208 (d)
KE at the lowest position = % mv
= % W3’ = gm
When the length makes an angle 8(= 60°) to
the vertical, the bob of the pendulum will
have both KE and PE. If v is the velocity of
bob at this position and h is the height of the

bob w.r.t. B, then total energy of the bob

2

= ';-mvz +mgh

<> “\
[ 607 i

o \\\

8 1 ------------- 0

T

- B
But h=1-—1Icos@

= I(1—cos )

= 0.5(1 — cos 60°) = 0.5 (1 - %) = %

1 1
Ezzmvz—kmx 10 x5
p 2,5
—zmv +2m

According to law of conservation of energy
1: 2 5m = 9

Wit =g
2 _ 9 5
= -mrv=-m—-m=2m
2 2 2
5 u=2ms"!
209 (b)

1 1
logT =log2 + logm + Elog! - Elogg
Differentiating it we get

T 2£ 23 Zg is constan

% change in time period

T ldg
— % 100 = ———x 100
29

= —i(;E x 100 = 1% (increase)

210

211

213

216

217

218

(b)
The spring-mass system oscillates in SHM, its
time period is given by

m
T—ZII’J;

When spring is cut in ratio 1:3, the new time
constantis k' = 3k

T [3k
T Al k

T

= TN =—=
V3

(a)
System is equivalent to parallel combination of
springs

Keq = Ky + K3 = 400 and

0.25
200 ~ 20
(©)

The average acceleration of a particle
performing SHM over one complete
oscillation is zero.

(a)

[t is required to calculate the time from extreme
position

Hence, in this case equation for displacement of

particle can be written as x = a sin (.:ut + %) =

a cos wi
a ; . T 21‘I£ T . T
S—=geoswt 2> Wt === —.t===f=—
2 MRS RESEOUF 3 6
(a)

T= 211'\& = T o /I, hence if | made 9 times T

becomes 3 times.

Also time period of simple pendulum does not
depend on the mass of the bob

(b)

Let T; and T, be the time period of the two

pendulums Ty = 21 ' p 2 and T,=2m J p

[Ty < Ty because [y < I5]

Let at t = 0, they start swinging together. Since
their time periods are different, the swinging will
not be in unision always. Only when number of
completed oscillation differs by an integer, the
two pendulum will again begin to swing together.
Let longer length pendulum complete n oscillation
and shorter length pendulum complete (n + 1)
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220

221

222

223

oscillation, for the unision swinging, then
(n+ 1T, =nT,

100 121

nM+1) X2 [—=nx2n |—=n=10
g g

(c)

m x
Kx=mg=—=—

K

g
SoTzZnﬁzZnﬁzan:E;s
(a)
The acceleration of the vehicle down the plane=
gsina.
The reaction force acting on the bob of pendulum
gives it an acceleration a(= gsin o) up the plane.
This acceleration has two rectangular
components,
a, =acosa = gsinacosa

2 @ as shown in figure.

And a, = asina = g sin
The effective acceleration due to gravity acting on

the bob is given by

5 2
gorr = ai + (g — )" = ag’ +aj — 2ga,
2ocos?a+g?sinta—2g x gsin? a
2

= g?sin
= g?sin® a(cos? a + sin o) + g2 — 2g?%sin
=g?sina+g? —2g?sina = g?(1 —sin? a)
=g?cos’a

Beff = BCOS U

Now, T' = 2m 'i
Ceff

L
gcosa

v

=2n

(d)
2
For SHM, =2 oc —y

(b)
Torque acting on the bob

=la = —(mg)lsind
or (ml®)a = —(myg)lo

Or a= —(E'ﬁ)ﬁ = —w20;

FFI[!

m
Where w? = —22

myl

224 (d)

225

226

227

229

230

The energy of simple harmonic oscillator
E = %mcuzAz

or E o A2

ie, energy is proportional to square of the

amplitude.

(c)

y = 02sin(10w t + 1.57) cos(10m t + 1.57)

= 0.1sin2(107t + 1.57) [+ sin2A

= 2sinAcos A]
= 0.1sin(207 t + 3.0m)
. . 2r 2m 1
~ Time period, T = 5 = S0m = 10 = 0.1 sec
(b)

Two springs each of spring constant k; in parallel,
given equailvalent spring constant of 2k, and this
is in series with spring of constant k,, so
equivalent spring constant,

T . A
k= (E + z_fq)
(b)
For displacement 0Q = 40 cm; let t; be the time
taken then

40 = 41 sinz—:tl, onsolvingt; = 5.165s

For displacement 0Q = —9 cm, let ¢, be the time
taken then 9 = 41 sini—gtz,

On solving ¢, = 0.84s

Total time = 5.16 + 0.84 = 6.00 s

(d)

The time period (T) of a simple pendulum
length [, is given by

s Lo 1
T 2]’1’\(; - frequency(n)

where g is acceleration due to gravity.

ny |l
n,  Alh
2
I n
- 8-
Ly ny
; n 3
Given, —“+=-=

n, 2
b (3) =2
ty Z 4
(a)
[t is a system of two springs in parallel. The
restoring force on the body is due to springs and
not due to gravity pull. Therefore slope is
irrelevant. Here the effective spring constant=
k+k=2k
Thus time period, T = 2x /M /2k
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231

232

233

234

235

236

237

(b)
Herea = 12 cms™2,x = 3 cm
In SHM, acceleration a = —w?x
~ Magnitude of acceleration a = w?x
(discarding off -ve sign)
, _a
W = —
X
I
or w= [=
X
2m JE
or —=w= |-
T x
or = ZT[JE
X
k!
=2n '1—2
=ns =3.145s
(d)
InS.HM. v = w\/a? — y% and a = —w?y when
y=0
= Vppayx = aw and @, =0
(b)

Body collides elastically with walls of room. So,
there will be no loss in its energy and it will
remain colliding with walls of room after a regular
time interval, so it's motion will be periodic. Since
acceleration is not proportional to displacement,
so it's motion is not SHM

(d)

yzAsin(ZT")t

= §=Asin(2?n)t
L
2 6
t==<s

(b)

Let k be the force constant of the shorter part of
the spring of lengthl/3. In a complete spring,
three springs are in series each of force constant k

3k
kizk/ZZT
fe 3K
k—l=m=2 or k:k, = 2:1
(@

In S.H.M. frequency of K.E. and P.E.
= 2 x (Frequency of oscillating particle)

(@

238

239

240

241

2432

T=2=2 i
= = T |—
k
and 2+1=2n ’%
or 3=2m ﬂ S0 i:i
k 9 M+4

or 4M+16=9M or M===32kg
(@)
GivenK.E.= P.E.= émvz - %kxz

1 1
= Emmz (@ -2 = Emwzxz

2
; ; 2 a b's 1
:a*—x‘!:x":&xz:?:ﬁ—:—

V2
(b)

Acceleration in SHM is directly proportional to
displacement and is always directed to its mean
position

()

[n S.H.M. when acceleration is negative maximum
or positive maximum, the velocity is zero so
kinetic energy is also zero. Similarly for zero
acceleration, velocity is maximum so kinetic
energy is also maximum

(b)
The potential energy, U =% kx?
2U = kx*
2U =—Fx
(v F = —kx)
w_
or ==X
20 P
or - +x=0
(d)
v = asin(wt + ¢g). According to the equation
a a
¥ EE:-—Z— = asin(wt + ¢g) = (wt + ¢y) = ¢
_m 5
676

Physical meaning of ¢¢ = % : Particle is at point P

and it is going towards B

le—— g —
Physical meaning of ¢p = % : Particle is at point P

and it is going towards O

I a/2 =
L - S 2oL s
A 0 P B
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s 2

So phase difference A¢p = % = Tﬁ =120°
243 (c)
Velocity = acceleration
wyJa? —y? = wly
V@3 -(1)* =)

= w =3

_m

=

2T

= T—-—E
244 (c)

[f amplitude is large motion will not remain
simple harmonic
245 (d)

246 (c)
v = AsinPT + B cos PT
LetA =rcosf,B =rsinf

= y = rsin(PT + ) which is the equation of SHM

248 (a)
TNETT T m 2 Tm &
_m+2
- m

8
:m:-gkgz 16 kg

249 (b)
2n _qy 2T
Vmax = AW = a X — = (50 X 107%) X —
T 2
=0.15ms™!
250 (d)
The displacement of particle, executing SHM,
y = 5sin (4t +5) (D)

i i dy E i L
Velocity of particle, e e I (41: i 3)

=5r:05(4t+§)4= 20cos(4t+§)

Velocity att = G)

(dy) =20 (4xT+ﬂ)
dt) .1~ RIBRE TS

=u=20cos(T+3) ..(i)

251

252

Comparing the given equation with standard
equation of SHM y = a sin(wt + ¢),
wegetw =4

A i =T il 2T i =
S = — e — T —

7 w 4
Now, putting value of T in Eq. (ii), we get

= 20 cos (g+g) =-20 s‘m%

V3

=-20x—=-10xV3

The kinetic energy of particle,

KE = 2 it

= 5mu
vm=2g9=2x10"%kg
1

=5 X2X 1073 x (—10\@)2

=10"¥x100x3=3x10"' = K.E.=0.3]

(a)

In first case, springs are connected in

parallel, so their equivalent spring constant
ky = ky + ks

So, frequency of this spring-block system is

o 1 [kp

P oo Am
1 [kt

or fo = o= /—m

b‘ut klzkzzk

1 2k
b= Jd%

(i)
Now in second case, springs are connected in
series, so their equivalent spring constant

_ kqky
T kytko
Hence, frequency of this arrangement is given
by
fs = 27 \’(Rﬁkz)m
1 Kk
or fs = ; E
..(ii)
Dividing Eq. (ii) by Eq. (i), we get
1 I
s _amyam _ |1
oo 1k 4
27 m
h i
or "z
(b)
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Using F = kx = 10g = kxDZS:k—ﬁ%
98 x 4

NowT=2:rrJE=>m=—zk
K 4

= Xx98x4 =098k
=100 4??2 g
253 (c)
1 |k 1 ny my
= | — 2 —==—= |—
mm " vm my
n 4m mn
= — = —:)nzz—
n, m
254 (c)

When the displacement of bob is less than
maximum, there will two compounding
acceleratins @; and @, of the hob as shown in
figure. Their resultant acceleration d will be
represented by the diagonal of the parallelogram

256 (c)

T= Zn'fg. When lift is accelerated upwards with

accelerationa(= g/4). Then effective acceleration
due to gravity inside the lift

g 5g
Gi=gte=gEes

.
5 / v"_ V5
257 (<)

The total time from A to C

tac = tap T tpc

=(T/4) + tge

Where T =time period of oscillation of spring
mass system

tze can be obtained from, BC = AB sin(2n/T) ty.

