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PHYSICS

4.0SCILLATIONS,5.0SCILLATIONS

Single Correct Answer Type

1.

A particle executes a SHM between x = —A4 and
x = +A.If T; is the time taken by it to go from

A : .
x=0tox = 2 and T, is the time to go from

X = %to A, then

a) Tl = TZ b)Tl > TZ
T.
C)T1<T2 d)Tl :?2

When a particle performs S.H.M,, its kinetic
energy varies periodically. If the frequency of
the particle is 10, then the kinetic energy of the
particle will vary with frequency equal to

a) 10 b) 20 )5 d) 30

A particle performing linear S. H. M. of
amplitude 0.1 m has displacement 0.02 m and
acceleration 0.5 m/s2. The maximum velocity
of the particle in m/s is

a)0.05 b)0.50

c)0.01 d)0.25

A particle is executing S.H.M. with amplitude A.

. -A .
At displacementx = - force acting on the

particle is F, potential energy of the particle is
P.E., velocity of particle is v and kinetic energy
is K.E. If potential energy to be zero at mean

- . A
position, then at displacement x = >

a) Force acting on the particle will be 4 F
b) Potential energy of particle will be 2 P.E.

c) Velocity of particle will be \/% \%

d)Kinetic energy of particle will be 0.8 K.E.

A particle starting at the end of its swing
performs S.H.M. of amplitude 0.1 m and
frequency 60 vibrations per minute. The
displacement of the particle at the end of 2 s is
a)02Zm b)0.1m ¢)0.15m d)0.02m
The ratio of kinetic energy to total energy of a

particle is S. H. M. is g. The displacement in

terms of amplitude ‘@’ is

a 2a
a)E b)?
a 0l
B )3

10.

11.

12.

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
A p C

B
a)mgH b)\/Zg—H c)2gH d)Zero
The frequency of a particle performing linear S.
H. M. is 7/2m Hz. The differential equation of S.
H.M.is

d?x b d?x
®a3+mx=o )E§+4%=0

d?x d d?x
®a5+Mx=0 )a§+zw=o

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{ T b) T /T

Q) T{ + T3 d)TET7 /(TE + TF)
Consider a simple pendulum of length 1 m. Its
bob performs a circular motion in horizontal
plane with its string making an angle 60° with
the vertical. If the mass of the bob is 50 gm,
then the tension in the string is

a)1N b)0.29N ¢) 05N d)2N

A mass ‘m,’ is suspended from a spring of
negligible mass. A spring is pulled slightly in
downward direction and released, mass
performs S. H. M. of period ‘T;". If the mass is
increased by ‘m,’, the time period becomes ‘T,’.
The ratio =2 is

my
@ﬁ+ﬁ mn—n
T2 Ty
T —Tf Y - T
)~z d)—
1 1

A particle of mass m is executing oscillations
about the origin on the x-axis. Its potential
energy is P.E. (x) = k[x]3, where k is a positive
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13.

14.

15.

16.

17.

18.

19.

constant. If the amplitude of oscillations is A,
then its period T is

a) Proportional to \/LK b) Independent to A

c) Proportional tov/A  d)Proportional to A3/2
A particle is executing SHM with an 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

ca/2 d)2a/3

If a spring extends by x on loading, then
energy stored by the spring is (if T is the
tension in the spring and k is the spring

constant)
T? T? 2k 2T?
a)— b)— C)— d)—_
)Zx )Zk )TZ ) k

The maximum speed of a particle in S. H. M. is
‘V’. The average speed is

2V 2T
i 1y i
a) = ) v
2 2V
c)ﬂ d)_
T T

A bob of a simple pendulum has mass ‘m’ and
is oscillating with an amplitude ‘a’. If the length
of the pendulum is ‘L’ then the maximum
tension in the string is

cos 09 = 1, g = acceleration due to gravity

Ly? a\2
omg|1-(2) | wimgf1+ ()]

ay 2 Ly?
¢)mg [1 - (E) ] d) mg [1 + (;) ]
When a particle undergoes S.H.M,, there is
always a constant ratio between its

displacement and
a) Period b) Acceleration
c) Mass d) Velocity

A clock S is based on oscillation of a spring and
a clock P is based on pendulum motion. Both
clocks run at the same rate on earth. On a
planet having the same density as earth but it
has twice the radius,
S will run faster than
a) p
¢) both will run at the
same rate as on the

b) P will run faster
than §

d) both will run at the
same rate which will
be different from
that on the earth

In a period of kinetic energy, the number of

times kinetic energy and potential energy are

earth

20.

21.

22.

23.

24,

25.

26.

equal in magnitude is

a) single times b) twice

c) thrice d) four times

A uniform circular disc of mass 12 kg is held by
two identical springs as shown in figure. When
the disc is slightly pressed down and released,
it executes S. H. M. of period 2 second. The
force constant of each spring is (% = 10)

Lt LI
E‘-smh"
a)240 N/m b) 180 N/m
c) 60 N/m d)120 N/m
A particle executes SUM of period % second

along a straight line 4 cm long. The
displacement of the particle at which the
velocity is numerically equal to the
acceleration is
a)2cm b)1 cm
c)4 cm d)3 cm
Potential energy of the particle performing
S.H.M.is
a) harmonic motion and oscillatory
b) periodic motion but not oscillatory
c) oscillatory motion but not periodic
d)periodic and oscillatory motion
The velocity of a particle performing simple
harmonic motion, when it passes through its
mean position is
a) Infinity b)Zero
¢) Minimum d) Maximum
A particle performs SHM with amplitude 25 cm
and period 3 s. The minimum time required for
it to move between two points 12.5 cm on
either side of the mean position is
a)0.6s b)0.5s
c)0.4s d)0.2s
The graph between the length and square of
the period of a simple pendulum is a
a)circle b) parabola
c) straight line d) hyperbola
A simple pendulum of length ‘L’ has mass ‘m’
and it oscillates freely with amplitude ‘A’. At
extreme position, its potential energy is (g =
acceleration due to gravity)
2288 ) e’

2L 2L
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27.

28.

29.

30.

31

32.

33.

o 284 D
L L

The phase of a particle executing simple

harmonic 14 motion starts from mean position

is (m/2), when it has

a) maximum velocity

b) minimum acceleration

¢) maximum Kkinetic energy

d)maximum displacement

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

m,
m;
m;g myg
a) n b) n
9 (m, ";{mz)g d) (my —kmz)g

A particle starts S.H.M. from mean position. Its
amplitude is ‘a’. At one instant, its velocity is
half of the maximum velocity. Its displacement
at this instant is

V3 JVz 2 3
3)73 b)?a C)Ea d)Ea

The position at which the net force on the
oscillating particle is zero, the position is
a) mean position b) equilibrium position
d)both'a' or 'b’

The graph between instantaneous velocity and
angular displacement of a particle performing
S.H.M.is

a) parabola

¢) sinusoidal

) extreme position

b) straight line

d) circle

The maximum velocity and maximum
acceleration of a particle performing a linear
SHM are a and B, respectively. Then, path
length of the particle is

a’ g
Ok b)-"
2a 2B
C)T d)?

The differential equation for linear SHM of a

2
particle of mass 2 gm is % +16x = 0 Then

34.

35.

36.

37.

38.

39.

40.

force constant is :

a)32N/m b)32 dyne/cm

¢) 12 dyne/cm d)12 N/m

The steel bob of a simple pendulum is replaced
by a wooden bob of same volume. Then its
time period

a)increases b) decreases

c) does not change d)is zero

The equation of motion of a body in S.H.M. is

X = 4sin (T[t + g) The velocity at the end of 4

seconds will be

T
a)mcm/s b)i cm/s

3
C)E Tcm/s d)2mcm/s

If a particle executes an un damped S.H.M. of
period T, then the period with which the
kinetic energy fluctuate is

a)T b)0 c)T/2 d)co
For a particle performing linear SHM, its
average speed over one oscillation is
(where, a = amplitude of SHM,n =

frequency of oscillation)
a)2an b)4an
c) 6ban d)8an
A body performs S. H. M. under the action of
force ‘F;’ with period ‘T;’ second. If the force is
changed to ‘F,’ it performs S. H. M. with period
‘“T,’ second. If both forces ‘F;’ and ‘F,’ act
simultaneously in the same direction on the
body, the period in second will be

T, + T TZ + T
a) 1T 12 b)—L 2
LT, T,T,
T, T, T, T,

N V7,
A pendulum clock is running fast. To correct its
time, we should
a) Reduce the mass of b)Reduce the
the bob amplitude of
oscillation
c) Increase the length ofd) Reduce the length of
the pendulum the pendulum
A musical instrument X produces sound waves
of frequency ‘n’ and amplitude ‘A’. Another
musical instrument Y produces sound waves of
frequency n/4. The waves produced by both
the instruments have equal energies. The
amplitude of waves produced by instrument Y
will be

a) 2A b)A
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41.

42.

43.

44,

45.

46.

c)4A d)3A

A simple pendulum of length ‘L’ has mass ‘m’
and it oscillates freely with amplitude ‘A’. At
extreme position its potential energy is (g =
acceleration due to gravity)

2 A
a) 8L b)—
A mgL
2
0 mgA d) mgA
2L L

When two displacements represented by y; =
asin(wt) and y, = b cos(wt) are superimposed
the motion is

a) Not a simple harmonic

b) Simple harmonic with amplitude %

c) Simple harmonic with amplitude vVa? + b2

d) Simple harmonic with amplitude @

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

T=2 \/ﬁ

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)Z b)§

A A
C) E d)ﬁ

The phase difference between the
displacement and acceleration of a particle
performing linear S.H.M. is

a)0 b)360° c) 180° d)90°
For a simple pendulum, a graph is plotted
between its kinetic energy (KE) and potential
energy (PE) against its displacement d. Which
one of the following represents, these
correctly? (Graphs are schematic and not
drawn to scale)

47.

