DCAM classes

Dynamic Classes for Academic Mastery

14.0SCILLATIONS

Single Correct Answer Type

A spring balance has a scale that can read from 0 to 50 kg. The length of the scale is 20 cm. A body
suspended from this balance when displaced and released oscillates harmonically with a time period of 0.6
s. The mass of the body is (take d = 10 m/s?)

a) 10 kg b) 25 kg c) 18kg d) 22.8 kg

Two particles P and Q describe SHM of same amplitude a and frequency v along the same straight line.
The maximum distance between the two particles is vV2a. The initial phase difference between them is

a) Zero b) /2 c) /6 d) /3

A particle of mass m moving along the x-axis has a potential energy U(x) = a + bx? where a and b are
positive constants. It will execute simple harmonic motion with a frequency determined by the value of
a) b alone b) b and a alone c) b and m alone d) b,a and m alone

The time taken by a particle executing simple harmonic motion to pass from point A to B where its
velocities are same, is 2 s. After another 2 s, it returns to (b). The time period of oscillation is

a)2s b)4s c) 6s d) 8s

A block is resting on a piston which executes simple harmonic motion in vertical plain with a period of 2.0
s in vertical plane at an amplitude just sufficient for the block to separate from the piston. The maximum
velocity of the piston is

5 10 T 20
a) — b) — c) -m/s d)—
)~ m/s ) —m/s ) 5m/ ) —m/s
A point mass is subjected to two simultaneous sinusoidal displacements in x-direction, x; (t) = A sin wt
and x,(t) = Asin (a)t + %n) . Adding a third sinusoidal displacement x3(t) = B sin(wt + ¢) brings the

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

3 4 RY/4 T
— b) A, — — d) Az
a) V24, ) A~ ¢) V34,— ) A3

A particle executing SHM has velocities u and v and accelerations a and b in two of its positions. Find the
distance between these two positions
b) c) d)

a)

a+b a—b>b a+b a—>b
Two masses m; and m, are suspended together by a massless spring of constant k. When the masses are
in equilibrium, m, is removes without disturbing the system; the amplitude of vibration is:

u? — p? vZ —y? v2 4+ u? 2 —y?

m

(my + my)g (my; —my)g

a) mig/k b) mag/k c) " d) "

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?
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10.

11.

12.

13.

14.

15.

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 particle, free to move along the x-axis, has potential energy given by U(,) = K[1 — exp(—x?) for
—o0 < x < +« where k is a positive constant of appropriate dimensions. Then

a) For small displacement from x = 0, the motion is simple harmonic

b) If its total mechanical energy is k/2, it has its minimum kinetic energy at the origin

c) For any finite non-zero value of x, there is a force directed away from the origin

d) At points away from the origin, the particle is in unstable equilibrium

A particle is performing SHM according to the equation x = (3 cm) sin G—: + %) where t is in second. The

distance travelled by the particle in 39 s is

a) 24 cm b) 1.5 cm c) 25.5cm d) None of these

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
A particle performs simple harmonic motion with amplitude 4 and time period T. The mean velocity of the

particle over the time interval during which it travels a distance of A/2 starting from executing position is
A 24 34 A
a) = b) — c) — d) —
) T ) T ) T ) 2T
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
- h —>

A

a)T =2n (lg—:) b)T=2n@ C)T=2n/(%) d) T = 2nvVMPhA

A thin uniform rod of mass 1kg and length 12 cm is suspended by a wire that passes through its centre and
is perpendicular to its length. The wire is twisted and the rod is set oscillating. Time period of oscillation is
found to be 3 s. when a flat triangular plate is suspended in same way through its centre of mass, the time
period is found to be 6 s. The moment of inertia of the triangular plate about this axis is
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17.

18.

19.

20.

21.

22.

23.

a) 0.12kg-m? b) 0.24 kg-m?

c) 0.48 kg-m? d) Information insufficient

The potential energy of a particle of mass 1 kg in motion along the x-axis is given by: U = 4(1 — cos 2x),
where x is in metres. The period of small oscillation (in seconds) is

a) 2 b) c) m/2 d)2n

A block of mass 1 kg hangs without vibrating at the end of a spring whose force constant is 200 N/m and
which is attached to the ceiling of an elevator. The elevator is rising with an upward acceleration of g/3
when the acceleration suddenly ceases. The angular frequency of the block after the acceleration cases is
a) 13 rad/s b) 14 rad/s c) 15rad/s d) None of these

A simple harmonic motion along the x-axis has the following properties: amplitude = 0.5 m, the time to go
from one extreme position to other is 2 sand x = 0.3 m att = 0.5 s. The general equation of the simple
harmonic motion is

a) x = (0.5 m) sin (%t + 8°> b) x = (0.5 m) sin (%t - 8°)
c) x = (0.5 m) cos (%t + 8°) d) x = (0.5 m) cos (n?t - 8°)

A horizontal spring-block system of mass 2 kg executes SHM. When the block is passing through its
equilibrium position, an object of mass 1 kg is put it and the two move together. The new amplitude of
vibration is (4 being its initial amplitude)

2 3 A
a) \/;A b)\/;A ) V24 d)ﬁ

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
—

+0

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

A particle executing SHM of amplitude ‘a’ has a displacement a/2 at t = T /4 and a negative velocity. The
epoch of the particle is

T 2 5t
a) o b) — arm d) —
A physical pendulum is positioned so that its centre of gravity is above the suspension point. When the a

pendulum is released it passes the point of stable equilibrium with an angular velocity w. The period of

small oscillations of the pendulum is

4 2T T T
a) . b) - ) > d) o

A particle of mass m is present in a region where the potential energy of the particle depends on the x-
coordinate according to the expression U = x% — g, where a and b are positive constants. The particle will
perform

a) Oscillatory motion but not simple harmonic motion about its mean position for small displacements

. . . . . . 8a? . i, .
b) Simple harmonic motion with time period 27 ’% about its mean position for small displacements

c) Neither simple harmonic motion nor oscillatory about its mean position for small displacements
d) None of the above

24. A mass m is suspended from a spring of force constant k and just touches another identical spring fixed to
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25.

26.

27.

28.

29.

30.

the floor as shown in the figure. The time period of small oscillations is

yon [ onfienlly  on g B

A block of mass m is suspended from the ceiling of an elevator (at rest) through a light spring of spring
constant k. Suddenly, the elevator starts falling down with acceleration g. Then

a) The block executes simple harmonic motion with time period 271\/%

b) The block executes simple harmonic motion with amplitude %

c) The block executes simple harmonic motion about its mean position and the mean position is the
position when the spring acquires its natural length

d) All of the above

The string of a simple pendulum is replaced by a uniform rod of length L and mass M while the bob has a

mass m. It is allowed to make small oscillations. Its time period is

2M ) L

a) 2w ( 2

3m
2(M + 3m)L

b
) 2m 3(M + 2m)g

H

M+m>L

M+3m/g

2m+M \L
d) 2 (—) -
3(M+2m)/ g

Two particles move parallel to the x-axis about the origin with same amplitude ‘a’ and frequency w. At a

certain instant they are found at a distance a/3 from the origin on opposite sides but their velocities are in
the same direction. What is the phase difference between the two?

c) 2w (

7 5 4
a) cos~t 5 b) cos™? 5 c) cos™?! 5 d) cos™? 5
A particle performs SHM of amplitude A along a straight line. When it is at a distance v/3/2 A from mean
position, its kinetic energy gets increased by an amount 1/2mw?A? due to an impulsive force. Then its

new amplitude becomes

a)?A b)?,q c) V24 d) V54

The following figure shows the displacement versus time graph for two particles A and B executing simple
harmonic motions. The ratio of their maximum velocities is

AY

61802224 1(s)

a) 3:1 b) 1:3 c) 1:9 d) 9:1
In problem 9, the maximum displacement and acceleration of the particle are respectively:
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32.

33.

34.

35.

10 5 5n 5t 5 RY/4
_ 2 b) 2 o 2 - o 2 a2 i 2
a) - m and 57 m/s )nmand c m/s ) - m and > m/s )nm and 2 m/s

One end and a spring of force constant K is fixed to a vertical cal wall and the other to a body of mass m
resting on a smooth horizontal surface. There is another wall at a distance x; from the s body. The spring
is then compressed by 3x, and released. The time taken to strick the wall from the instant of release is
(given sin~1(1/3) = (/9)

m

K X
WA fe——]

|
2 11
a)f/ﬁ b)_”/ﬁ C)E’E d)_n m
6\VK 3NVK 4N K 9 K

A block of mass ‘m’ is suspended from a spring and executes vertical SHM of time period T as shown in
figure. The amplitude to the SHM is A and spring is never in compressed state during the oscillation. The
magnitude of minimum force exerted by spring on the block is

472 b 472 2 d 2
a) mg -~ mA )mg+WmA c) mg — 7 mA )mg+ﬁmA
A uniform stick of mass M and length L is pivoted at its centre. Its ends are tied to two springs each of
force constant K. In the position shown in figure, the strings are in their natural length. When the string is

displaced through a small angle 8 and released, the stick

E

T

i Pivot

M

\

gbm\nnmm

a) Executes non-periodic motion
b) Executes periodic motion which is not simple harmonic

c) Executes SHM of frequencyi\/%

d) Executes SHM of frequencyi %

A particle of mass m is executing oscillations about the origin on the x-axis. Its potential energy is
U(x) = k[x]3, where k is a positive constant. If the amplitude of oscillation is a, then its time period T is

a) Proportional to %a b) Independent to a c) Proportional to va d) Proportional to a®/?

A block ‘A’ of mass m is placed on a smooth horizontal platform P and between two elastic massless spring
Siand S, fixed horizontally to two fixed vertical walls. The elastic constants of the two springs are equal to
k and the equilibrium distance between the two springs both in relaxed states is d. The block is given a
velocity vy initially towards one of the springs and it then oscillations and minimum separation d,, of the
springs will be

buwdonds T shunio

Vo

k — k
s ] S

d m
a)T=2<;+n E),dmzd

d ,m m
b)T=2<;+2T[ E),dm=d—vz

Page]|5
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37.

38.

39.

40.

41.

d m m
C)T:2 ;+27Tz,dm:d—21}?
d)TzZn\/%,dmzd

While a particle executes linear simple harmonic motion

a) Its linear velocity and acceleration pass through their maximum and minimum values once in each
oscillation

b) Its linear velocity and acceleration pass through their maximum and minimum values twice in each
oscillation

c) Its linear velocity and acceleration pass through their maximum and minimum values four times in each

oscillation
d) Its linear velocity and acceleration always attain their peak values simultaneously
A particle performing simple harmonic motion having time period 3 s is in phase with another particle

which also undergoes simple harmonic motion at t = 0. The time period of second particle is T (less than 3

s). If they are again in the same phase for the third time after 45 s, then the value of T will be
a)2.8s b) 2.7 s c) 25s d) None of these
A body is performing simple harmonic motion with amplitude a and time period T. Variation of its
acceleration (f) with time (t) is shown in figure. If at time ¢, velocity of the body is v, which of the
following graphs is correct?

S
T/4 3T7/4

T/2 i
T

v \% A%

. Ir .
a) O‘T{“/\ b) J . ) OT\ - [ d
ZE R K o\

A soil cylinder of mass M and radius R is connected to a spring as shown in figure. The cylinder is placed
on a rough horizontal surface. All the parts except the cylinder shown in the figure are alight. If the

cylinder is displaced slightly from its mean position and released, so that it performs pure rolling back and
forth about its equilibrium position, determine the time period of oscillation?

I
™~

]

A

t

k |
n\mnz\\\m’

(DY

5 Iy b2 M 95 3 d) None of these
"% " |2k " K

A particle executes SHM with time period 8 s. Initially, it is at its mean position. The ratio of distance
travelled by it in the 1st second to that in the 2nd second is

a) v2:1 b)1:(vV2—1) A (V2+1):v2 d)(V2-1):1

A thin-walled tube of mass m and radius R has a rod of mass m and very small cross section soldered on
its inner surface. The side-view of the arrangement is as shown in the following figure

m

The entire arrangement is placed on a rough horizontal surface. The system is given a small angular
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42.

43.

44,

45.

46.

47.

displacement from its equilibrium position, as a result, the system performs oscillations. The time period
of resulting oscillations if the tube rolls without slipping is

4R 2R R d) None of these
a) 2w |— b) 2w |— c) 2w |—
g g g

A particle executed S.H.M. starting from its mean position at t = 0. If its velocity is V3bw, when w = 2m/T,

the time taken by the particle to move from b to the extreme position on the same side is
5t T T I8
a) — b) — c) — d)—
) 6w ) 3w ) 2w ) 4w
A wire is bent at an angle 8. A rod of mass m can slide along the bended wire without friction as shown in

figure. A soap film is maintained in the frame kept in a vertical position and the rod is in equilibrium as
shown in the figure. If rod is displaced slightly in vertical direction, then the time period of small
oscillation of the rod is

Rod of
mass m

l [cos@ l l
a) 271\/: b) 2x c) 2w d) 2m
g ’ g gcosf gtané

A metre stick swinging in vertical plane about a fixed horizontal axis passing through its one end
undergoes small oscillation of frequency f,. If the bottom half of the stick were cut off, then its new
frequency of small oscillation would become

a) fo b) v2f, <) 2fo d) 2v2f,

An object of mass 0.2 kg executes simple harmonic motion along the x-axis with a frequency of 25/m Hz. At
the position x = 0.04 m, the object has a kinetic energy of 0.5 ] and potential energy of 0.4 ]. The amplitude
of oscillation is

a) 0.05m b) 0.06 m c) 0.01m d) None of these

A particle is performing SHM with amplitude a and time period T. Its acceleration f varies with time as
shown in figure. If at time t, kinetic energy of the particle is K, which of the following graphs is correct?

fT 7
oL

T Tt
4 1

Y

L b LV - i L o d AA
Vorrrarors  Morrpara st 9Oz aarr 1 Y O[Trarr )
2 2 2 2 4 2 4 4 2 4

A certain simple harmonic vibrator of mass 0.1 kg has a total energy of 10 J. Its displacement from the
mean position is 1 cm when it has equal kinetic and potential energies. The amplitude A and frequency n
of vibration of the vibrator are

a)A=\/§cm,n=%Hz b)A=\/§cm,n=$Hz
1 500 1 1000
c)A—ﬁcm,n—THz d)A—Ecm,n—THZ
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54.

55.

56.

Two spring with negligible masses and force constants k; = 200N/m are attached to the block of mass
m = 10 kg as shown in the figure. Initially the block is at rest, at the equilibrium position in which both
springs are neither stretched nor compressed. At time ¢ = 0, sharp impulse of 50 Ns is given to the block
with a hammer along the spring

ky 3 k,
LHHHHNH m AN

Friclionléss
a) Period of oscillations for the mass mis /6 s
b) Maximum velocity of the mass m during its oscillation is 10 m/s
c) Data are insufficient to determine maximum velocity
d) Amplitude of oscillation is 0.83 m
The instantaneous displacement x of a particle executing simple harmonic motion is given by x =

a, sin wt + a, cos(wt + m/6). The amplitude A of oscillation is given by

T T

a) \/af+a%+2a1a2cos€ b) \/a%+a§+2a1azcos§
c) Ja2+a2—2a a, cos— d)Ja2+a2—2a a4, cos—
1ta; 102 COS & 1ta; 14z COS =

A block of mass 10 kg is in equilibrium as shown in figure. Initially the springs have same stretch. If the
block is displaced in vertical direction by a small amount, then the angular frequency of resulting motion is
(assume strings are never slack)

£ k, = 1000 N/m j i

k. = 1000 N/m

a) 10v2 b) 10v5 c) 5v2 d) 5v5

A spring is placed in vertical position by suspending it from a hook at its top. A similar hook on the bottom
of the spring is at 11 cm above a table top. A mass of 75 g and of negligible size is then suspended from the
bottom hook, which is measured to be 4.5 cm above the table top. The mass is then pulled down a distance
of 4 cm and released. Find the approximate position of the bottom hook after 5 s? Take g = 10 m/s 2 and
hook’s mass to be negligible

a) 5 cm above the table top b) 4.5 cm above the table top

¢) 9 cm above the table top d) 0.5 cm above the table top

A vertical spring carries a 5 kg body and is hanging in equilibrium, an additional force is applied so that the
spring is further stretched. When released from this position, it performs 50 complete oscillations in 25 s,
with an amplitude of 5 cm. The additional force applied is

a) 80N b) 802N c) 4m?N d) 4N

A mass m attached to a spring of spring constant k is stretched a distance x; from its equilibrium position
and released with no initial velocity. The maximum speed attained by mass in its subsequent motion and
the time at which this speed would be attained are, respectively,

k m k xom m k T [m k x m
a) |— — b) — 22— = ) |—x.— |— d) [—==° —
),Imxo'n\]k )Jm 2’2k ),}me'Z\Jk ),/m 2 'n\Jk

A particle performs simple harmonic motion about O with amplitude A and time period T. The magnitude
of its acceleration at t = T /8 s after the particle reaches the extreme position would be

) 4% A b) A2 A | 2m2A d) None of these

a c

V2T? T? \2T2

The K.E. and P.E. of a particle executing SHM with amplitude A will be equal when its displacement is:
a) AV2 b) A/2 <) A2 d) A\/2/3

A particle executing harmonic motion is having velocities v, and v, at distances is x; and x, from the
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58.

59.

60.

61.

62.

63.

equilibrium position. The amplitude of the motion is

2 2 242 _ 19242 2,2 _ 2,2 2,2 4 2.2
ViXy — VX by [PiXT T vaX 0 vicy — vyxg vixs + vyxg

_ - - d)
2 2 2 2 2 2

vi+v2

A thin uniform vertical rod of mass m and length [ pivoted at point O is shown in figure. The combined
stiffness to the springs is equal to k. The mass of the spring is negligible. The frequency of small oscillation
is

3k g ’3k 3g 3k 3g f?;k 2g
-~ .5 b) |=— 4+ 22 ¢ |[==4=22 d [—4+22
2m+l ) 2m+l ) m+2l ) m+3l

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

a) L |2k b L [k g L |6k q L |24k
2n | M 2w (M 2 | M 2| M
In problem 9, the acceleration of the particle is
5 2
a) 5\/gﬂm/sz b)%m/s2 c) 5\/gﬂm/sz d) 5v3m m/s?

A particle moves with a simple harmonic motion in a straight line. In the first second starting from rest it
travels a distance a and in the next second it travels a distance b in the same direction. The amplitude of
the motion is

2) 2a? 3a? 2a? 3a?

b) c) d)
A particle of mass m = 2 kg executes SHM in xy plane between points A and B under the action of force

3b—a 3a—>b 3a—>b 3b—a

F= Ei+ Fyf. Minimum time taken by the particle to move from A to B is 1 s. At t = 0 the particle is at

x = 2and y = 2. Then F,, as function of time t is

'4(2,2)

B
(-2,-2)

a) —4m?sinmt b) —4m? cos mt c) 4m? cosmt d) None of these
The potential energy of a particle executing SHM along the x-axis is given by U = U, — U, cos ax. What is
the period of oscillation

) ma b U 2 |m 02 m
a) T UO )27‘[ % C) a UO ) T aUO

The number of independent constituent simple harmonic motions yielding a resultant displacement
equation of the periodic motion as y = 8sin?(t/2) sin(10t) is
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65.

66.

67.

68.

69.

70.

