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EXERCISE-01 CHECK YOUR GRASP

2

dt?

mean position . The frequency of oscillation is (in Hz) :

The equation of motion of a particle of mass 1 g is + m®x = 0 where x is displacement(in m)from

1 1
‘a5 (B) 2 © 5410 D) ¢ N

Two bodies performing S.H.M. have same amplitude and frequency. Their phases at a certain instant are
as shown in the figure. The phase difference between them is

— 05A e

() ® S )
> A >ie A >
(-x) @& Er + @ (+X)
— 05A e—
A Eﬁ B C éﬂ D Eﬁ
(A) 6 B)m (€ 3 (D) 5
The figure shows the displacement time graph of a particle executing S.H.M. (in mm)

If the time period of oscillation is 2 s the equation of motion of its SHM

is 10

(A) x = 10sin(nt+ 7©/3) 5/\

(B) x = 10sin mt O 1 t(s)
(C) x = 10sin(nt+ 7/6) \/

(D) x

D = 10 sin (2pt+p/6)

Two particle executes S.H.M. of same amplitude and frequency along the same straight line. They pass one
another when going in opposite directions, each time their displacement is half of their amplitude. The phase
difference between them is :-

(A) 30 (B) 60 (C) 90 (D) 120

A small mass executes linear S.H.M. about O with amplitude 'a' and period 'T'. Its displacement from O at time
T/8 after passing through O is

a
2
Two particles A and B perform SHM along the same straight line with the same amplitude 'a', same frequency

'f' and same equilibrium position 'O'. The greatest distance between them is found to be 3a/2. At some instant
of time they have the same displacement from mean position. What is this displacement?

(A) a/2 (B) a f7 /4 ©) 3 /a2 (D) 3a/4

(A) a/8 (B) o2 € as2 (D) N

A particle executes S.H.M. along a straight line with mean position x = 0, period 20 s and amplitude 5 cm.
The shortest time taken by the particle to go from x = 4 cm to x = —3cm s
(A) 4s B)7s (C)5s D) 6s

A particle performing S.H.M. is found at its equilibrium at t = 1 s and it is found to have a speed of
0.25 m/s at t = 2 s. If the period of oscillation is 6s Calculate amplitude of oscillation
3 3 6 3

(A) o m (B) e (@) om (D) P
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A particle executes S.H.M. in a straight line. In the first second starting from rest it travels a distance 'a'
and in the next second a distance 'b' in the same direction. The amplitude of S.H.M. will be

2a’

3a-b

(A) (B) a—b (C) 2a-b (D)a/ b

A particle is subjected to two mutually perpendicular simple harmonic motions such that its x and y coordinates

T
are given by: x = 2 sin ot; y = 2 sin (C‘)H‘Z) . The path of the particle will be

(A) an ellipse (B) a straight line (C) a parabola (D) a circle

The period of a particle is 8s. AT t = 0 it is at the mean position. The ratio of distance covered by the particle
in first second and second will be-

J2 -1 1 1
@ 5 ® 7 © 53 O) [V2-1]

A particle executes SHM with time period T and amplitude A. The maximum possible average velocity in time
T/4 is

2A 4A 8A 4427
— (B) — @ — (D) vz

@) T T T T

The time taken by a particle performing S.H.M. to pass from point A to B where its velocities
are same is 2 seconds . After another 2 seconds it returns to B . The time period of oscillation is
(in seconds) :

(A) 2 (B) 4 € 6 (D) 8

The PE. of an oscillating particle at rest position is 15 J and its average K.E. is 5 J. The total energy of particle
at any instant will be-
(A) 10 J (B) 20 J (C) 254 (D)5 dJ

Block A in the figure is released from the rest when the extension in the spring is x;. The maximum downward
displacement of the block.

4

N2

Mg Mg 2Mg 2Mg
Y (B) = *+X% © —/— % D) ——+x,

TR 2k

A system is shown in the figure. The time period for small oscillations of the two blocks will be :-

k 2k

11777777

3m 3m 3m 3m
(A) 27 & (B) 21‘%/% (C) 2= e (D) 2“\/%
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18.

19.

20.

21.

22.

23.

24.