48.

49,

50.

51.

52.

" PE

Starting from the extreme position, the time
taken by an ideal simple pendulum to travel a
distance of half the amplitude is

a)T/6 b)T/12  ¢) T/3 d) T/4

A block of mass ‘m’ attached to one end of the
vertical spring produces extension ‘X' If the
block is pulled and released, the periodic time

of oscillation is
X 2
a)2m |- b)2n i
8 8
2 |= d)2m |—
c)2m 28 )21 I3
A body of mass ‘m’ performs linear S. H. M.

given by equation x = P sin wt + Q sin (mt +

g) The total energy of the particle at any

instant is

1 1 mw?
a)zmu) PQ EPZQZ

1 1
C)Emu)z(P2 +Q?) d]imu)szQz

A rectangular block of mass ‘M’ and cross-
sectional area ‘A’ floats on a liquid of density
‘p’. It is given a small vertical displacement
from equilibrium, it starts oscillating with
frequency ‘n’ then

a)n x A? b)n o« VA

c)no A d)n o A3

The total energy of a simple harmonic
oscillator is directly proportional to

a) Square of amplitude b)Frequency

c) Amplitude d) Velocity

Graph between velocity and displacement of a
particle executing S.H.M. is

a) A straight line b) A parabola

c) A hyperbola d) An ellipse
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53.

54.

55.

56.

57.

58.

59.

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

Vi b Vi T q Vs
)3 )3 9% 5

A body of mass 0.01 kg executes simple

harmonic motion (S.H.M.) about x = 0 under

the influence of a force shown below: The
period of the S.H.M. is

FN)
------ ‘8.0
B 20 ()
_ 80”"\“
a) 1.05s b)0.52s «¢)0.25s d)0.30s

The potential energy of a particle performing
S.H.M. at extreme position is

a) minimum b) maximum

c) remains constant d)1/2 m m w?x?

Two springs of spring constants k; and k, have
equal maximum velocities when executing
simple harmonic motion. The ratio of their
amplitudes (masses are equal) will be

1/2 1/2
3 (i) ()
ey ky
k
Q)— d) keyke
ks

A simple pendulum oscillates about its mean
position with amplitude ‘a’ and periodic time
‘T". The linear speed of pendulum when its
displacement is half the amplitude is

a) = b)“"“/§
T
2
9 3m“a d) maV3
T 2T

The time period of a simple pendulum of
infinitely long length is(R is radius of the

earth)
R R
a)T=21 |— b)T=2m |—
g 2g
d) T=infinite

2R
c)T=2m |—
g

displacement equation of a simple harmonic
oscillator is given by
y = Asin wt — Bcos wt

60.

61.

62.

63.

64.

65.

66.

67.

The amplitude of the oscillator will be

a)A—B b)A + B
c)/A% + B2 d) (A* + B?)

A pendulum clock is running fast. To correct its
time, we should
a) Reduce the mass of b)Reduce the
the bob amplitude of
oscillation
c) Reduce the length of d)Increase the length
pendulum of the pendulum
The total energy of a particle executing SHM is
proportional to
a) frequency of oscillation
b) maximum velocity of motion
c) square of amplitude of motion
d)square of mass of particle
Differential equation of SHM along X-axis is

d?x d?x
a)— = @? b)——— = —?
)dtz w?x. )dtz w?x.

dx dx

Vo A= = )2
C)dt w?x. )dt w?x.

The displacement of an object attached to a
spring and executing simple harmonic motion
is given by x = 2 X 10™2cos it metre. The time
at which the maximum speed first occurs is
a)0.5s b)0.75 s

c)0.125s d)0.25s

A particle starts oscillating simple
harmonically from its mean position with time
‘T’. Attime t = T/12, the ratio of the potential
energy to kinetic energy of the particle is
(sin30° = cos 60° = 0.5, cos 30° = sin 60°

=+3/2)
a)3:1 b)1:3
c)1:2 d)2:1
In S.H.M., maximum acceleration is at
a) Amplitude
b) Equilibrium

c) Acceleration is constant

d)None of these

A particle executes simple harmonic motion of
amplitude A. At what distance from the mean
position is its kinetic energy equal to its
potential energy?

a)0.51A b)0.61A ¢)0.71A d)081A
The time period of mass ‘M’ when distributed
from its equilibrium position and then
released, for the system shown in figure is
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68.

69.

70.

71.

72.

%x
M
a)2m |—

’M
b _
)2 oK
’4M

d _

oK )2m K

c)2m |—

The motion of a simple pendulum when it
oscillates with small amplitude is

a) angular S.H.M. only

b)angular and linear S.H.M.

c) linear S.H.M. only

d)linear complex oscillatory motion

Two pendulums of lengths 1 metre and 16
metre start oscillating 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 T. The
minimum time, after which the two threads of
the pendulum will be one behind the other, is
a) T/4 b) T/3 c) 4T/3 d)4T

Two bar magnets ‘P’ and ‘Q’ are kept in
uniform magnetic field ‘B’ with magnetic
moments ‘Mp’ and ‘Mg’ respectively. Magnet ‘P’

= A=

is oscillating with frequency twice that of
magnet ‘Q’. If the moment of inertia of the
magnet ‘P’ is twice that of magnet ‘Q’ then
a)Mq = 2Mp b)Mp = 2Mq
c)Mp = 8M, d)Mq = 8Mp

A block resting on the horizontal surface
executes S.H.M. in horizontal plane with
amplitude ‘A’. The frequency of oscillation for
which the block just starts to slip is (L =
coefficient of friction, g = gravitational
acceleration)

1 ug (1 [ug ,A A
—_ 2B p—_ [E& — d _
a)21T A )41T a2 ) 2T = 4T i

A particle executes linear S. H. M. along the
principal axis of a convex lens of focal length 8
cm. The mean position of oscillation is at 14 cm
from the lens with amplitude 1 cm. The
amplitude of oscillating image of the particle is
nearly
a)3 cm
c)2cm

b)5 cm
d)4 cm

73.

74.

75.

76.

77.

78.

79.

If a hole is bored along the diameter of the

earth and a stone is dropped into hole, then

a) The stone reaches the centre of the earth
and stops there

b) The stone reaches the other side of the earth
and stops there

c) The stone executes simple harmonic motion
about the centre of the earth

d) The stone reaches the other side of the earth
and escapes into space

A particle performs simple harmonic motion

with period of 3 s. The time taken by it to cover

a distance equal to half the amplitude from

mean position is (Take, sin 30° = 0.5)

1 3
Z b=
3)45 )25
3 1
z =
C)4s )Zs

A spring-mass system oscillates with a
frequency v. If it is taken in an elevator slowly
accelerating upward, the frequency will
a)increase b) decrease

c) remains same d) become zero

A body of mass 64 g is made to oscillate turn
by turn on two different springs A and B.
Spring A and B has force constant 4 N/m and
16 N/m, respectively. If T; and T, are period of
oscillations of springs A and B respectively,

thenwwill be

T -T;
a)l:2 b)1:3
c)3:1 d)2:1

For a particle performing S. H. M. the
2
equation (%) + ax = 0. Then the time period

of the motion will be

a) 2—1-[ b) 2ma
o
2m
c) 2m/a d) Ta

A horizontal spring executes S. H. M. with
amplitude ‘A;’, when mass ‘m;’ is attached to
it. When it passes through mean position
another mass ‘m,’ is placed on it. Both masses
move together with amplitude ‘A,’.

Therefore A,: A; is

1 1
a) [ml + mz]z b) [ml + mz]z
m; my
1 1
Norwml Vv
m; +m, m; +m,

A pendulum clock shows correct time at 0°C.
On a summer day
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80.

81.

82.

83.

84.

85.

86.

a) it runs slow and gains time

b)it runs fast and loses time

c¢) it runs slow and. loses time

d)it runs fast and gains time

A body is executing S. H. M. Its potential energy
is E; and E, at displacement x and y
respectively. The potential energy at
displacement (x +y) is

a)E; —E, =E b)/E; —/E; = VE
)E;+E,=E d),/E; +E; =VE

The potential energy of a particle with
displacement x is U(x). The motion is simple
harmonic, when (k is a positive constant)

2

)y = _kXT b)U = kx?

U=k d)U = kx

A ball is released from height ‘h’ which makes
perfectly elastic collision with ground. The
frequency of periodic vibratory motion is (g =
acceleration due to gravity)

1 1 [2h
2)- |2 b)= |=
2N 2h 2 lg
9 1 |[2h a) 1 [g

2n | g 2\ 2h

When metallic simple pendulum is replaced
and wooden simple pendulum of same
diameter then:

a) period increases

b)period decreases

c) period remains unchanged

d)None of these

Two particles are executing S.H.M. The
equations of their motion are

T
y1 = 10sin (oot + T)
\/§T[T>

y, = 25sin <wt +

What is the ratio of their amplitudes?
a)l:1 b)1:2 c)2:5 d)5:2
The bob of simple pendulum of mass m and
total energy E will have maximum linear
momentum equal to

a)./2m /E b)V2mE
c) 2mE d) mE?2

A coin is placed on a horizontal platform which
undergoes vertical simple harmonic motion of
angular frequency w. The amplitude of

oscillation is gradually increased. The coin will

87.

88.

89.

90.

91.