71.

a) 8 b) 6 c) 4 d)3

A cork floating on the pond water executes a single harmonic motion, moving up and down over a range of
4 cm. The time period of the motion is 1 s. At t = 0, the cork is at its lowest position of oscillation, the
position and velocity of the cork at t = 10.5 s, would be

a) 2 cm above the mean position, 0 m/s b) 2 cm below the mean position, m/s

) 1 cm above the mean position, 2v/3m m/s up d) 1 cm below the mean position, 2v/3w m/s up

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?
a) a’T? + 4m?v? b) C;—T c) aT + 2nv d) g

A body of mass 100 g attached to a spring executes SHM of period 2 s and amplitude 10 cm. How long a
time is required for it to move from a point 5 cm below its equilibrium position to a point 5 cm above it,
when it makes simple harmonic vertical oscillations (take g=10 m/s?)?

a)0.6s b)1/3s c) 15s d)2.2s

A simple pendulum oscillates slightly above a large horizontal metal plate. The bob is given a charge. The
time period

a) Has no effect, whatever be the nature of charge

b) Always decreases, whatever be the nature of charge

c) Always increases, whatever be the nature of charge

d) A increases or decreases depending upon the nature of charge

Figure shows the variation of force acting on a particle of mass 400 g executing simple harmonic motion

the frequency of oscillation of the particle is
N) va

RS — 2.0

' 1.5+

1.0+

| | | I
20-15 -10 -5
-0.5
-1.0T
-1.57 !
2.0—-mmmmmmm Y

a) 4s71 b) (5/2m) st c) (1/8m) st d) (1/2m) st

The coefficient of friction between block of mass m and 2m is u = 2 tan 6. There is no friction between
block of mass 2m and inclined plane. The maximum amplitude of the two block system for which there is
no relative motion between both the blocks is

5 10 15 20 x (cm)

T

k mgsin 6 3 mgsin 6 d) None of these
a) gsing |— b) — o) 2
m

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

k1 P k2 i
kA k,A kA k,A
a)L b)L C); d);
k, kq ki +k, ki +k,

Two springs are made to oscillate simple harmonically due to the same mass individually. The time
periods obtained are T; and T5,. If both the springs are connected in series and then made to oscillate by
the same mass, the resulting time period will be
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73.

74.

75.

76.

F OfFeE e

A hallow sphere is filled with water. It is hung by a long thread to make it a simple pendulum. As the water
flows out of a hole at the bottom of the sphere, the frequency of oscillation will

a) Go on increasing b) Go on decreasing

c) Firstincreases and then decreases d) First decreases and then increases

A particle is performing SHM. Its kinetic energy K varies with time t as shown in the figure. Then

a)T, + T, b)

Period of oscillations of the particle is equal to T

0‘ T 2y 9 ‘ Tt

() (b)
b) Excess potential energy U of the particle varies with time t as shown in figure (a)
c) Excess potential energy U of the particle varies with time t as shown in figure (a)
d) None of these
A block (B) is attached to two unstretched springs S; 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

2 1
M, S, S M| 1
- i

2 ¥ 5 1

5
M, S, 1 & M| I
T B AW
X
a) 4 b) 2

1 1

c) = d) =

) 2 ) 4
A body of mass m is released from a height h to a scale pan hung from a spring. The spring constant of the

spring is k, the mass of the scale pan is negligible and the body does not bounce relative to the pan; then
the amplitude of vibration is

2hk m 2hk th
N L o Mg mg f 2k gy mg |, 2hk
k mg k mg mg

A uniform semicircular ring having mass m and radius r is hanging at one of its ends freely as shown in
figure. The ring is slightly disturbed so that it oscillates in its own plane. The time period of oscillation of
the ring is
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78.

79.

80.

d) 21

1
g(1+ Y )’
Frequency of a particle executing SHM is 10 Hz. The particle is suspended from a vertical spring. At the

height point of its oscillation the spring is unstretched. Maximum speed of the particle is (g = 10 m/s?)
a) 2mm/s b) tm/s c) 1/tm/s d)1/2ntm/s

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 w = %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 O. If the pebble hits
the block at t = 1s, the value of v is (take g = 10m/s?)

z
19 b\ X
10m P
a) V50m/s b) V51m/s c) V52m/s d) V53m/s

Two spring, each of unstretched length 20 cm but having different spring constants k; =1000 N/m and
k,=3000 N/m, are attached to two opposite faces of a small block of mass m = 100 g kept on a smooth
horizontal surface as shown in the figure

20 cm . 5 20 cm
k, Eeats k,
¢ p L2
VAAMAAAMANAANVAAY 2 IMAMAMAAAMAANAAA

p

| 60 cm |

The outer ends of the two springs are now attached to two attached to two pins P; and P, whose locations
are shown in the figure. As a result of this, the block acquires a new equilibrium position. The block has
been displaced by small amount from its equilibrium position and released to perform simple harmonic
motion; then

a) New equilibrium position is at 35 cm from P; and time period of simple harmonic motion is /100 s

b) New equilibrium position is at 20 cm from P; and time period of simple harmonic motion is 7/100 s

c) New equilibrium position is at 35 cm from P; and time period of simple harmonic motion is 7 /26 s

d) New equilibrium position is at 30 cm from P; and time period of simple harmonic motion is 7 /26 s

A block of mass m, attached to a fixed position O on a smooth inclined wedge of mass M, oscillates with
amplitude 4 and linear frequency f. The wedge is located on a rough horizontal surface. If the angle of the
wedge is 60°, then the force of friction acting on the wedge is given by (coefficient of static friction = )
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81.

82.

83.

84.

85.

86.

87.

88.

Smooth Rough

1
a) u(M +m)g b) Emsz sin wt

V3
o) u [(M +m)g + 7mw2A sin wt d) u(M + m)w?Asin wt

A block of mass 4 kg hangs from a spring of spring constant k = 400 N/m. The block is pulled down
through 15 cm below and released. What is its kinetic energy when the block is 10 cm above the
equilibrium position?

a)5] b) 2.5] c)1] d)19]

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

A simple pendulum has time period T;. The point of suspension is now moved upward according

to the relation y = k t?, (k = 1 ms™2) where y is the vertical displacement. The time period now

2
becomes T,. The ratio of % is (g = 10 ms™2)
2

a) 6/5 b)5/6 o1 d)4/5
A simple pendulum is making oscillations with its bob immersed in a liquid of density n times less than the
density of the bob. What is its period?

a) 21 L b) 2r ; ) 21 l_n d) 27 ;
ng (1 - %) g g (n—1)g

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)“? mYA mL
2r(— b - 7 — d) 27 —
a) n(K) )27‘[{ VAR } c) 21 L ) 2m v

An object of mass 4 kg is attached to a spring having spring constant 100 N/m. It performs simple
harmonic motion on a smooth horizontal surface with an amplitude of 2m. A 6 kg object is dropped
vertically onto the 4 kg object when it crosses the mean position, and sticks to it. The change in amplitude
of oscillation due to collision is

a)lm b) Zero ) 1
c)zll_g o2fi-4

Two particles are executing identical simple harmonic motions described by the equations, x; =
a cos(wt + (1/6)) and x, = a cos(wt + ©/3). The minimum interval of time between the particles
crossing the respective mean positions is
s 14 I i
a) % b) % C) E d) 5
Two simple harmonic motions are represented by equations
¥, = 4sin(10t + ¢)

y, = 5cos 10t
What is the phase difference between their velocities?

s s
2) ¢ b) —¢ 9 (¢+3) d) (¢ -3)
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90.

91.

92.

93.

94,

95.

96.

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

(If it is a second’s pendulum on earth)

a)%s b)2V2 s c)2s d)%s
A simple pendulum of length [ and a mass m of the bob is suspended in a car that is travelling with a
constant speed v around a circle of radius R. If the pendulum undergoes small oscillations about its

equilibrium position, the frequency of its oscillation will be

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 block P of mass m is placed on a smooth horizontal surface. A block Q of same mass is placed over the
block P and the coefficient of static friction between them is yg. A spring of spring constant K is attached to
block 9. The blocks are displaced together to a distance A and released. The upper block oscillates without
slipping over the lower block. The maximum frictional force between the block is

K
mnnmm@l_r )
P

a) Zero b) K c) KA/2 d) ug
In the previous problem, the displacement of the particle from the mean position corresponding to the
instant mentioned is

5 5v3 1043 5v3
2)2m by 3V3 o 10V3 AL
3 T T 2T

The x-t graph of a particle undergoing simple harmonic motion is shown below. The acceleration

of the particleat t = % s is

2
2 n 2 V3 )

3 2 _
a) — mr2cms 2 b) —:—2 cms c) — cms~ d) e m2cms”

32
While a particle executes simple harmonic motion, the rate of change of acceleration is maximum and
minimum, respectively at

a) The mean position and extreme positions

b) The extreme positions and mean position

c) The mean position alternatively

d) The extreme positions alternatively

In the previous question, the magnitude of velocity of particle at the mentioned instant is

c) Zero
2) 22 b) Y24 @ g <24

T R T
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97. Ablock A is connected to spring and performs simple harmonic motion with a time period of 2 s. Another
block B rests on a. The coefficient of static friction between A and B is pg; = 0.6. The maximum amplitude
of oscillation which the system can have so that there is no relative motion between A4 and B is (take
m? =g =10)

15=0.6
N
A Smooth
a) 0.3 m b) 0.6 m c) 0.4 m d) 0.52m

98. The diagram below shows a sinusoidal curve. The equation of the curve will be
A Y

10 cm

5cm

c) y = 10sin

d)y = 10 cos (16t + %) cm

99. A solid right circular cylinder of weight 10 kg and cross-sectional area 100 cm? is suspended by a spring,
where k = 1 kg/m3 as shown in figure. What is its period when it makes simple harmonic vertical
oscillations? (Take g = 10 m/s?)

| (VTGO

a)0.6s b)1s c) 15s d)2.2s
100. In a certain oscillatory system (particle is performing SHM), the amplitude of motion is 5 m and the time
period is 4 s. Time minimum time taken by the particle for passing between point, which are at distance of
4 m and 3 m from the centre and on the same side of it will approximately be
a)Es b)%s ) 4%5 d)i—ss
101. 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 t and displacement

X.
1 11

3

-a x [

a) I, I1I b) II, IV c) I, Il d) I IV
102. A particle performs SHM on the x-axis with amplitude A and time period T. The time taken by the particle
to travel a distance A/5 starting from rest is
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103.

T T 4 T 1 T 1
0% g ) afec()  azan)
)20 )22 (5 )32 )25 (3
The variation of velocity of a particle executing SHM with time is shown in figure. The velocity of the
particle when a phase change of /6 takes place from the instant it is at one of the extreme positions will

be
A

y
(IM/8) 5 [mopmacmmmmmmmm e m e g mmm e
Oo—1 I | 1 >
1 2W4 56\ 7 Jt(s)
0 IO N N
a) 3.53m/s b) 2.5 m/s c) 4.330m/s d) None of these

104. A plank of mass 12 kg is supported by two identical springs as shown in figure. The plank always remains

105.

106.

horizontal. When the plank is pressed down and released, it performs simple harmonic motion with time
period 3 s. When a block of mass m is attached to the plank the time period changes to 6 s. The mass of the
block is

a) 48 kg b) 36 kg c) 24 kg d) 12 kg

Two simple pendulums of lengths [ and 4! are suspended from same point and brought aside together and
released at the same time. If the time period of smaller pendulum is T then after how much time will they
be together again and moving in the same direction?

I
gy N
h

b)T c) 2T d) None of these

A particle performs SHM about x = 0 such thatatt = 0 itis at x = 0 and moving towards positive
extreme.The time taken to go from x = 0 tox = A/2 is .... times the time taken to go from x = A/2 to a.
The most suitable option for the blank space is

1 11 12
a) 2 b) = 0= d) =
2 12 11

107. A rod length [ is in motion such that its ends A and B are moving along the x-axis and the y-axis,

respectively. It is given that d6 /dt = 2 rad/s always. P is a fixed point on the rod. Let M be the projection
of P on the x-axis. For the time interval in which 8 changes from 0 to /2, choose the correct statement

YA
B

a) The acceleration of M is always direction towards right
b) M executes SHM
c) M moves with constant speed
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108.

109.

110.

111.

112.

113.

114.

d) M moves with constant acceleration

A particle of mass 4 kg moves between two points A and B on a smooth horizontal surface under the
action of two forces such that when it is at a point P, the forces are ﬁl = Z(ﬁ)N and ﬁz = Z(ﬁ)N. If the
particle is released from rest from A, the time period of motion is

a) s b) 27ms c) 3ms d) V2ns

Two bodies M and N of equal masses are suspended from two separate massless springs of force constants
kq 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) kq/k; b) \/k1/k; c) ky/kq d) ka2 /kq

Multiple Correct Answers Type

A spring of spring constant k stores 5 ] of energy when stretched by 25 cm. It is vertical with one end fixed.

A mass m is attached to the other end. It makes 5 oscillations per second. Then

a)m=0.16 kg b) m = 0.32 kg c) k=160 N/m d) k =320 N/m

A coin is placed on a horizontal platform AB which undergoes SHM about mean point O in a vertical plane.

The coin does not slip on the platform. The forces of friction acting on the coin is F. Then

a) F is always directed towards one end of platform

b) F is directed towards A when the coin tends to move away from A and away from B when the coin
tends to move towards (b)

F is maximum when the coin and the platform come to rest momentarily at the one extreme position of

SHM

F is maximum when the coin and platform come to rest momentarily at the other extreme position of

SHM

A particle of mass m moves on the x-axis as follows:

[t start from rest at t = 0 from point x = 0 and comes to restatt = 1 at the point x = 1. No other

information is available about its motion at intermediate time (0 < t < 1).If a denotes the

instantaneous acceleration of the particle. Then which of the following statements are true?

2) a cannot remain positive for all ¢ in the interval
0<t<1l

0)

d)

b) |a| Cannot exceed 2 at any point in its path.

a must change sing during the motion but no
c) |a| must be > 4 at some point or points in its path. d) other assertion can be made with the information
given.
Figure shows a spring of force constant k fixed at one end carrying a mass m at the other end placed on a
horizontal frictionless surface. The spring is stretched by a force F. Figure shows the same spring with
both ends free and a mass m fixed at each free end. Each of the spring is stretched by the same force F. The
mass in case (a) and the masses in case (b) are then released. Which of the following statements are true?

A k B F
L (OLIARARRARARY, B2

a)

(a
F o
m WA
(b)

b

a) While oscillating, the maximum extension of the spring is more in case (a) than in case (b)

b) The maximum extension of the spring is same in both cases

c) The time period of oscillation is the same in both cases

d) The time period of oscillation in case (a) is V2 times that in case (b)

Which of the following expression represent simple harmonic motion

a) x = Asin(wt + ) b) x = B cos(wt + ¢) c) x = Atan(wt + ¢) d) x = A sin wt cos wt
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115. A mass of 0.2 kg is attached to the lower end of a massless spring of force constant 200 N/m, the upper
end of which is fixed to a rigid support. Study the following statements
a) In equilibrium the spring will be stretched by 1 cm
b) If the mass is raised till the spring becomes unstretched and then released, it will go down by 2 cm
before moving upwards
c) The frequency of oscillation will be nearly 5 Hz
d) If the system is taken to the moon, the frequency of oscillation will be the same as that on the earth

116. The phase of particle executing simple harmonic motion is % when it is

a) Maximum velocity b) Maximum acceleration
¢) Maximum energy d) Maximum displacement

117. A vertical mass-spring system executes simple harmonic oscillations with a period of 2 s. A quantity of this
system which exhibits simple harmonic variation with a period of 1 s is

a) Velocity b) Potential energy
c) Phase difference between acceleration and d) Difference between kinetic energy and potential
displacement energy

118. Two blocks connected by a spring rest on a smooth horizontal plane as shown in figure. A constant force F
starts acting on block m, as shown in the figure. Which of the following statements are not correct?

k F
l |ummumu,7'—'

a) Length of the spring increases continuously if m; > m,

b) Blocks start performing SHM about centre of mass of the system, which moves rectilinearly with
constant acceleration

c) Blocks start performing oscillations about centre of mass of the system with increasing amplitude
d) Acceleration of m, is maximum at initial moment of time only

119. A cylindrical block of density d stays fully immersed in a beaker filled with two immiscible liquids of
different densities d; and d,. The block is in equilibrium with half of it in liquid 1 and the other half in
liquid 2 as shown in the figure. If the block is given a displacement downwards and released, then
neglecting friction study the following statements

-

a) It executes simple harmonic motion
b) Its motion is periodic but not simple harmonic
c) The frequency of oscillation is independent of the size of the cylinder
d) The displacement of the centre of the cylinder is symmetric about its equilibrium position
120. 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 leave contact with the
platform for the first time
a) At the highest position of the platform
b) At the mean position of the platform
c) For an amplitude of g/w?

d) For an amplitude of \/g/w
121. A particle is subjected to SHM as given by equations x; = A, sin wt and x, = A, sin(wt + ©/3). The
maximum acceleration and amplitude of the resultant motion are a5 4, respectively. Then

a) Amax = wz\/A% + A% + AlAZ b) Amax = w2\/A1A2
c)A=A+ A4, d)A:JA§+A§+A1A2

122. Three SHMs in the same direction having the same amplitude a and same period are superposed. If each
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123.

124.

125.

126.

127.

128.

129.

differs in phase from the next by 45°, then
the phase of the resultant motion relative to the
first is 90°

the energy associated with the resulting motion is d) the resultant motion is not simple harmonic
) (v/34+2v2) times the energy associated with any

single motion
Two blocks A and B each of mass m are connected by a massless spring of natural length L and spring
constant K. The blocks are initially resting on a smooth horizontal floor with the spring at its natural
length as shown in figure. A third identical block C also of mass m moves on the floor with a speed v along
the line joining A and B and collides with A. Then

—

g ; 1
5 i B 7
x

a) The kinetic energy of the A-B system at maximum compression of the spring is zero

a) the resultant amplitude is a(1 + \/2—) b)

b) The kinetic energy of the A-B system at maximum compression of the spring is mv?/4
¢) The maximum compression of the spring is v./m/K

d) The maximum compression of the spring is v{/m/2K

The potential energy U of a body of unit mass moving in one dimensional conservative force field is given
by U = x? — 4x + 3. All units are in S For this situation mark out the correct statement(s)

a) The body will perform simple harmonic motion about x = 2 units

b) The body will perform oscillatory motion but not simple harmonic motion

¢) The body will perform simple harmonic motion with time period V27 s

d) If speed of the body at equilibrium position is 4 m/s, then the amplitude of oscillation would be 2v/2 m
The time period of a particle in simple harmonic motion is T. Assume potential energy at mean position to
be zero. After a time of T /6 it passes its mean position, its

a) Velocity will be half its maximum velocity

b) Displacement will be half its amplitude

c) Acceleration will be nearly 86% of its maximum acceleration

d) KE = PE

When the point of suspension of pendulum is moved, its period of oscillation

a) Decreased when it moves vertically upwards with an acceleration a

b) Decreases when it moves vertically downwards with acceleration greater than 2 g

c) Increases when it moves horizontally with acceleration a

d) All of the above

A simple pendulum is oscillating between extreme positions P and Q about the mean position 0. Which of
the following statements are true about the motion of pendulum?

a) At point O, the acceleration of the bob is different from zero

b) The acceleration of the bob is constant throughout the oscillation

c) The tension in the string is constant throughout the oscillation

d) The tension is maximum at O and minimum at P or Q

A linear harmonic oscillator of force constant 2 x 10® N/m times and amplitude 0.01 m has a total
mechanical energy of 160 joules. Its

a) Maximum potential energy is 100 J b) Maximum K.E. is 100 J

¢) Maximum P.E.is 160 d) Minimum P.E. is zero

The potential energy of a particle of mass 0.1 kg moving along the x-axis, is given by U = 5x(x — 4) ],
where x is in meter. It can be concluded that

a) The particle is acted upon by a constant force

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

c) The particle executes SHM
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130.

131.

132.

133.

134.