A block of mass 0.9 kg attached to a spring of force constant K is compressed by \/5 cm and the block

is at a distance Ecm from the wall. When the block is released, it makes elastic collision with the wall

and its period of motion is 0.2 s. The value of K is (take n?=10)

-— —
1N2cm

(A) 100 Nm™ (B) 10 Nm™ (©) 0.1 Nm™! (D) 1 Nm™!

The length of a spring is o when a force of 4 N is applied on it and the length is p when 5 N force is applied.
Then the length of spring when 9 N force is applied is-
(A) 5B - 4o B) B - o (C) 50 - 4B D)9 B - a)

A horizontal spring is connected to a mass M. It executes simple harmonic motion. When the mass M passes
through its mean position, an object of mass m is put on it and the two move together. The ratio of frequencies
before and after will be-

) (1 +%)1/2 B) (1 +%) () (Ml\fmjl/z (D) (Ml\fm)

A pendulum is suspended in a lift and its period of oscillation when the lift is stationary is T,. What must
be the acceleration of the lift for the period of oscillation of the pendulum to be T /2 ?
(A) 2g downward (B) 2g upward (C) 3g downward (D) 3g upward

Two simple pendulums, having periods of 2s and 3s respectively, pass through the mean position simultaneously
at a particular instant. They may be in phase after an interval of :
(A) b5s (B) 3s (C) 1s (D) none of the above

Time period of small oscillation (in a vertical plane normal to the plane of strings) o

f
the bob in the arrangement shown will be
l L
21 [— 21 |—
®2m B 2™ oo ) f
V2/ 2/
Q) 2m,|— D) 2%, |—
© 2m |~ ) 2m " ®

The frequency of a simple pendulum is n oscillations per minute while that of another is (n + 1) oscillations
per minute. The ratio of length of first pendulum to the length of second is-

2 2 2
®) n+1 (B) n ) n (D) n+1
A system of two identical rods (L-shaped) of mass m and length ¢ are resting Y P /
on a peg P as shown in the figure. If the system is displaced in its plane by a
small angle 0, find the period of oscillations
A) 27 —\/5( B) 2n 242¢ CZTE% D37TL
&) 2m B) 275 © 2m 5 ) 375
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The distance of point of a compound pendulum from its centre of gravity is ¢, the time period of oscillation
relative to this point is T. If g = ©?, the relation between ¢ and T will be :-

T? T? T? T?
(A) 2 - [T}f +k%2=0 (B) 0% + {T} t+k?2 =0 (C) (% - {T}/ - k¥=0 (D) K“{T} - k% =0

A man of mass 60 kg standing on a plateform executing S.H.M. in the vertical plane . The displacement
from the mean position varies as y = 0.5 sin (2n ft) . The minimum value of f, for which the man will feel
weightlessness at the highest point is : (v is in metres)

& V28
@ (B) 4ng © D) 2n,2¢g

A heavy brass-sphere is hung from a spiral spring and it executes vertical vibrations with period T. The ball
is now immersed in nonviscous liquid with a density one-tenth that of brass. When set into vertical vibrations
with the sphere remaining inside the liquid all the time, the period will be-

£ 10 5
@) [E}T B T (?) (C) Unchanged o) T (E)

A moving particle of mass has one-dimensional potential energy U(x) = ax? + bx*, where 'a' and 'b' are positive
constants. The angular frequency of small oscillations about the minima of the potential energy is equal to

a a 2a a
&) “\g (B) 2 & (©€) \g D) 5~

A particle performs S.H.M. of amplitude A with angular frequency w along a straight line. When it is

3 1
at a distance 7A from mean position, its kinetic energy gets increased by an amout EmmZAZ due to

an impulsive force. Then its new amplitude becomes-

(A) %A (B) gA © V2a D) V5A

A particle executes SHM on a line 8 cm long. Its K.E. and P.E. will be equal when its distance from the mean
position is :-