92.

leave contact with the platform for the first
time

a) For an amplitude of g/w?

b)For an amplitude of g2 /w?

c) At the highest position of the platform

d) At the mean position of the platform

A clock pendulum having coefficient of linear
expansion a = 9 X 10~7 /°C has a period of 0.5
s at 20°C. If the clock is used in a climate where
the temperature is 30°C, how much time does
the clock lose in each oscillation? (g =

constant)
a)2.25x107°s b)5x 1077 s
€)2.5x1077s d)1.125% 107 ° s

The equation of a S.H.M. of amplitude 'A' and
angular frequency win which all distances are
measured from one extreme position and time
is taken to be z ro, at the other extreme
position is

a)x=A sin wt b) x=A-A sin wt
c)x=Acos wt d)x=A-Acos wt

A spring executes S. H. M. with mass 10 kg
attached to it. The force constant of the spring
is 10 N/m. If at any instant its velocity is 40
cm/s, the displacement at that instant is
(Amplitude of S. H. M. = 0.5 m)

a)0.3m b)0.4 m

c)0.2m d)0.45 m

A particle of mass 5 g is executing S. H. M. with
an amplitude 0.3 m and time period g s. The

maximum value of the force acting on the
particle is

a)0.15N b)4 N

c)5N d)0.3N

A graph is plotted between the, instantaneous
velocity of a particle performing S.H.M. and
displacement. Then the period of S.H.M. is

a)2s

b)ns

c) l s d)0.5s

s
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
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93.

94,

95.

96.

97.

98.

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

The period of oscillation of a mass, M, hanging
from a spring of force constant k is T. When
additional mass m is attached to the spring,
the period of oscillation becomes 5T/4. m/M =
a)9:16 b)25:16 ¢)25:9 d)16:9
The total energy of simple harmonic oscillator
is ‘E’. What will be the kinetic energy of the

particle, when the displacement is (g) th of the

amplitude?
9 5E
a)— b=
)25E ) 4
4E 25
— d)—E
93 )3

The displacement of a particle in SHM in one
time period is

a) A b) 2A ) 4A d) zero
The displacement-time graph of a particle
executing SHM is shown.

X

NN\
\_/

Which of the following statement(s) is/are
true?

The force is zero at = 3 T/4.

II. The acceleration is maximum att = T.

I1I. The velocity is maximum att = T /4.

IV. The potential energy is equal to kinetic
energyatt =T/2

a)| and Il b) I, IT and III

c)land IV d) All of these

A block of mass 16 kg moving with velocity 4
m/s on a frictionless surface compresses an
ideal spring and comes to rest. If force constant
of the spring is 100 N/m then how much will
be the spring compressed?

a)0.4m b)1.6 m

c)12m d) 0.8 m

An . ideal simple pendulum cannot exist
practically because

a) heavy point mass and in extensible string is

99.

not possible
b) perfectly rigid support is not possible
c) the bob is not symmetric
d)both (A) & (B)
In arrangement given in the figure, if the block
of mass m is displaced, the frequency is given
by

A ﬁ B 5
| k| k_‘ !

1 ki —k 1 ki +k
a)p = — ( 1 2) b = — ( 1 2)
2T m 2T m

100. If a particle performs SHM with a frequency n,

then its KE. will oscillate with a frequency
a)n/2 b) n c) 2n d) zero

101.Two bodies A and B of equal mass are

suspended from two separate massless springs
of force constant k; and k,, respectively. The
bodies oscillate vertically such that their
maximum velocities are equal. The ratio of the
amplitudes of body A to that of body B is

k2 kZ
= b)—
a) r ) ks
k, ks
Ve D 2

102.The amplitude of a particle executing SHM is

made three-fourth keeping its time period
constant. Its tots energy will be

E 3
_ b)=
a)z )4E

9 d) None of these
c)—FE
) 16

103.Two simple pendulums 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 k
oscillations. Here, k is

a)5 b)1

c)2 d)3

104.Which of the following functions represents a

simple harmonic oscillation?
a) sin wt — cos wt b) sin? wt
) sinwt + sin 2wt d)sin wt — sin 2wt

105.Period of small oscillations in the two cases
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shown in the figure is Ty and T, respectively,
then

)T, =T, b)T, <T,

AT, >T, d) Cannot say anything
106.Five identical springs are used in the following

three configuration. The time periods of

vertical oscillations in configurations (i), (ii)

and (iii) are in the ratio

1 1
)1 ‘E'ﬁ b)z:\/i.ﬁ
? 12:1 d)Z:%:l

107.What will be the force constant of the spring
system shown in the figure?

)[2—1(14'—
-1

O+

108.A particle executing SHM on X-axis with origin
as mean position, then graph of speed (v)
versus displacement (x) will be
a) parabola b)ellipse
¢) circle d) hyperbola

109.Which one of the following statements is true
for a particle performing S. H. M.?

a) Kinetic energy is half b) Kinetic energy of the
the potential energy
of the particle at

particle is maximum
at displacement

displacement equal
to amplitude of S. H.
M.

c) Kinetic energy of the d)Kinetic energy of the
particle is maximum  particle is minimum

equal to amplitude
of S. H. M.

at displacement at displacement

equal to zero equal to zero
110.The length of a pendulum is halved. Its energy
will be
a) Decreased to half
b)Increased to 2 times
c) Decreased to one fourth
d)Increased to 4 times
111.A body of mass m performs linear S. H. M.

given by equation,
X = Psinwt + Q sin (mt + g) The total energy
of the particle at any instant is

DIme?(PP+ Q) b)mw?/PQ

1 1
c) 3 mw?PQ d)i mw?P?Q?
112.The maximum potential energy of a simple
harmonic oscillator is Uy, ,«. Then, the PE of the

oscillator when it is half way to its end point, is

a) UmaX b) UmaX
2
U
) e )20

113.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

114. A man measures time period of a pendulum
(T) in stationary lift. If the lift moves upward
with acceleration %, then new time period will
be

V5T V5
a) N b)_ C) o7 d) T

115.The lengths of second's pendulum on the
surface of the earth and at an altitude ‘h’ from
the surface of the earth are ‘I5" and ‘I’
respectively. The radius of the earth ‘R’ is

a) _ b) s
h(Ts — 1) NN

9 hy/T, __hfig
W=V Va1

116.A box placed on a smooth inclined plane is free
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to move. Find the time period of oscillation of
the simple pendulum attached to the ceiling of
the box

A SHIOOth

l
a)2m |- b)2m ,
g gsinf

; l , l
d
¢) 2m gcosH )2m gtan®

117.Time period of simple pendulum of wire is
independent
a) mass of the bob and amplitude of oscillation
b)amplitude of oscillation
c) temperature of the bob
d)acceleration due to gravity

118. The velocity time diagram of a harmonic
oscillator is shown in the figure, then the
frequency of oscillation is

H.

SN /’—]

vfm.fu. ﬂ.ﬂl\:}jn 03 0.04
-

a) 25Hz  b) 12.25Hzc) 50Hz  d) 33.3 Hz
119.In SHM, restoring force is F = —kx, 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
120. A cylinder of mass M, radius R is kept on a

o~

rough horizontal plane at one extreme end of
the platform at t = 0. Axis of the cylinder is
parallel to z-axis. The platform is oscillating in
the xy-plane and its displacement from origin
is represented by x = 4 cos(2mt) metres.
There is no slipping between the cylinder and
the platform. Find the acceleration of the

: 1
centre of mass of cylinder at t = oS

z

X

| ]
-5 -2 -8 —4
22 p)—Z 2 T2 d)— g2
a) 3 s ) 3 s ) 3 T ) 3 T
121.A bob of simple pendulum of mass ‘m’ perform

SHM with amplitude ‘A’ and period ‘T". Kinetic
energy of pendulum of displacement x = % will
be

2 2
2) 2mm“A b) 3mm“A
3T? 2T
2 22
0 2mTA d) 2mtm~A
3T 2T2

122.A block resting on the horizontal surface
executes SHM in horizontal plane with
amplitude A. The frequency of oscillation for
which the block just starts to slip is (where,

u = coefficient of friction and g = gravitational
acceleration)

a)i g b)i /ﬁ
2nN A 4\ A

A
d)4r |—
ug

123.A block of mass M is attached to three springs
A, B, C having force constants K, K; and 3K as
shown in the figure. If the block is slightly
pushed against spring C. Then find the
frequency of oscillations

,M 1 |K
a = — b - |—
)f=2n N )f — Iu

1 [2K 1 [3K
df=— |—

f=— |—
) 2 | M 2 | M

124.A particle executes simple harmonic motion
with amplitude ‘A’ and period “T’. If it is half
way between mean position and extreme
position, then its speed at that point is

) V3T b)
2T T
B V3mA d) ?

125.1f a hole is bored along the diameter of the
earth and the stone is dropped into the hole:
a) The stone reaches the centre of the earth
and stop there.
b) The stone reaches the other end of the earth
and stop there.
c) The stone executes SHM about the centre of
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the earth.
d) The stone reaches the other side of the earth
and escapes into the space.
126.The ratio of kinetic energy to the potential
energy of a particle executing SHM at a
distance equal to half its amplitude, the
distance being measured from its equilibrium
position is
a)2:1 b)3:1
c)8:1 d)4:71
127.A body is executing a linear SHM. At a
displacement x, its potential energy is E; and
at a displacement y, its potential energy is E.
What is its potential energy E at displacement

(x+y)?
aA)VE=.E +.\E, DbE=E+E,
OE =E; =E, dVE = JE; - JE;

128.The period of oscillation of a simple pendulum
of constant length at a place in mine is :
a) More than it is on the surface of the earth
b) Less than it is on the surface of the earth
c) Same as it is on the surface of the earth
d)Same as it is on the surface of moon

129.A simple pendulum is suspended from roof of
lift. If lift moves downward with acceleration a

then period of pendulum T = 2 n\g then g' will

be:
aJg+a b)g-a
A)g?+a? d)g

130.Two identical springs S; and S, are joined as
shown in the figure. The oscillation frequency
of the mass m is v. What will be the frequency
of mass m, if one spring is removed?