1 = T
= - we obtain tze = =

5 T+T ZTE\{H
ACT 3T 12T 3k

258 (b)
2 2 2
£=“xr=4lx?*=4i=constant
x 2 T T
260 (b)

Maximum force on body while in SMH
= mw?a=05x 2n/2)?*x02=1N
Maximum force of friction= pmg = 0.3 x 0.5 %
10=15N
Since the maximum force on the body due to SHM
of the platform is less than the maximum possible
frictional force, so the maximum force of friction
will be equal to the maximum force acting on
body due to SHM of platform ie, 1 N

262 (a)
Potential energy is minimum (in the case
zero) at mean position (x = 0) and maximum
at extreme positions (x = +4). Attime t =
0,x = A. Hence, PE should be maximum.
Therefore, graph [ is correct. Further in graph
[11, PE is minimum at x = 0. Hence, this is also
correct.

263 (b)
Vmax = Qo and
Maximum acceleration = w?a

=) =5
264 (b)

When bigger pendulum of time period (57 /4)

completes one vibration, the smaller pendulum

will complete (5/4) vibrations. [t means the

smaller pendulum will be leading the bigger

pendulum by phase T /4 sec= /2 rad = 90°
265 (b)

Time period of simple pendulum

T=2?’IJE
g

From this formula it can be predicted that
time period does not depend on the mass of
bob.

266 (d)
Tocv'_:> a :>T =45
L Tz i
267 (<)
. 2m a C2mt 1 . 2wt
y=asin—t=>—-=asin— = - = sin—

T 2 3 2 3
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268

269

270

271

272

N 2mt g n=2nt_n=t_ -
sin 3 = 1"6 3 = =3
(b)
™ 4me
T=2HJ% or k=Fm=w2m
(b)

Soa = 6cm,w = 100rad/s

L. 1 :
Knax = smw?a® = FX1x (100)% x (6 x 1072)?
= 18]

2

(d)

As retardation = bv

+ retarding force = mbv

-~ net restoring torque when angular displacement
is 6 is given by

mbv

= —mg¥ sin @ + mbvt
s la = —mgf sinf + mbvf
where, [ = m{?
d*e g . v
7 Q= —73-5:119 +?
for small damping, the solution of the above

differential equation will be
ht
48 =68he 2 sin(wt + @)
—bt
~ angular amplitude willbe = 8.e™ 2
According to question, in T time (average life-

time),

Angular amplitude drops to -i-value of its original
value (&)
.-.i=9 e'%ﬂb—r= 1
e ¢ 2
2
pe— 3
(<)

Effective value of acceleration due to gravity
is zero in the satellite, ie, g.;s = 0. Hence, time
period of pendulum

T=2H#i ZZHJ—T-:OO
Beff 0

is infinite,

(d)

273 (c)
The relation between acceleration (a) and
displacement (x) for a body in SHM is

a=—-wx
Given, a = —bx
On comparing the two equations, we get
w?=h
w=vb
. 2w
Since, w = T
2
5= b
2w
= T = \473
274 (d)

The lift is moving with constant velocity so,

there will be no change in the acceleration
hence time period will remain same.

275 (a)
Here, Mass of the body, m = 500g = 500 %
10~3kg
Spring constant, k = 872 N m™!

The frequency of oscillation is

82 Nm~ _ i
“2rm 27500 x 10- '*kg %
276 (c)

Kinetic energy at mean position,

2K max
m

e 2 —
Kmax = Emvmax-=' Umax =

2x16
= 153 =100 = 10m/s

277 ()

In SHM, the total energy=potential energy +

kinetic energy
or E=U+K

= %mwzxz +%mm2(A2 — x?%)

1 1
= —mw?A? = - kA?
2 2

where k = force constant= mw?

Thus, total energy depends on k and A.
278 (a)

k
no |—
m

279 (d)
42

= 2
Frax = mw*a = mﬁa
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280

281

282

283

s x4x(ﬁ)2x05—05N
10000 (m/5) T U
()
Max, KE= Max. PE

1 Al 1 .
= Emvz = Ekxz = E X 65 x (0.11)2

2 _ 65x(0.11)° _ -1

Of ¥ = U= 1.1ms
(b)

T « /1, - effective length Lstang > hatanding
()
Let the equations of two mutually
perpendicular SHM’s same frequency be

X = aysinwt and y = a,sin(wt + 0)
Then, the general equation of Lissajous figure
can be obtained

x? 2 a2x ;
as Z4+L—-cosp=sin?p
(5 az aqdz
2 Z 2x
For P=0%S+5—-—"2=0
ay az aqdz
x ¥7 y a;
= |——=— =0—=—=2y=—x
a, a, a, a, a,

This is an equation of a straight line passing
through origin.
(a)

In this case springs are in parallel, so k,q = k; +

ks
k ky +k
andw = [-54= [ 2
,’m ’ m

284 (c)

285

286

x=Asin(fw+m/2) = Acoswt
& coswt =x/A and sinwt = /1 — (x2/A?)
y = Asin2owt = /1 — (x2/0A?)

y = Asin 2wt = 2A sin wt cos wt
or y? =4 A?sin? wtcos? wt

o A x2
=4A2xﬁx( yE )=4x2(1"A—2)

(d)

The time period of oscillation of a spring does not

depend on gravity
(a)
The standard equation in SHM is
x = acos(wt + Q)
(1)
Where a is amplitude, w the angular velocity
and (@) the phase difference.

Also, w = ?—H where T is periodic time.

287

288

289

290

So, Eq. (i) becomes
2wt
X = acos (T + @)
(i)
Given, equation is
nt  w
x = 0.01cos (— + —)
2

&

.(1il)
Comparing Eq. (ii) with Eq. (iii), we get

Ak RIEK

T T 2

= T =253
So, frequency n = % = % = (0.5 Hz
(a)

When lift falls freely effective acceleration and
frequency of oscillations become zero

Jerr = 0= T' = oo, hence a frequency = 0

(d)

When the force F is applied to one side of block A,
let the upper face of A be displaced through
distance AL

Then
L=
R A i
B
FILE :
n= ﬁ or F=nLAL ..(0)

So, F o« AL and this force is restoring one. So, if
the force is removed, the block will execute SHM
From Eq. (i) spring factor = nL

Here, inertia factor= M

- . _ M
~ Time period, T = ZTIJ;

(d)
&= e
T 9
fom,
= T'= n T
(b)
dZx ;
7 = Tax if1)
We know,
d?y ..

a=—== —w?x 1)
From Eqs.(i) and (ii), we have

w? =«

w=+a
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or Z-Va

=
T=2%
v
291 (c)
Time period T= ZHJ-_TE
mg = kx
= Z?TJE
g
-, x
(0.5)% = 4m* x J;
(05)%x98
4%x3.14x3.14
x=00621m
X =6.2cm
292 (a)

Given that, the time period of particle A =T

and the time period of particle B = %
Hence, the time difference (AT) = % -T
> ar=1

4

(1)
The relation between phase difference and
time difference is

2T
A@—?AT
2w T
Ap= g
A=
= = —
2

293 (c)
As X and Y have negligible mass, both the spring
balances read the same force 8kg or 8kg

295 (c)
If a spring of spring constant k is divided into
n equal parts, the spring constant of each part
becomes nk. So, effective spring constant

k=k, +k,
= 4k + 4k = 8k
296 (c)
M+ AR E K My

As springs and supports (M; and M,) are having
negligible mass. Whenever springs pull the
massless supports, springs will be in natural

length. At maximum compression, velocity of B
will be zero

And by energy conservation

1 1 1
5 (4H)Y? = 2 Kx? = % ==
297 (a)
Apax = wa
299 (c)

Let displacement equation of particle executing
SHM is

y=asinwt

As particle travels half of the amplitude from the

equilibrium position, so y = —3

[#3 a ¥ 1 a7 TG
Therefc-re,; = asinwt = sinwt = s =sin=

= wt e =t i =t : (A X
L = — T — — S = —
6 6w n T )
6(7)
3 3
12
Hence, the particle travels half of the amplitude

=t

from the equilibrium in%s
300 (d)
Let r be the amplitude of oscillation and T be the
time period in SHM. Then total distance travelled
intimeT = 4r
4t 4r

v i ==
Average velocity, v, T e

2raw  20may

T s
301 (a)
| Acceleration [ 2.0 = AD dlv1
= Displacement [0.02 Bk
302 ()
T=~12n
net

Gnet =g +a =10+ 10
Gnet = 20m/s?

T'—T
V2
303 (c)
wA
vmax=mfl=>v=?=m\m2-~y2
- 342 V34
2-— Z=— 2:— —_——
=4 ¥y 4=:-y 7 =y 5
304 (b)

Amplitude of SHM of a particle =X,
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-
-

rQa OQ Os /

X p X

i

At t = 0 position of particle=A(given)
At any instant t displacement of particle=y

(say)
Angular velocity of particle=w
Then, y = Xy sinwt

vy =Xy sin%
Att =3.15T
y = Xy sin = (3.15T)
= Xy sin(2m X 3.15)
y = Xy sin(6m x 54°)
= X, sin 54°

(V5-1)
y =Xy 2

Since, the measurement starts from position
A, then after 3.15 T particle will be between

0 and X,,.