(A) 4 cm (B) 2 cm (€ 22 cm (D) /2 cm

The total energy of a vibrating particle in SHM is E. If its amplitude and time period are doubled, its total

energy will be :-
(A) 16E (B) 8E (C) 4E (D) E

The distance between the point of suspension and the centre of gravity of a compound pendulum is ¢ and
the radius of gyration about the horizontal axis through the centre of gravity is k, then its time period will be

l+k 0% +k* r+ k* 2k
(A) 2n . (B) 2n i Q) 2n . (D) 2n i

Displacement of a particle is x = 3 sin 2t + 4cos 2t, the amplitude and the maximum velocity will be :—
(A) 5, 10 (B) 3, 2 (C) 4, 2 (D) 3, 8
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The graph shows the variation of displacement of a particle executing S.H.M. with time. We inference from this

graph that :-
Vi
N\ T :
AVELNYE
: 4 /[ \
T i T t
4\
(A) the force is zero at time T (B) the velocity is maximum at time E
(C) the acceleration is maximum at time T (D) the P.E. is equal to half of total energy at time —

2

13n
The phase of a particle in SHM at time t is o The following inference is drawn from this

a
(A) the particle is at x = E and moving in + X-direction

a
(B) the particle is at x = E and moving in —X-direction

a
(C) the particle is at x = _E and moving in + X-direction
a
(D) the particle is at x = ) and moving in —-X-direction

The time period of an oscillator is 8 sec. The phase difference from t = 2 sec to t = 4 sec will be :-
(A) m (B) 5 © 1 (D) 2n

Some springs are combined in series and parallel arrangement as shown in the figure and a mass m is suspended
from them. The ratio of their frequencies will be :-

A)1:1 B)2:1 (C)\/§:2 D) 4:1

g
The acceleration due to gravity at height R above the surface of the earth is e The periodic time of a simple

pendulum in an artificial satellite at this height will be :-

21 f |
(A) T =2n g B) T =2x g (C) zero (D) infinity
The magnitude of average acceleration in half time period in a simple harmonic motion is
5 280" N c Ao’ o
(A — B - ()m (D) zero
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A particle performs S.H.M. with time period T. The time taken by the particle to move from half the amplitude
to the maximum displacement is

B — o~ D) ~
® 5 © o) 3

A particle of mass m executing SHM makes f oscillation per second. The difference of its kinetic energy when
at the centre, and when at a distance x from the centre is

1 2¢2_ 2
A) 22f2x%m (@] Zmfxm D) f242m

(B) 27%f2x*m

Acceleration a and time period T of a body in S.H.M. is given by a curve shown below. Then corresponding
graph between kinetic energy KE and time t is correctly represented by

A) (B)

e T ——»

t—

e T ——»

t— t— t—

A particle is performing S.H.M. with acceleration a = 8 2 — 4 72 x where x is coordinate of the particle w.r.t.
the origin.The parameters are in S.I. units. The particle is at rest at x= -2 at t=0.

(A) coordinate of the particle w.r.t. origin at any time t is 2 — 4 cos2n t

(B) coordinate of the particle w.r.t. origin at any time t is —2 + 4 sin2mt

(C) coordinate of the particle w.r.t. origin at any time t is — 4 + 2 cos2mt

(D) the coordinate cannot be found because mass of the particle is not given.

An oscillation is described by the equation x=A sin 2wy t where A changes with time according to the law
A= A, (1+cos 2my,t) where A is constant. Find the ratio of frequencies of harmonic oscillations forming
oscillation

(A) 'Y1:'Y21(V1_Vz) (B) 715(Y1_V2):(V1+V2) (@] 715725(72_'1(1) (D) 71:72:(V1+V2)

Vertical displacement of a plank with a body of mass 'm' on it is varying according to law
y = sinmt +\/§ cosot. The minimum value of @ for which the mass just breaks off the plank and the moment
it occurs first after t = O are given by : (v is positive vertically upwards)

g |2m s mn
‘A’\E’J; <c>\g,

N

271

g
ol

2
D) \2g. |74

CHECK YOUR GRASP ANSWER KEY EXERCISE -1
Que.| 1 2 3 |14|5 6 7 8 |9 |10]11|12 13|14 |15|16 |17 |18 |19 20
Ans.| A|J]C|C|D|D|B|]C]J]A|J]A]|]A|]C|D|DJ|JC]AIC |IA |A |A |D
Que.| 2122|2324 |25|26(|2728]29|30|31|32(33|34|35|36|37]|38|39]|40
Ans.|B [B |C |[B Alc|B|B|J]C|]C|D|B|J]A|B]J]A|B|C|D|A]|C
Que.| 41|42 |43 |44 |45