Sl Sz
a)V2v b)v
c)% d)2v

131.A particle performs S. H. M. with amplitude ‘A’.
Its speed is tripled at the instant when itis ata

. 2A .
distance of? from the mean position. The new

amplitude of the motion is

2A A
s b)—
a)3 )3
5A 7A
22 ) Pl
2 3 )3

132.If f is the frequency when mass m is attached
to a spring of spring constant k, then new
frequency tor this arrangement, is

k k
)11 1111

a)f/2 b)VZf
) fIN2 d)2,/2f
133.1 The force constant (k) of SHM is measured.
in:
a) Nm b) N ¢) Nm!1 d)N1im

134.A simple pendulum has a length 1. The inertial
and gravitational masses of the bob are m; and

myg, respectively. Then, the time period T is

given by
1 m;l
a)T =2n Mg b)T =2n :
mig myg
i X X1
AT =2m My X mg <2 d

m1><mg><g

135.The amplitude of particle performing S.H.M. is
a) tensor
b)vector
c) scalar
d)depending upon magnitude
136.For a particle executing simple harmonic
motion, which of the following statements is
not correct?
a) The total energy of the particle always
remains the same
b) The restoring force is always directed
towards a fixed point
c) The restoring force is maximum at the
extreme positions
d) The acceleration of the particle is maximum
at the equilibrium position
137. 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)1:10* ¢©)1:10
138.A second’s pendulum performs 100
oscillations in
a) 200 second

d)1: 102

b) 100 second
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¢) 50 second d) 25 second
139.The term phase in S.H.M.
a) Is the angle measured in degree only
b) Specifies the position of the particle only
c) Specifies the direction of motion only
d) Specifies both the position and direction of
motion
140.A particle of mass m oscillates with simple
harmonic motion between points x; and x,,
the equilibrium position being O. Its potential
energy is plotted. It will be as given below in
the graphs

BT
BNVAEVARN

141.The P.E. of partlcle of mass 0.1 kg moving along

x-axis is given by U = 5x(x — 4) ] where x is in

metres.

It can be concluded that the wrong option is

a) The particle is acted upon by a constant
force

b) The speed of the particle is maximum atx =
2m

c) The particle executes SHM

d) The period of oscillation of particle is % s

142.The oscillatory motion is simple harmonic
motion Since
a) its path is straight line
b)its displacement, velocity and acceleration
are represented by trigonometric function
sine and cosine

c) its displacement, velocity and acceleration
are represented by trigonometric function
sine, cosine and tangent

d)both 'a' and 'b’

143.A particle is suspended from a vertical spring
which is executing S. H. M. of frequency 5 Hz.
The spring is un-stretched at the highest point
of oscillation. Maximum speed of the particle is

(g =10 m/s?)

a)%m/s b)%m/s
C)%m/s d)mtm/s

144.A clock with iron pendulum keeps correct time

at 15°C. If the room temperature is 20°C, the
error in second per day will be nearly
(coefficient of linear expansion of iron is 1.2 X

1075/°C)
a)2.6s b)6.2 s
c)3.1s d)1.3s

145.1dentify correct statement among the following
a) the greater the mass of a pendulum bob, the
shorter is its frequency of oscillation
b)a simple pendulum with a bob of mass m
swings with an angular amplitude of 400 its
angular amplitude is 200, the tension in the
string earlier is less than the 'tension in the
string later
c) as the length of a simple pendulum is
increased, the maximum velocity of its bob
during its oscillation will also increases.
d)the fractional change in the time period of a
pendulum on changing the temperature is
independent of the length of the pendulum
146. The ratio of the kinetic energy at mean
position to the potential energy at half of the
amplitude is
a)l:4 b)1:2 c)2:1 d)4:1
147.1f length of a simple pendulum is increased by
44%, then what is the gain in the time period
of pendulum?
a) 40%  b) 20% c) 10% d) 21%
148.A body is performing S. H. M. of amplitude ‘A’.
The displacement of the body from a point
where kinetic energy is maximum to a point
where potential energy is maximum, is
a) Zero b)+A

A A
)+ d)+—
2 4

149.A body is executing S. H. M. It potential energy
is ‘P," and ‘P, at displacements ‘X’ and ‘Y’
respectively. The potential energy at
displacement (x + y) is
a)pp—P, =P b)/P; + P, =P

c)/P, — /P, =VP d)P, +P, =P
150.1If simple pendulum performing SHM the ratio
of K.E. at mean and P.E. at maximum
displacement is:
a) Equal to one b) Less than one
c) Greater than one d) Equal to half
151.This time period of a particle undergoing SHM
is 16 s. It starts motion from the mean position.
Atter 2 s, its velocity is 0.4 ms~ L. The
amplitude is
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a)1.44m b)0.72 m
c)2.88m d)0.36 m
152.All oscillatory motions are necessarily periodic
motions but
a) All periodic motions are not oscillatory
b) All periodic motions are oscillatory
¢) All periodic motions are not periodic
motions
d) All periodic motions are non harmonic
153.A body performing simple harmonic motion
has potential energy ‘P;” at displacement ‘x; .
Its potential energy is ‘P,” at displacement ‘x,’.
The potential energy ‘P’ at displacement (x; +
X5) is
a)P, + P,

)PP,

154. For a particle in SHM, the graph of the velocity
vs displacement is
a) a straight line b)a circle
c) an ellipse d)a hyperbola

155.A simple pendulum of length / has a bob of
mass m. It executes SHM of small amplitude A.
The maximum tension in the stringis (g =
acceleration due to gravity)

b)P, + P, + 2,/P,P,

d) [P? + P}

AZ
a)mg b)mg <ﬁ + 1>
c) 2mg d)mg (? + 1)

156.A simple pendulum of mass ‘m’ having length
‘L’ is oscillating with amplitude ‘A’. The
maximum tension in the string is

2 ()]
oo (] 0

157.The dimensions of restoring torque per unit
angular displacement are
a) M1LIT? b) M212T?
c)M~tLIT? d)M*L2T?

158. 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
g% D2 o; v
159.Two simple harmonic motions are represented
asy; = 10sinwt andy, = 10sin wt +
5 cos wt. The ratio of the amplitudes

ofy; andy, is
a)1:1 b)1:4/2

c)v2:1 d) 1:4

160.A ball suspended by a thread of length L, ata
point O on the wall, forms a small angle a with
the vertical. Then the thread with the ball was
deviated through a small angle 8 > o and set
free. Assuming the collision of the ball with the
wall as elastic, find the time period of
oscillation of such as pendulum

w2 ffeos(5) 0 fFeos ()
c) 2\/% cos™! (g) d)\Ecos‘1 <g)

161.Time period of pendulum is 6.28 s and
amplitude of oscillation is 3 cm. Maximum
acceleration of pendulum is
a)8 cm/s? b) 0.3 cm/s?
c) 3 cm/s? d)58.2 cm/s?
162.1n 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
c) Kinetic energy is maximum, potential energy
is minimum
d)Both kinetic and potential energies are
minimum
163.When a particle in U.C.M. performs complete
circle on a reference circle, its projection
a) Performs one to fro motion on horizontal
diameter
b) Two back and forth motion on diameter
c) Follows the same motion on circumference
of the circle
d)Remains stationary at any time
164.When a particle in linear S.H.M. completes two
oscillations, its phase increases by
a) 2x radian b) 37 radian
) 4r radian d) 7 radian
165.A particle executing S. H. M. has velocities ‘v;’
and ‘v, at distance x;’ and ‘x,’ respectively
from mean position. The angular velocity (o)
of the particle is given by

2 2 2 2
a) X2 7Xq b) Vi —V3
V2 — v2 2 —x2

1 2 2 1

2 _ .2 2 _ 2

Q) Vi — V3 d) Vi — V3
X — x5 X§ — X3

166.Projection of U.C.M. on a diameter is
a)linear S.H.M. b)angular S.H.M.
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c) rotational motion  d)torsional motion
167.A pendulum clock that keeps correct time on
the earth is taken to the moon it will run (it is
given that gvoon = 8Earth/6)
a) At correct rate b) 6 time faster
c) /6 times faster d)/6 times slower
168.The maximum velocity of a particle in S.H.M. is
0.16 m/s and maximum acceleration is
0.64 m/s?. The amplitude is
a)4 x107%m b)4 x 10~ 'm
c)4x10m d)4 x 10°m
169. Time period of a pendulum on earth surface is
T;. It is arranged on earth surface at a height R
and thus its time period is T,. What is the ratio
of T; and T,,?
a) 0.8 b) 0.5 01 d) 0.2
170. A loaded vertical spring executes simple
harmonic oscillations with period of 4 s. The
difference between the kinetic energy and
potential energy of this system oscillates with
a period of
a)8s b)1s c)2s d)4s
171. A simple pendulum of length [ has a brass bob
attached at its lower end. Its period is T. 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 2T,
then new length is

4l
a) 2l b)4l O4lx  d)—
X

172.A particle executes S. H. M. starting from the
mean position. Its amplitude is ‘A’ and its
periodic time is ‘“T’. At a certain instant, its
speed ‘v’ is half that of maximum speed ‘v, .5’-
The displacement of the particle at that instant
is

A V3A
2) V2 b)T
V2A A

2 3 d)\/§

173. A particle is performing SHM given by equation

dtZ >+ 9x = 0, then time period is

1
a)2m b)gn
2
=1 d)4n

3
174.A particle executing simple harmonic motion

of amplitude 5 cm has maximum speed of
31.4cms™ 1. The frequency of its oscillation is
a)3 Hz b)2 Hz

c)4 Hz d)1Hz
175. What is the velocity of the bob of a simple
pendulum at its mean position, if it is able to
rise to a vertical height of 10 cm? (g =
9.8 m/s?)
a)22m/s b)1.8m/s c¢) 1.4m/s d) 0.6 m/s
176.In damped S. H. M., the SI unit of damping
constant is

N k
a)— b)~>
S S
k N
)-8 d)—
m
177.A simple pendulum of length L is hanging from
arigid support on the ceiling of a stationary
train. If the train moves forward with an
acceleration a, then the time period of the

pendulum will be
a) 2m ’ 2 1 2)1/2 ’ 32)1/2
L
d)2m
(g+a) (8- a)

c)2m
178.By applying the same load, the ratio of the
period of vibration of spring of length ‘L’ and

that of length % is
a)3 b)+/3
1 1
d)=
) 3

c) 7
179. 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

a)g b)% V2T  d)2T

180. A large horizontal surface moves up and down
in S.H.M. with an amplitude of 1 cm. If a mass
of 10 kg (which is placed on the surface) is to
remain continually in contact with it, the
maximum frequency of S.H.M. will be
a)0.5Hz b)1.5Hz «¢)5Hz d) 10 Hz

181.Maximum kinetic energy of a particle
suspended from a spring in oscillating state is
5 joule and amplitude is 10 cm. The force
constant of the spring will be
a)100 N/m b)10 N/m
€) 1000 N/m d)500 N/m

182.A block of mass m attached to one end of the
vertical spring produces extension x. If the
block is pulled and released, the periodic time
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of oscillation is

a)Zn\/% b)Zn’\/%
2 a 2 a
c)2m 29 d)2m 7

183.The total energy of the body executing simple
harmonic motion is E. When the displacement
is half of the amplitude then the kinetic energy
is

a)E b)@
4 4
E E

C)E d)Z

184.Which of the following graphs correctly shows
variation between the restoring force |F| and
distance from the mean position (x) of a
particle performing linear S.H.M.?