135.

d) The period of oscillation of the particle is (/5) s
A 20 g particle is subjected to two simple harmonic motions

X, = 2sin10t,x, = 4 sin (10t + %) , where x;and x, are in metres and t is in seconds

a) The displacement of the particle at t = 0 will be 2v/3 m

b) Maximum speed of the particle will be 20v/7 m/s

¢) Magnitude of maximum acceleration of the particle will be 200 V7 m/s?

d) Energy of the resultant motion will be 28 ]

At two particular closest instant of time t; and ¢, the displacement of a particle performing SHM are equal.
At these instants

a) Instantaneous speeds are equal b) Instantaneous accelerations are equal

c) Phase of the motion are unequal d) Kinetic energies are equal

The displacement-time relation for a particle can be expressed as = 0.5 [cos?(nmt) — sin?(nmt)]. This
relation shows that

a) The particle is executing a SHM with amplitude 0.5 m

b) The particle is executing a SHM with a frequency n times that of a second’s pendulum

c) The particle is executing a SHM and the velocity in its mean position is (nm7) m/s

d) The particle is not executing a SHM at all

The displacement of a particle of mass 0.1 kg from its mean position is given by

y = 0.05sin 47 (5t + 0.4). then

a) The period of motion is 0.1 s The maximum acceleration of the particle is

b
) 10m? ms™2

The total mechanical energy of the particle is The force acting on the particle is zero
c

0.0572] correspondingtoy = 0.4 m

A simple pendulum consists of a bob of mass m and a light string of length [ as shown in the figure.
Another identical ball moving with the small velocity v, collides with the pendulum’s bob and sticks to it.
For this new pendulum of mass 2m, mark out the correct statement(s)

)

L Vo m

m

a) Time period of the pendulum is Zn\/é

The equation of motion for this pendulum is

bg_ % . [[E
H_ZJQSIH[‘/;]

The equation of motion for this pendulum is

C)9= Yo cos[\/gt]
2,/gl !

d) Time period of the pendulum is 277\/%

For the spring pendulum shown in figure, the value of spring constant is 3 X 10* N/m and amplitude of
oscillation of 0.1 m. The total mechanical energy of oscillating system is 200 J. Mark out the correct
option(s)
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a) Minimum PE of the oscillating system is 50 ]

b) Minimum PE of the oscillating system is 200 ]
¢) Minimum KE of the oscillating system is 200 ]
d) Minimum KE of the oscillating system is 150 ]

136. Three simple harmonic motions in the same direction, each of amplitude ‘a’ and periodic time ‘T”, are
superposed. The first and second, and the second and third differ in phase from each other by /4, with
the first and third not being identical. Then
a) The resultant motion is not simple harmonic
b) The resultant amplitude is (\/7 + 1)a
c) The phase difference between the second SHM and the resultant motion is zero
d) The energy in the resultant motion is three times the energy in each separate SHM

137. For a simple harmonic motion with given angular frequency w, two arbitrary initial conditions are
necessary and sufficient to determine the motion completely. These initial conditions may be
a) Initial position and initial velocity
b) Amplitude and initial phase
c) Total energy of oscillation and amplitude
d) Total energy of oscillation and initial phase

138. A block of mass m is suspended by a rubber cord of natural length [ = mg/k, where k is force constant of
the cord. The block is lifted upwards so that the cord becomes just tight and then block is released
suddenly. Which of the following will not be true?

a) Block performs periodic motion with amplitude greater than [

b) Block performs SHM with amplitude equal to [

c) Block will never return to the position from where it was released
d) Angular frequency w is equal to 1 rad/s

139. For a particle executing SHM, select the correct statements (s) out of the following.

a) Total mechanical energy of the particle remains b) The restoring force is maximum at extreme

constant position of the motion
) The restoring force is always directed towards a d) The velocity is minimum at equilibrium position
fixed point

140. A horizontal plank has a rectangular block placed on it. The plank starts oscillating vertically and simple
harmonically with an amplitude of 40 cm. The block just loses contact with the plank when the latter is at
momentary rest. Then
a) The period of oscillation is (2?”)

b) The block weighs 0.5 times its weight on the plank halfway up
c) The block weighs 1.5 times its weight on the plank halfway down
d) The block weight its true weight on the plank when the later moves fastest

141. A particle is subjected to two simple harmonic motions along x and y directions according to x = 3 sin
100mt; y = 4sin 100 «t
a) Motion of particle will be on ellipse travelling in clockwise direction
b) Motion of particle will be on a straight line with slope 4/3
c) Motion will be simple harmonic motion with amplitude 5
d) Phase difference between two motions is /2

142. The speed v of a particle moving along a straight line, when it is at a distance (x) from a fixed point of the
line is given by v? = 108 — 9x2 (all equations are in CGC units):

a) The motion is uniformly accelerated along the straight line
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b) The magnitude of the acceleration at a distance 3 cm from the point is 27 cm/s?
c) The motion is simple harmonic about the given fixed point
d) The maximum displacement from fixed point is 4 cm

143. An object of mass m is performing simple harmonic motion on a smooth horizontal surface as shown in
figure. Just as the oscillating object reaches its extreme position, another object of mass 2m is dropped on
to oscillating object, which sticks to it. For this situation mark out the correct statement(s)

k H
HHHH“H,H" m I

a) Amplitude of oscillation remains unchanged
b) Time period of oscillation remains unchanged

c) The total mechanical energy of the system does not change
d) The maximum speed of the oscillating object changes
144. The displacement (x) of a particle as a function of time (t) is given by
x = asin(bt + ¢)
Where a, b and c are constants of motion. Choose the correct statements from the following
a) The motion repeats itself in a time interval of 2 /b
b) The energy of the particle remains constant
c) The velocity of the particle is zero at x = +a
d) The acceleration of the particle is zero at x = +a
145. In a simple harmonic motion, which of the following pairs of quantities are always oriented in mutually
opposite directions?

a) Restoring force and acceleration b) Restoring force and displacement
c) Velocity and displacement d) Acceleration and displacement
146. Function x = A sin? wt + B cos? wt + C sin wt cos wt represents SHM
a) For any value of 4, B and C (except C = 0) b) If A = —B; C = 2B, amplitude = |B+/2|
c)IfA=B;C=0 d) If A = B; C = 2B, amplitude = |B|

147. A particle performing simple harmonic motion undergoes initial displacement of A/2 (where A is the
amplitude of simple harmonic motion) in 1 s. At t = 0, the particle may be at the extreme position or mean
position. The time period of the simple harmonic motion can be
a)6s b) 2.4s c) 12s d)1.2s

148. A spring block system undergoes SHM on a smooth horizontal surface, the block is now given some charge
and a uniform horizontal electric field E is switched on as shown in figure. As a result

— F

Q

m

k

TTTTTTTTTTTTTITITITmrrmrrmnnTndg
a) Time period of oscillation will increase
b) Time period of oscillation will decrease
c) The period of oscillation will remain unaffected
d) The mean position of SHM will shift to the right

Assertion - Reasoning Type
This section contain(s) 0 questions numbered 149 to 148. 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
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149

150

151

152

153

154

155

c) Statement 1 is True, Statement 2 is False

d) Statement 1 is False, Statement 2 is True

A circular metal hoop is suspended on the edge by a hook. The hoop can oscillate side to side in the plane
of the hoop, or it can oscillate back and forth in a direction perpendicular to the plane of the hoop. The
time period of oscillation would be more when oscillations are carried out in the plane of hoop

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:

Time period of physical pendulum is more if moment of inertia of the right body about
corresponding axis passing through the pivoted point is more
Time period of physical pendulum is more if moment of inertia of the rigid body about
corresponding axis passing through the pivoted point is more

A particle is moving along the x-axis. The resultant force F acting on it is given by

F = —ax — b, where a and b are both positive constants. The motion of this particle is not
SHM

In SHM resultant force must be proportional to the displacement from mean position

When a simple pendulum is made to oscillate on the surface of moon, its time period
increases
Moon is much smaller as compared to earth

There pendulums are suspended from ceiling as shown in figure

I\/V

These three pendulums are set to oscillate as shown by arrows, and it is found that all
three have same time period. Now, all three are taken to a place where acceleration due
to gravity changes to 4/9th of its value at the first place. If spring pendulum makes 60
cycles in a given time at this place, then torsion pendulum and simple pendulum will also
make 60 oscillations in same (given ) time interval

Time period of torsion pendulum is independent of acceleration due to gravity

Sine and cosine functions are periodic functions

Sinusoidal functions repeats it values after a definite interval of time

For an oscillating simple pendulum, the tension in the string is maximum at the mean
position and minimum at the extreme position

The velocity of oscillating bob in simple harmonic motion is maximum at the 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
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156

157

158

159

160

161

162

163

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:

directed towards the mean position

K = force constant l
X

Kx + Mg

Ma

M = Mass

In S.H.M,, the motion is ‘to and fro’ and periodic

Velocity of the particle (v) = wVk? — x? (where x is the displacement and k is
amplitude)

All oscillatory motions are necessarily periodic motion but all periodic motion are not
oscillatory
Simple pendulum is an example of oscillatory motion

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

During the oscillations of simple pendulum, the direction of its acceleration at the mean
position is directed towards the point of suspension and at extreme position it is directed
towards the mean position

The direction of acceleration of a simple pendulum at the mean position or at the extreme
position is decided by the tangential and radial components of force by gravity

If 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 = 21'[\/%

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

If the amplitude of a simple harmonic oscillator is doubled, its total energy becomes four
times

The total energy is directly proportional to the square of the amplitude of vibration of the
harmonic oscillator

Acceleration is proportional to the displacement. This condition is not sufficient for
motion in simple harmonic
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164

165

166

167

168

169

170

171

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:

In simple harmonic motion direction of displacement is also considered

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.

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

Damped oscillation indicates loss of energy

The energy loss is damped oscillation may be due to friction, air resistance etc.

Two cubical blocks of same material and of sides a and 2a, respectively are attached
rigidly and symmetrically to each other as shown. The system of two blocks is floating in
water in such a way that upper surface of bigger block is just submerged in the water. If
the system of blocks is displaced slightly in vertical directions, then the amplitude of
oscillation on either side of equilibrium position would be different

a

—

The force constant on two sides of equilibrium position in the above-described situation
is different

The total energy of a particle performing simple harmonic motion could be negative

Potential energy of a system could be magnetic

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?4, where A is displacement amplitude

In simple harmonic motion, the velocity is maximum when acceleration is minimum

Displacement and velocity of S.H.M. differ is phase by /2
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172

173

174

175

176

177

178

179

180

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:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

For a particle of mass 1 kg executing simple harmonic motion, if slope of restoring force
vs. displacement graph is —1, then the time period of oscillation will be 6.28 s

If 1 kg mass is replaced by 2 kg mass and rest of the information remains same as in
Statement I, then the time period of oscillation will remain 6.28 s

In a simple pendulum performing SHM, net acceleration is always between tangential and
radial acceleration except at lowest point
At lowest point tangential acceleration is zero

In a S.H.M,, kinetic and potential energies become equal when the displacement is 1/+/2
times the amplitude
In SHM, kinetic energy is zero when potential energy is maximum

The spring constant of a spring is K. When it is divided into n equal parts, then spring
constant of one piece is K/n
The spring constant is independent of material used for the spring

Ocean waves hitting a beach are always found to be nearly normal to the shore

Ocean waves hitting a beach are assumed as plane waves

In 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

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 amplitude of an oscillation pendulum decreases gradually with time

The frequency of the pendulum decreases with time

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.

Soldiers are asked to break steps while crossing the bridge
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181

182

183

184

185

186

187

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:

The frequency of marching may be equal to the natural frequency of bridge and may lead
to resonance which can break the bridge

If stretched by the same amount, work done on §;, will be more than that on S,

ky < ks

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.

When a simple pendulum is made to oscillate on the surface of moon, its time period
increases
Moon is much smaller as compared to earth

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

. —— . V3K
force constant of series combination of the two parts is g

The spring connected in series are represented by k=k;+Kka.

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

The amplitude of oscillation can never be infinite

The energy of oscillator is continuously dissipated

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=2n %

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.

188. 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 [
with the graphs given in Column II

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

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

(C) Range of a projectile (y-axis) as a function of (1)
its velocity (x-axis) when projected at a fixed
angle

\

(D) The square of the time period (y-axis) of a (s) y
simple pendulum as a function of its length (x-

axis)
O x

CODES::

A B C D
a) p a;s s q
b) a.s p q S
<) S q q.s p
d) q s p a.s

189. Column I lists the various modes of oscillations of masses connected to springs. Column II lists the
corresponding frequencies of oscillations when executing SHM

Column-I Column- II
A) D, S (p)
»uuunn—@—smummmb(‘ 1 i
21T .| 2m
B) — . *
®) BN T @ 1 |2k
2w, m
© 2k (r)
P AR 1k
k m 21 . |3m
AARARARRRERERY
D) . - (s)
—nmufmsm~mmf\/'fuuu i %
m 27.[ m
CODES:
A B C D
a) B a d c
b) d C b a
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190. Match the following

Column-I Column- II
(A) Linear combination of two SHMs (p) R
T= |-
8
(R is radius of the earth)
(B) y=Asinw;t + Asin(w,t + ¢) (@) SHM for equal frequencies and amplitude

(©) Time period of a pendulum of infinite length ~ (r) Superposition may not always be an SHM

(D) Maximum value of time period of an (s) Amplitude will be \2A for
oscillating pendulum w1 = w, and phase difference of /2
CODES:
A B C D
a) B,c b,cd a a
b) c d a b
c) b,c d a,d C
d) cd,a a,b,c d b,a
191. Two particles ‘A’ and ‘B’ start SHM at t = 0. Their positions as function of time are given by
X4 = Asinwt
Xp = Asin(wt + 1/3)
Column-I Column- II
(A) Minimum time when x is same (p) 5_7T
6w
(B) Minimum time when velocity is same @ ™
3w
() Minimum time after whichv, < 0andvg <0 (r) T
1)
(D) Minimum time after whichx, < 0andxz <0 (s) T
2w
CODES:
A B C D
a) A b c d
b) d C b a
c) b a d c
d) d b a c

192. Column I describes some situations in which a small object moves. Column II describes some
characteristics of these motions. Match the situation in Column [ with the characteristics in Column II
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193.

A)

(B)

©

D)

Column-I Column- II

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 = ¢;4/c, — x?, where ¢;

and c, are positive constants

The object moves on the x-axisin 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

The object is 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

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:

d)

A B C D

rq p qr p

p qQr p rnq

qr p rq p

p r'q p q'r

In simple harmonic, match the following graphs:

A)

(B)

©

D)

Column-I Column- II

Position (y) vs. time (x) (p)
¥

y
Velocity (y) vs. time (x) (@
!
Potential energy (y) vs. time (x) r) v
X
y

Total energy (y) vs. time (x) (s)
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CODES:

A B C D
a) B,c d a,d C
b) c,d,a a,b,c d b,a
c) ab ab C d
d) c d a b

194. In Column I equations describing the motion of a particle are given and in column II possible nature of the
motions. Match the entries of Column I with the entries of Column II

Column-I Column- II

(A) y = Ael@t+®) (p) SHM
(B) y = Bsin wt + C cos wt (qQ) Periodic
(© y=Asin(wi+ kx) (r) Oscillatory
(D) y=kx (s) Rectilinear
CODES:

A B C D
a) Ab,c a,b,c a d
b) c d a b
c) b,c d a,d c
d) cd,a a,b,c d b,a

195. A simple harmonic oscillator consists of a block attached to a spring with k = 200 N/m. The block slides
on a frictionless horizontal surface, with equilibrium point x = 0. A graph of the block’s velocity v as a
function of time t is shown. Correctly match the required information in Column I with the values given in
Column II (use 2 = 10):

V (m/s)
27—
0 0.10 0.20 > 1(s)
—23‘[} ——————————————————
Column-I Column- II
(A) The block’s mass in kg (p) —0.20

(B) The block’s displacement at t = 0 in metres (@9 —200
(C) Theblock’s accelerationatt = 0.10 sinm/s?> (r) 0.20
(D) The block’s maximum kinetic energy in joules (s) 4.0

CODES:
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a) A b C d
b) d C b a
c) b a d c
d) C a b d

196. A spring pendulum executes SHM in such a way that the block is having velocity v when it crosses the
mean position. Now the changes have been made in such a way that the velocity while crossing the mean
position gets doubled without changing mass of the block. In Column I some statements (incomplete) are
given and corresponding completions are given in Column II. Match the entries of Column I with the
entries of Column II. Assume the horizontal configuration of pendulum

Column-I Column- II

(A) The frequency of oscillation will change bya (p) 2

factor of
(B) The amplitude of oscillation will changebya (q) /2
factor of
(C) The magnitude of maximum acceleration will (r) 1
change by a factor of
(D) Maximum PE increases by a factor of (s) 4
CODES:
A B C D
a) C d a b
b) b,c d a,d C
c) c,d,a a,b,c d b,a
d) C a a d
197. Match the following
Column-I Column- II

(A) A constant force acting along the line of SHM  (p) The time period
affects

(B) A constant torque acting along the arc of (9) The frequency
angular SHM affects

(C) A particle falling on the block executing SHM  (r) The mean position
when the later crosses the mean position
affects

(D) A particle executing SHM when kept on a (s) The amplitude
uniformly accelerated car affects

CODES:
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b) cd cd ab,d cd
c) b,c d a,d C
d) c,d,a a,b,c d b,a

198. A particle of mass 2 kg is moving on a straight line under the action of force F = (8 — 2x) N. The particle is
released from rest at x = 6 m. For the subsequent motion, match the following (all the values in the
Column Il in are in their SI units):

Column-I Column- II
(A) Equilibrium position is at x (p) m/4
(B) Amplitude of SHM is (qQ m/4
(C) Time taken to go directly fromx =2tox =4 (r) 4
(D) Energy of SHM is (s) 6

(E) Phase constant of SHM assuming equation of (t) 2
the form 4 sin(wt + ¢)

CODES:

A B C D E
a) C e b c b
b) d c b a b
c) b a d c b
d) d b a o b

Linked Comprehension Type

This section contain(s) 28 paragraph(s) and based upon each paragraph, multiple choice questions have to be
answered. Each question has atleast 4 choices (a), (b), (c) and (d) out of which ONLY ONE is correct.

Paragraph for Question Nos. 199 to -199

A uniform cylindrical metal rod A of length L and radius R is suspended at its mid-point from a rigid support
through a strong metal wire of lengthl. The rod is given a small angular twist and released so that it oscillates to
and fro about its mean position with a time periodT;. Another body B of an irregular shape is suspended from
the same rigid support using the same length of given suspension wire and its time period is found to be T,

A £
i

199. The rotational inertia of metal rod about the wire as an axis is
MI? MR? L R? 5 RZ]

a) — b) = M|+~ M| 5+

Paragraph for Question Nos. 200 to - 200

Page|33



A particle performs harmonic oscillation along the x-axis about the equilibrium positionx = 0. The oscillation
frequency isw = 4.00 s™1. At a certain moment of time the particle has a coordinate x, = 25.0 cm and its
velocity is equal to

Uy, = 100 cms ™2

200. Find the amplitude of oscillation
a) 13vV3 cm b) 25v2 cm c) 274/5 cm d) 24/3 cm

Paragraph for Question Nos. 201 to - 201

One end of an ideal spring is fixed to a wall at origin O and the axis of spring is parallel to the x-axis. A block of
mass m = 1 kg is attached to free end of the spring and it is performing SHM. Equation of position of the block
in coordinate system shown in figure is x = 10 + 3 sin (10 t), where t is in second and x in cm.