305 (a)
1 1 1
—Z—mwz(rz -y = 3 X Emmzrz

1
or r*—y? :;?'2
or Ir*—Iyd=yps

or 2r¢—3y%2=0
or r=\EXy=\E><4=Z~chm
()

x = 4(cos wt + sinmt)
4 '
==X VZ[cosmt + sinmt]
x = 4/Zsin[nt + E]
So, amplitude=4+/2
307 (c)
From given equation w = Z_ 05w =T =4s

T
Time taken from mean position to the maximum

306

displacement = %T =1s
308 (b)
t
y = 4 cos? (E) sin 1000 ¢

=y =2(1+cost)sin1000¢

=y =2s5in1000¢t+ 2costsin1000¢
=y =2sin1000t+sin999t +sin1001 ¢
[tis a sum of three S.H.M.

309 (b)
M g cos 8 will provide the required centripetal
force,
So, T — Mg cos® = mv?/L

310 (d)
This is the special case of physical pendulum and
in this case

o |2
S PR |22 osgRa
= t I3xgg T YT AW

311 ()
Displacement of particle in the case of SHM
y = Asin(wt + @)
(1)
y = 3sin(0.2 t)
...(ii)(given)
Comparing Egs. (i) and (ii), we get
A=3,w=02

Now, particle distance x =

=1

wle

Kinetic energy in SHM
= %mmz(ﬂz —x%)
1

=>%3x1073(0.2)?[3% — 17]

=048 x107%]
312 (c)
Let the force constant of 2nd piece be k

As, k oc%

ko _b
ke I
k 213
or Fz'— 7
or k, =32—k
313 (b)

Let k be the spring constant of each half part of
the spring. For a complete spring, the spring
constant k' = k/2

(springs in series). When two splitted parts of a

spring are connected to the body, then the springs

are in parallel. Their effective spring constant,
K=k+k=2k

_ m B
AST—ZH\{: or TOCJE
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T _ k21 T
v e T 2% T2

314 (c)

315

317

318

1 ;
E= Emmzrz ie, E« (wr)?

or (wr7)? = (wzrp)? or wyry = w,ny
or 108 =wx5 or w= 16units
(<)

Velocity v = wvA? — x?

and acceleration = w?x

Given, wvA? —x? = w?x or VvA? — x? = wx
; 2

Given, T = W

and m=2?ﬁ=\/§

substituting the value of w in Eq. (i), we get

VAZ —xZ = /3x
= A=2x
As amplitude= PR ISR o 0 i
= x=1cm
(@)

x; = Asin(wt + @,)
x; = Asin(wt + 0,)
Xz — x; = Alsin(wt + @,) — sin(wt + @,)]

2wt+@,+0 4 B —0
=2Ac05( 21 2)sm(z2 1)

The resultant motion cam be treated as a
simple harmonic motion with amplitude 24
an (52

Given, maximum distance between the
particles= x, + A

- Amplitude of resultant SHM
=xg+A—x3=4

02—

=24 sin(-T):A
@z—ﬂl =
(a)

Time period of a simple pendulum of length [

is given by
T=2m |-
g

where g is acceleration due to gravity.
On moon

gng
T' =21 /Lzan:Jﬁ.sz—i
g/6 4 B

wlH

oy (T =BT
Hence, time period increases on the surface of
moon.

319 (b)
The motion of M is SHM, with length CM =

VE—@

(L2 + d2)1/2
2m T

A 2 B

=

320 (d)
The simple pendulum at angular amplitude 8,
is shown in the figure.

Maximum tension in the string is

mu?

l

Tmax =mg+

When bob of the pendulum comes from A to
B, it covers a vertical distance h

.....

cosB, = ?
= h=1(1-cosB,)
(1)
Also during A to B, potential energy of bob

converts into kinetic energy ie, mgh = % mv?
A v =./2gh
..(iii)

Thus, using Eqgs. (i),(ii) and (iii), we obtain
Tmax = mg + =2 1(1 — cos 6)
BZ
= mg+2mg[1— 1+?"]

= mg(1+03)
321 (a)
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322

323

324

325

326

1 |k
n=2n fm’
nJ:i\/E:ijg = 20
2m.|2m 2m.2m
o n'=n
(b)

Ty=2m Ea.rmd’ff“z =27 ’1—00
\N g g

SoT; > T,. Let the shorter pendulum makes n
vibrations, then the longer pendulum will make
one less than n vibrations to come in phase again
So nTy = (n— 1T,

Or nx2r [F==(mn-1)x2n ’E
g g
Or 1In=(n—-1)11 orn=11

(b)
Here, y =sin‘wt
YT
- T 2m 3w 4_“
o @ ; ctr
dy .
e 2w sin wt cos wt
= wsin 2wt
d’y _ o 3
e 2w* cos 2wt
d?y
For SHM, Rt ¢

Hence, function is not SHM, but periodic.
From the y-t graph, time period is
T==

W

(b)

As periodic time is independent of amplitude
(d)
2,2

1
Ezzmwa = F « a?

(c)
The time period of the pendulum

TZZH'\F
g

= T x V1

Initially the centre of mass of the sphere is at
the centre of the sphere. As the water slowly
flows out of the hole at the bottom, the CM of
the liquid (hollow sphere) first goes on
downward and the upward. Hence, the

effective length of the pendulum first
increases and then decreases.

327 (b)
In accelerated frame of reference, a fictitious force
(pseudo force) ma acts on the bob of pendulum as
shown in figure

Hence,
ma a

tanf = —=—
mg g

= B=tan™? (g) in the backward direction

328 (b)
The motion of a load attached to a spring,
when pulled and released, is a SHM. The
motion of liquid contained in U-tube when it
is compressed once in one limb and left to
itself and the twisting motion in figure B are
also simple harmonic.

329 (b)
x = Acos(wt + 6);
Velocity, v = Z—: = —Awsin(wt + )

= —Awy/1 — cos?(wt + 6)

= —Aw\1—x2/A% = —w/A? — x?

Here, v=mems L, x=1cm,w =mns*

So m=—mVA? — 12
or (-1)2=A%*=1o0r A?2=2
or A=+2cm
330 (c)
[
T=2n|—-=TxVl
g
331 (¢)
o 21rt a 2Et
y—amnT =>\E—asm,r<
. 2m 1 = S T T
=sin—t=—=sin—-=>—t=—=tt=—

T \Z 4 T 4
332 (b)
At B, the velocity is maximum. Using conservation
of mechanical energy
1
APE = AKE = mgH = Emvz >v=,2gH
333 (a)
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334

335

336

337

338

339

U=klxP=F=-"=

= 3k|x[2 (i)

Also, for SHM x = a sin wt and F +w?x=0

i dix
= acceleration a = — = —w?x = F =ma
d2x 2 . x
=m—z = —mwx (i)

From equation (i) & (ii) we getw = 3“

=T _—_ZE\J 3k(a-;mwt)

v’c_e
(b)
Vpax o 1
Amas  A0° @
(a)

In SHM for a complete cycle average value of

kinetic energy and potential energy are equal, i.e.,

1 2.2
<E>=<U>=1mm a

(a)

If v is velocity of pendulum at @

and 10% energy is lost while moving from P to Q
Hence, by applying conservation of energy
between P and §

1
Emvz=0.9(mgh)=>v2=2><U.9><1[]>(2=}v

= 6m/s

(©)

i = w2 . - ‘£=
Acceleration A = w y=>cu—J;— e

Maximum velocity v, = aw = 0.1 x5 = 0.5
(b)

Mg = Kl = Upax
(a)

As ais the side of cube ¢ is its density

Mass of cube a?a, its weight = alag

Let h be the height of cube immersed in liguid of
density of p in equilibrium then, F = a®hpg =
Mg = a’og

If it is pushed down by y then the buoyant force
F'=a’(h+y)pg

Restoring force is AF = F' —

1
= EK(Z!)Z = 2Kl

F=da*(h+y)pg -

a’hpg
=a’ypg

; . _AF _a’ypg _ _a’pg
Restoring acceleration = — = ——= = =
Maotion is S.H.M.

340

341

342

343

344

345

ala ao
=T=2n 5 =21 |—
a?pg pg

(b)
Let k be the force constant of spring of lengthl,.
Since [; = n [, , where n is an integer, so the
spring is made of (n + 1) equal parts in length
each of length [,

1 (n+1)

k= 1k
T v or (n+1)

The spring of length [, (= n [,) will be equivalent

to n springs connected in series where spring
_ (n+Dk
mn

constant k' = ==

(a)
Simple harmonic waves are set up in a string fixed
at the two ends

()
m m+ 2

2=2m E;andE:Zn’

= [me2
SO‘E_ k
or 9m=4m+8 or m=1l6kg
(d)

1
TEmE'mwzaz
TE o« a?
(d)

Let [ be the length of block immersed in liquid as
shown in the figure. When the block is floating.

Lmg= Alpg
[f the block is given vertical displacement y then
the effective restoring force is
F=—[A(+ y)pg — mg)
=—[AU + y)pg — Alpg]
=—(Alpg)y
i.e.,F « y. As this F is directed towards its
equilibrium position of block, so if the block is left
free, it will execute simple harmonic motion.
Here inertia factor = mass of block = m
Spring factor = Apg

m
~ Time period =T = 2n
,/Apg

1
ie.T o —

VA
(d)
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We have
A= Aoebtjlm
In this case after 6 s amplitude becames %

times.