1 i

|F| | F|
a) b)

1 i

| F| |F|
c) d)

185.The package on a platform is performing
vertical S.H.M. with a period of 0.5 sec. The
package can lose contact with the platform,
a) if a mass exceeds a certain limit
b)at the highest point of its motion
c) at the lowest point of its motion
d)at the middle point of its motion

186.A particle moves in S. H. M. such that its
acceleration is a = —px, where X’ is the
displacement of particle from equilibrium
position and ‘p’ is a constant. The period of
oscillation is

ZE bZ_T[
2) p )p

2m
c) ﬁ d)2m,/p

187.The condition for oscillations of the body is
a) inertial property
b)applied force
c) elastic property
d)inertial and elasticity property
188.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)Equalto T d) Cannot be compared
189. The total energy of a particle executing S.H.M.
is 80 J. What is the potential energy when the
particle is at a distance of 3/4 of amplitude
from the mean position?
a) 60] b) 10] c) 40] d) 45]
190.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
c) (angular frequency)? d) Restoring force
191. The potential energy of a particle with
displacement X is u (x). The motion is simple
harmonic, when( k is force constant)
a)uzg bu=kx’?)u=k d)u=kx
192.The variation of acceleration (a) and
displacement (x) of the particle executing
S.H.M. is indicated by which of the following
curves?

a a

b) «—F—X

a

SNVARRVAN

X

193. A mass is suspended from a spring having
spring constant ‘K’ is displaced vertically and
released, it oscillates with period “T". The
weight of the mass suspended is (g =
gravitational acceleration)

KTs b)&zg o X8 d) KT”g
4m? 42 2m2 2m2

194.A body attached to a spring oscillates in
horizontal plane with frequency ‘n’. Its total
energy is ‘E’. If the velocity in the mean

position is V, then the spring constant is

Em?n? 2Em?n?
a) > b) >
v v
8Em?n? 4Em?n?
) > d) >
v v

195. The phase change from right to left extreme
position is
a)m b)m/2 c)2m d)3m/2
196.The potential energy of a simple harmonic
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oscillator when the particle is half way to its c) proportionality between restoring force and

end point is displacement from equilibrium position in
1 1 . . .
a)=F b)=F opp.051.te direction '
4 d)periodic and harmonic
E l 199.Acceleration amplitude of a particle
¢)zE d)-E p p
3 8

performing S.H.M. is the product of

197.A mass ‘M’ is suspended from a spring of a) amplitude and velocity

negligible mass. The spring is pulled a little and
then released so that the mass executes S. H. M.
of period T. If the mass is increased by ‘m’, the

b)amplitude and acceleration
c) amplitude and square of angular velocity .
d)square of amplitude and angular velocity

. . 5T, .
time period becomes 3 What is the 200. A particle starts simple harmonic motion from

ratio (M)_? the mean position. Its amplitude is A and total
25 9 energy E. At one instant, its kinetic energy is

a) 9 b) 6 3E/4. Its displacement at that instant is
16 9 A A A A

) — d)— a)—= b)- c) d)—

) 9 ) 25 V2 2 3/2 NE]
198.The necessary and sufficient condition for
SHM.IS

a) constant period and inertial property
b) constant acceleration and elasticity property
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1 (g

A A . (2nT
—,= = Asin (—1)
2’2 T

Time to go from O to A is g.

. A T T _T
Timeto go from=-to A =-——=—
2 4 12 6

Thus,

and

T_T
1712

T, < T,
2 (b)
1
K.E.= Ek(A2 —x?)
As x = Asin(wt + a)

1
~KE.= Ek[A2 — A?sin?(wt + )]

= 1kA2 [(1 - sin?(wt + a)]

2
= %kA2 cos?(ot+a)  ...(0)
As cos? @ = 110528

2
1+ cos2(wt+ a)

2

cos?(wt+ a) =

=~ Eq. (i) becomes

1 1+ cos2(wt+ a)
K'E'zikA2< 2 )

-~ Kinetic energy of particle vary with frequency
two times of frequency of particle

=~ If frequency of particle is 10 then the kinetic
energy of the particle will vary with frequency 2 x
10 =20

(b)

Acceleration a = w?x

Vinax = Aw? = 0.1 X5=0.5m/s

(d)
Force increases linearly, i.e. F « —x
. FI B XI
F o x
F' A 4
S— ==X (——) =-2
F 2 A

I X,
ZF = —2F>—=-2
X

Potential energy, P. E. « x?

P.E/ <x'>2 (24
P.E. X

~ P.E/=4P.E.

Speed of particle is given by

V=wyAZ —x2 = voxAZ —x2
A

Atx = —,
4
2
vV X A2—<é) = 1—5A
4 16
-'-Atx=é,

2
x |A? (A)Z— 3A
v 2) T |2
.v’_ 3)< 15_ 4
Tv |4 16 |5

=~ Velocity atx = A/2 may be i\/%v
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Kinetic energy will be

KE' (v 4 _
KE (7) =5=08
~K.E'=08KE.
(b)
When particle starts from extreme position,
x=Acoswt ..(Q)

60
n=60r.p.m=— 50~ =1r.p.s.
w=2mn=2nX1=27
x=0.1cos(2m x 2) ..[From (i)]
=0.1cos4m=01m ..[+ cosd4m=1]

(b)

kinetic ener —1 2(A% — x2
gy = 5 mw”(A” —x7)

Total energy = Emu)zA2
_KE 5 A% —x?
"T.E. 9 A2

= 9x% = 4A%

. j— ZA

X = 3

(b)

At B, the velocity is maximum. Using conservation
of mechanical energy,

AP.E.= AK.E.
1
-~ mgH = Emv2 =v=,/2gH
(b)
F f= d
requency f=——
7 rad
cw=2nf=2nX—=7—
21 S

The standard differential equation of S. H. M. is

W+w x=0

Putting the value of w we get

XZ
F +49x =0
(d)
man?a man?a
As, F; = T and F, = T

Net force, F = F; + F, = 4w%ma (T + %)
1 2

4m’ma 1 1

=4 ma( +—2)

T2 T2 T?
1 1 1
OI'—2=—2+—2
T TZ T

10

11

12

13

14

T2T?

= T? =
T + T3
(a)
TcosB =mg
T = me?] = 08 ~50x1073x 10
T Ehe " cosB® 0.5 B

()

m; m; +m,
T, =2n ’T’TZ =27 ;T
T,  |my+my
- T, B k

2
Ty m;+my

) T_12 B my
. Ty — T¢ _my
- T12 B my
(a)
U = k|x|®
. a _d(P.E.) _ 2 .
~F= & = 3k|x| (1)
Also, for S.H.M., x = asin wt and
d2
ﬁ + (,L) x=0
. dZX 2

Acceleration, a = qz = T0X = F =ma

d?x ..
=m = —mw?x  ..(ii)

From equation (i) and (ii) we get, w = 3kX

_2m —y ,
“w T 3k(Asmu)t)

T o« —
\/K
(<)
Potential energy = %ma)zy2 = % X %mwza2
L@
= y=+4-
Y=+
2
a
2 —
"
y=*3
(b)
U=ke?but T = kx
2 2
So energy stored = %(ki) ;Tk
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15

16

17

18

(d)

Maximum speed V = Aw

Where A is the amplitude and w angular
frequency

Total distance B 4A

Averate speed v, = Total 6 =T
otal time

2T
where T = o = Period of S. H. M.

_4Aw  2Aw 2V

SV = =
A 2T T T

(b)
Tension in the string is maximum when the bob
passes through the mean position.

mV?
L

Tmax = Mg + - (1)

In S. H. M. velocity at the mean position is given
by V = aw

For simple pendulum

L
T=2m |-
g

) _211_ g
TOTTTL

.'.V=a\/% orV2=a2%

Putting this value of V2 in Eq. (1) we get

Tonax = Mg [1 + (%)2]

(b)

F = —kx = ma = —kx
X (— E) = constant
)~

(b)

Acceleration due to gravity,

GM Gx3mR%p 4
9=g =gz —3"erk

org xR

For pendulum clock, g will increase on the plane,
so time period will decrease. But for spring clock,
it will not change. Hence, P will run faster than S.