Another block of mass M = 3 kg, moving towards the origin with velocity 30 cm/s collides with the block
performing SHM at t = 0 and gets stuck to it

lummnmn. :-
5 5

201. Angular frequency of oscillation after collision is
a) 20rad/s b) 5rad/s c) 100 rad/s d) 50rad/s

Paragraph for Question Nos. 202 to - 202

A block of mass m is connected to a spring of spring constant k and is at rest in equilibrium as shown. Now, the
block is displaced by h below its equilibrium position and imparted a speed v, towards down as shown in
figure. As a result of the jerk, the block executes simple harmonic motion about its equilibrium position. Based
on this information, answer the following questions:

Equilibrium L2
Position

Yo (b)

202. The amplitude of oscillation is

2 - d) None of these
a) h b) m:O 4 n2 0 /Evo +h

Paragraph for Question Nos. 203 to - 203

A block of mass m is connected to a spring of spring constant k as shown in figure. The block is found at its
equilibrium position at t = 1 s and it has a velocity of +0.25 m/s at t = 2 s. The time period of oscillation is 6 s

& r{:
WA
‘ Natural H
length Equilibrium
position

Based on the information, answer the following questions:
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203. The amplitude of oscillation is
3
a) —m b) 3 m
2T

9 d) 1.5 m

Alr

Paragraph for Question Nos. 204 to - 204

In a physical pendulum, the time period for small oscillation is given by, T = 2m,/I/Mgd where I is the moment
of inertia of the body about an axis passing through a pivoted point O and perpendicular to the plane of
oscillation and d is the separation point between centre of gravity and the pivoted point.

In the physical pendulum, a special point exists where if we concentrate the entire mass of body the resulting
simple pendulum (w.r.t. pivot point O) will have the same time period as that of physical pendulum. This point
is termed centre of oscillation.

T=2 1—2 L
_nMgd_ng

Moreover, this point possesses two other important remarkable properties:

Property I: Time period of physical pendulum about the centre of oscillation (if it would be pivoted) is same as
in the original case

Property IlI: If an impulse is applied at the centre of oscillation in the plane of oscillation, the effect of this
impulse at pivoted point is zero. Because of this property, this point is also known as the centre of percussion.
From the given information answer the following questions:

204. A uniform rod of mass M and length L is pivoted about point O as shown in figure. It is slightly rotated
from its mean position so that it performs angular simple harmonic motion. For this physical pendulum,
determine the time period of oscillation

Pivoted
point

L 7L 2L d) None of these
a) 2m |- b)m |— C) 2w |—
g 3g 3g

Paragraph for Question Nos. 205 to - 205

A block of mass m is suspended from one end of a light spring as shown. The origin O is considered at distance
equal to natural length of the spring from the ceiling from the ceiling and vertical downward direction as
positive y-axis. When the system is in equilibrium, a bullet of mass m/3 moving in vertical upward direction
with velocity v, strikes the block and embeds into it. As a result, the block (with bullet embedded into it) moves
up and starts oscillating.

Based on the given information, answer the following question:

205. Mark out the correct statement(s)
a) The block-bullet system performs SHM about y = mg/k
b) The block-bullet system performs oscillatory motion but not SHM about y = mg/k
c) The block -bullet system performs SHM about y = 4mg/3k
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d) The block-bullet system performs oscillatory motion but not SHM about y = 4mg/3k

Paragraph for Question Nos. 206 to - 206

Two identical blocks 4 and B, each of mass m = 3 kg, are connected with the help of an ideal spring and placed
on a smooth horizontal surface as shown in figure. Another identical block C moving with velocity v, = 0.6 m/s
collides with A and sticks to it, as a result, the motion of system takes place in some way

Vo

M —— m k =2000

“N/m m
c A |0\HHH\HHH B

Based on this information, answer the following questions:

206. After the collision of Cand A, the combined body and block B would
a) Oscillate about centre of mass of system and centre of mass is at rest
b) Oscillate about centre of mass of system and centre of mass is moving
c) Oscillate but about different locations other than the centre of mass
d) Not oscillate

Paragraph for Question Nos. 207 to - 207

A small of block of mass m is fixed at upper end a massive vertical spring of spring constant k = 4mg/L and
natural length 10 L’. The lower end of spring is free and is at a height L from fixed horizontal floor as shown.
The spring is initially unstressed and the spring-block system is released from rest in the shown position

LLLRREY

=~

]

[5 ]k
b
~ QS

=

m/3

207. At the instant the speed of block is maximum, the magnitude of force exerted by the spring on the block is

a) % b) mg c) Zero d) None of these

Paragraph for Question Nos. 208 to - 208

A 100 g block is connected to a horizontal massless spring of force constant 25.6 N/m. as shown in figure (a),
the block is free to oscillate on a horizontal frictionless surface. The block is displaced 3 cm from the
equilibrium position and, at t = 0, it is released from from rest at x = 0. It executes simple harmonic motion
with the positive x-direction indicated in figure (a)

The position-time (x — t) graph of motion of the block is as shown in figure
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208. When the block is at position A on the graph, its
a) Position and velocity both are negative
b) Position is positive and velocity is negative
c) Position is negative and velocity is positive
d) Position and velocity both the positive

Paragraph for Question Nos. 209 to - 209

A spring having a spring constant k is fixed to a vertical wall as shown in figure. A block of mass m moves with
velocity v towards the spring from a parallel wall opposite to this wall. The mass hits the end of the spring
compressing it and is decelerated by the spring force and comes to rest and then turns back till the spring
acquires its natural length and contact with the spring acquires its natural length and contact with the spring is
broken. In this process, it regains its angular speed in the opposite direction and makes a perfect elastic
collision on the opposite left wall and starts moving with same speed as before towards right. The above
processes are repeated and there is periodic oscillations

[+] ﬂmmfmmul

— [}

209. What is the maximum compression produced in the spring?

2) v\[% b)\[% O vk Q) v\/%

Paragraph for Question Nos. 210 to - 210

A and B are two fixed point at a distance 3/ apart. A particle of mass m placed at a point P experiences the force
2(mg/1)PA and the force (mg/l)PB simultaneously. Initially at t = 0, the particle is projected from A towards B

with speed 3\/5

P
Ae . o

210. The particle moves simple harmonically with period T and amplitude A

L l l l
a)A=2lT=2m |- b)A=3LT =21 |— Q) A=2lT=2m |— d)A=1T=2m |-
g 2g 3g g
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Paragraph for Question Nos. 211 to - 211

A body of mass m is attached by an inelastic string to a suspended spring of spring constant k. Both the string
and the spring have negligible mass and the string is inextensible and of length L. Initially, the mass m is at rest

211. If the mass m is now raised up to point A (the top end of the string, see figure and allowed to fall from rest,
the maximum extension of the spring in the subsequent motion will be

o

-~

-
3

Q
—
h

mg mg 2kL mg[ 2kL]
b) — Ry P 2|1+ =
) 2 ) — 1+mg ) P mg

Paragraph for Question Nos. 212 to - 212

When a particle of mass m moves on the x-axis in a potential of the form V(x) = kx?, it performs simple
harmonic motion. The corresponding time period is proportional to \/%, as can be seen easily using

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

V(x)

T,

Xo

212. If the total energy of the particle is E, it will perform periodic motion only if
a) E<O b)E >0 Ve >E>0 d)E >V,

Paragraph for Question Nos. 213 to - 213

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

Momentum —s

Position —
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213. The phase space diagram for a ball thrown vertically up from ground is

Momentum Momentum Momentum Momentum

a) m b) ] Position 0) ﬁ d) h
[ Position \\V \\l Position J//Position

Paragraph for Question Nos. 214 to - 214

A uniform thin cylindrical disk of mass M and radius R is attached to two identical massless springs of spring
constant k which are fixed to the wall as shown in the figure. The springs are attached to the axle of the disk
symmetrically on either side at a distance d from its centre. The axle is massless and both the springs and axle
are in a horizontal plane. The unstretched length of each spring is L. The disk is initially at its equilibrium
position with its centre of mass (CM) at a distance L from the wall. The disk rolls without slipping with velocity

I70 = V/,1. The coefficient of friction is u

214. The net external force acting on the disk when its centre of mass is at displacement x with respect to its
equilibrium position is

2k 4k
a) —kx b) —2kx 8 il ) Piiad
3 3
Integer Answer Type

215. A uniform disc of mass m and radius R is pivoted smoothly at its centre of mass. A light spring of stiffness
k is attached with the disc tangentially as shown in the figure. Find the angular frequency in rad/s of
torsional oscillations of the disc. (Take m = 5kgand K = 10 N/m)

216. A rod of mass m and length [ hinged at one end is connected by two springs of spring constants k;, and k,
so that it is horizontal at equilibrium. What is the angular frequency of the system? (in rad/s) (Take

£=1m,b =7m,K; = 16—,K, = 61 N/m)
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217.

218.

219.

220.

221.

222.

In the figure shown a plate of mass 60 g is at rest and in equilibrium. A particle of mass m = 30 gis
released from height 4.5 mg/k from the plate. The particle sticks to the plate. Neglecting the duration of
collision find the time from the collision of the particle and plate to the moment when the spring has
maximum compression. Spring has force constant 1 N/m. Calculate the value of time in the form m/x and
find the value of X

; =
l:'_l___l 2m

K

—
oy
wn
&

AHFRIRARERNY

%

A weightless rigid rod with a small iron bob at the end is hinged at point A to the wall so that it can rotate
in all directions. The rod is kept in the horizontal position by a vertical inextensible string of length 20 cm,
fixed at its midpoint. The bob is displaced slightly perpendicular to the plane of the rod and string. Find

period of small oscillations of the system in the form %s and fill the value of X.

Two simple pendulums A4 and B having lengths [ and [ /4, respectively are released from the position as
shown in figure. Calculate the time (in seconds) after which the two strings become parallel for the first

time. (Take £ = z—gm and g = 10m/s?)

A small body of mass m is connected to two horizontal springs of elastic constant k. natural length 3d /4. In
the equilibrium position both springs are stretched to length d, as shown figure. What will be the ratio of
period of the motion (T} /T,) if the body is displaced horizontally by a small distance where T, is the time
period when the particle oscillates along the line of springs and T}, is time period when the particle
oscillates perpendicular to the plane of the figure? Neglect effects of gravity

d d
AR —e—11Tn 11
l\' m /(

Two uniform ropes having linear mass densities m and 4m are joined to form a closed loop. The loop is
hanging over a fixed frictionless small pulley with the lighter rope above as shown in the figure (in the
figure equilibrium position is shown). Now if point A (joint) is slightly displaced in downward direction
and released, It is found that the loop performs SHM with the period of oscillation equal to N. Find the

value of N (take | = 222 10m/s?)

42 8=

80
2312
radius R is welded at the lowest point of the disc, find the period of SHM of the system (disc + ring ).(in

seconds)

A uniform disc of mass m and radius R = m is pivoted smoothly at P. If a uniform disc of mass m and
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223. In the arrangement shown in figure, pulleys are small and light and springs are ideal and K; =
25m%2 N/m, K, = 2K, K; = 3K, and K, = 4K, are the force constants of the springs. Calculate the period of
small vertical oscillations of block of mass m = 3 kg

224. A block of mass m is tied to one end of a spring which passes over a smooth fixed pylley A and under a
light smooth movable pulley B. The other end of the string is attached to the lower end of a spring of
spring constant K5. Find the period of small oscillation of mass m about its equilibrium position (in
second). (Take m = m? kg, K, = 4K, and K; = 17 N/m)
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14.0SCILLATIONS

: ANSWERKEY :

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)

5)

9)

13)
17)
21)
25)
29)
33)

37)

d 2)
b 6)
d 10)
c 14)
b 18)
a 22)
d 26)
a 30)
C 34)
c 38)
a 42)
b 46)
d 50)
C 54)
C 58)
b 62)
b 66)
c 70)
b 74)
d 78)
b 82)
b 86)
b 90)
b 94)
b 98)
a 102)
c 106)
d 1)
a,d 4)
a,bd 6)
b,d

acd 10)
a,d

a,c 14)
a,c

a,b 18)
b,c,d
a,b,c,d 22)
a,c

a,b 26)
a,b,d

acd 30)
b,c

b,c 34)
b,d

a,b,d 38)
2) d

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)
2)
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7)

&
=9

11)
b,d 15)
a,d 19)
a,b,c,d 23)
abd 27)
ab,c 31)
a,b,c,d 35)

a,c 39)
3) b

4)
8)
12)
16)
20)
24)
28)
32)
36)
40)
44)
48)
52)
56)
60)
64)
68)
72)
76)
80)
84)
88)
92)
96)
100)
104)
108)
,od 3)
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bd 8)

a,c 12)
acd 16)
b,c 20)
a,c 24)
b,c 28)
a,b,c,d 32)
a,b,c 36)

cd 1)
4) d
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5)

9)

13)
17)
21)
25)
29)
33)
37)

5)
9)

5)
9)
13)
1)
5)
9)
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N
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N = DNQGT o

6)

10)
14)
18)
22)
26)
30)
34)
38)

6)
10)

6)
10)
14)
2)
6)
10)
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11)
15)
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23)
27)
31)
35)
39)

7)
11)

7)
11)
15)
3)
7)
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8) b
12) a
16) b
20) a
24) d
28) e
32) a
36) d
1) a
c

8) d
1) d
b

8) b
12) ¢
16) d
4) 4
8) 2
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14.0SCILLATIONS

: HINTS AND SOLUTIONS :

1

(d)

As the scale can read maximum 50 kg, for a length
of 20 cm, let the spring constant be k, then

kxg = mg[for m = 50 kg, xg = 20 cm]
=>k=0.2=50= 10 = 2500 N/m

Let mass of the body be m,, then from T = 2x f%

= 0.6=21 |—2_ = 22.8k
0= 2500 Mo T 420K
(b)

y; = asinwt and y, = sin(wt + ¢)

y; —y1 = av2 = asin(wt + ¢) — a sinwt)
_ wt+p+wt) . wt+p-wt

orv2a = 2a cos (—2 ) = sin (—2 )

= 2a cos (wt + %) sin%

For maximum value, cos(wt + ¢) = 1, therefore

. ¢ . ¢ 1

—— = —_— = —
251n2 V2 sm2 7z

o_nm T
or2—40r¢—2

()
U =a+ bx?

= o2
=- =l x]

2b
F:ma:—be=>a=—(—>x
m

2\ /2

w=2nf = (—)
m
Hence frequency depends upon b and m

(d)

The situation is illustrated in the following figure,

t,—t;=2s,t3—t; =2s

Le, t3 —t; = 4 s which is half of the time period
So, T =8s

(b)

The situation when the block is just below the
mean position is shown in figure, the restoring
forces acting on the piston cause a normal
reaction F to act on the block. For the block to
separate F = mg

ie, mw?A = mg

(where w = angular frequency and A =
amplitude)

F j%/lock
..... v
Prism ¢
mg
g _ &g gr?
orA ZE = (z?n) orA > A’

Now, the maximum velocity v,,,4 at that instant
= wA

2m\ (gT?\ 10
= () <E> = /s
(b)

4.9

SoB=A,¢ =240° ="

(a)

Let x;and x, be the distances of the two positions
from centre. Then with usual notations
w = w42 -xf) (D)

v? = w?(42 —x2) (i)

a= w?x, (iii)

b = w?x, (iv)

Subtracting Eq. (ii) from Eq.(i),

u? —v2=0w?(x2-x%) )

Adding Egs. (iii) and (iv),
a+b=w?(x; +x) (vi)

uZ—p?
Dividing Eq. (v) by Eq. (vi) o, = X2 %

(a)

With mass m, alone, the extension of the spring !
is given as

My g =kl (i)

With mass (m; + m,), the extension [ is given by
(my +my)g=kl' =kl + Al (ii)
Hence Al is the amplitude of vibration
Subtracting Eq.(i) from Eq. (ii), we get m;g = kAl
or Al = ™18

k
(d)
Ty =T = (mg%sin@ + M gL sin 0)
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10

11

12

13

= Restoring torque about point O.
In case A, moment of inertia will be more.
Hence, angular acceleration (a = /1) will be
less. Therefore angular frequency will be less.
Note Question is difficult because this type of
SHM is rarely.
o

mg

Mg
()
Since F = —Z—Z = 2kx exp (—x?)
F = 0 (at equilibrium as x = 0)
U is minimum at x = 0 and Uy, = 0
U is maximum at x — fooand Up,,x = k
The particle would oscillate about x = 0 for small
displacement from the origin and it is in stable
equilibrium at the origin
(©
The time period of simple harmonic motion is
T =18s,

— >

— | O— >

-4 x=032cm 4
Att = 0, the particularis at x = 3/2 cm and
approaching positive extreme
39s=2x18+3=2T+3=2T+T/6
Distance travelled by the particle in 2T is 84 = 24
cm. Distance travelled by the particle in further
T/6isA/2 =1.5cm
Total distance travelled = 25.5 cm

(d)

T sin & = mL sin Qw?
324 = 0.5 x 0.5 X w?

e 32
0.5 x 0.5

324
7= 05%x05

8
= w=—=36rad/sec

0.5
(9
Time interval is T /6

14

15

16

Let the equation of simple harmonic motion be

x = Acoswt,v = —Asinwt, where w = 2n/T
Mean velocity over the required interval is
T/6
o vdt
<vV>=——
v T/6
foT/6 —Awsinwtdt 64 T/6  _34
= = — t [ —
T/6 T ¢, T
(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

PV = BV,

= PV = (P + AP)(V — AV)

= PV = PV + APV — PAV — APAV

= AP.V — P.AV = 0 (neglecting AP.AV)

P.x
AP(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 = 22

h
Comparing it with |F| = kx = k = Mw? = %

PA . |Mh
= = —_— — —_
“= Mh " pa

Short trick: by checking the options
dimensionally. Option (a) is correct

()

For torsional pendulum, time period is given by

T—ZI
_nk

Where k is torsional constant of string and it is
same for both the cases
/ _mL2 B 1x1.22
red T2 T 12
Trod < Irod )1/2 (3)2 0.12
= = | — =
Tplate Iplate 6 Iplate
Ipjate = 0.48 kg — m?
(9
du

F = ——= —8sin2x

dx

= 0.12 kg — m?
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17

18

19

20

21

For small oscillations, sin 2x = 2x

ie,a=—16x

since au — x, the oscillations are simple harmonic
in nature

X 1 =n
T=27T\/E|=2n\/:—6=is

(b)

The angular frequency is

|k 200~14 d
w= —= |7~ rad/s
(b)

Let equation of simple harmonic motion is
x = Asin(wt + 98)
Itis given,A = 0.5mand w = 2?71 = %5—1 = gs‘l
Att =0.5s,x=0.3m,s00.3 = 0.5sin(wt + §)
n(Exirs)=2aTes=3
= =X= === = 37°
SM\2 72 5 4
= § =37°—45° = -8°

So, equation of motion is x = (0.5 m) sin [%t — 8°]

(@)
Conserving momentum, 2V = 3V’

2
V' ==V

3

1 1 1
Ei=Smvf =X 2V2 =V? =S KA?
E ! 4 3 2 2V2 2V2

==X ==X3X=-X=-V*==

A M) 373" T3

%KA2 = §V2 = gEi (- E; = V? from above)

1I(A2 = 2(1KA2) => A = 2A

2 - 3\2 NE

()

The frequency will be same f = i\/%but due to

the constant gE force, the equilibrium position
gets shifted by ';—E in forward direction. So Sol. will
be (a)

(a)

Equation of SHM = y sin(wt + ¢)
Wheny=§,t=§— 2n _ T

- E T 2w
v = aw cos(wt + ¢), velocity is negative

7T<( t+ )<3”

y S (Wt d) <

a 1
E=asin(a)t+¢)=>5in(wt+¢)=5
. )_5_”

2 ¢ 6

Substituting in the above equation, we get

¢ =m/3

22

23

24

25

(a)

L @b I 4

—_ = > —=

T Eme mgl w?
4 _47‘[
w?

dU__[—Za b]

BT
At equilibrium position, F = 0
__2a
X=X =7

Atx = x5 + A, ie., at a displacement of Ax(K xp)
from mean position,
. [bx - Za] B [b(xo + Ax) — Za] _ bAx

(xo+Ax)3 | x3

X3
b4-

= g
As F uAx, so particle performs simple harmonic

motion with time period

8a3m

T =2n b

(d)

When the spring undergoes displacement in the
downward direction it completes one-half
oscillation while it completes another half
oscillation in the upward direction. The total time
period is

T=n\/%+n\/%
(d)

When the elevator is at rest, the elongation in
spring is given by ky, = mg

mg¥
At the instant the elevator starts falling down with
acceleration g, the block is at rest w.r.t. elevator
and the net force acting on it is ky, in the ward
direction w.r.t. lift frame of reference. Due to thin
the block moves up and as a result elongation in
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26

27

28

the spring decreases, and the force experienced
by the block becomes zero when spring and stops
momentarily till compression in the spring
becomes mg/k

Hence the block will always have net force
towards relaxed position of spring and the block
will perform simple harmonic notion with time

period T = 271\/% and with amplitude mg/k

(b)
When the rod is replaced by the string the simple
pendulum will act as compound pendulum for

which time period is given by

T=2n 1—0 Q)
Mgd
—0
L/2
d
MO L
----------------- o cm
oOm X
I, =moment of inertia about point of suspension

M'=total mass = (M + m)
d = seperation between point of suspension and
centre of mass of the pendulum
M(L/2)+m(L) (M+2m)L
T M+m) 2(M+m)
Substituting the value in Egs (i), we get

L o g [PM+3m)L
- o 3(M + 2m)g

()

Letx; = asinwt and x, = a = asin(wt + §) be
two SHMs

a

a
3= asin wt and —3= asin(wt +6) = —-1/3
sinwt = 1/3 andsin(wt + §) = —1/3

Eliminating t, %cos 0+ ’1 + gsin 0= —é

9 cos? 8 + 2 cos 5-7=0

§=—1or=
CoSs OI‘9

i.e, § = 180° orcos™! (g)

if we have 180°, we find that v; and v, are of
opposite sings hence § = 180° is not applicable

7
~ 8 =cos?! (—)

9
(©)

29

30

Due to impulse, the total energy of the particle
becomes

1 1
EmcuzA2 + Ema)zAz = mw?2A?