346 (h)

347

348

349

351

352

Motion given here is SHM starting from rest
(d)

At the mean position, the speed will be
maximum

Vmax = 16 cms™! = aw = 4w,

So, m=$=4 rad/s
and v= m\/EZ—_y?-

8v3 = 4,/4% — y2
or A*—y?=12
or y2=A’-12=(4)*-12=4
or y=2cm
(a)

The given equation is written as,
. T

y= 351n(100t+g)
wil)
The general equation of simple harmonic
motion is written as

y = asin(wt + @)
..(ii)
Equating Eqgs. (i) and (ii), we get

a=3w=100
Maximum velocity, v = aw

=3x100 =300 ms?
(a)
In SHM, velocity of particle also oscillates
simple harmonically. Speed is more near the
mean position and less near the extreme
positions.
Therefore, the time taken for the particle to
go from 0 to A/2 will be less than the time
taken to go it from A/2 to A.
Hence, T, <T,
(d)
4]

4] = w?x = — = w?
x

From the givenvalue% =@w:=420=2
Alsow=%=>2=%r—n=>?'=rrsec

(d)
Time period, T = ZnJ—::

353

354

355

356

357

358

359

—E_ |4
And w—T—\ﬁ

Displacement, x = acoswt = a cosﬁt

(d)
a
x =asin?wt = E(l — cos 2wt)
(b)
By cutting spring in four equal parts force
constant (K) of each parts becomes four times

( k o %) so by using T = 2m %; time period will

be halfi.e.T' =T/2
(b)
For forced oscillation,
x = xg sin(wt + ¢) and F = Fy cos wt
F, 1
of
m(wi — w?)  m(wi — w?)

where, x, =

(b)

Let T; and t; be the time periods of the
pendulums with lengths 1.0 mand 1.21 m
respectively

n_ [z [z <
E‘JE:“ = =11 .()

Let v, and v, be the vibrations made by two
pendulum to swing together
T =v,T, (i)
For the two pendulums to swing together,
required condition is
v —v=1
or vy =vy,+1
(v + DTy = v,;T;
or (v+ Vv, =Ty/T; =11
or 1 +-v‘: =11
or —=11-01=3
or v, =10
(a)
Velocity v =aw =a X 2mn
= 0.06 x 2r x 15 = 5.65 m/s
Acceleration A = w?a = 4w?n’a = 5.32 x
10%m/s?
©
AC = lcosf
oC =0A-AC
=l—1lcosf = [(1 —cosB)
Max. KE of bob at 0 =Max. PE of bob at B
=mg X 0C = mgl (1 —cos0)
(d)
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This is the case of freely falling lift and in free fall
of lift effective g for pendulum will be zero. So

T=2T€J§=OO

360 (a)
Let the piston be displaced through distance x
towards left, then volume decreases, pressure
increases. If AP is increase in pressure and AV is
decreases in volume, then considering the process
to take place gradually (i.e. isothermal)

«——h——

Pty =BV,

= PV = (P + AP)(V — AV)

= PV = PV + APV — PAV — APAV

= AP.V — P.AV = 0 (neglecting AP.AV)

P.x
ﬂF(Ah) = P(Ax) = AP = T

This excess pressure is responsible for providing

the restoring force (F) to the piston of mass M

Hence F = AP.A = ”‘%

Comparing it with |F| = kx = k = Mw? = %

PA_ ., |Mh
= — — = s,
©= R ™ | Pa

Short trick: by checking the options
dimensionally. Option (a) is correct
361 (b)

Total energy, E = %mwzaz:
KE= 37:: = %mwz(az -y%)

3 112"" 2
So ==
[

or y2=a%/4 or y=a/2
362 (c)

Maximum potential energy positiony = +a

and maximum Kinetic energy positionis y = 0
363 (c)

Total energy in SHM E = %mwzaz; (where a =

amplitude)

Kinetic energy K =%mw2 (a? —y*)=E -

%mwzyz

_a s g o R FEEN o B3R

Wheny—zz:ah'—E Smw (4)—E =

364 (b)

Kinetic energy, E, = %m(a2 -y?)

2 4 4
Total energy, E zémmzaz
So E,/E =3/4
365 (d)

Time period of simple pendulum in air

TZZH‘F
g

.
-
o

+if

++ + + + 4+ +
1

_F.E

When it is suspended between vertical
plates of a charged parallel plate capacitor,

then acceleration due to electric field,
gE

a=-—
m

This acceleration is acting horizontally and

acceleration due to gravity is acting vertically.

So, effective acceleration
b T8 7 _ |2 4 (2E)
¢ =TT = i (@)

Hence, T =

366 (b)
Energy of oscillation, E = aA*
Kinetic energy of mass atx = x is

K=E-U=a(4*—-xYH

As K =3U
4 4y _ 4 —1 4
a(A* —x*) = 3ax* or x—iﬁ
368 (a)

F=—kx=dW — Fdx = —kxdx
w X _ 1 2
Sof, dW = [/ —kxdx =W = U =-kx
369 (b)

Time period T = ZJTJ%
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T=1s
370 (a)
Tension in the spring when bob passes through
lowest point
#2
T=mg+ =mg+mvw [vv=rw]

puttingv = /2gh and w 22—: =2_—r= b

z
we get T = m(g + m\/2gh)
371 (d)
Given spring system has parallel combination, so

m

K.q = K, + K, and time period T = 2n Kt

372 (a)
Time period T < V1 = £ ;ii =%a£\9

Also according to thermal expansion !’ = I(1 +
ald)

— = alAf

AT 1AL 1
Hence S —Zcrﬂé'

1
=Ex12x10“"x(40r20)=12x10‘5

= AT =12 x 107° x 86400 seconds/day
« AT = 10.3 seconds/day
373 (c)
x = 0.01sin100m (t + 0.05)
= 0.01sin(100mt + 57)
am

+ Angular frequency w = 100m = =
or T =—=0.02s
100

374 (c)

T cos 60°

90¢
=
L

10 kg wit

T cos60° = 10
10
T= =20 kgwt

cos 60°
375 (d)
y = asinwt + b cos wt
Let a =rcosf and b =rsinf
y =rcosfsinwt + rsinf cos wt
= rsin(wt + @)
a’ + b?% = r?(cos? 8 +sin®9) = r?
or r=+va%+b?

376 (c)
v:wmﬂlﬁzwmandﬂz
wyfa? = (5)2
Onsolvmgw—2=>w—z?n—2=bT s

377 (b)

ASWEknﬂwg=i—Z{

24 Yearth Me >< Rz ge s 2

Iplanet gp
AISOTOC—::— ’gp
=>T,= Zﬁs

378 (b)
2n
w =?= 100r=T=002s
379 (c)
M 4 M
T}_=2'.|‘T E or ki :T—lz

¥
And k, =M

2
In series combination,
k]kz 4]‘1—2M
Tl +k, TZ+TZ

_ Mo
T =2n T2 + T
feey g

2 Vpax X T
vmaxzaw=ax?=>a=T

380 (a)

~ 1.00 x 10% x (1 x 107°)
a 2n

= 1.59 mm

381 (a)
Potential energy is minimum (in this case zero) at
mean position (x = 0) and minimum at extreme
position (x = £4)
At timet = 0, x = A, hence potential should be
maximum. Therefore graph. | is correct. Further in
graph lll. Potential energy is minimum atx = 0,
hence this is also correct.

382 (a)
The standard differential equation in satisfied by
only the function sin wt — cos wt. Hence it
represents S.H.M.

383 (d)
[n damped oscillation, amplitude goes on
decaying exponentially

a = age "’* where b = damping coefficient
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Initially, 2 = aoe~?*1%T, T = time of one
oscillation

or §.= e~1006T ()

Finally @ = age~2*200T or @ = ay[e~1007]2

ora = da, X E]z [From (i)]

ora =ay/9
384 (c)
5 =i Keffectfve ﬂi (K+ ZK) o i ﬁ
2m m 2w m 2w m
385 (d)

The equation of SHM is
y = Asin(wt + @)

or y=A(sinwtcos® + coswtsinP)
ws(1)
The given expression is

y = 2(sin5 wt + V2 cos mit)
wiibil)
Acos =2 and Asin 0 =2v2
Squaring and adding, we get

A=2/3

386 (d)
_2n_21r_?rrad B —3 9
W= =2 T e TOry=2em)
LI
=4(smgt.1)

By solving t; = 1sec  (Fory =4cm)t, = 3 sec
So time taken by particle in going from 2 cm to
extreme positionis t; — t; = 2 sec. Hence

. . 1
required ratio will be =

387 (d)
vzi i; If m=k,then1:'=i
Zmyfm 2m
388 (a)
Given,

y; = 0.1sin(1007t + g)

d,

dt

: g

or vy, = 10msin (100nt bz 5)

s
= v, = 0.1 x 100 cos (100t + §)

or v, = 10msin (1001rrt +%

and y, =0.1cosnut
dy,

e vy, = —0.1sinmt = 0.1sin(nt + m)

Hence, phase difference
88 = 0, — 0, = (100wt + ) — (ut +m)

==—1 (att =
0)

389 (a)
PE of body in SHM at an instant,
U= 1 k( i 1k 2
=gk(a x)¢ = 5 (x —a)
If the displacement, ¥ = (a — x) then
U= 1 k les 1k 4
=zkla-x)"=k(x—a)
390 (b)
m = 1
T= ZH\E. Also spring constant (K) o oo
when the spring is half in length, then K becomes

twice
A R i e =T 4
an =L |— —_—_—— = —
E T A2 NG
391 (a)
Kinetic energy varies with time but is never
negative
392 (c)
PE= —maw?y? = = X ~mw?a>
2 gty
F4
or y?= GT
or y= i%
393 (d)

If a force acting on an object is a function of
position only, it is said to be conservative
force and it can be represented by a potential
energy (U) function which for one
dimensional case satisfies the derivative

condition.
Flx)=-=2
Given, U, = k[1 — exp(—x?)]
__auv _ _ 2
F = e 2kx exp(—x*)
Atx=0,F=0.