20

21

23

24

()
m = 12kg, T = 2 sec,m? = 10

T=2 /m
2=2 /m
oo = 4Tt K

[y
[

=
=| 8

—_
Il
:LJ

=| 8

~K=mm=10x12

N
=120 o (force constant of the combination)

The two springs are in parallel. Hence force

constant of each will be % =60 N/m

(b)
T 2m ZA =4
=—s,ZA =4 cm
V3
~A=2cm=2x10"%m
Acceleration,
a= wx

Velocity, v = w+/ A% — x?
5 w2X = wy/AZ — x2
A2 — x2

wX =

w2x? = A? — x2

2m
~3x2 =A% —x2 ( w=?=\/§)
. 4x% = A?
A
c=§=—=1cm
(d)

In S.H.M,, at mean position, velocity is maximum
Sov = Aw (maximum)

(b)

Here, amplitude of particle,

A=25cm
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25

26

28

and time period, T = 3's

If the particle at t = 0 s is at mean position, its
displacement equation will be

x = Asin wt

2wt

. . 2T 2T
ie.x =25 sin—- )

(-.-w:ZmJ:—:—

T 3
If it takes time t; to move a distance x = 125 cm
to one side of its mean position, then

. 2mty
125 = 25sin

21ty
3

1 .
or —=-sIn
2

. T . 2Tty
or sin— = sin
6 3

. T 2mty
s

w

e

3t1:

The same will be the time to move 12.5 cm to the
other side of its mean position, therefore total
time

t =t1+t2

L 412
T=2n|-T?=—1
g g

i,eT? < L, y=mx
(b)
For simple pendulum, the restoring force is given
by
X
F = —mgsin0 = —ng

Comparing with the equation F = —kx
tk =8
we getk = —

The potential energy at extreme position is given
by

1 ., 1mgA?
P. E. - E kA - E L
()
With mass m, alone, the extension of the spring [
is given by,
m,g =kl ..(i)

With mass (m; + m;), the extension !’ is given by,

29

32

33

35

37

(my + my)g =kI' =kl +AD) ..(iD)

The increase in extension is Al which is the
amplitude of vibration. Subtracting equation (i)
from equation (ii), we get,

m
m1g=kAl:Al=%g
(a)

v =Ymax - (Given)

2
X = asinwt
&~ Vv =awcoswtand vy, = aw

_ ‘= aw
~awcoswt=—
t ! t
=—s>wt==
coswt=5= wt =2
. m_+3a
~ X = asin 3=
(9
" & = Vipaxy = Aw and Gy = Aw? =
a? _ A%w?
F T Aw?
2a?
-~ Path length = v
(b)
a=-kx
d’x _ k
a2~ m”
given equation is
d’x  —16x
dt2  m
k
L —=16,
m
m=2 gm
k=16 m =32dyne/cm
(d)
_ & 4 X T X ( t+ 1T)
VT T X cos(mt+ 7
i g
= 4m cos (41'[ + §) = 4mcos (§)
1
= 41‘[XE= 2mcm/s
(b)

Given, amplitude of SHM = a
Frequency of oscillation = n
Distance travelled in one oscillation,

= 4 X Amplitude of SHM
=4a

We know that,
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38

39

40

41

distance travelled in one oscillation

locity =
velodty time period
4a
YTT

1
v =4an ( frequency, n = ?>

(9

F; = Kix

F, = Kyx
F=(K; +Ky)x

‘T—Z\/ﬁ
~ Ty =2m K

m
TZZZH\/%

m
oo le = 4-']'[2 —

Ky
m
Tf = 4m? —
2 (s K,
m
T? = 4m? —nr-
K; + K,

1 K +K, K K,
"T2 4m?m 4m?m - 4m?m
1 1 T&+T2
BrAR TR
1 2 1°2
Tzzﬁ
TZ + T
T, T,

VTE +TF
(©)

The periodic time of a pendulum is given by

|
T=2mn |-
g

2T oVl

Hence to increase the periodic time, length has to
be increased. The periodic time is independent of
mass and amplitude.

()

Energy of oscillations is given by
E= EmoozA2 where w = 2mn

~ E o« n?A?
~n?A% = nA3 orn;A; = nyA,
LAy ny

=0 4A

A;

()

The potential energy at the extreme position is

42

43

44

46

48

given by
P.E.= ~KA?
. . 2

. mg
For simple pendulum K = T
1 mgA?
E.= -8
2 L

(9
Amplitude of resultant S.H.M.

R= \/Ai + A3 + 2A,A, c0os90°

Springs P and Q, R and S are in parallel

Then,x =k+k=2k ..[forP, Q]
andy =k+k=2k ..[forR, S]
x and y both in series

1 1.1 1

kK" x y k

=~ Time period T = 2n\/§ = Zﬁ\/%
(d)

Potential energy of particle, U = %m(uzy2

Potential energy of maximum particle, E =

2 mw?A?

2

According to given position, the potential energy,
E

U=-

2

1 1.1

or —mw?y? == x-mw?A?
2 272

= y? =

(b)
K.E. is maximum at mean position and P.E. is
minimum at mean position

()

mg = —kx

fk=
X
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49

50

51

52

53

X = Psinwt+Qsin(wt+g)

It can be considered as composition of two S. H. M.

of amplitudes P and Q having phase difference g

YR

~ Resultant amplitude R =

1 1
Total energy E = EmeRZ = mez(P2 +Q?)
(b)
Let the block be pushed through a small distance
x in the liquid. The volume of the liquid displaced
by it will be = A x and its weight will be A X pg.

The weight of the liquid displaced will be equal to
the up-thrust, which will provide the restoring
force.

F=—(Apg)x = —kx

where k = Apg

k
k=mw?orw = \F
m
/Ap
o f=
2‘]‘[ m

~focvVAorn « VA

(d)
In simple harmonic motion,
y = Asinwtand v = Aw cos wt. From these

2 V2 . .
equations, we obtain == Yy = 1, which is an

Az AZw?
equation of ellipse
(b)
x; = Asin(wt + ¢4),x, = Asin(wt + ¢,)

54

56

57

59

60

S X —Xp = A [2 sin (u)t
4 ¢, + ¢2> sin <¢1 - q)z)]

2 2
-'.A=2Asin(¢1 : ¢2>
1n(¢1+¢2)_1:>¢1+¢2_f
2 2 2 6
'”@:g:ﬂ%—d&:g
(d)

From graph, slope K = 5 = g — 4

T=2 ’m
0.01
~T=2m e =0.3s

(@

The angular frequency of spring is given by

w=\/£om/E
m

For equal maximum velocities, we have

Aiwq = Ayw,

1

A w k k2\2
01‘—1=—2= _2=(_2)2
Az w1 kq k4

(b)
_ _ 2T
V—aoo—aT

5 az V3 213 _\/_Tm
Vv=w |a 4—m2a—T2 =7
(9

Displacement equation, y = Asin wt — Bcos wt
Let A = acos 6 and B = asin 6
So, A + B? = a? > a = VA% + B2

Then, y = acos fsin wt — asin fcos wt =
asin(wt — @) which is the equation of simple
harmonic oscillator. The amplitude of the

oscillator, a = VA2 + B2,
(d)

The period of simple pendulum is given by
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63

64

65

66

67

|
T—ZR\/;

2T oVl

The period of oscillation will increase if length is
increased.

(@)

Given, x = (2 X 107%)cos mt

Here,a =2x107?2m =2 cm

At=0,x = 2 cm, i.e. the object is at positive
extreme, so to acquire maximum speed, i.e. to

e 1 : :

reach mean position, it takes " th of time period.
. . T 2

~ Required time = - ( where,w = ?” =m)

= T=2s

. . T 2
So, required time = i 05s

(b)
X = Asin wt
tt—T _A_2T[ T_A.n
a —12,X— SlnT.lz— SlI’l6
Axl_A
S = X == —
X 272
pEo izl (A)2_1 KA?
20 2 \2) 2] 4
A%\ 173
KE=-K(A?—-x*)=-K|A?—— | =-|- 2]
7 KT =x) 2< 4) 214
=3P.E
CPE 1
“K.E 3
(@)
Amax = WA
()
K.E.= P.E.
1mooz (A2 —x%) = 1m(ozx2
2 2
DA -2 =222 = A x=—
V2
~x=071A
()

69

70

If block moves by distance x, the pulley also
moves x and the spring is stretched by 2x.

The restoring force F = —4Kx
Comparing it with the equation
F=—-K'x

We get K’ = 4K

= T = 2m/M/K’ = 2m,/M/4K
()

T,=T
T, |4 1 1 _
2= 2= | === @)
T, I, .16 4

X1 = Asinw;tand X, = Bsin w,t

They are in phase after time t and phase
difference is 2m

St —wyt =27

%(1 — %) = ...[From (1)]
t 3 4
T Z =1=t= §T

(c)

The frequency of oscillation is given by

C_1 MpB 1 [MgB
T B P S g S

fPZZfQ
1 MB_ 1 |MgB
Tom I 2w I
Me_ Mg

b Ig
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Mo 1o
71 (a) LT
Force of friction = umg = mw?A 3 6
= m(2mn)?A 1
C2mN A _
72 (c) (given, T = 3s)
f =_ 8 clni, when the particle is at mean position, 76 (c)
u=Taaom Given,m = 64 g = 64 x 103 kg,
. r 1. 1_3 o ka =4N/m
\% f u 8 14 56 an kB =16 N/m
LV = 3= 19 cm The time period of oscillation of a spring,
When the particle is at one of the extreme T = zn\[%

positions its distance from the lensis 14 + 1 =

15 cm
o m 64 x 1073
“u=—15cm > T, =T, =2m E—Zn —

1 11 1 1 7

Agam,; =3 + L8 15" 120 = 2mV16 x 1073 (1)

.‘.V=@=17cm m 64 x 1073
7 and Ty =T, = 21 |— = 21 |———
kg 16

Amplitude of the image = 19 — 17 = 2 cm

=2nv4x 1073 ... (i)
73 (c)
The stone executes S.H.M. about centre of earth On dividing Eq. (i) by Eq. (ii), we get
with time period T = 27 \/E; where R = Radius of
7 T _ [16x107
earth T, T l4x103
74 (@)
The displacement of particle in SHM at any = T, = 2T,
instant,
. o Tty _ 2047 _ 3T 3 4.4
x = Asin wt T,-T, 2T,-T, T, 1
A _ 77 (d)
2 Asinwt Comparing with the standard equation
( . _ A) d?x )
given, x =2 W+w x=0
1 s 2 _
sinwt=5=sin— we get w” =«
T SN = \/a
> wt =—
6 2t 21
T = —= —
2n I ®  +a
ST 'T%
78 (d)
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80

81

82

84

At mean position f,o; = 0
=~ Applying conservation of momentum
m;v; = (Mg + m;)v,

m;w;A; = (Mg + my)wyA,

k
But wq = m—
1

W2 = m1+m2 2

: kA = (m; + m,) K A
< 1My m, 1 = (Mg T My m, +m, 2
Ay |mp+m,

Az_ my

(d)

JE1 +E; =+E

(a)

F=—-kx

~ dW = Fdx = —kxdx

w X
f dW=f —kx dx
a 0

W= U= ol
o = ——EX
()

If t is the time to reach the ground then

1
h = = gt?
78t

Same time will be taken to bounce back to height
h.