Ans.| B|A|A|B]A
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EXERCISE-02 BRAIN TEASERS [MCQs]

MCQs with one or more than one correct answer

1. A mass M is performing linear simple harmonic motion, then correct graph for acceleration 'a' and corresponding
linear velocity 'v' is

A) (B) © (D)

2 2 - 2 2
a — a — a — a —
2. A uniform cylinder of mass m and length £ having area of cross-section a is suspended lengthwise with the help
of a massless spring of constant k. The cylinder is half submerged in a liquid of density p. A small push and
release makes it vibrate with small amplitude. The frequency of oscillation is

1 |k 1 [kapg 1 [m +apg 1 [k +apg
@) 2n \m (®) 2n\ m © 2n k (D)Zn m

3. Two identical springs are fixed at one end and masses 1kg and 4kg are suspended at their other ends . They
are both stretched down from their mean position and let go simultaneously. If they are in the same phase after
every 4 seconds then the springs constant k is

N » N N
A) n— (B) m°— © 2n— (D) given data is insufficient

m m m

4. A cylindrical block of density p is partially immersed in a liquid of density 3p. The plane surface of the block

remains parallel to the surface of the liquid. The height of the block is 60 cm. The block performs SHM when
displaced from its mean position. [Use g = 9.8 m/s?|

(A) the maximum amplitude is 20 cm. (B) the maximum amplitude is 40 cm
(C) the time period will be 27/7 seconds (D) none
5. A mass of 0.2kg 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. Which of the following statements is/are true?

(A) In equilibrium, the spring will be stretched by lcm.

(B) If the mass is raised till the spring is unstretched state and then released, it will go down by 2cm 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 on the earth.

6. 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 :

27
(A) the period of oscillation is (?j

(B) the block weighs double of its weight, when the plank is at one of the positions of momentary rest

48
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(C) the block weighs 0.5 times its weight on the plank halfway up
(D) the block weighs 1.5 times its weight on the plank halfway down

= 4sin100mt.
A) Motion of particle will be on ellipse traversing it in clockwise direction
B) Motion of particle will be on a straight line with slope 4/3
)
)

A particle is subjected to two simple harmonic motions along x and y directions according to, x = 3sin100mt;
v

(
(
(
(

C) Motion will be simple harmonic motion with amplitude 5

D) Phase difference between two motions is /2

A particle moves in the x-y plane according to the equation, ¥ = (i+2j)Acoswt. The motion of the particle
is-

(A) on a straight line (B) on an ellipse (C) periodic (D) simple harmonic

Two block 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 fig. A third identical block C, also of mass m, moving on the floor with a speed v along the line joining A
and B, and collides elastically with A. Then-

—v
m m m
L
i)
[A] The kinetic energy of the A-B system, at maximum compression of the spring, is zero.

2
mv

4

[B] The kinetic energy of A-B system, at maximum compression of the spring is
[m
[C] The maximum compression of the spring is V m

/m
[D] The maximum compression of the spring is v oK

A solid cylinder of mass M attached to a massless spring of force constant k is placed on a horizontal surface
in such a way that cylinder can roll without slipping. If the system is released from the stretched position of
the spring, then the period will be-

M /31\/[ M /ZM

A ball is suspended by a thread of length L at the point O on the wall PQ which is inclined to
the vertical through an angle o.. The thread with the ball is now displaced through a small angle
B away from the vertical and the wall. If B < @, then the time period of oscillation of the pendulum
will be-

L L .o a
on |= 27 [— | T+ 2sin [—J}
@) 27 ® “Ng { B
L
() 27 —{£+sin1 [gﬂ (D) None of the above
Vg |2 p
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A cage of mass M hangs from a light spring of force constant k. A body of mass m falls from
height h inside the cage and sticks to its floor. The amplitude of oscillations of the cage will be-

(zmghjl/Z ( k ]1/2

ATy ® | 2mgh
mg mg 1/2

€ (D) (T)

In the above problem, the frequency of oscillations of the cage will be-
@) LPT/Z (B) LPT/Z © i[ . ]1/2 (D) LPT/Z
21l m 2n LM 2n LM +m 2nL k