Hence, at equilibrium force exerted on
particle is zero.
Also, potential energy of the particle is
minimum at x = 0 and x = +co the potential
energy is maximum. Hence, at x = 0, the
motion of particle is simple harmonic.

394 (c)
Given elastic energies are equal i. e. % kixr =

1
—kox2
ka3
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395

396

397

398

399

400

f(—l - (ﬂ) and using F = kx

F k1x1
i _
F, kzxz

=

(a)
m m, T3
T=2n|—=>m«T?=—=—
K mq Tl
g A2
M+m 1 m
= P —
RO s M~ 16
(d)
1 |ketke
f—ZTI m
,_i ki'H(g_
and f == 2 ’—m = 2f
(a)

Velocity of a particle executing S.H.M. is given by

A2 2m [342
v—w\faz—x2=— Az——= ’

_HA\@
B

()

Energy stored= work done
So E =kr?

2:-<
or r= —*——m
400

()
If y; = a; sinwt and y, = ay sin(wt + 0) =
a, sin wt

Vi J’z 2?13’2 Qs
=0= =—
a; Clz agds; Y2 aq ¢
This is the equation of straight line
()

Time period of a simple pendulum of length [,

is given by
T= ZIIJE
g
(1)

Where, g is acceleration due to gravity.
When g'= E.

New, time period is

401

403

T'=2n , 7
(i)
Dividing Eq. (ii) by Eq. (i), we get

= T'=2T

Hence, new time period becomes twice of the
original value.

(<)

PE, V= %mwzxz

and KE, T = %mw"*(az - x?)

T a?—x?

4 x*
(9
In case of SHM, when motion is considered
from the equilibrium position, velocity at an
instant t is given by
v = A =32

At the mean or equilibrium position ie, when
y=0

V= Vmax = WA
At the extreme positions, ie, wheny = +4
V=0, =0
Hence, velocity is maximum at equilibrium
position.

404 (a)

405

As restoring force F o< —(y), so graph (¢)
represents the correct relation between F and
i

(d)

Vinax = A

When A becomes twice vy, is also doubled.

406 (c)

407

1
erI:)KI:

(a)
Electric intensity at B due to sheet of charge,
lo

2 &g

force on the bob due to sheet of charge
lag

F=qE=-—
7 &p

As the bob is in equilibrium, so

[
K’ x5:> K'=2K

S S S S S S S S S S S S S S S S S S S S S S S S S S R S S S S S S S S S S S N S S S S R S S S S S S S S S —

o o o)



T D S M N S SN N B B NN SN SEE N SN BN BN NI NS B EES SN SN SN N BN BN NN BN BN NN NN BN BN ST NN NN SN SN N NN BN NN BN SN N B B BN B

408

409

410

411

412

413

-~ Sheet of charge
mg F T
0C CB BO

_ (B _F

tan 0 = E = m—g

—GQ/EU aq

myg anmg

(d)
For damped motion a = agye
For first case,

—bt

0 e 1 -
— =g orz=e n

3
For second case,
3

@ = -bx6 1 —6.!) = —2b ( )
= age or — ?’1 ( )
= 33
(d)
A 7.5
Amax :am2 Zﬁa:%izwz 0.61m
(d)

The equation is given
y =5sinm(t + 4)
{1)
The standard equation is
y = Asin(wt + @)
(1)
Now comparing Egs. (i) and (ii), we get
A=5m, wt=mt

2m 2m

So, T=—=—=125
[vi] T
(b)

. 1 2.,2 2
Potential energy (U) smw™y" vy

or w=m

Total energy (E)

(*)

1 . = a2
Emw‘iaz a

o E=10)
{b]

We both the masses are there, then angular

frequency w = \/k/(my + m,); is there, then w’ =

ke/mg
()
At mean position, the kinetic energy is maximum

1
Hence;n'u!:izr.u2 =16

On putting the values we get

2 m
w=10=2T=—=—=5
w 5
414 (d)
Maximum KE= %mszz; minimum KE=0
O4imw? A2 4
Average KE= ‘T =

o 04+zmaw? A2
Similarly average PE= | —— /2

1
= mezAz

415 (d)
From the given equation,a = 5and w = 4
nv=wjal—y2=4,/(52—-(3)2=16
416 (a)
Velocity, v = rw cos wt ;

2 2m 2r 1
04—ercos— X2=rx e ﬁ
ar: g U'“;x“’_ = 3_?:5 =1.44m

417 (c)
Maximum velocity ¥V, = aw

2n 2na | a

cu:-?— R T Jhoe. VDC:r—
W e T, 1.1 1
..V—z—a—sz—l —E E —E
W Vy =6V, =6V

418 (c)
v = asin(2rnt + a). Its phase at time t = 2nnt +
14

419 (b)

Angular velocity w = J@ = @ =1

F
Now v = wy/a? —y? = y? = a? —-%= (0.5)% —

(0.4)?
1<
=yt =09 =2=03m
420 (c)
d?x/dt? = —kx;

displacement
T=2x [—————
acceleration

= Fi - 1

So T=2nm kx—z:rrj;

421 (a)
The Lissajous figure will be parabola if period

ratio is 1: 2 and phase difference is /2

Let x = asin(2wt +m/2) and v = bsinwt
s sinwt =y/b

Now, £= sin(2wt + m/2) = cos 2w/t
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423

2 2
—I—Zblnzwt—l—L

bZ
2y? x (x a)
r —=1—=-=—|—
0 b a a
z
2 b
or =——(x—a
y —(x—a)

it is an equation of a parabola as given in figure
(a)

= 3sin 2t + 4 cos 2t. From given equation
a, =3,a, =4and ¢ :%

ca= (a2 +a:=4324+42 =52 vy =aw
=5x2=10
424 (b)

426

427

428

429

If two SHMs act in perpendicular directions,
then their resultant motion is in the form of a
straight line or a circle or a parabola etc,
depending on the frequency ratio of two
SHMs and initial phase difference.

For the frequency ratio w,: w, = 2: 1, the two
perpendicular SHMs are

x = asin(w; + @) and y = bsinw,t
For figure of eight ® = 0,7, 2m
(b)
As it is clear that in vacuum, the bob will not
experience any frictional force. Hence, there shall
be no dissipation therefore, it will oscillate with
constant amplitude

(b)

2
Loatid B (E
E:—zmwy ——:—2 =l
E l,.2g2 @ a
2
(a)

x= Sﬁ(sin 2mt + cos 2mt)
= 5v/2 sin 2nt + 5v2 cos 2nt

m
x = 5v2sin 2wt + 5v2 sin (2th + E)

Phase difference between constituent waves ¢ =
i

—-—

z

. Resultant amplitude A = \’(5\@)2 + (5\5]2 =
10 cm

()

At equilibrium position, potential energy of
the body is zero. So, the total energy at

430

431

432

433

434

equilibrium position is completely kinetic

energy.
(b) |
V= 5[5in2n’t ++3 c05211:tj

= 10[%5in 2mt + ?cos 2t |

= 10[cos§sin 2mt + singcos 2mt]

= 10[(sin 2t +3)]

= A, =10
— o n
Similarly, y, = 5sin (an + 4)
= A2 =5
M _10_2
Hence, Ao 1
()

The given equation is
y = 5sin= (100t — x)

(D)

Comparing Eq. (i) with standard wave

equation, given by
v = Asin(wt — kx)

(i)
we have
100w
=g =a
= —=50n
= T =25 =0.045
507
(d)
T =21 |-
g
AT 1 Al
= —_—— - -
T 2 1
Given, £=21%
[
i—rz-le%_ 10.5%
(b)
1 2E
E, :Eszszz Tl
2E,
o e = 2 = |Z=2

andE——-K(x+y)2:»x+y F

(b)
Pmax = v/ 2M Epay

S S S S S S S S S S S S S S S S S S S S S S S S S S R S S S S S S S S S S S N S S S S R S S S S S S S S S —

o o o)



T D S M N S SN N B B NN SN SEE N SN BN BN NI NS B EES SN SN SN N BN BN NN BN BN NN NN BN BN ST NN NN SN SN N NN BN NN BN SN N B B BN B

435 (a)
Average kinetic energy of particle
1 2,2
= s ma‘w

= i ma?(2nv)? = n?v?ma?

436 (b)
The amplitude of oscillations will be the
maximum compression is the spring. At the time
of maximum compression velocities of both the
blocks are equal say v, then using law of
conservation of momentum,
mvy = (my + my)v
or 1x12=(1+2)v or v=4cms™?!

Using law Df{:unservatiun of energy, we have

1 2 21 2
MV = Ekx + §(m1 + m,)v

Putting the value and solving we get x = 2 cm
437 (b)

Amplitude of damped oscillator

A= Aue_‘“;,l = constant, t = time

oA o
Fort=1min==Age™ = et =2

: = A 4
Fort = 3 min. A = Age '1"3:[8—;);:2_2::;){:
23
438 (b)

According to the law of conservation of
mechanical energy, we get

—
Vg M

Emvg =mgl

=Vp = @

439 (d)
It is the least interval of time after which the
periodic motion of a body repeats itself.

Therefore, displacement will be zero.