Let A’ be the new amplitude,

1

Emwz(A’)z = mw24? = A' =24
(a)

For A, time period T4, = 16 s (distance between
two adjacent crests)

For B, time period Tz = 2(20 — 8) = 24 s (length
between the crest and through shown
=20s—8s=125%)

Also, amplitudes a4y = 10 cm, ag = 5 cm

(Vmax)a — waaq

'(Vmin)p ~ wpag

2m
_ (a)aA _Tgay 24x10 _§
()4, Tiap  16x5 1
(TB) ap ATB

(9]
From the graphT = (5—-1) = 4s
(distance between the two adjacent crests shown
in the figure)
And v = 5m/s; wA=5m/s

21 5T 5x4 10

(?)“5“:%- o

Now

Also, w = - Erad/s
4 2
The equation of velocity can be written as
s
V = 5sin (Et) m/s
At extreme position, v = 0; sin (g t) =0ort=2s

Phase of the particle velocity at that instant
corresponding to the above equation = 7
Therefore, when a phase change of /6 takes
place, the resulting phase = + /6

. T T 1
v = 551n(7r+g) = —551ng= —S(E)
= 2.5 m/s (numerically)
dy
I v=dy =vdt
. (mt 10 it
dy :.ISSm(?)dt = —cos7] +C

Since at t = 0, the particle is at the extreme

position, thereforeatt = 0;y = — 1n—0

10 10
——=——cosf

T T

10wt
y=——c0s5

Clearly a phase change of /6 corresponds to a
time difference of

T T 4 1

2 (5)

12 1273
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31

32

33

10 m_ 10(vV3
Y= ncos6— T\ 2

= %m (numerically)

. dv it 5m cosmt
Acceleration, a = (5 1n =——
dt  dt 2 2

1 51T T 5mV3
aatt ==s=>cos— = —m/s2

3 2 6 4

. : 10

Maximum displacement, X, = A = —m

T
and maximum acceleration, a,x = w?A4

= (E)Z X E = 5_7Tm/52
2 T 2

(d)

When spring is compressed by 3x,. Amplitude,

A = 3x,. The time taken from extreme
compressed position to mean position, t; = T /4
If time taken (t,) from mean position to x = x; is

given by
. 27Tt2 . 27Tt2

x = Asin = x¢ = 3x¢ sin

o 2mt, 1 2mt, w . T

= - = —_= = —

ST =37 T T 9T 2T g
C ot T T 11T 11 \/ﬁ \/7
1t =3+ =1gT =152
(a)

The spring is never compressed. Hence spring
shall exert least force on the block when the block
is at topmost position

At equilibrium position kx, = mg = x, = mg/k

Natural length
of spring

gess 'I‘ Upper amplitude
-=-=-=-2- Mean position
.......... Do .I. Lower amplitude
mg
Frax = k(to — A) =k [T — 4
7.’_.2

=mg—4T2mA mg — kA = mg — mw?A

(9
If the stick is rotated through a small angle 6, the
spring is stretched by a distance L8 /2. Therefore
restoring force in spring = (KL8/2). Each spring
cause a torque

KLO\ L
"= F) = ()3

In the same direction. Therefore equation of
rotational motionist = la

Z(KLH)L_I _thI_MLZ
e\ T e i =y
_ (61()9
“="\m

34

35

36

37

Standard equation of angular SHM is & = —w?6

6K
2m | M

2_6K:>f_a) _
=y “or
(a)

dUu

_ 3 __auv_ 2 ;
U=klx|?=>F= = 3k|x| (1)

2
Also, for SHM x = a sin wt and % +w’x=0

2

. a“x
= acceleration a = F = —wzx =>F=ma
dzx 2 .
= M—=—-mw-Xx L1
dtZ ( )
3kx

From equation (i) & (ii) we get w =

- h 2”\} ’ 3k(a sin a)t)

\/E
(a)
The oscillation of the block will be periodic but
not simple harmonic. The springs are only
compressed but not extended since the block
loses contact with either spring just in its relaxed
state. The minimum distance between the springs
will therefore be when both the springs are
relaxed, i.e., during the interval when the block
moves between the springs
Time taken by the block to move from one spring
to the otherist; =d/v
Time taken by the block in contact with either
spring is

el

Hence the periodic time T of the oscillation of the
blockis T = 2(t, + t;)

g

Also minimum distance between the springs = d
(b)

The velocity is minimum (zero) at the extreme
position and maximum (+wA) at the mean
position

The acceleration is maximum (zero) at the mean
position. Since the particle crosses the mean and
extreme positions twice, during each oscillation,
hence the result

(©

Let w; and w, be the angular frequencies of first
and second particle, respectively. Then, the phase
by which they will proceed in time t is w;t and
w,t, respectively. According to the given situation,
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38

39

40

41

wyt —wit =3 X 2m for t =45
21 27T_3><27T

T 3 45

1 1 1 6

?=§+E=E$T=2.SS

(@)

From graph of acceleration and time graph

f = —fimax cos wt = —(w?A) cos wt

And we have relationship between acceleration
and position as f = —w?x = x = Acoswt
Which gives v = % = —Aw sin wt = — v, Sin wt

Hence option (a) is correct
(b)
Let us say in displaced position, the axis of
cylinder is at a distance x from its mean position
and its velocity of centre of mass is v and angular
velocity is w. Then, as cylinder is not slipping,
v = Rw. In this position, the spring elongates by x
Using energy method we can find frequency of
oscillation very easily
Total energy of oscillation is

Iw? Mv? kx?
PR
We have I = MTRZ,soE = %Mv2 +ka2

E=v%+ (EE) x? = constant
3M

Comparing with v? + w?x? = constant

So,w = ﬂ=>T=21I/ﬂ

3M 2k
(b)
— asinwt with _2m  2m m d
x = asin wt wi a)—T— 8—4ra /s
_ . mt
x = asin—

In 2 s (which is equal to T /4), one amplitude will
be covered . In 1st second

T a
x =asin—=—
4 V2
a
Required ratio = ﬁa = ﬁ
-z _
(a)

Rolling can be considered as pure rotation about
point of contact. We can consider this system as a
compound pendulum oscillating about P.

Time period T = 21 |—&-
mgd

42

43

44

P
Ip =moment of inertia about rotation axis
= I, + mR?
= mR? + mR? = 2mR?
The centre of mass of tube and rod will be at a
height R/2 from P, henced = R/2

T =9 2mR? ) 4R
= = — -

i mgR/2 & g
(b)

v? = w?(4% — b?) = 3w?b? = A% = 4b?

b 4 Asinwt =t E
= — = = =
B sSin w 60

. . T 2
Required time, t; =~ —t = — - = = =
4 40 6w 3w
(@)

Let S be the surface tension of the soap film. For
equilibrium of rod

0
2(L+y) tanE
mg = (Fsurface)l
0 0
mg = (thanE)S X 2; mg =4Sl tanE

If the rod is displaced from its mean position by
small displacement y, then restoring force on the
is
_[(Fsurface)z - mg] - (Fsurface)l

0 0
Frest = — [4S(l + ) tanz - mg] - [45 tan Ey]

Frest =

45 tang —4S tan%
a=- m Y= 4Sltang y
g
d?y g l
(b)
1 |mgl
T om | I

Where [ is the distance between point of
suspension and centre of mass of the body. Thus,
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45

46

47

for the stick of length L and mass m

L
1 | mgy 1

12g
fo=5r lwapr = 2n |1 = Vo

2 12

(b)
1 1
E= Ema)ZAZ = Em(an)zA2

1 J2E
C2nfm

Putting E = K + U, we get

1 2x(0.5+0.4)
A= 2m(25/m) 0.2
(d)
Since acceleration of the particle at initial moment
is maximum possible and is negative; therefore,
the particle is at right extreme position at this
moment. When the particle is released, it starts to
move to the left. [t means, velocity starts to
increase from zero initial value to negative value
and its magnitude becomes maximum possible at
mean position (att = T/4). It meansatt = T /4,
kinetic energy is equal to maximum possible.
Att = T /2, the particle comes to instantaneous
rest at left extreme position. It means at
t = T/2,v is equal to zero. Hence kinetic energy is
equal to zero. At t = 3T /4, particle comes back to
mean position and now moves to the right.
Therefore, velocity is positive and has maximum
possible magnitude. Therefore. Kinetic energy is
maximum possible.
Att = T, particle comes back to initial position
(extreme right position). Velocity and kinetic
energy become equal to zero
()
For a displacement x, the kinetic and potential
energies
are KE = %m(A2 — x?)w? and PE = %*mxzw2

= 0.06 m

Each of these = 12—0 =5]whenx =1cm

Hence%mxzou2 = %x 01x(1x107%)2?w? =5
10

This gives w? =

Giving w = 103 = 1000 rad/s
i

2T
HenceT = — =
®w 500

And frequency f = % s

Also,KE =5 = % x 0.1[A% — (1 x 1072)2](10°)
A2 —-10"*=10"*
A2=2x10"*=2A=v2x102m=+2cm

48
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(d)

T=2 n
— Kk vk, T

The maximum velocity is always at equilibrium

10 s
—_— = —S

360 3

position since at any other point there will be a
restoring force attempting to slow the mass

impulse 50 c 2w
Ce = ———= = e —
M mass 10 m/s = T
= 6rad/s
= A =amplitude = % = z =0.83m
(d)

I8
X = a4 sin wt + a, cos (wt + E)

. ) T T
x=alslnwt+azsm(wt+g+§)

. . 21
orx = a, sinwt + a, sin (a)t + ?)

A a
21/3

m/30S N\

a

21
o A2 =a? +di +2a4a, cos —

2, 2 T
=ai+a; —2a.a, cos§

: A—\/a2+a2—2aa cosE
- A= [ai +a; 1az COS 3

(a)

In equilibrium, let us say deformations
(elongation) in spring are xy; and xy,. Then

mg + kixo1 = kzXo2

Let the block be displaced down by x; then
elongation in spring 1 reduce by x and in spring 2
it increases by x. In this situation, the net force
acting on the block towards equilibrium position
is

F = ky(x + x02) — mg — k(X1 — x)

= (k, + kq)x (using equilibrium equation)

So, the angular frequency of SHM is

’k +k
1m 2= 10v2 rad/s

(d)
From equilibrium position of mass, mg = ky,
where y, = (11 —4.5) cm = 6.5 cm
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54

55

56

57

So, time period of simple harmonic motion is

k g

5.6 X 1072

T =2
T 10

= 0.5065s=0.5s

5 s is equivalent to 10 complete time period; so
the mass is at its initial position att = 5 s, i.e,, itis
at 0.5 cm above the tabletopatt =5

(o)

25 T
Tzﬁzzs:wz?zé}nrad/s
Spring constant k = mw? =5 X (4m)? =
8072N/m

Force required to stretch the spring by 5 cm is
F = kx = 802 x 0.05 N = 472
()

At mean position, the speed will be maximum

kx? mv? k
2 =77 e = [

and this is attained att = T /4

Time period of motionis T = 271\/%

So required time is t = g

()
Let at t = 0, the particle is at extreme position,
then the equation of SHM can be written as

m
k

21
x = Acos(wt) = A cos (T t)

Att =T/8,
2 T A
x=Acos—=—
TN
2
Acceleration = —w?x = — (2?”) X %
. . 412 A
Magnitude of acceleration = NeT
(<)
1
K= Ema)Z(A2 —y?)
1
U= Ema)zyz

1 1
K+U-= Ema)z(A2 —y?) +§ma)2y2

ie,2y?=A%o0ry = %

()
) ’az—xlz,v2=w /az—xz2
2,2 2,2
ViXy; =V X
Wegeta = |22
vi—v;
()

58

59

Let the bar be rotated through a small angle 6.
The restoring torque of the forces mg, k;x and
k,x about O can be given as

l
T=- [mg (E) sin@ + kix(l cos 8) + k,x(l cos 9)]

Since 6 is small, sinf@ = 0,x = 10 andcosf = 1
Putting k; + k, = k, we obtain

=l )

l
orla = — [kl2 +mg (E)] 0

(k2 +mg(l/2)]\ |3k  3g
=>wosc.‘\/< (mi?2/3) >_\/Z+Z

|

:,a(u=\/§andf=£=i it

M 2m 2\ M

()

From the graphT = (5—-1) =4s

(distance between the two adjacent crests shown

in the figure)
And v = 5m/s; wA=5m/s

2 5T 5x4 10
(F)a=s=a=gr=r=7m

Also, w = L Erad/s
4 2
The equation of velocity can be written as
s
V = 5sin (E t) m/s
At extreme position, v = 0; sin (g t) =0ort=2s

Phase of the particle velocity at that instant
corresponding to the above equation =
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61

Therefore, when a phase change of /6 takes
place, the resulting phase = 7 + /6
v= 551n(7‘t+z) = —SSinz= —5(1>

6 6 2
= 2.5 m/s (numerically)

Yo dy = vdt
L ov=dy=v

d _fs_ (nt)dt_lo
y = sin > =

Since at t = 0, the particle is at the extreme

. 10
position, therefore att = 0;y = -—

e
CoS 2

10 10
——=——cos#6

T T

10 mt
y=——c0s5

Clearly a phase change of /6 corresponds to a
time difference of

(&)=t = =25
2r\6/ 12 12 3

10 1« 10 (V3
y=—?c05g=—?<7>

= %?Tm (numerically)

. dv d . Tt 57 cost
Acceleration,a = — = — (5 sin—) =—
dt ~ dt 2 2 2

1 51T T 5mV3
aatt =-s =>cos—- = ——m/s?

3 2 6 4

. . 10

Maximum displacement, x;,,x = A = —m

T
and maximum acceleration, . = w?A4

= (E)Z X E — S_Em/sz
2 T 2
(<)
Let the acceleration be f, f = —w?x
Therefore, distance of the particle from the centre
at any time ¢ is given by
x = r cos(wt), where r is the amplitude
Whent=1s,x=r—a
~(r—a)=rcosw
r—a
)
Whent=2s,x=r—a—b»,
Thereforer —a — b = cos 2w
~r—a—-b=7rQ2cos?w—1) (i
Substituting the value of cos w from Eq.(i) in
Eq.(ii), we get
r—a—b=r[2(r;—g)2—1]
2(r —a)?
7
r

CoOsSw =

r—a—>b=

2a?

3a—b

~r(Ba—b)=2a’=>r=

(b)

Let the line joining AB represents axis 7’. By the

62

63

64

65

66

conditions given r’coordinate of the particle at
time t is

A
+r
,'(
0| A2
: t
2
s B
2n  2m
w=—=—=n>r=2V2coswt
T 2

r
X =1cos45° = —=2cosnt

V2
a, = —w?x = —m?2cosmt
F, = ma, = —4m? cosmt
(@
U=Uy,—Uycosax

o du U si _d*x
f= o~ Uosinax =m—
This is the equation of SHM = T = 27” Uﬂ
0

(d)

t
y = 8sin? (E) sin(10t)
0
= 4[1 — cos t] sin(10 t)(using 2 sin? 3

=1—cos )
= 4sin(10t) — 4sin(10t) cost
= 4sin(10t) — 2[sin 11t + sin 9¢]
(using 2 sin C cos D = sin(C + D) + sin(C — D))
= 4sin(10 t) — 2sin(11t) — 2 sin(9t)
Evidently, y is obtained as the superimposition of
three independent (i.e., having different angular
frequency w) SHMs
(a)
As the range of motion is 4 cm, the amplitude of
motion is +2 cm. 10.5 s is equal to 10.5 time
period of simple harmonic motion; so we have to
find the height and position of cork after one-half
of time periodasT/2 = 0.5s. Asatt = 10 s, the
particle is at its lowest position, after half a time
period the cork would be at its maximum height
and velocity of cork at extreme position is zero

(b)

T 2xT  4m? 412
L2287 == =constant
X X T T

(b)

Period = 2% = 2s (or)w = mrad/s,

Amplitude = 10 cm
If the system is released, the equation of motion is
y = A cos wt
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70

5=10cosmt; wheny =5 cm

—5=10cosnt, wheny = =5 cm
(1 yis 1
mt; = Cos <§)=§ortl=§s
I A A 2
mt, = cos (—E>—?ort2—§s
~ Time interval = t, — t; = %— § = § S
(b)

When any charge is given to the bob of the
pendulum, it induces opposite charge on the
metal plate, and hence a net force of attraction
acts on the bob. Thus, the effective value of g
increases

So, from T = 2m./l/g.s; the value of T decreases

(b)
The slope of the length

_E_ 05 0.1N =—-10N
==~ =0 /cm = — /m

But F = —mw?xor, F/x = —mw
=10

2

So, —mw? = —10 or, mw?

or,w? = 10/m

2 = 10 > = =5
“ax10t YT 7

w

5
o f = E = %/S
(o)
Here w = /# The maximum static frictional

force is
fmax = U mgcosf = 2tanf mgcos O = 2 mgsin b
™ Mean position
~ A

<
K
N
& <
/
/,
7
/
/

Extreme position

m g sinf

Applying Newton’s second law on the block at
lower extreme position
f —mgsinf = mw?A = f = mw?A + mgsiné

AS f < fnax w?A = gsin@ or A = 21esin8
(d)
x; ks
Xy +x, =Aand kyx; = kyx, or —=—
2 Kk

Solving these equations, we get

x=(k2 )A
1 ky+k,

71

72

73

(©
Let spring constant of two spring are k; and k,,
respectively, then

TI—Zn\/: and T, = 2m |—
"kz

4m%m 4m%m
and k), = ——
¢ Ty
When the two springs are connected in series,
then

1=

T=2 here keq = — 22
=2m Kon where =T,
T = /Tf + T
(d)
Frequency of a simple pendulum
8

l

Ev1dently, f = at any place

The effective 1ength l is the distance of the point
of suspension O’ from the centre of gravity (CG) of
the bob. As, water flows out of the hole at the
bottom, the CG descends from centre towards the
bottom, increasing the effective length, and
consequently f decreases. However, when all the
water has flows out, the CG of a hollow sphere is
once again at its centre and hence the effective
length would decrease, thereby increasing the
frequency

(b)

When a particle performs SHM, its total energy
remains constant. [t means, kinetic energy plus
excess potential energy is a constant, which is
equal to maximum possible kinetic energy.