’Zh
~ Period of oscillation T = 2t = 2 E

. o 1 17g
requency f=z =2 |-
(0
Comparing given equations with standard from,
A1 = 10 andA2 = 25

85

86

87

89

90

A 10 2
“A, 25 5
(b)

Linear momentum will be maximum, if velocity of
bob is maximum .

InSHMVmax=wA

E=-mw?A?

2
2E
_:(UZAZ = Vzmax
m

,25
~Vmax = |[—
m

Linear momentum Puax =mViax

’ZE
=m E = V2mE

(a)

The coil will leave contact when it is at the highest
point and for that condition

Maximum acceleration = Acceleration due to

gravity

g
wA=go>A=—

(a)
lo(1+ aAB) lo a
T=2n |[—=2n |—(1+=A6)&T,
N j;( 740) 4T
1
=2m |2
g

T=T, (1+%A6)

9 x 10‘7>< 10
2

T—Ty = 2.25x 107° sec

~T=0.5 (1 +

(a)
V = wy A% — x2 =\/§.JA2 —x2

N
k= loa,m =10kg, A=0.5m

cm m
V=40—=04—
S S

Substituting the values and solving we getx =
0.3m

(@)
ol
m=5g=5><10‘3kg,A=0.3m,T=§s
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_2m 10 rad x2
w = T = S s~ P = EE
Maximum force F = mw?A 4 x2 16
=5x1073 x (10)2 x 0.3 whenx = <A, 5 =-¢
=0.15N
P = EE
91 25
kineti K=E—-P=E 16E—gE
inetic energy K = 5T R
96 (b)
92 . 3T
I. The force will be zero att = - (when the
particle is at mean position)
X T
\ 2
0 i i t
n U T
4 4
T sin @ = mL sin 0w?
— 2
324=05x05xw II. The acceleration will be maximum at extreme
2 — & position (for=T).
0.5x0.5
324 III. Velocity will be maximum at mean position,
L= [— T
05x 05 (e=7).
18 r
W= 05~ 36rad/s IV. At - PE will be maximum KE will be zero
93 (a)
ST _ TS 97 (b)
= — = —
4 T 4 Ik = lmv2
Here, the hanging mass performs S.H.M. 2 2
— 1 1
With T = 21‘[ and E><1()0><X2=§><16><42
M +
/ - 50x% = 128
~x=16m
,/ 99 (b)
With respect to the block, the springs are
E /M +m connected in parallel combination
4 -~ Combined stiffness k = k; + k,
"l k, +k
M 16 = [fatke
m 9 21 m
~OM =16m=> —=—
M=M~ 16 101 (a)
94 (a) The maximum velocity of body in SHM,
1
— T A2
Total energy E = > KA v = Aw
Potential energy P = 5 Kx2 where, A is amplitude of body and w is the
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102

103

104

105

angular frequency.

It is given that, the maximum velocities of bodies
are equal, i.e.

ky k,
Ay | = =4 |2
=

Ay ko

A (ke

(9

The kinetic energy of a particle executing SHM,
E= %mwza2 (where, a = amplitude of particle)

.o E_’ a” (%a)z ('-' a = Ea—) -~ E'
4

a2

= % E

(a)

Let T; and T, be the time period of shorter length
and longer length pendulums, respectively. As per
question, nT; = (n — 1)T,

So, n2m & (n— 1)211\/2:0
g g

orn=(n-1)V/40~ (n—1)6

Hence,
Sn==6
Hence, after 5 oscillations, they will be in same
phase,i.e k = 5.
(a)
Let y = sin wt — cos wt

dy .
. — = wcos wt + wsin wt

dt

a’y _ 2 2

andﬁ = —w*sin wt + w“cos wt
or a = —w?(sin wt — cos wt)
ora=—w?y
=>ax—y

Thus, it is a simple harmonic motion, this
condition does not satisfied with other functions.

(b)

T, =21 |——
1= en k + pAg
But T2=2n\/%

Hence, T; < T,

106 (a)

7o L
o —
vk
1 1 1

VK Jk/2 V2K
107 (b)
In series combination
1 1 1

ke 2K kg

= Tl:TZ:T3

1
1:\/5:5

2k,

108 (b)
Speed, v = wVA? — x?

Speed (v) ,
0A
-A A
Displacement (x)

= v? + wx? = w?A?
v x?

= ixZ + i 1 (on solving)

which is an ellipse.

109 (c)

Kinetic energy is maximum at mean position.
110 (b)

For a simple pendulum,

TxViorT? o [
1

1
tEoxw?ox—=Ex
© %12 l
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111

112

113

Hence energy will become two times if length is
halved

(a)
x = Psinwt + Q sin (wt+E)
2

= Psinwt + Q cos wt
LetP = Acos0

Q =Asinb

@ P2+ Q% = A2

=~ x = Asin(wt + 0)

1 1
Etotal = Emszz = Eme(PZ +Q%)

()

A, 1 A
PEatx = Zis-mw? x =
272 4

1,1
I ZAZ):
4(2"“"

Um ax

PE =
4

()

Given, the time period of particle A = T and the
time period of particle B = %.
Hence, the time difference, AT = %T —T = AT = g

The relation between phase difference and time
difference,

A ZﬂAT A 2 T A T
¢ T ¢ T 4 ¢ 2

114 (a)

115

l

T=2m |-

\/;
T_s_ |8 _|A_2
T (8 Jg+% 5 V5

(9

For second’s pendulum period is 2 s

e

. _s lh or = s gs (R + h)z
g g I gn R
JIs _R+h h

WX =14
N

118

119

121

122

Vs
Ih

| =
==

7

g M
Ry

(a)

From figure,
T=0.04 ==~
(9

In SHM, total energy = potential energy + kinetic
energy

=25Hz

Or

1
E =U+K=§mw2x2+

1 1
= ETTLG)ZAZ = EkAz

where, k = force constant = mw?
Thus, total energy depends upon k and A.

(d)

Kinetic ener —l 2(A%2 —x?
gy = 5 mw” (A" —x%)

A 1 3 3
Atx = > K.E.= Emmz (ZAZ) = gmoozA2
3 <2n)2 g2 3 4T, 3 mmA?
—8™\T —g™ T2 2 T2
(a)

When restoring force will become equal to the
frictional force, block will start to slip.

= Restoring force = Friction force

= kA = umg - ()
Frequency,

1 /Mg
/= 21 |m m T o

[from Eq. (i)]

124 (c)
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126

127

27 A%2 +3A 2m
v=w/(A? —x2)=— [A>——=—X—
T 4 2 T
_\/§T[A
T
(b)

Potential energy of a particle executing simple

harmonic motion also periodic with period T/2.
So, potential energy is zero at the mean position
and maximum at the extreme displacements. Let

the amplitude of SHM be A.

Now, potential energy of SHM = %kxz. Here, x =

1, A? .
1,4_3
2 4 8

Kinetic energy, K = %kA2 — kA?
(i)

On dividing Eq. (ii) by Eq. (i), we get

K 3 8 3/1
—_— ==X —-—=
U 8 1 /
(a)
PE at a displacement x,
1
E; = s kx?
155 X
_ 2E;
=k
2E;
> x= |—
=k
and
= E2 = kyz
2E,
k
and

= Putting the values from Egs. (i) and (ii) in Eq.

(iii), we get

251+ 2E, |2E
k kK |k

JVE1 +E, =VE

2

130

131

(©
If k is the spring constant of one spring, then
theeffective spring constant is2k. Because in this

case, they act as parallel springs and v = i \/Z;R
. (1)

When one of the spring is removed, the effective
spring

: 1 [k y
constantis k and v’ = E\E ..(ii)

On dividing Eq.(ii) by Eq. (i), we get

v’_ kxm_l
S m T2k 2
=> v v
v =—
N
(d)

Kinetic energy of a particle performing S. H. M. is
given by

1
k=§mooz(A2 —x?2)
h —2A
when x = 24,

1 4
k = Emmz (AZ - §A2)

1
— ZAZX_
2 e 9

If the velocity is tripled, its kinetic energy will
become 9 times.

The new kinetic energy will be

1 4 1 5
kI:_ 2(A2__A2>:_ ZAZX_

If the velocity is tripled, its kinetic energy will
become 9 times.