440 (c)
1% = 4n? (2
(1)
T2 = 472 (1+g1n)
(i)
TS =
4m? (=2 g’“’) ... (iii)

Adding Eqgs. (ii) and (iii), we get

21
TZ + T2 = 4n? [E
— 2y (LY _ 52
= 2(4n )(g) = 2T
441 (a)
As we go from equator to pole the value of g

increases. Therefore time period of simple
pendulum decreases

=

442 (a)
Spring constant of each part, k' = 2k
Original frequency of system

1 K

2w m

where m is the mass of the block.
New frequency of system

N [
- 2w m
’ 1 2k
or a =—— |—
i m
a' =+2a
443 (d)

In equilibrium, T = mg
Work done= mg = mgx = %!cxz

o x__ng_ZT
Tk ok

Energy stored= mgx = Tx
oy 22
- kK~ k
444 (c)
i = 3 LB
Displacement x(t) = 5 cos (211 Kt 4)
13w
5005( z ) = —3.5m
Fi
y = 5cos (Zﬂrt + :)

~Velocity (v) = % = —10msin (Zﬂ:t + E)

; : e 2 L
~Acceleration a = = = 20 m* cos (Z:frt + 4)
S 2 3., %
= —20m* cos (Zﬂrt + 4)
= 20> cnsu—“z 140 m/s?
445 (c)
j; 2.’{
446 (a)

The frequency will be same f = é\[gbut due to

the constant gE force, the equilibrium position
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447

448

449

451

452

453

454

455

456

gets shifted by q?ﬁ in forward direction. So Sol. will
be (a)
(c)

1
T=2m/lfg="2m ;225

(b)
When mass 700 g is removed, the left out mass
(500 + 400)g oscillates with a period of 3 5

P fw (D)

When 500 g mass is also removed, the left out
mass is 400 g

at'=2m "‘kﬂ ...(ii)

3 900
= — = —_—
t! 400
(b)
F =mg= kx;

For first case,

k—mg—lwa—ZODN i
=% 005m H

For second case,

’20
f =1+/100 = 10Hz

=t' =125

mg 2><1{Tr_l01

k200 o

Vpax =Tw =0.1X10=1ms™?
(d)

Here the restoring force of charge Q is inversely
proportional to the square of the distance, hence
the motion will be oscillatory but not SHM, for
which restoring force « displacement

(d)

Effective value of 'g’ remains unchanged

()
Potential energy=%mw2y2 = % X %mmzaz
TR S
y =Ry =43
(b)

Standard equation for given condition

2m
x =acos—t = x = —0.16 cos(nt)

T
[As a = —0.16 meter, T = 2 5]
(d)
A = —w?y at mean position y = 0
So acceleration is minimum (zero)
(<)

x = 3sin 20mt + 4 cos 20mt

& . 4
= 5|=sin 20mt + =cos ZUnt]

5 5
= 5[cos @ sin 207t + sin @ cos 20mt]
= 5sin(20mwt + 6)
[tis a SHM of amplitude 5 cm.
457 (d)
a.2mr  2na
Vmax = QW = T‘ = T
458 (b)

Maximum acceleration = Maximum velocityx
T

ie, w?A = nwA
where A is amplitude and w is angular
velocity.
=5 W =
27T
— ——
T
= T=2s
459 (a)
mg = 2kx,
mg = kxg
.
xg Tz
W = Fx

WA = ijq 1
Wg Fxg 2

460 (a)

461

1
—z—mwz(a - x%) ==X =mw?x

The springs are in parallel
Springs constant = 4 x 4000 Nm ™1
M =40 kg

40
16000

. Period of oscillation, T = 2n

2mom
=—=—=T=0.314s

20 10
(b)

The relation for kinetic energy of S.H.M. is given
by

ae %mmz(az —x?) (i)

Potential energy is given by

= %mwzxz (i)

Now for the condition of question and from egs.
(i) and (ii)

1 1 5.5

3 2
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1 3
or —mw?x? = —mw?a®orx? =—-a
6 2 4

So,x = ‘—;\E = 0.866 a =~ 87% of amplitude
462 (b)

2

an?m
or ky =—
ti
g1t 4 m
Similarly, k, = Fay

2

And Gy +k;) = 50
i}

4mim 4wim 4 4mim

tg tf ty

2.1 3
o gTETE

463 (b)

1 1 1

2 2 2
—mvc +=mv* ==kx
2 2 2

1 . . 2muw?

mv2=ikx‘*=>kx2=2mv2=:'x= z

464 (c)

Kinetic energy K = %mwz (a? —y?)

2

= % x 10 x (2—;) [102 — 52] = 375n2%ergs
465 (d)

At time%; v =0 = Total energy = Potential

energy
466 (d)

KE at mean position= % mw?a® =8 x 1073

2xBx10-3y 172
or w = (_

_[2x8x1073 1"2_4
T 10.1%(0.1)2 -
Equation of SHM is,
y = asin(wt +8) = 0.1sin (4t + E)
4
167 (d)

The maximum force acting on the body executing
simple harmonic motion is

ma?

. 232
mw?a =m x (27f)*a = 60 x (2:: x;) x 0.1N

=60 % 16 X 0.1 = 96N = 2= ~ 10kgf and this

force is towards mean position

Tt;ﬁ L

N 1

Equilibrium position

Upper extreme Lower extreme

The reaction of the force on the platform away
from the mean position. It reduces the weight of
man on upper extreme, i. e., net weight =
(60 —10)kgf.
This force adds to the weight at lower extreme
position
i.e., net weight becomes = (60 + 10)kgf
Therefore, the reading the weight recorded by
spring balance fluctuates between 50 kgf and
70 kgf

468 (d)
The period of pendulum doesn't depends upon
mass but it depends upon length (distance
between point of suspension and centre of mass)
[n first three cases length are sameso T =T, =T,
but in last case centre of mass lowers which in
turn increases the length. So in this case time
period will be more than the other cases

469 (b)
Acceleration of simple harmonic motion is

= 2
amax == A
(a w?
or max)1 _ _;
(@max)2 w3

(as A remains same)

(Amax)1 = =
{@max)z (1000)2

or

470 (d)
After standing centre of mass of the oscillating
body will shift upward therefore effective length

L (%)2 =1:102

will decrease and by T o /1, time period will
decrease
471 (b)
Kinetic energy K = %mwzﬂz —y?
At mean position y = 0
Ki= %mwz(AZ)

Potential energy U = %mcuzy?
()
Uaty = A

aty =3

U==: 3
2

maAZ2 i
4

. (ii)
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Dividing Eq. (i) by Eq. (ii), we get

K _ 4
TR
472 (c)
The given equation is written as
¥y = a(sin wt + cos wt)
Lo s 1
or y= av2 (ﬁSll‘l wt + 75 Cos wt)
or y= a2 [cos%sin wt + singcos wt]
or y=av2 sin(wt +§)
Thus, we have seen that the particle’s motion
is simple harmonic with amplitude avZ.
473 (c)
Amplitude resonance takes place at a frequency of
external force which is less than the frequency of
undamped maximum vibrations. Velocity
resonance takes place (ie, maximum energy)
when frequency of external periodic force is equal
to natural frequency of undamped vibrations
474 (c)
Equation of motion y = a cos wt
a ; ; 1 . b/
=== = N = -
5 = @cosw coswt ==l =z
i3
2nt mw 3XT 4 2
D —===r= — ==5
T 3 2n 3Ix2 3
475 (b)
Resolve tension T in string into two rectangular
components. Then
T cos® =mg
And Tsin8 = mr w?
Tsin @ _rw?
TecosB tan@ = e
Or gtan® =rw?+r4n?/T?
Or T=2n PP (v r=1sinB)
_ [sin@
AT [gtane
lcosB
=2m
g
476 (d)
Vmax = aw and Ay, = aw? = w = ':m‘“ = % =
Z2rad/s
477 (c)
kx = C=l T=2 Jﬁ 2 z
e mg = kx g —:rrk—irrg

478

479

480

481

_, [08x1072 2
N T TR T

(c)

The bob possess kinetic energy at its mean
position which gets converted to potential
energy at height h. But the total energy
remains converted.

N
’ LY
' LY
rd hS
4 Ay
3 N
# A
’ Y
£ A )
’ \
ri LY
s ~
p S
Fi ~
r A
, LY
' \\
/‘ ~
r .
’ Ay
.............. .0 PE
h -
".
il SR ”

(Mean position)

Hence, we have

KE=PE
Let velocity of the bob at mean position be
v and m be its mass, then we have

1
~mv? =mgh

o oy

Puttingg=9.8ms %, h =0.1m
v=+v2x98x01=14ms !
(d)

[n the given case effective acceleration g,rr =
0=>T=0o
()

Velocity in mean position v = aw, velocity ata
distance of half amplitude

v =mm=m az—%2=§am=§v
(b) .

x = asin (mt-l—g)

v zgzawcos (wt+%) (i)

We know that v, = aw

So, by substituting v = azﬂin equation (i) we get
time ()

aw m T
T = aa Cos (mt + g) = E
T

12

6 T

=1t

t+irr z t
= _—— == —,
e
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483

484

485

(a)
The displacement equation of particle executing
SHM is

x = acos(wt + ¢) (1)
Velocity, v = % = —aw sin(wt + ¢) ..(ii)
Acceleration,

\ 1

Displacement
=

Velocity +
=

cwat

(i) |

(iii)
A=Z=—aw’cos(wt +¢)  ..(iii)

Fig. (i) is a plot of Eq. (i) with ¢p = 0. Fig. (ii)
shows Eq. (ii) also with ¢p = 0. Fig. (iii) is a plot of
Eq. (iii). It should be noted that in the figures the
curve of v is shifted (to the left) from the curve of
x by one-quarter period (1/4T). Similarly, the
acceleration curve of 4 is shifted (to the left) by
1/4T relative to the velocity curve of v. This
implies that velocity is 90°(0.5m) out of phase
with the displacement and the acceleration is

90° (0.57) out of phase with the velocity but

180° () out of phase with displacement

Acceleration
=)

(c)
2 _ _ 2m _ Zma __ k
max—ﬂ{d—CIT— m_am
2m e
v, a fe
Hence, e — L 2
Vmaxz  dz2y\ K2
Vmax1 = Vmax2
(given)
Gl M
iy ieq
(d)