Hence, excess potential energy will be maximum
when KE is equal to zero and zero when KE is
maximum possible. Hence option (b) is correct

If frequency of oscillations of a particle is equal to
n, then frequency of variation of its KE is equal to
2n. It means, if time period of variation of KE is
equal to T, then time period of oscillation of the
particle will be equal to 2T. Hence option (a) is
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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

M, 4K 2ok J
| -0 -]

And by energy conservation
1 1 y 1
—_ 2 e 2 _—=
3 (4K)y > Kx* = 253
()

Decrease in potential energy of the mass when the
pan gets lowered by distance y (due to mass
hitting on the pan) = mg(h + y), where h is the
height through which the mass falls on the pan.
Increases in elastic potential of the spring

= 1/2 ky? (according to low of conservation of

energy)

ormg(h+vy) = %ky2

orky? —2mgy —2mgh =0
. 2mg + \/4m2g? + 8mghk

2k
mg mg ( th)
=—+— [[1+—
k= k + mg

Velocity of the pan will be maximum at the time of
collision and will be zero at the lowest position.
Hence y should be the amplitude of oscillation

; ; o = |8 4 MmE il
So, amplitude of vibration = [ . + p (1 + mg)]
(d)
T =2m I—O'I =l +mr'*=s>mr®=1,+mr'?
med’ 0 =I¢ c

= I =m(r?—r?)
Iy = Ic + md?>m(r? —v'%) + m(r? +r'?) = 2mr?

2

2
d= r2+(—r)
T

77

78

79

80

(d)
Mean position of the particle is mg/k distance
below the unstretched position of spring.

Therefore, amplitude of oscillation is A = %

W= \/% = 2nf = 20n(f = 10Hz)

m 1
k = 40072
g 1
Vmax = Aw = 10022 X 20 = o m/s
(a)
B
49m ' 49m
e .
_49m y=0 0.2m .
) 4.9m !

The block is released from A

x =49m + (0.2m) sin (a)t + E)
2

att = 1s;x = 5m
so range of projectile will be 5m

2 o; o
Now 5 = L8090 )2 — 50 = p = /50
(a)

In equilibrium position, net force acting on the
object (block of mass m) is zero. Let spring of
spring constant k; is stretched by x; and spring of
spring constant k, is stretched by x,, then free
body diagram of the clock is as shown in figure

-

—
kx|

kyx;

Now, x; + x, =20 cm and kyx; = kyx;

x; =15cmandx, = 5cm

So, new equilibrium position is at x = (20 + 15)
cm from P;, and time period of oscillation of the
block is given by

T =2 m =7 0.1 o m
T e+ k. T 2000 ~ 100°

(b)

The small block oscillates along the inclined plane
with an amplitude A. As a result the centre of
mass of the system undergoes SHM along the
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horizontal direction
[m(A sin wt. cos 60°) + MO]

XcM =

m+M
1 m Asin ot
T 2mam
The acceleration of CM is acy = —w?xcy, along

the horizontal while the net horizontal force is
= (M + m)acy, which is equal to the force of
friction acting on it

(b)

Amplitude = 0.15 m

_ k_ 400_10 d/s o _w_5
T m 4 rad/s f_27r_1r

Energy of the particle executing SHM = KE + PE

= Lt 4ok

=5mv® + S kx
1

1 1
Therefore,;mv2 = EkA2 - Ekx2

1
2 _ EkAz
= ~k(A? - x?)
1
= 2 X 400(0.15% - 0.1?) = 25]
(b)
y = 4 cos? (%) sin 1000 ¢

=y =2(1+cost)sin1000t

=y =2sin1000 ¢ + 2 cos t sin 1000 ¢
=y =2sin1000 ¢ + sin999 t + sin 1001 ¢t
[t is a sum of three S.H.M.

(@)
y = kt?
d’y
az = 2k
or a,=2ms"?
(ask = 1 ms™?)
1
T]_ == 27-[\/;
and T, =2m :
g+ay
T{ _gtay _10+2 _ 6
T2 g 10 5
(b)

As discussed in theory part

=

g
Givenp = -

’ ¢
H iodis 2w |————
ence period is 27 [=—"-

p = density of liquid
o = density of bob material

85
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88

(b)

The wire may be treated as a spring for which

force constant

Force YA F L
- )
Exten51on L A AL

Spring constant of the spring k, = K

Hence spring constant of the combination (series)
kik, (YA/L)K YAK

ki +k, (YA/L)+K YA+KL

~ Time period T = 271\/: 2m [

()
Time period of the system (object of mass 4 kg)

before collision is T; = 2@ .
\/100

After collision, time period of the combined mass
is

g |10
2= 2% 1700

We can apply momentum conservation for just
before the collision and just after the collision in
the horizontal direction

4x2X /10
——2

10 x

keq =

(YA+KL)ym]/2
YAK

4A1(l)1 = 10A2(1)2 => A

So, change in amplitude, AA = A1 — A, =
2 [1 - \/2] m
5
(d)
Equation are x; = acos (cut + g)

and x, = acos (wt + %)

The first will fast through the mean position when
x1 = 0

i.e., for instants t for which (a)t + g) = nz—”, where
nisan

integer

The smallest value of tisn = 1, wt; = (n/2) =
(t/6) =m/3

The second will pass through the mean position
when x, = 0,i.e,, for instants t for which

(wt + %) = % where m is an integer

The smallest value of tism = 1,= (n/2) —

(m/3) =m/6

The smallest interval between the instants x; = 0
and x, = 0 is therefore

/[ s s s
(I)(tl:tz) :(g—g) :g:tl:tz :a
(d)
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vy, = 4sin(10t + ¢),y, = 5cos 10t

d)ﬁ
v === = 40 cos(10t + ¢)

dy, . n
v, = il —50sin 10t = 50 cos (10t + E)

Phase difference between v;and v, = ((p - E)

2
(b)

GM
As we know g = =
= Yearth _ % RZ ge _“
YIplanet p
Also T oc — gp
ge
=>T, = 2\/5 s
(9

The centripetal acceleration on the bob as it
oscillates (acting along the radius of circle)

= v2/R. This will act horizontally towards the
centre of circular path

The total acceleration acting on the pendulum bob

2\ 2
is therefore a = [g? + (”?)

The frequency of oscillation will therefore be

(@)

— 1 1

Kinetic energy K = E‘mv2 = Emazw2 cos? wt
1 —

= Ema)zaz (1 + cos 2wt) hence kinetic energy

varies periodically with double the frequency of
SHM. i.e.,2w
(0

Angular frequency of system,

_ K_K
T dm4+m [2m

Maximum acceleration, @y, = w?A
Friction force between P and Q

=force exerted on lower block
KA

= mw?A = m(£>A =—
2m 2

(b)

From the graphT = (5—-1) =4s

(distance between the two adjacent crests shown

in the figure)
And v = 5m/s; wA=5m/s

2n 5T 5x4 10
(7) _S:A_Zn_ 2 —?m

21 Vs
Also, w = - = Erad/s

94

95

The equation of velocity can be written as

s
V = 5sin (Et) m/s
At extreme position, v = 0; sin (g t) =0ort=2s
Phase of the particle velocity at that instant
corresponding to the above equation =

Therefore, when a phase change of /6 takes
place, the resulting phase =7 + /6

V= 55in(7r+z) = —SSinE— —5(1)
B 6/ 6 T~ \2
= 2.5 m/s (numerically)

d
—y=vzdy=vdt

dt
d fs t)dt—lo 7Tt]+(:
y = sin —|cos5

Since at t = 0, the particle is at the extreme

position, thereforeatt = 0;y = —1n—0

10 10
——=——cosf

T T

10 mt
y=——cos

Clearly a phase change of /6 corresponds to a

time difference of
T (Tl.') T 4 1

2m\6) 12 12 3°
10w 10(V3
Y= ncos6— T\ 2
= im (numerically)
Acceleration, a = v_ 4 (5 sin 7T—t) — smeosmt
dat  dt 2 2 2
aatt=—-s=2LcosZ= Sn\/— m/s?
3 2 6

10

Maximum displacement, x,,,x = A = —

and maximum acceleration, ay,x = w?A

= (g)z X % = 5%Tm/s2
(d)
T=8s,w= 2% = G) rads !

x =Asinwt

a=-w?x= — <71TZ> sin (Z t)

Substituting t = %s, we get

a= — (gnz) cms 2
(@)
a = —w?x = w?x (numerically)
Rate of change of acceleration
da _ dx )
E = (U dt = w"v
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@:w3 /AZ_xZ

dt
For da/dt to be maximum, x? should the

minimum i.e.,, x = 0 and for da/dt to be minimum
x? should be maximum i.e.,, x = +a
(b)

Velocity at any displacement x is given by
V= wy A% — x?
A2

So, the required velocity = ZFH A2 —— = V24

2 T
(b)

Let A be the maximum amplitude of oscillation for
the required situation. Then f = mw?x (from free
body diagram of blocks)

a =a)2x
-

.f‘ _>f
kX<— (]
- >
Direction
of motion

For required conduction, f = mw?4
For no slipping f < f;,
ie, mw?A < us mg

0.6 xg
2> A< o =0.6m = A = 0.6m
4
(9
LethethetimeperiodthenZ:5—n—1=4—n
2 64 64 64
T ns
> T==
8
_27r_ 21 — 16 rad
T_(n/8)_ rad/s

Also, A = 10 cm (from the graph)

The equation of the sinusoidal wave can be
written as y = 10 sin(16t + ¢) cm, where ¢ is the
initial phase. From the graph, corresponding to
the crest = 10 cm; when t = 31 /64

) 3
10 cm = 10 sin [16 (@) + (;b] cm

. [377.’ 4 ] 1 3 + T T
—_— = _ = —_— = ——
sin 2 [0) or 2 10) > [0) 2

» y=10sin (16t - %)
(a)

Let the cylinder be depressed a distance x metres
into water from the position of rest.

Increases in tension of spring = 100x metres into
water from the position of rest

Increase in tension of spring = 100x kg — wt

(A =100 cm? = 1072m?)

100

101

102

100
Tooz X X 1000 kg — wt

K = 1kg —wt/cm = 100 kg -wt/m

= 10x kg - wt
Total unbalanced vertical force on the cylinder
= 100x + 10x = 110x kg — wt

Increases in buoyancy =

Acceleration of cylinder = Mm/s2 =
110x m/s?
. . . 2T
Period of one oscillation = T 0.6s
(c)
2w
x = Asin wt, where w = e = 5 rad/s
3 = & sinwt . 1__1(3> 2 x 37
= = = — — ] =
sinwt, 1 wsm z 180
A= Esinot t_l__1<4>_2><53
= Sln(l‘)zﬁ Z—wsln 5 = 180

Hence time interval (t, — t;) = % (53 -37) + %s
(a)

Potential energy is minimum (in the case
zero) at mean position (x = 0) and maximum
at extreme positions (x = +A). Attime

t = 0,x = A. Hence, PE should be maximum.
Therefore, graph [ is correct. Further in graph
III, PE is minimum at x = 0. Hence, this is also
correct.

(b)

Method 1:

Particle is starting form rest i.e., from one of its
extreme position.

As particle moves a distance A/5, we can
represent it on a circle as shown

\

Vi
44/5 A/5
—\P

4A/5_4=>9_ _1(4)
1 =% = cos™ ¢

4
wt = cos™ ! (§> >t

=geos (5) =z (§)
=—cos™ (g)=5-cosT (¢
Method 2: As the particle starts from rest, i.e.,

from extreme position x = A sin(wt — ¢)
Att=0;x=A :>¢=§

cos O =

A
A—§=Acosa)t
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4
= coswt = wt = cos g

_T 1 (4
t= Ecos (E)
(b)

From the graphT = (5—-1) = 4s
(distance between the two adjacent crests shown

(S0

in the figure)
And v = 5m/s; wA=5m/s

2 5T 5x4 10
(T) _5:>A_2T[ 2 —?m

Also, w = %’T = %rad/s

The equation of velocity can be written as

V = 5sin (g t) m/s

At extreme position, v = 0; sin (g t) =0ort=2s
Phase of the particle velocity at that instant
corresponding to the above equation =«

Therefore, when a phase change of /6 takes
place, the resulting phase =7 + /6

5 sin = = 5(1)
_Sln6—— 2

= 2.5 m/s (numerically)

v=551n(n+%)

dt
d fS )dt 10
y = sin =

Since at t = 0, the particle is at the extreme

10
position, thereforeatt = 0;y = -

=v=>dy=vdt

m +C
—CcoS—
2

10 10
——=——cos0

n n

10wt
y=——cos—

Clearly a phase change of /6 corresponds to a
time difference of

T (TL’) _ T _ 4 _ 1
2m\6) 12 12 3°

10 m_ 10(vV3
y= i3 €08 6  mw\2
= im (numerically)
Acceleration, a = Lo (5 sin n—t) = SELOSTE

dt 2 2
aatt=—-s=2ZcosZ= Sm/— m/s?
3 2 6

Maximum displacement, x5y = A = Em
and maximum acceleration, a5 = a)ZA

(7'[)2 % 10 5t / 2
=(= —=—m/s

2 T 2

(b)
Let spring constant of each spring be k, then the
equivalent spring constant of the two spring

105

106

107

system in parallel is 2k

Without mass, T =3 s = 27‘[\/%
m

With mass, T} = 65 = 2m

2k
T 1 | 12
T, 2 J12+4m
= 36 kg
()

Time period T = Zn\/g

! 41
T1=27T\/;=T=>T2=27T\/;=2T1=2T

Hence, in time T, (2T) small pendulum will
perform two oscillations and againu at initial
position

(b)

From circular motion representation, we can
represent SHM by uniform circular motion
Let t; is the time taken by particle to go from
x=0tox=A/2

A:/Z

g A2 1
Sin 1—A —2
P T ; /4 ; T XT T
= —_= = —= = = —_—
LT T T e T N T exan 12
So, time taken to go from x = A/2to A is
T T T T
tzz__tl—___—_
4 4 12 6
Hence,t—lzwzl
t, T/6 2
(b)
46 _ 0 =2t
dt B
y
B
o) X

Let BP = a; therefore,x = OM = asinf =
asin (2¢)
Hence M executes SHM within the given time
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period and its acceleration is opposite to ‘x’ that
means towards left

(b)

ﬁnet = ﬁl + ﬁzrﬁnet is zero when PA = PB
LetAB =1

1 1
Fi=2(=x% dF=2(—>< )
1 (2 x) and F, > x
Fnet = —4x
Therefore, motion in SHM will have k = 4

1 = LTl |— = 1 = 4TT

. . /K
Maximum velocity = aw = a |—

m

Giventhata1\/E = az\/E:ﬂz \/E

m m a K1
(a<)
Energy stored = %kx2 = %k x (0.25)2 =5]
k = 160 N/m
Period T = Zn\/%
_ 1 72— 4m’m

= 53 o =

1 4n’m
25 160
am= %kg (As 2 = 10), hence m = 0.16 kg
(b,c,d)

The only horizontal force acting on the coin is the
force of friction F. Hence its horizontal
acceleration is always in the direction of F its
magnitude is F /m. The magnitude and direction
of F can thus be obtained from the magnitude and
direction of acceleration. At the highest point, the
normal reaction has the minimum value,

Ny = mg — mw?A = Fpin = ulNy

At the lowest point, the normal reaction has the
maximum value,

N, = mg + mw?A = Fpax
(a,d)

Since, the particle starts from rest and finally
again comes to rest, hence, it is clear that
acceleration a cannot remain positive for all
values of time. Hence, statement (a) is correct
As no other information is available about its
motion, hence we cannot find value of || at a
particular instant. Hence, (b) and (c) are not
correct. Due to this very reason (d) is correct

uN,
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(b,d)
The maximum extension x produced in the spring
in case (a) is given by

F

F=k =
X orx k

The time period of oscillation is

mass m
T =2=x /— =27 /—
force constant k

In case (a) one end A of the spring is fixed to the
wall. When a force F is applied to the free end B in
the direction shown in figure (a), the spring is
stretched exerting a force on the wall which in
turn exerts an equal and opposite reaction force
on the spring, as a result of which every coil of the
spring is elongated producing a total extension x.
In case (b), shown in figure(b), both ends of the
spring are free equal forces are applied at ends.
By application of forces both the cases are same.
Thus, the maximum extension produced in the
spring in cases (a) and (b) is the same. In case (b)
the mid-point of spring will not move, we can say
the blocks are connected with the springs whose
lengths are half the original length of spring. Now,
the force constant of half the spring is twice of
complete spring. In case (b) the force constant=
2k. Hence, the time period of oscillation will be

T = 2p 2
=Tk

TI
— =42
= V2
Hence, the correct choice are (b) and (d)
(a,b,d)
a

X = asinwt cos wt = Esin 2wt
(cd)
If in equilibrium position, elongation of the spring
is equal to x;, then

mg
Kxy =mg or x0=7= 1cm

If the block is raised till spring becomes

unstretched and then released, then during

subsequent motion maximum elongation of the

spring (y) will be calculated by energy

conservation law

Loss of PE of block (mgy) =strain energy (% Kyz)
2mg

=—=2
y X cm

Hence option (b) is correct

Frequency of oscillations will be, f = %\/% =

5 Hz Hence option (¢) is correct
Since frequency f, does not depend upon
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gravitational acceleration, therefore frequency
will remain unchanged, even if the system is taken
to moon. Hence option (d) is also correct

(b,d)
For S.H.M. displacement y = a sin wt and
acceleration A = —w?y sin wt these are maximum
atwt ==

2
(b,d)

The time period of potential energy and kinetic
energy is half that of SHM

(a,c,d)

The only external horizontal force acting on the
system of the two blocks and the spring if F.
Therefore, acceleration of the centre of mass of
the system is equal to Flm, + m2.

Hence, centre of mass of the system moves with a
constant acceleration. Initially, there is no tension
in the spring, therefore at initial moment m, has
an acceleration Flm, and it starts to move to the
right. Due to its motion, the spring elongates and a
tension is developed. Therefore, acceleration of
m, decreases while that m, increases from zero
initial value.