The new kinetic energy will be

1
k' = EmoozA2 x5

1 2 \?
The potential energy p = > mw? (§ A)
1 4
= E mu)ZAZ . 6
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If A" is the new amplitude then the total energy e 100 oscillations in 200 s

is given by 140 (c)
1 Potential energy is given by U = %kx2 The
12
E= Em‘”ZA corresponding graph is shown in figure.
Also,E =P + Kk’ Energy
U, = 5 kX22 A ol == kx1
1 ., 1 4 1 | _ energy(E) |2
-'.Emsz’ zzmsz §+2mco2A2 5
4 :
2
AT = (— + 5) A ¥
9 "
.-.A’:ZA X='X1 x=0 X =Xj
3

At equilibrium position (x = 0), potential ener
132 (b) q p ( ), P gy

The frequency of oscillation of spring mass
system is given by

is minimum. At extreme positions x; and x,, its
potential energies are

1 2 1 2
1 k Ul = Ekxl and UZ = Ekxz

f=5Jn - (1)
143 (a)
At the highest point the particle will come to rest
momentarily, hence it is at extreme position and
has maximum force and acceleration. Since the
f f VZ [from Eq. (i)] spring is un-stretched, the restoring force to
m 2m

provide by the weight of the particle.

For the given arrangement, k' = k; + k, = k +
= 2k Hence, frequency of oscillation,

134 (b) ~ mAw? =mgorAn? =g
Torque acting on the bob = la = —(mg) Isin 6 g
WA =—
o2

or (m;1*)a = —(myg)10
w=2nf=2ntx5=10n

(> sinf = 0)
m,g A= 10 = L
or a = —( Y )9 = —w?%f 7T 100m2 T 10m2
m;l
1
mygr 2m m;l Vimax = Aw = 1oz 10m = T
where, w2 = 27— =" =277 | =
ml o M99 144 (a)
Periodic time of a pendulum is given by
136 (d)
Acceleration « — displacement and acceleration is :
always directed towards the equilibrium position T=2m |-
137 (d) &
Maximum acceleration, ap, ., = w2A AT 1 Al
Amplitude remaining constant, a,,y X ®w? T
@max)1 _ (@1)2 _ (100\* 1y
= (o) = (7ow) = (%) A= 1.0
=~ Ratio of max. acceleration = # » .
138 (a) —=0A0=12%x10""X5=6x%x10

Period of seconds pendulum is 2 s. It will perform
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ar_1 6x107°=3x10"°
S—==X0X = X
T 2

This is the time lost per second.

Hence time lost in a day (86400 s) is= 86400 X
3x107°=26s

146 (d)
K.E. at mean position

1 1
= Emwz(A2 -0)= EmoozA2

A 1 INCEE
PEatx=2= Emwz (5) = -—mw?A?

= The required ratio

)
= =4:1
(— meAZ)
8
147 (b)
I, = 44% of I, = I, = 1.441
TxVI= T, «/l; and Tp\/I,
TZ l2 TZ
o |25 2 144=12
% change in 2 x 100 = (*2=2) x 100 =
1
20%
148 (b)

Kinetic energy is maximum at the mean position
and potential energy is maximum at the extreme
positions on either side,

The distance between mean and extreme
positions is A.

149 (b)
P1 - _kyz
2P
WX — Tl (D)
1
P, == 2
2P.
LV = Tz ... (ii)

Putting values of x and y from egs. (i) and (ii) in
Eq. (iii)

2P, [2P,  [2P
/T+ /T‘ /k
~ P+ /P, =P

151 (a)
Velocity, v = rwcos wt

0.4 2m 2m ) 2 1
2> 04=rx—x — 2 =T X—X—

1616 T 16"

04x16xV2 3.2¢2
orr= = =1.44m
21
152 (a)
Linear S.H.M and its equation

153 (b)

1
P= Ek(xl + X2)2

1
= Ek(xf + X3 + 2%;X5)

i D 42 K K
T TR A

= Pl + P2 + 2P1P2

155 (b)
Consider the figure shown below

The string possess maximum tension when bob is
at mean position of oscillation, i.e. at position R.

From geometry, OP = V12 — A?
Also, RP = 0OR — 0P =1—+1% — A?

The whole kinetic energy of bob at position R is
converted into its potential energy at position B.

: 1mvz =mg(l—ﬂ)

2
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156

157

158

v? =29 (1-V12 - 42)
Balancing forces at R,

mv?  2mg(I — V1% — A?)

~T=mg+2mg|1-—

2
Using approximation, V1 —x2 =1 — x? forx « 1,

we get

AZ
T=mg+2mg[1—<1—ﬁ>]

AZ
=mg+mg(T)

G

(9
The tension in the string is maximum when the
bob passes through the mean position.

mv?
TmaX =mg + T (1)

In S. H. M. velocity at the mean position is given
by V = Aw

L
For simple pendulum T = 211\/;

AZ
.'-V=A\/%orV2=Tg

Putting this value of V2 in eq. (1):

AZ
Thax = mg [1 + = Iz
(d)
172p-2
=£=M L*T _ MLPT?
e MOLOTO
(a)
K.E.=P.E L 1kx2
= == —
2™ =3

1 1
s~ —mw? (A% —x2) = Emoozx

~ Resultant amplitude R =

. %.|. ,
m ﬁ
8

2

2
-'-AZ—XZZXZ
2 A2 X 1
Xl =——=—
TT2TAT

159 (c)
y1 = 10sin wt

~ Amplitude of y; = 10

This can be considered as combination of two S.
H. M. of amplitudes 10 and 5 with a phase
difference ofg.

V(10)2 + (5)2
125 = 55

10
~ Rate of the two amplitudes = — = /2

5v2

161 (c)

4m® 3 x4 x (3.14)?
"T2 T (2x3.14)

164 (c)
Phase change = 2 X 2 = 4m radian
165 (c)

Vi =W ’(A2
v, = w [(AZ —x3);

= vi = 0 (A% —x{)
s vi = (A% —x{)

v3 = v = w2 —x3)

o = Vi —V3
W= 2
X1 — X3

167 (d)

ge/ 1
V6

\/_T = clock becomes slower

168 (a)
Vmax = Aw and a4 = Aw

2
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Camax A 0.64

T Vax  Aw 0.16

2016 =AX4=>A=0.04m=4%10"%m
169 (b)

, GM
On earth’s surface, g = —

= o =4rad/s

R?

- __GM__GM _1 oM
..AtahelghtR,gR—(RJrR)Z—4R2—4.RZ
) 1
~ 8R —4g
NowToc :>T1 ande \/ﬁ

,.ffos

1
K.E.= Emsz2 cos? wt,

1
P.E.= EmeAZ’ sin? wt

K.E.—P.E.=

1
= Emszz. cos 2wt

~ Angular frequency = 2w
2n m wXT

,‘.T’:—:—: :2
20 ® 2T s
(b)

T « /1. Time period depends only on effective
length. Density has no effect on time period. If
length is made 4 times, then time period becomes
2 times

(b)

Speed of the particle V= wVA? — x?

170 (

1
EmoozA2 [cos? wt — sin? wt]

171

172

Maximum speed of the particle V,,, = Aw

Ifu=A7w=oo\/A2 =[x
— /A2 — x2

N>

173 (c)

. X
Given,— = —9x

" dt2

T iod = 2r 2m 2
- Time period = —=—-=-m
174 (d)
Given, A = 5 cmand v,,,, = 31.4cms™!
> Aw =314
=
314
= = —
5
) 314
= = —4
v z
314 1H
= = =
YV T2x314x5
175 (c)

h=10cm=10x%x10"?m = 0.1m
According to the principle of conservation of

energy,%mv2 = mgh

orv=,/2gh=v2%x9.8x0.1=14m/s

176 (b)
F=—-bv
F kgm/s? kg
R b == — = —
\ m/s S
177 (a)
gV
g
L
g"
Leta” = (g2 + a?)V/?
T =2 —L
s L= LAm (gz + 32)1/2
178 (b)

When the length of the spring is reduced from L

L. . .
to 5, its spring constant increases from k to 3k.

m
Period T = ZR\E

3k/k = V3

.'.T—Z =

(b)

1o

Also, spring constant (K) «

179

1

Lenght (1)

When the spring is half in length, then K becomes
twice
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m T’ 1 T K =
T =21t |—m>>—=—>T =— w \/E
2K T 2 V2
180 (c) L
For body to remain in constant a4 = g w \/E
w?A=g=4n’n’A=g
,_ 8 10 188 (a)
= AT A = 4 x (3.14)% x 0.01 =25 Inside the mine, g decreases
~n=>5Hz Hence from T = Zn\/z, we conclude that T
181 (c) &
A=10x10"2m=10"'m increases
1, 1 189 (d)
K.E =— A = -KkA 2
max = 5 MO 2 x=3A=5=2 )
1
— -1y2 1 272 2
5= xkx (107 STE MO A 16 ieom ()]
10 P.E. Ern(_l)zxz x2 9
: =k=k=1000N/m 80 16
1072 n——=—=P.E=45]
182 (d) P.E. 9
For vertical spring, the periodic time of 190 (c) p
oscillation, a=-—w’x> |;| = w?
. F 191 (b) .
=21 [—
k P.E.= EMwZX2
As, restoring force, |F| = kx ~ P.E.x X* = KX?
193 (b)
F _mg
= k= _4 m
T =2mn |—
n e
o KT?
oy P S
; ~ weight = mg
KT2 B Kng
183 (a) T4 “ 8T
Total B 1 22 194 (c)
otal energy E = S mw V = Aw = A x 21t
Atx = A Potential energy E; = 1m(x)ZA2 A= v
2’ iy 4% A= o
1 A2
=gmet 1oz _1 v
Total energy E = EkA = Ek X YT
1, 1
=Z<Emw X ):ZE 8Em2n2
~ k=
VZ
K.E.= E E = 3 E
TP TRy 196 (a)
Potential energy of a simple harmonic oscillator,
184 (a)
AsF = —kx = |F| « x U 1 -
= -Mmw
186 (c) MY
Given a = —px
P When the particle is half way to its end point, i.e.
We have standard equation a = —w?x at half of its amplitude, then y = g.
fw?=p Hence, potential energy,

Page]35



25M_M+m
"9k k

25

Dividing b M25—1+rrl
ividing by M, o = M

m 25 16

"M 9 9

200 (b)

N
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