Sec bt is not defined for bt = /2
asin bt + ccos bt
sin bt cos bt

x = asecht + c cosec bt =

486

487

488

489

490

492

493

494

This equation cannot be modified in the form of
simple equation of SHM ie,
x = asin(wt + ¢)
So, it cannot represent SHM
()
Velocity, v = % = —Awsin(wt + m/4)
Velocity will be maximum, when
wt+n/4=mn/2
or wt=wn/2—n/d=n/4 or t=n/dw
()
T
x=Acus(cut+a +§)
= —=Asin(wt +a) ..(I)
Y = Acos(wt + a) ...(ii)
Squaring and adding Egs. (i) and (ii), we get
x% 4+ y? = A% [sin*(wt + @) + cos?(wt + a)] = A?
[t is an equation of a circle. The given motion is
anticlockwise
(@)
Work done in stretching (W) = Stiffness of spring
(i.e. k)
vy > kg = W, > Wy |For same extension]
(<)
Acceleration = w?a at extreme position is
maximum

(d)
A=5cm
Vipan = 3.14 cm/s
= Aw =314
31.4
= w=—
5
= 2nv :%'4
=y v = L 1 Hz
2x3.14x%5
(a)

K =200N/m,F = 10N
Let the elongation be x
F=Kx
10 = ZDUXx=>x=Em=>x= 5cm
(9

T
v = asin(wt — a) zacos(wt—a——)

2
Another equation is given y = b cos(wt — a)

So, there exists a phase difference of -ZE =90°
(d)

1
Emwzrz =80];

omuon = P SR RE
PE=-mw“y* =-mw* X (~r)
2 2 4
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495

496

497

498

499

=t (lm 2?'2)— i X 80 =45]
16\ ) T g -

(c)

If L is the original length of spring, and k is a

spring constant of the spring, then

L+(5/k)=1 ..i)

and L+ (4/k) =h ..(ii)

[-=h=1/k or k=1/(-h)
L=(5h—-1)

~ Length of spring when subjected to tension 9 N

is

=L+9/k=(5h—40)+9( —h)

= (5! —4h)

(d)

For simple harmonic motion, y = asin wt

v = asin (2—:)t

and

(att=25s)
y; = asin [GE) X 2]
4 T 4]
=asin (:) ==
()
At t=4 s or after 2 s from mean position.
Y= %, velocity=4 ms™1

~ Velocity = w+/a? — y?

o 4= () [t

[From Eq. (i)]
or 4=-x-—=

8 vz
or a= Sz m
i
(b)
By using K oc%

Since one fourth length is cut away so remaining
length is%th, hence k becomes%times i.e. K =
4

;K

(b)

Weight kept on the system will separate from the
piston when the maximum force just exceeds the
weight of the body. Hence, mw?y = mg

or y=g/w?=9.8/(2m)? =0.25m

()

Suppose at displacement y from mean position
potential energy = kinetic energy

1 1
= Em(az — yZ)wZ i Emwz},z

=gt =0yf=2y=

Nl =

500

501

502

503

504

505

506

(b)

At maximum compression the solid cylinder will
stop

So loss in K.E. of cylinder = gain in P.E. of spring

1 . 1 1 .
=>—mvi+=lw?= Ekx"‘

2 2
1 1mR? ;u32 1
Lo o S
:>2mv +2 7 (R) ka
3 1
nzmu2=§kx2
3><3><(42—1><2{)U>< 2
:-4 )—2 L]
36,
00~
=x=06m
(b)

Zm 2n
vmax=aw=a?=3x?=ncm/s
(c)

2z _1 3 2

S 1
Kinetic energy K = -mv =sma‘w

2
cos” wt
2

=2 %mmzaz(l + cos 2wt) hence kinetic energy
varies periodically with double the frequency of
SHM. ie., 2w

(a)

Here, a = 1 cm =0.01 m; The mass will remain in
contact with surface, if

mg = mw?a or wy/g/a
or 2mv =,/g/fa or v=— |2

2mwaa

__ 720 oHi=—s5H
Faxar |1 T TETE

(d)
In a circular motion particle repeats after
equal intervals of time. So particle motion on
a circular path is periodic but not simple
harmonic as it does not execute to and fro
motion about a fixed point.
()
Reduced mass of the system,

mm; ~—mXxX3m 3m

#=m1+m2_m+3m_T

Period of oscillation,

B Ho ’3m/4_ 3m
T—Zn:J;—Zarr k =n c

)

The equation for a harmonic progressive wave is
y = 6sin2r(2t — 0.1x)
= y = 6sin(4mt — 21 % 0.1x) This is of the form
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y = Asin(wt — kx) where k = ZA—H s~ A =10mm
The phase difference for two particles separated
o I _ 2 _ s
by Zmmis¢ = 1{};«:2::'(1)_ - =72
507 (c)

Here, y, = 5(sin 2mt + /3 cos 2mt)

Y2 = 5sin (Z:rrt + -Z-)

v, = 5sin2nt + 5v3 cos 2wt

As of the form of y; = a sin 2nt + f cos 2nt
Leta =rcosf = 5,8 =rsinf = 5v3

&y, =rcos@sin2mt + rsinf cos 2wt

= rsin(2mt + 0)

Also, a? + % =r?cos? 0 +r?sin’ 0 =1r?

sr=JaZT B2 = (52 +(5V3)
=512+ (V3) =10

~y; = 10sin(2nt + 6)

A 10 2
A 5 1
508 (c)

At mean position, Fe =0
. By conservation of linear momentum

Mv, = (M +m)y,
MCUIAI = (M +m)ﬂ)2A2

K
wl - m
k
W2 = I Mrm
On solving
ﬂ o M+m
As A M
509 (d)
[n series combination
1 1 1 k,+k ki k
e R 1,_,}52 112
k_g kl ."CZ .'rflkz kl -+ kz
510 (<)

T .2t T A
Whent = —,thenx = Asin— X — = -
12 T 12 2

1 1
KE =~ mv? = 2 mw?(r? — x?)

1 o f 0 A*
= - mw® (Az — —)
2 4

341
= —(— mmzAZ)

4 \2
1 11

PE = - mw?x? = —(,— mszz)
2 4 \2

KE 3

PE 1
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OSCILLATIONS

Assertion - Reasoning Type
This section contain(s) 0 questions numbered 1 to 0. Each question contains STATEMENT 1(Assertion) and
STATEMENT 2(Reason). Each question has the 4 choices (a), (b), (c) and (d) out of which ONLY ONE is correct.

a) Statement 1 is True, Statement 2 is True; Statement 2 is correct explanation for Statement 1
b) Statement 1 is True, Statement 2 is True; Statement 2 is not correct explanation for Statement 1
¢) Statement 1 is True, Statement 2 is False

d) Statement 1 is False, Statement 2 is True

1
Statement 1: The amplitude of an oscillation pendulum decreases gradually with time
Statement 2: The frequency of the pendulum decreases with time
2
Statement 1: [n simple harmonic motion, the velocity is maximum when acceleration is minimum
Statement 2: Displacement and velocity of S.H.M. differ is phase by /2
3
Statement 1: Ocean waves hitting a beach are always found to be nearly normal to the shore
Statement 2: Ocean waves hitting a beach are assumed as plane waves
4
Statement 1: When a simple pendulum is made to oscillate on the surface of moon, its time period
increases
Statement 2: Moon is much smaller as compared to earth
5
Statement 1: When a simple pendulum is made to oscillate on the surface of moon, its time period
increases
Statement 2: Moon is much smaller as compared to earth
6

Statement 1: [n S.H.M., the motion is ‘to and fro’ and periodic
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10

11

12

13

14

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Velocity of the particle (v) = wvk? — x? (where x is the displacement and % is
amplitude)

Sine and cosine functions are periodic functions

Sinusoidal functions repeats it values after a definite interval of time

The percentage change in time period is 1.5%, if the length of simple pendulum increases
by 3%
Time period is directly proportional to length of pendulum

The periodic time of a hard spring is less as compared to that of a soft spring

The periodic time depends upon the spring constant, and spring constant is large for hard
spring

[n extreme position of a particle executing S.H.M., both velocity and acceleration are zero

In S.H.M,, acceleration always acts towards mean position

Consider motion for mass spring system under gravity, motion of M is not a simple
harmonic motion unless Mg is negligibly small

For simple harmonic motion acceleration must be proportional to displacement and is
directed towards the mean position

i = force constant l
X

Kx+ Mg

Ma

M = Mass

A spring of force constant k is cut into two pieces whose lengths are in the ratio 1:2. The
force constant of series combination of the two parts is g

The spring connected in series are represented by k=ki+kz.

The amplitude of a particle of a particle executing SHM with frequency of 60 Hz is 0.01 m.
The maximum value of acceleration of the particle is +144m*ms ™2
Acceleration amplitude= w?A, where 4 is displacement amplitude

The amplitude of oscillation can never be infinite
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The energy of oscillator is continuously dissipated

The graph of total energy of a particle in SHM w. r. t., position is a straight line with zero
slope
Total energy of particle in SHM remains constant throughout its motion

Resonance is special case of forced vibration in which the natural frequency of vibration
of the body is the same as the impressed frequency of external periodic force and the
amplitude of forced vibration is maximum

The amplitude of forced vibrations of a body increases with an increase in the frequency
of the externally impressed periodic force

The bob of simple pendulum is a ball full of water. If a fine hole is made at the bottom of
the ball. Then the time period will no more remain constant.
The time period of a simple pendulum does not depend upon mass.

When a girl sitting on a swing stands up, the periodic time of the swing decreases.

When the girl stands up more weight is felt on the string of swing.

The height of a liquid column in a u tube is 0.3m. if the liquid in one of the limbs is

depressed and then released the time period of a liquid column will be 1.1s.

This follows from, the relation T=2Tr§

Acceleration is proportional to the displacement. This condition is not sufficient for
motion in simple harmonic
[n simple harmonic motion direction of displacement is also considered

[f stretched by the same amount, work done on §;, will be more than thaton §,

ki < ks

Soldiers are asked to break steps while crossing the bridge

The frequency of marching may be equal to the natural frequency of bridge and may lead
to resonance which can break the bridge

For an oscillating simple pendulum, the tension in the string is maximum at the mean
position and minimum at the extreme position
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24

25

26

27

28

29

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

The velocity of oscillating bob in simple harmonic motion is maximum at the mean
position

The time period of a simple pendulum is of infinite length is infinite

The time period of simple pendulum is directly proportional to the square root of length.