The blocks starts to perform SHM about their
centre of mass and the centre of mass moves with
the acceleration calculated above. Hence, option
(b) is correct

Since the blocks perform SHM about centre of
mass, therefore the length of the spring varies
periodically. Hence, option (a) is wrong

Since magnitude of the force F remains constant,
therefore amplitude of oscillations also remains
constant. So, option (c) is also wrong
Acceleration of m, is maximum at the instant
when the spring is in its minimum possible length,
which is equal to its natural length. Hence, at
initial moments, acceleration of m, is maximum
possible

The spring is in its natural length, not only at
initial moment but at time t = T, 2T, 3T, ... also,
where T is the period of oscillation. Hence, option
(d) is wrong

(a,d)

Since liquid 2 is below liquid 1, liquid 2 is denser
than liquid 1. Let area of cross section of the
cylindrical block be A and it be displaced
downward by y. Then volume of liquid 2
displaced will get increased by Ay and that of
liquid 1 will get decreased by the same amount
Ay. Hence, net increase in upthrust on the block

120

121

122

will be equal to (Ayd,g — Ayd,g). This additional
upthrust tries to restore the block in original
position

[t means, the block experiences a restoring force
Ay(d, — dy)g. Since this force is restoring and
directly proportional to displacement v, it will
execute SHM along a vertical line

Hence, option (a) is correct and option (b) is
wrong. If mass of the block is equal to m, then its

: . Ayg(d,—d
acceleration will be equal to %

Since its acceleration depends on mass m,
frequency of oscillations will depend on size of
the cylinder. Hence option (c) is wrong

If the cylinder is displacement upward through y
from equilibrium position, then it will experience
a net downward force, equal to calculated above.
This shows that its motion will be symmetric
about its equilibrium position

(ac)

Let O be the mean position and a be the
acceleration at a displacement x from O

At position [, N —mg = ma

~ N#0

At position I, mg — N = ma

For N = 0 (loss of contact), g = a = w?x

Loss of contact will occur for amplitude

Xmax = g/w? at the highest point of the motion

AN

n ] Jya

x| me
o | | N

Ny
1[ | ]ta

mg

(a,d)

The resultant of two motion is simple harmonic of
same angular frequency w
The amplitude of the resultant motion is

A= \/A{ + A3 + 24,4, cosg = \/Ai + A3+ A A,
Maximum acceleration

= w?A = w?\JA% + A% + A4,

(a)

Here,

Yy=y1ty2tys

= asin wt + asin (oot +

g) + asin (wt + g)

g)} + sin (wt + g)]
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=a [2 sin (u)t + g) COS% + sin (“’t + g)]
=a [isin ((Jot + E) + sin (u)t + E)]

3 4 i
=a(V2 +1)sin (oot + g)

Thus, resultant motion is SHM with an amplitude

aW2+1)

Again energy of resultant motion
1
=S M [a(\/_+ 1) ] = —ma) 2a2(3 + 2V2)

= (3 + 2+/2) times energy of any one motion
(b,d)
Let the velocity acquired by A and B be V, then

v
mv:mV+mV:>V=§

1 1 1
-mV? +-mV? + = kx?
2 2 2

Also %mvz
Where x is the maximum compression of the
spring

On solving the above equations, we get

v=v(5)”

At maximum compression, kinetic energy of the
A — B system = %mV2 + %mVZ =mV? = %
(a,c,d)

U=x%—4x+3 andF——d———(Zx—4)

At equilibrium position F = 0,sox = 2 m
Let the particle is displaced by Ax from
equilibrium position, i.e., from x = 2, then
restoring force on body is,
F=-224+Ax)+4=-2Ax

i.e.,Fa — Ax, so performs simple harmonic
motion about x = 2 m

Time period, T = 27‘[\/% = 211\/% =271s

2
From energy conservation, % + Umin = Umax
1 x 42
> +(22-4x2+3)
=(A+2)?2-4(4+2)+3

Where A is amplitude. Solving the above equation,

wegetA =2vV2m

(ac)
] _ 2mt
y =asinwt = asmT
_dy 2mt
v= i wa cos T

T 27
Att=—-, v = wacos(——
6 T

or, v = (Vmax/2)
2 T T
= —_— )( —_—— —_
y a sin T 6 a sin 3

126
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It is not half of a

. d? dv 2mt
Acceleration = £Y = = w?asin —
dt? at T

Vi
= w?a Sin§ = 0.86 (AC)max

At this instant,

1 1 w2  (KE) 1
_ = 2 _ max\~ _ max _ *
KE = 5 mv 5 m ( ) 2 2 (TE)
3
- PE = TE — KE = 7 (TE)
i.e.,, KE # PE
(a,b)

When point of suspension of pendulum is moved

upwards, gefr = 8 + @, 8efr > gand as T « 1/, /ger,
hence T decreases, i.e., choice (a) is correct

When point of suspension of pendulum is moved
downwards and a > 2g, then T decreases, i.e.,
choice (b) is also correct

In case of horizontal acceleration

Beff = /8% + a% le.,Befr > 8

i.e, again T decreases

(a,d)

Statement (a) is correct. At any position O and P
or between 0 and Q, there are two accelerations-a
tangential acceleration g sin @ and a centripetal
acceleration v2 /I (because the pendulum moves
along the arc of a circle or radius ), where [ is the
length of the pendulum and v its speed at that
position. When the bob is at the mean position O,
the angle @ = 0, therefore sin @ = 0; hence, the
tangential acceleration is zero. But at 0, speed v is
maximum and the centripetal acceleration v?/l is
disrected radially towards the point of support.
When the bob is at the end points P and @, the
speed v is zero, hence the centripetal acceleration
is zero at the end points, but tangential
acceleration is maximum and is directed along the
tangent to the curve at P and Q. The tension in the
string is not constant throughout the oscillation.
At any position between O and end point P or Q,
the tension in the string is given by T = mgcos «

O 'g sine
At the end point P and @, the value of « is the
greatest, hence the tension is the least. At the
mean position 0, ¢ = 0 and ¢ = 1 which is the
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greatest; hence tension is greatest at the mean
position

(b,c)

Harmonic oscillator has some initial elastic
potential energy and amplitude of harmonic
variation of energy is %1’(’a2 = % X 2 x 10% x
(0.01)? = 100/

This is the maximum kinetic energy of the
oscillator.

Thus K« = 100/

This energy is added to initial elastic potential

energy may give maximum mechanical energy to
have value 160/

(b,c,d)
U=5x(x—4) =5x? — 20x
au
= - = —10x+20
dx

i.e., force is not constant

KE or speed of the particle will be maximum at
the mean position where force becomes zero
F=0orx =2m

Acceleration experienced by the particle is

F  —-10x+ 20

i.e., particle executes SHM
As w? =100
~ w =10
HenceT =% =25
w 5
(a,b,c,d)
Att =0
Displacement, x = x; + x, = 4sin§ =2v/3m
Resulting amplitude,
A=/2%2 +42 + 2(2)(4) cos /3
=2V7m
Maximum speed, Aw = 20v/7m/s
Maximum acceleration, Aw? = 200v/7m/s?

Energy of the motion = %msz2 = 28]

(a,b,c,d)

If a particle is performing SHM with amplitude A
and angular frequency w and if its initial phase is
equal to zero, then its displacement from the
mean position will be given by x = A sin wt
Value of sin wt is same at two different values of

the phase. If one is wt, then the other is (r — wt).

Hence at there two instants, the phase are
unequal. Therefore option (c) is correct
Velocity of the particle will be equal to

w+/ (A% — x?). Since x is same at these two

instants, therefore the magnitude of velocity will

132

133

134

be same or the speeds are equal. However,
velocities are unequal because at one instant
direction of motion of the particle will be towards
the extreme position or away from mean position
and at the other instant, it will be towards the
mean position. Hence (a) is also correct.

Since speeds are equal, kinetic energies are also
equal. Hence, option (d) is also correct.
Acceleration of the particle is a = —w?x. Since x is
same at these two instants, accelerations are also
equal. Therefore option (b) is also correct

(ac)

y = 0.5 [cos?(nmt) — sin?(nmt)] = 0.5 cos 2 nmt

dy ,
= —0.5 X 2nmw X sin 2nmwt

dt

dzy 2 2.2 1
el = —0.5(2nm*) cos 2nnt = —4n°n°y (i)
. d?%y

lLe., 2z X =y

i.e., particle is executing SHM with amplitude 0.5
m, i.e., choice (a) is correct
As standard equation of SHM is

2
Y-ty )
Hence, w = 2nn
For a second’s pendulum, T = 2 s

21
Hence, o' = TET= 2n

i.e,, choice (b) is not correct

(@)
—- =nn
dt max

i.e,, choice (c) is also correct
(a)
Here amplitude, A = 0.05 m, w = 207

and p =4n x04=16m
_2m 2m
o 20m O
Maximum acceleration= Aw? = 0.05 X (20m)? =
2072,
Hence (b) is not correct

Total energy

1 1
E == mw?4? = > X 0.1 x (20m)? x (0.05)2

2
= 0.057?J

Hence, relation (c) is also correct. Force is zero
only at mean position correspondingtoy = 0
(a,b)
The time period of simple harmonic pendulum is
independent of mass, so it would be same as that
T = 2m,/1/g. After collision, the combined mass

acquires a velocity of vy /2, as a result of this
velocity, the mass (2m) moves up and at an angel
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0, (say) with vertical, it stops, this is the extreme
position of bob

8
277N ) S——
OO 2m
Yo
2
From work-energy theorem, AK = Wigq
2m (Vg2
0-— 7(7) = —2mgl(1 — cos 8)
v 0
2 = 1—cosf = 2sin2 =
8gl 2
. 6o Vo
sin— =
RN
. . & ~ % _ Vo
If 6, is small, sin e 6y = _z@

So, the equation of simple harmonic motion is

0 = 0, sin(wt)

(a,b,d)

Total mechanical energy of the oscillating system
is, E = Kpax + Unmin + Kmin Kmin = 0 at extreme
position

S0, Upax = E = 200]

| Mgy mXA%w?  KA?
Kmax = 5 > == =150]
So, Umin = 50]

(b,c)
Let the simple harmonic motion be given by

X, = asin (Zn %) (D

o (2 t_l_”) .
X =asin|2ro+ 7 (ii)

and x3; = asin (Zn% + g) (iii)

Then the resultant periodic motion, by the
principle of superposition is given by

X =x1+x3+x3

. 2mt (2mt T
x=a<smT>+asm(—+—)

T 4
4 _(Znt_l_n)
asin T >
_ [ (Znt)_l_ ) <2nt+n)]
x = a|sin T asin T >
4 _(Znt_l_n)
a sin T t2
—5 _(2nt+n> n+ _(27It+7'[)
x = 2asin ) cos4 asin Tt
2nt w
e (4
a(v2 + 1) sin —+7

137
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Which is a simple harmonic motion with an
amplitude a(\/f + 1) and phase angle 7 /4 and the

same period; it has the same phase as second SHM
The energy of resultant motion is proportional to
[a(vVZ+1)]" (e) [a2@2 +1+2v2)] =

(3 + 2\/§)a2 which is greater than three times the
energy of each separate SHM

(a,b,d)

Description of motion is completely specified if
we know the variation of x as a function of time.
For simple harmonic motion, the general equation
of motion is x = A(wt + §). As w is given, to
describe the motion completely, we need the
values of 4 and &

From options (b) and (d), we can have the values
of A and § directly.

For option (a), we can find 4 and § if we know
initial velocity and initial position. Option (c)
cannot give the values of A and § so it is not the
correct condition

(a,c,d)

When the block is released suddenly, it starts to
move down. During its downward motion the
rubber cord elongates. Hence, a tension is
developed in it but the block contains to
accelerate downwards till tension becomes equal
to weight mg of the block

After this moment, the block continues to move
down due to its velocity and rubber cord further
elongates. Therefore, tension becomes greater
than the weight; hence, the block now retards and
comes to an instantaneous rest. At lowest position
of the block, strain energy in the cord equals loss
of potential energy of the block. Suppose the block
comes to an instantaneous rest when elongation
of the rubber cord is equal to y. Then

1 2mg
Eky2 =mgy=>y=—= and 0

Hence, block will be instantaneously at rest, at
y=0andaty =2mg/k

In fact, the block oscillates between these two
values. Since the rubber cord is elastic, tension in
itis directly proportional to elongation.
Therefore, the block will perform SHM

Its amplitude will be equal to half of the distance
between these extreme positions of the block or

amplitude
1 2mg mg
2% Tk !

Hence, option (b) is correct
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The angular frequency of its SHM will be equal to

m

w =

Since k and m are not given in the question, it
cannot be calculated. Hence option (d) is not
correct

(a,b,c)

As per basic theory of SHM statements (a), (b), (c)
are true. Statement (d) is not correct because at
the equilibrium position the velocity is maximum
(a,b,c,d)

The position of momentary rest is SHM is the
extreme position where velocity of particle is zero

.............. L1 a—gny Y
N I Yan [ Z*g '
ean ] -
position AI"";"{I/Z L a=g/2t *m
-------------- a=g} g

As the block loses contact with the plank at this
position, i.e.,, normal force becomes zero, it has to
be the upper extreme where acceleration of the
block will be g downwards

w?A = :wZ—E—ZS
— B 04
& rad T 2w 2w
= = = =
W rad/s - 55

Acceleration in SHM is given as a = w?x

From the figure, we can see that at lower extreme,
acceleration is g upwards

N —mg=ma

orN =m(a+g) =mg

At halfway up acceleration is g/2 downwards

1
mg—N=ma orN=m(g—g/2) =5mg
At halfway down, acceleration is g/2 upwards

3
N—-mg—maorN =m(g+g/2) :Emg

At mean position, velocity is maximum and
acceleration is zero

s N = mg

(b,c)

x = 3sin 100 rt

y = 4sin 1007t

Equation of path is% = %
ie,t= 2x
3
which is equation of a straight line having slope
4/3. Equation of resulting motion is
7 =x{ +yj = (3 + 4f) sin 1007t
Amplitude is V32 + 4% =5
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(b,c)

v2 =108 — 9x2? or v? = 9(12 — x?)

We can compare the above expression with

v = wVA? — x2, which is the expression of
velocity for SHM

From this, we will get

w=3and A =12

SHM is not a uniformly accelerated motion
Acceleration at a distance 3 cm from the mean
position,

a = w?(3 cm) = 27 cm/s?

Maximum displacement from mean position
=A=+12cm

(a,b,c,d)

Period of oscillation changes as it depends on
mass and becomes three times. The amplitude of
oscillation does not change, because the new
object is attached when the original object is at
rest. Total energy does not change as at extreme
position the energy is in the form of potential
energy stored in spring which is independent of
mass, and hence maximum; KE also does not
change but as mass changes the maximum speed
changes

(a,b,c)

The motion of the particles simple harmonic. The
displacement at time t = is: x = a sin(bt + ¢)
Therefore, displacement at time (¢t + (2m/b)) is

2 2
X at (t+—) = asin [b(t+—)+c]

b b
= asin[bt + ¢ + 2]

= asin(bt + ¢) = x (attime t)

Hence, statement (a) is correct
Statement (b) is also correct since the same
displacement is recovered after a time interval of
(2m/b). Statement (c) is correct because the
velocity is zero when the displacement = + the
amplitude, i.e., at the extreme ends of the motion.
Statement (d) is incorrect, the acceleration is
maximum (in magnitude) atx = +A4

(b,d)
In SHM acceleration a = —w?y and
Force F = ma = —mw?y = —ky
Hence, relations (b) and (d) are true
(a,b,d)

A B
x = E(l — cos 2wt) + E(l + cos 2wt)

+C'2 t
7 Sin2w

— —0-(» = Cai
(@) ForA=0,B=0; (x =5 sin Zwt)
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(b) ForA =—Band C = 2B

x = B cos 2wt + B sin 2wt ; Amplitude = |B\/§|
(c)ForA=B;C=0;x=A

Hence this is not correct option
(d)ForA=B,C =2B;x =B + Bsin2wt

It also represents SHM

(ac)

At t = 0 when particle is at extreme position, the
situation is as shown in figure

)

Fromthefigure,cos@zAT{Z:%

p T T 27T><1 T—6
= == — = =
373 T S

Att = 0 when particle is at mean position, the
situation is as shown in figure

|y

—

X
N

@

A

6 = wt
From the figure, sin8 = A2

T T 2n
Hzg,butHZwtzg:TxTzlzs

If initially the particle is located somewhere else,
then time period comes out to be different. A
reverse question can also be formed on the same
concept

(cd)

When a constant force is superimposed on a
system which undergoes SHM along the line of
SHM, the time period does not change as it
depends on mass of the block and force constant
of spring

The mean position changes as this is the point
where net force on the particle is zero

+Q

k

m

[TTTTT77777777 7 7777777777777

(@

When the hoop oscillates in its plane, moment of
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inertiais I; = mR? + mR?,i.e.,I; = 2mR?

While when hoop oscillates in a direction
perpendicular to plane of hoop, moment of inertia
is

mR2+ R2_3mR2
2 T T

12=

The time period of physical pendulum is,

T =2n /; d is same in both the cases
mgd

(d)
The mean position of the particle in Statement I is
x = —b/a and the force is always proportional to

displacement from this mean position. The
particle executes SHM about this mean position.
Hence, Statement | is false

(b)

At the moon the value of g is less than on plane.
L L . .
AsT = 277\/; or T « p so T increases. It is also

true that moon; is smaller than the earth, but this
statement is not explaining the assertion

(d)

Time period of the spring pendulum is
T = 2n/m/k,

Where k is the force constant

Time period of the simple pendulum is
T =2mn/l/g

Time period of the torsional pendulum is

T = 2m,/l/k, where k is the torsion constant

If frequencies of all three are same at one place,
then at some other place frequency of torsional
and spring pendulums would be same and that of
simple pendulum may differ (dependent upon g)

So, Statement I is wrong and Statement II is
correct

(a)

A periodic function is one whose value repeats
after a definite interval of time. sin 8 and cos 8 are
periodic functions because they repeat itself after
2w interval of time
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sin curve COs curve

(b)
In simple pendulum, when bob is in deflection
position, the tension in the springis T =

2
mg cos 6 + % Since the value of 0 is different at

different positions, hence tension in the string is
not constant throughout the oscillation

mg cos@

mg

At end points 8 is maximum; the value of cos 8 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? — y? which is
maximum when y = 0, at mean position

()

The time period of a oscillating spring is given by,
m 1 o . .

T = 277.'\/; =>T« N Since the spring constant is

large for hard spring, therefore hard spring has a
less periodic time as compared to soft spring

()

Tangent compound of weight = mg sin 6 radial
compound of weight = mg cos 6 at mean position,
6 = 0,= tangent compound = 0

Therefore direction of acceleration is along radial
component of weight.

At extreme position, tangent compound is
maximum. Hence direction of acceleration is
along tangent component

()
Correct explanation of the assertion is that spring
constant of a given material and thickness is

inversely proportional to its length, ie, k « %
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()

Time period of simple pendulum of length [ is

l
T =2 |—
g

T oc /1

AT 1Al

T 21

AT

1
=x3=1.59
=3 3 5%

(@)

1
Total energy, E = Ema)zaz

i.e, E « g2

E

E' [2a\*
(—) = E' =4E
a
(a)
In SHM, the acceleration is always in a direction
opposite to that of the displacement . e.,

proportional to (—y)

(b)

[f length 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
G+7)

Here, R is the radius of earth.

T =2n

If

1
]>00,->0
1

T= 21 /g — 84.6 min

In general, time period of a simple pendulum

1
T =2m |—
g

T < v1

And

Or

(d)
The period of the liquid executing SHM in a U-
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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.

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)
Energy of damped oscillator at an any instant t is
given by

1

E = Eje~bt/™ [where E, = Ekx2 =maximum

energy]

Due to damping forces the amplitude of oscillator
will go on decreasing with time whose energy is
expressed by above question

()

Let us assume that density of material of cubes is
po and density of liquid is p. Then from
equilibrium condition, (8a3 + a®)pog = (8a®)pg

= 9po = 8p

When the block is displaced down by x, the
restoring force is F; = (8a® + a?x)pg — 9adg =
pa’g X x

When the block is displacement by x above the
mean position, the restoring force is

F, = 9a3p,g — (8a® — 4a®x)pg = 4a’pgx

As force constants on two sides of equilibrium
position are not same, amplitudes of oscillations
on the two sides are different

(@)

Total energy of the particle performing simple
harmonic motionis E = K + U = ka5 + Upin- K
is always positive, which U could be +ve, —ve or
zero. If Up,iy, is-ve and its value is greater than

Kinax, then E would be -ve

(b)

Maximum acceleration

= w?A = 4m?*v?A = 41* x (60)? x 0.01
= 144m?> ms~!

As during SHM the direction of deflection is

170

171

172

173

174

175

opposite of displacement. It may be +ve or - ve.

Hence, maximum acceleration = +144m%ms 2

(b)

. dx
X = asma)tandv=z= aw cos wt

It is clear phase difference between 'x’" and 'a’ is
/2

()

As F = —mw?y = slope of F — y graph is —mw?
—1=—mw?=-w?sw=1
T =2mr=6.28s

If mass is changed but slope remains same, the
time period will change

(d)

T
¥ N mgcosf
g sinf
2
T —mgcosf = = mgsinf = Fr
(b)

InSHM K.E.= %mwz(az —y2)andP.E.=

1
Emwzyz

For K.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

(d)

Spring constant «

i

1 - K
length of spring n

Also, spring constant depends on material
properties of the spring

(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
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177

178

180

181

the beach normal to the shore

(e)

In simple harmonic motion the velocity is given
by,

v = wy/a? — y? at extreme position,y = a

~v=0

But acceleration A = —w?a, which is maximum at
extreme position

(9

Amplitude of oscillation for a forced, damped

Fo/m
J(wr-wt)+arm?
constant related to the strength of the resistive
force, wg = \/k/_m is natural frequency of
undamped oscillator (b = 0)

oscillatoris 4 = , where b is

When the frequency of driving force (w) = w,,
then amplitude A is very larger.

For w < wg or w > wy, the amplitude decreases

(0)
The amplitude of an oscillating pendulum
decreases with time because of friction due to air.

Frequency of pendulum is independent

(T = L\/é) of amplitude
24 1

()

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

(d)

k1x1 = kzXz =F

1 _ (kyx1)? _ F?

W, = =k,x2 =
R T T

o F? 1
Similarly W, = P W p
2

182

183

184

185

Wy > W, = ky < k, statement 2 is true
Statement 1 W, = %klx2

1 2
Wy = Ekzx

So, W, > W,

Statement 1 is false

(@

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

(b)
T = Zn\/g. On moon, g is much smaller compared

to g on earth. Therefore, T increases

[t is also true that moon is smaller than the earth,
but this statement is not explaining the assertion

(d)
K= F
1
or ke
or K_lk_2
K, Ly 1
K1 = ZK, KZ =K
. 11,1
In series, - ==+
K' K K
_1,1_3
2K K 2K
K’ 2k
3
(@)

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
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Energy Zero slope
A Total energy
Kinetic energy
Potential energy
T/4 2T/4 3T/4
(@)

From equation, amplitude of oscillation

_ Fy/m
B V(@2 — w2)? + (bw/m)?

In absence of damping force (b = 0), that the
steady state amplitude approaches infinity as
W = W

A
b=0

Small b
Large b

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

(@

Time period of a liquid column

T:27rﬁ

g
—axZx 2314
—erT 0 JogT

()

(A) From nature of SHM, the graph of potential
energy as function of displacement will be
parabolic 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=ut+ % at? for a = constant
y=ut fora=0

These two conditions are satisfied by (q) and (s)

(B) = (g,3)

189

190

dt2  mym,

(p) is rejected because at t = 0 the displacement
is not zero and velocity has negative values

2 .
(C) R =229 1d R o u? for a fixed angle of
projectionandu =0,R =0
© ()

2
(D)T=2n\/§:T2=4n2§=>y=%x(D)—>
(@)

(@)
1. Motion in simple harmonic

— =P —
—HII—O—i—_

my=2m

d?x —k

(my + 2my)x

1 2 1 2
W = k() = k(o)
m; my m 2m
2k
w= [—
m

. Frequency = 1|2k
” q Y= 2 m

ii. Angular frequency w = knizm) _ - |3k
' & q yw = 2m2  Al2m
» Frequency = — |X
” q Y= 2n2m

k
i —2a ]

iii. Here effective spring constant = 3k

2k
AR
WAL
. T
- Frequency = — |—

iv. effective spring constant (K) is given by
1 1 1 3

—_=—t—==
k k k& k
2
k k/2
I A —
m

k 1 |k
k== . Frequency=— [—

3 q y 2w\ 3m
(a)

i. Linear combination of two SHMs will be an SHM
if the individual SHMs have equal frequencies,
their magnitudes may be different

ii.y = Asinw t + Asin(w,t + @)
fw=w=w¢=17/2

y = Asinwt + A cos wt

Its amplitude will be V24
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197

iii. Time period of a pendulum of infinite length is

R
T =2 |[—
g

iv. The above will be the maximum value of time
period of an oscillating pendulum

)

Position and velocity both can be positive and
negative. If at mean position, PE is zero, then at
any other position, PE is positive. Total energy is
always constant

()

For A,y = Ae(@t+¢)

Y 4 x iwel@t+d)

dt

d%y

qz = Aiw X iwe!@+P) = — 42 x fel(@wt+d)
t

d?y )

2w

dt? y

Which represents the standard equation of
motion of SHM
For B,y = B sin wt + C cos wt can be written as

y =+ B? + C?sin(wt + §)
Where tan 6 =%

So, B also represents an SHM

For C, it is a standard equation of harmonic
travelling wave in which the particle performs an
SHM

For D, y/x =constant, it represents the equation
of the translatory motion

(d)

Vi = Aw
V. 2m
Iz—x(OZ)—OZOm

A=
Att = 0.1 S, acceleratlon is maximum
= —w?A = -200 m/s?

. 1
Maximum energy = Emv,?,l =4]

1 1
SKA? = Emax =5 X 200 X 0.04 = 4]
(d)

Frequency depends only on the mass and the
spring constant, so it will change. Due to increases
in KE by a factor of 4, the amplitude gets doubled
and hence the magnitude of maximum KE
increases by a factor of 4, the maximum PE also
increases by the same factor

(b)

A constant force and a constant torque affect only

198

199

200

201

202

the mean position. In third case, as the block falls
on mean position, the mean position is not
affected. In a car a constant pseudo force will act
which will affect only the mean position

(a)

F=8-2x=-2(x—4)

At equilibrium position, F = 0

X=4m

As particle is released at rest from x = 6 m, i.e,, it
is one of the extreme position, amplitude A = 2 m
Hence, force constant k = 2 N/m

mw?=2 or w = 1

Time period T = — = 2n

Time taken to go from x=2mtox =4m (ie,

from extreme position to mean position)
T =

4 2
Energy of SHM =~ kA2 = ~x 2 x 4N —m = 4]
As the particle has started its motion from
positive extreme
Phase constant = g
(d)

The moment of inertia of a cylindrical rod about
axis of wire (ie, an axis passing through the centre
of rode and perpendicular to its length) is

L? R2

I=M|—=
12

(b)

v2, = w2(4% — x3)
.‘72

orA? = ﬁ + x2

or A=25V2cm

(b)

K
W= ’E' K = w?*m = (10)2 = 100 N/m

Angular frequency of oscillation of combined

body is
K 100
4

©= \/ m+M -
(b)

The angular frequency of simple harmonic motion
is given by

[ w = 4—]

= 5rad/s

m

w =

The velocity of block when it is a displacement of
y from men position is given by v = w,/A% — y?,
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205

. L . k
From given initial condition, v, = \/%VAz — h2

2
mv mv
C t s A= O 4 h2

k k

= A% =

(@)

Let the equation of simple harmonic motion be
x = Asin(wt + 6)

Then,att = 1s,x = 0, so

0=Asin(§ +w) =sin(lw+6) =0

Att = 2s,v = +0.25 m/s,

S00.25 = Awcos(Qw + §)

Solving above equation, we get, A = %m and 6§ =

363
For velocity att = 5 s, i.e,, after half a period of
t = 2 s, the velocity is having same magnitude but
opposite direction
(b)
In the present case, d = %

ML? L\?

=)

w
ikl

So, time period of the physical pendulum is
1

T

3
Hence equation of SHM will be x = % sin (

7
= —MI?

I =
48

(0]

Centre of
gravity

—2n

7/48ML2
T MgxL/4—
(c)

Initially in equilibrium let the elongation in spring
be y,, then mg = ky,

_mg
Yo = k

Sy
--------- 7=n

. 4mg

| T

i New equilibruim

: position

As the bullet strikes the block with velocity v, and
gets embedded into it, the velocity of the
combined mass can be computed by using the
principle of moment conservation

206

m 4m Vo
J— = —_— = = —
g0 =3V TV Ty

Let new mean position is at distance y from the
origin, then

4m 4mg
ky=—=-8 =2 y=—5-
Now, the block executes SHM about mean position
defined by y = 4 mg/3k with time period,
T =2n,/4m/3k
a displacement of (y — y,) from mean position
and is moving with velocity v, then by using

.Att = 0, the combined mass is at

v = wVA? — x?, we can find the amplitude of

motion
mgy 2
-0 |

(%)2 =%[A2 - —v0)?] =%[ 2

S i

12k 3k

To compute the time taken by the combined mass
from y = mg/k toy = 0, we can either go for
equation method or circular motion projection
method

----- AL
PN S Y =Xo
: 4 mg
i - } YT 3k
E New equilibruim
i position
Required time, t = L
w w
4mg  4mg
Yo [k k |_M8
ose=ET T A " 3kA
_y 4mg
cosh =4 = 3a
- m - 4m
o0 = 2o o™ (420
= 5 [eos *(3i1)
cos” 3kA % " \3ka
(b)

As C collides with 4 and sticks to it, the combined
mass moves rightward to compress the spring
and hence B moves rightwards due to the spring
forces .i.e., B acceleration and the combined mass
decelerates. The deformation in the spring is
changing and the centre of mass of the system
continues to move rightwards with constant
speed, while both the blocks oscillates about
centre of mass of the system

The velocity of the combined mass just after
collision is mv, = 2mv
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=93
v=-=0. m/s

Velocity of energy of mass of system
2mv+0_2v_v0_02
3m 3 3 02m/s

Time period with which block B and the
combined mass oscillate about centre of mass

Ucm =

could be computed by using the reduced mass
concept

T=12m 2_m = Ls
3k 5V10
Oscillation energy of the system is
2muv?

E= =0.2
S—=027]

The translation kinetic energy of the centre of
mass of system is
3mvéy
2
The remaining energy is oscillating between
kinetic and potential energy during the motion of
blocks.
For maximum compression in spring either we
can use centre of mass approach or energy
approach, here we are using the second method
Oscillation energy=Maximum elastic potential
energy

Ecy = =0.18]

1
0.09 = Ekx,Zn = X, = 3V10 mm
(b)

When speed of block is maximum, net force on
block is zero. Hence at that instant spring exerts a
force of magnitude ‘mg’ on the block
(b)
At position 4, block is in positive region and slope
is negative, so velocity is negative
()
Using conservation of mechanical energy
%mv2 =%kx2 = x? =%::»x2 =v\/%
(9
Take x axis along AB and origin at A. Let AP = x,
then PB = (31 — x)

e
a2 L

- [ >

B—X

- 3/ —»

The force on the particle of mass m at P is F given
by

ﬁ:z(?) (—=2) +

mg 3l —x\
()

211

212

214

-

F = (Bmg - %x) directed towards A

= 3% (I = x) directed towards A

Hence the equation of motion of mass m is
d?x 3mg 5

mwz —T(l—x) =mw*(l —x)

Where w? = 3 g/l

This is a simple harmonic motion of period

T=2m \/I

2g
The mean position is at the point x = [(i.e.)at O,
where A0 =1
Now for point 4, displacement = —[ and hence
vi = w?(a?® - (-1)?) = w?(a® - 1?)
Where v2 = w?(a? — (—1)?) = w?(a® —[*) and a
is the amplitude
Now v, = 3@ (give) and hence v2 = 9gl =
E@-12)
a?=41>>a =21
(d)
Let x be the maximum extension of the spring.
The mass falls from rest through the vertical
distance (L + x) and so the energy given by it to
the spring is E;, = mg(L + x). This must be stored
in the spring as elastic energy at its maximum

=2kx? = mg(L + x)

extension. Hence E}, = 3

.. . 2m, 2mgL
This is quadratic, x2 — Tg - Tg =0
s (o)
Hence, x = 5
. m m 2kL
Maximum value of x = Tg + Tg 1+ e

mg 2kL
—1+ [1+—

k mg

(©
When 0 < E <V, there will be acting a restoring
force to perform oscillation because in this case
particle will be in the region |x| < x,

(d)
Applying equation of torque about lowest point
(2 kx)R = (3MR2) S aR = 2

R = {3 a=aR =

As there is no slipping
4 kx

= aR = ——
a a 3M

kx

kx
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4
Net force = Ma = %

Which is directed opposite to displacement

—4kx
Fpet =

3
(2)

If we twist (rotate) the disc through a small
clockwise angle 6, the spring will be deformed
(compressed) by a distance x = R6. Hence, the
spring force F; = kx = k(R6) will produce a

restoring torque
1 0

Restoring torque: T = —F;R where F; = kRO
This gives T = —kR?6

It means after removing the external (applied)
torque, the restoring torque rotates the disc with
an angular acceleration ¢ which will bring the
spring—disc system back to its original state
Newton’s law of rotation (or torque equation):
Applying Newton'’s second law of rotation, we
have

T=Icx

Where 7 = —kR?6

C kR%6 mR?2
This gives a = — p where I, = -
c

Then a = —39
m

Comparing the above equation with @ = —w?6,
we have

w =
m

After substituting the values we get w = 2 rad/s
(6]

Applying torque equation about

To = To

1d?6

dt?

kalg
k1b9><bc059+T><lcose = _
kb6

2
Here, I = %, and as 6 is small,cos 8 =1
ml%d?0

W-}_ (k1b2 + kzlz)9 =0

217

3kqb2+k,12

Hence, w =
ml

On substituting the values we get w = 8 rad/s

(5)

Velocity of the particle before collision
45mg m

u= |2g =>u=3g I

+T____ e i—-\ Initial

V¥ pposition of plate

at oscillaion
——y= 0

New mean
position for
oscillaion
Now it collides with the plate
Now just after collision velocity (V) of the system

of ‘plate+ particle’

3 = —
= = = =
mu mV =V g /

Now the system performs SHM with time period

T = 2n,/3m/K <a) = f%) and mean position as

mg/K
Distance below the point of oscillation
Let the equation of motion is
y = Asin(wt + ¢) (i)
d

v= d_)t/ = Aw cos(wt + ¢p) (ii)

Att=0,y=%andv=g\/%

From Egs. (i) and (ii) % = Asing  (iii)

A= 2mg )

=

From Egs. (iii) and (iv) = ¢ = 5?”
_ 2mg K , 5t

y=—¢ sin| |o— c

Hence equation of SHM should be

K t+57r
3m 6

The plate will be at rest again when

4o 2mg  2mg Kt+57r
Y=TAETTR TR M zm T e

2mg 2mg
———=——sin

=—A=
Y K K
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Using value, t = /5 s 220 (2)

218 (4) Initial stretch in both springs = d — % = %
The bob will execute SHM about the stationary d d
axis passing through AB. If its effective length is Frestering = K (Z + x) —k (Z - x) = 2kx
l'then m
r = Ta =2m ﬁ
T =2m -
i . uii‘mumm—{
/ l’ d'=dsect
\9 f— g H—ﬁzd( 1 _E)
A P x sec 4 cosf 4
\ 0 Force towards equilibrium position (kx' sin 6)
l me =dk (tan g2 Sme) due to one spring and
I'=——=12l [because 6 = 45°] Net = 2dk (tan & — 2=2) for small 6, force
: & 36 de
g =gcosl =— _ _ovr o, (ev
V2 = 2dk |6 4]_k(2)
21 2%x02 21 df =displacement from mean position
T=2n |—=12m =—5
g 10 5 F kx T ) 2m
= _——_— = JR—
X =4 2 B= AT T
219 (1) T 5
The angular position of pendulums 1 and 2 are =B _on m 21 cm
(taking angles to the right of reference line xx’ to Ta 2k k
be positive) - E _9
Ta
221 (5)

Let point B is displace in the downward direction
by x. Net imbalance forces = myy¢q1-a
[4mg(£ + x) + mg(€ — x)

—{4m(£ — x)g+m(€ + x)g}]
={@mx2l+mx2Da

__(3
«=-(5)~
3g 51
0 = =0 (20) = cos (e ) B A T
2 T )~ T
For the straight to be parallel for the first time . .
6, =06, C O
4t 21 I !
cos (T t) = cos (T t+ n) ) ) )
4 21 X
?tZZnni(?t+n> ; ;
Forn=0,t=T/2 \__/ (-x) \__/

Forn=1,t=T/6,3T/2

222 (2
Both the pendulums are parallel to each other for (2) ) , ) )
, ) The time period of a physical pendulum is
the first time after
Ip
T m |l T=2m |—
t=—=—|-=1s " MgT
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Here we have three quantities Ip, m and r

P
| |
I/‘C m
rac (= 3R)
" |
2

Let us calculate the quantities one by one as
follows:

Finding Ip: Ip = (Ip)gisc + (Up)ring
2
Where (Ip)aisc = [4 + m(PA)? = 2= + mR? =

3mR?
2
And (Ip)ring = Ip + m(PB)? = mR* + m(3R)* =

10 mR?

Then, we have Ip

3

= >mR? = 10 mR? = 22—3mR2

Finding r:
., myTic +myiye
r=1r=—--—"7"7—
my +m,

Wherem; =m,m, =m
7ic = —Randr,c = —3R
This gives r; = 2R
Finding M:

M = (m)disc + (m)ring =m+m=72m
Substituting Ip = 23/2 mR?> M = 2mandr = 2R
in the expression

L 23R
T=2m |[—wehaveT =1 |—
Mgr 2g

After substituting the values we gett = 2's
(2)
In static equilibrium of block, tension in the string
is exactly equal to its weight. Let a vertically
downward force F be applied on the block to pull
it downward. Equilibrium is again restored when
tension in the string is increased by the same
amount F. Hence, total tension in the string
becomes equal to (mg + F). Strings are further
elongated due to the extra tension F. Due to this
extra tension F in strings, tension in each spring
increases by 2F. Hence increases in elongation of
springs is 2F /K, 2F /K, 2F /K3 and 2F /K,,
respectively
According to geometry of the arrangement,
downward displacement of the block from its
equilibrium position is

2F 2F 2F 2F

+—+ ) )

Y=k TR K K,

224

If the block is released now, it starts to accelerate
upwards due to extra tension F in the strings. It
means restoring force on the block is equal to F.
From Eq.(i),

y
F =
4 (i + i + i + i)

Ki Ky Kz Ky
Restoring acceleration of block
F y
m 4m (i + S + L + i)

Ki Ky Kz Ky

Since acceleration of block is restoring and is
directly proportional to displacement y, the block
performs SHM

Its period T = 21 /—diSplacem,ent
acceleration
T =21 |4 (1+1+1+1)
A VAR A A

_ 1 1 1 1
T =4m m(K_1+K_2+K_3+K_4)
After substitution the values we getT = 2's
(1)
Net increment in the tension in string connecting
the block will provide acceleration to the block.
We can write
AT =ma (i)
When the block m is displaced by a distance x
beyond equilibrium position, the addition stretch
of springs 1 and 2 are x; and x, respectively

We can write
Xy = "‘2"2 (ii)

AS AT = k2x2 and 2AT = k1x1 then 2(k2X2) =
ke1xq

ﬁx:2x1+x2

= x, =222 (i)
1
From Egs. (ii) and (iii) x = 2 [Ziﬂ] +x, =
1
(4kp+k1)
k1 2
klx
> x, =—-
27 (kg + 4ky)
S —kik, S —kiky
and & = (ky+akyym ™ =a= (kq+4k)m”
2 klkZ
W=
(K; + 4k,)m
Hence R = 802 m
237

After substituting the values, we getT =15
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