All oscillatory motions are necessarily periodic motion but all periodic motion are not
oscillatory
Simple pendulum is an example of oscillatory motion

Water in a U-tube executes SHM, the time period of mercury filled up to the same height
in the U-tube be greater than that in case of water
The amplitude of an oscillating pendulum goes on increasing

In a S.H.M,, kinetic and potential energies become equal when the displacement is 1/v/2
times the amplitude
In SHM, kinetic energy is zero when potential energy is maximum

Damped oscillation indicates loss of energy

The energy loss is damped oscillation may be due to friction, air resistance etc.

[f the length of a spring is made n times, the spring factor of the spring becomes 1/n th of
its original value.

Time of oscillation of a spring pendulum is T = 27:\/%
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OSCILLATIONS

: HINTS AND SOLUTIONS :

1

(c)
The amplitude of an oscillating pendulum
decreases with time because of friction due to air.

Frequency of pendulum is independent (T =

&ﬁ) of amplitude
)

(b

p dx
xzasmcutandv :Ez aw cos wt

It is clear phase difference between 'x’" and 'a’ is
T/2

(a)

Waves produced on the surface of water are
transverse in nature. When such waves are
produced in water they spread out. Till the ocean
waves reach the beach-shore, they acquire such a
large radius of curvature that they may be
assumed as plane waves. Hence, ocean waves hit
the beach normal to the shore

(b)
T= 2?1&. On moon, g is much smaller compared

to g on earth. Therefore, T increases

It is also true that moon is smaller than the earth,
but this statement is not explaining the assertion

(b)
At the moon the value of g is less than on plane.

! i . .
AsT =2m g— or T o« ; so T increases. It is also

true that moon; is smaller than the earth, but this
statement is not explaining the assertion

(a)
A periodic function is one whose value repeats
after a definite interval of time. sin @ and cos 6 are

10

periodic functions because they repeat itself after
2m interval of time

sin curve COSs curve

(c)

Time period of simple pendulum of length [ is

!
T=2mw [—
g
T o1
AT 1Al
T 21

m“—1>.<3—15°/
T

(a)
The time period of a oscillating spring is given by,
T= 2:{\{% =T \% Since the spring constant is

large for hard spring, therefore hard spring has a
less periodic time as compared to soft spring

(d)
[n simple harmonic motion the velocity is given
by,

v = w,/a? — y? at extreme position, y = a
Sv=20

But acceleration A = —w?a, which is maximum at
extreme position
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12

13

14

15

(d)
k—F
0
Or koc%
Ky o _ 2
Or K2 L 1
K1=2K,K2=K
: 1 _1, 1
In series, F_x,+xz
=1 . 1_23
T2k KT 2K
wK'Zk
3
(b)

Maximum acceleration

= w?A = 4n?v?A = 4n? x (60)? x 0.01
= 144m% ms™1

As during SHM the direction of deflection is
opposite of displacement, It may be +ve or - ve.

Hence, maximum acceleration = +144m1*ms ™2

(a)

From equation, amplitude of oscillation

_ Fﬁfm
 J@Z — w2 + (bw/m)?

In absence of damping force (b = 0), that the
steady state amplitude approaches infinity as w —

That is, if there is no resistive force in the system
and then it is possible to drive an oscillator with
sinusoidal force at the resonance frequency, the
amplitude of motion will build up without limit.
This does not occur in practice because some
damping is always present in real oscillation

()

16

18

19

20

21

The total energy of S.H.M = Kinetic energy of
particle + potential energy of particle

The variation of total energy of the particle in
SHM with time is shown in a graph

’ ro sl
Energy / Zero slope

A

Total energy

Kinetic energy

Potential energy

T/4 2T/4 3T/A

()
Amplitude of oscillation for a forced, damped
Fa/m

J(wz—w§}+(bw{m]2
constant related to the strength of the resistive
force, wy = m is natural frequency of
undamped oscillator (b = 0)

oscillatoris A =  where b is

When the frequency of driving force (w) = wy,
then amplitude A is very larger.

For w < wj or w > wy, the amplitude decreases

(c)

Correct reason is that when the girl stands up, the
centre of mass of swing-girl system moves
vertically upward and hence, effective length of
swing pendulum (distance of centre of mass from
fixed point at the top of swing) decreases and
consequently, its time period decreases

(a)
Time period of a liquid column
T=2rr‘£l

g

22){ T
= =1.1s

=
(98]

:2)(

0
o]

(a)

In SHM, the acceleration is always in a direction
opposite to that of the displacement i. e,
proportional to (—y)

(d)

kixy =kyx, =F
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22

23

(k1) _ e
2ky T 2k

1 2
Wi =Ek1x1 =

Similarly W, = i > W
YWz =32 k
W, > W, = k; < k; statement 2 is true

Statement 1 W, = %klxz

1 2
Wz == Ekzx

SU, Wz -] Wl
Statement 1 is false

(a)

If the soldiers while crossing a suspended bridge
march in steps, the frequency of marching steps of
soldiers may match with the natural frequency of
oscillations of the suspended bridge. In that
situation resonance will take place, then the
amplitude of oscillation of the suspended bridge
will increase enormously, which may cause the
collapsing of the bridge. To avoid such situations
the soldiers are advised to break steps on

suspended bridge
(b)

In simple pendulum, when bob is in deflection
position, the tension in the springis T =

2
mg cos 8 + % Since the value of @ is different at

different positions, hence tension in the string is
not constant throughout the oscillation

mg cosfd

mg

At end points # is maximum; the value of cos @ is
least, hence the value of tension in the string is
least. At the mean position, the value of 8 = 0°
and cos 0° = 1, so the value of tension is largest

Also velocity is given by v = w,/a®? — y2 which is
maximum when y = 0, at mean position

24 (b)

26

27

28

[flength of the pendulum is large, g no longer
remains vertical but will be directed towards the
center of the earth and expression of the time
period is given by

1
+2)

Here, R is the radius of earth,.

T=~2rm

If - 00,%—! 0

T=2m E = 84.6 min

[n general, time period of a simple pendulum

1
T=2ﬂ'j:
g

Or T o V1

(d)

The period of the liquid executing SHM in a U-
tube does not depend upon the density of the
liquid. Therefore, time period will be the same,
when mercury is filled up to the same height as
the water in the U-tube.

And

Now, as the pendulum oscillates, it drags air along
with it. Therefore, its kinetic energy is dissipated
in overcoming viscous drag due to air and hence,
its amplitude goes on decreasing

(b)

InSHMK.E.= %mwz(az —y®)and P.E.=
%mwzyz
ForK.E.= P.E.= 2y® = a® = y = a/\2. Since
total energy remains constant through out the
motion, whichis E = K. E.+P. E.So, when P.E. is

maximum then K. E. is zero and viceversa

(b)

Energy of damped oscillator at an any instant ¢ is
given by

E = Eje™?t/™ [where E, = %kxz =maximum

energy|
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Due to damping forces the amplitude of oscillator Correct explanation of the assertion is that spring
will go on decreasing with time whose energy is constant of a given material and thickness is
expressed by above question inversely proportional to its length, ie, k o %

29 (a)
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OSCILLATIONS

Matrix-Match Type

This section contain(s) 0 question(s). Each question contains Statements given in 2 columns which have to be
matched. Statements (A, B, C, D) in columns I have to be matched with Statements (p, g, 1, s) in columns II.

1. Column [ describes some situations in which a small object moves. Column II describes some
characteristics of these motions. Match the situation in Column I with the characteristics in Column Il
Column-I Column- 11

(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 = ¢;+/c; — x2, where ¢,
and ¢, are positive constants
(B) The object moves on the x-axis in suchaway (q) The object does not change its direction
that its velocity and its displacement from the

origin satisfy v = —kx, where k is a positive
constant

(C) The objectis attached to one end of a massless (r) The kinetic energy of the objects keeps on
spring of a given spring constant. decreasing

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. 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 (s) The object can change its direction only once
surface 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

CODES :

A B C D
a) r.q p q.r p
b) p qr p rq
<) qr p rq p
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2. Column I gives a list of possible set of parameters measured in some experiments. The variation of the
parameters in the form of graphs are shown in Column II. Match the set of parameters given in Column I
with the graphs given in Column Il

Column-I Column- I

(A) Potential energy of a simple pendulum (y- (p) »
axis) as a function of displacement (x-axis)

=

(B) Displacement (y-axis) as a function of time (x- (q)
axis) for a one dimensional motion at zero or
constant acceleration when the body is

-

moving along the positive x-direction 0

its velocity (x-axis) when projected at a fixed
angle

(D) The square of the time period (y-axis) ofa (s)
simple pendulum as a function of its length (x-

U :
-
(C) Range of a projectile (y-axis) as a functionof (r) y /
——— X
L :

axis)
0

CODES :

A B C D
a) p q:s s q
b) q,s p q s
) s q Qs p
d) q s p Qs
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OSCILLATIONS

: HINTS AND SOLUTIONS :

(a)

(A) From nature of SHM, the graph of potential
energy as function of displacement will be
parabaolic graph as given in option P. Hence (A) —
(p)

(B) a = 0 or a =constant. [As per given condition]
V > 0 moving along positive x-axis

y — displacement

y=utt %atz for a = constant

y=ut fora=10

These two conditions are satisfied by (q) and (s)
(B) = (q,5)

(p) is rejected because at t = 0 the displacement
is not zero and velocity has negative values

(COR = %and R o< u? for a fixed angle of
projectionandu = 0,R =0
(€)= (s)

(D)T=ZJTJ§=>T2 =antlsy =" )
(@)