The amplitude of a particle executing SHM about O is 10 cm . Then
(A)when the kinetic energy is 0.64 times of its max. kinetic energy its displacement is 6 cm from O

(B)when the displacement is 5 cm from O its kinetic energy is 0.75 times its maximum kinetic energy
(C) Its total energy of SHM at any point is equal to its maximum Kkinetic energy
(D) Its speed is half the maximum speed when its displacement is half the maximum displacement

The angular frequency of a spring block system is ®,. This system is suspended from the ceiling of an elevator

moving downwards with a constant speed v,. The block is at rest relative to the elevator. Lift is suddenly stopped.
Assuming the downwards as a positive direction, choose the wrong statement :

v
(A) the amplitude of the block is m_o (B) the initial phase of the block is =

v
(C) the equation of motion for the block is w_o sin ®,t (D) the maximum speed of the block is v,
0

The displacement of a particle varies according to the relation x = 3 sin 100t + 8 cos? 50t . Which of the
following is/are correct about this motion .

(A) the motion of the particle is not S.H.M.

(B) the amplitude of the S.H.M. of the particle is 5 units

(C) the amplitude of the resultant S.H. M. is /73 units

(D) the maximum displacement of the particle from the origin is 9 units .

Two blocks of masses 3 kg and 6 kg rest on a horizontal smooth surface. The 3 kg block is attached to a spring
with a force constant k = 900 Nm which is compressed 2 m from beyond the equilibrium position. The 6 kg
block is at rest at 1 m from mean position. 3 kg mass strikes the 6 kg mass and the two stick together.

E lms
e

2m |
g—’n’m\—%‘—’ 61@%

equilibrium
position

(A) velocity of the combined masses immediately after the collision is 10 ms!
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(B) velocity of the combined masses immediately after the collision is 5 ms!

(C) amplitude of the resulting oscillation is \/5 m

(D) amplitude of the resulting oscillation is \g /2m.

A disc of mass 3 m and a disc of mass m are connected by massless spring of stiffness k. The heavier disc is
placed on the ground with the spring vertical and lighter disc on top. From its equilibrium position, the upper

disc is pushed down by a distance § and released. Then

A) if §>3mg/k, the lower disc will bounce up

C
D) if § >4mg/k, the lower disc will bounce up

(
(
(C) if §=2 mg/k, maximum normal reaction from ground on lower disc = 4 mg
(

)

B) if § =2 mg/k, maximum normal reaction from ground on lower disc = 6 mg
)
)

The displacement-time graph of a particle executing SHM is shown.
1Y

IR
T/4\\-:/3T/4 T t—>

Which of the following statements is/are true?
(A) The velocity is maximum at t = T/2

(B) The acceleration is maximum at t = T
(C) The force is zero at t = 3T/4
(D) The potential energy equals the oscillation energy at t = T/2.

BRAIN TEASURES ANSWER KEY EXERCISE -2

Que.

1] 2 8 9|10|11|12]|13[14|15]|16|17 (18] 19

W
N
(o)
(o)
~

Ans.

B|] D[ B [AC|ABCD|ABCD|BC|CD|BD] B[ A|] A| C |ABC] B | BD|AC|BD|BCD
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EXERCISE-03 MISCELLANEOUS TYPE QUESTIONS

TRUE / FALSE

1.
2.

Any physical system, when disturbed, will execute simple harmonic motion.

The motion of earth around the sun is periodic and oscillatory.

If the displacement, velocity and acceleration at a particular instant of particle describing SHM are respectively
lcm, 1cm/s and 1lecm/s? respectively then period of oscillation is also 1sec.

A pendulum clock, in a lift that descends at a constant velocity shows correct time.

The velocity of a particle in S.H.M. increases as the particle moves towards mean position and decreases as
it moves towards extreme positions.

The phase of an oscillator is determined by its displacement and veloicity at time t =0.

The amplitude of a pendulum, oscillating in air, decreases with time.

FILL IN THE BLANKS

1.

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

A second pendulum A (time period 2 second) and another simple pendulum B of slightly less length than A are
made to oscillate at t = 0 in same phase. If they are again in the same phase first time, after 18 seconds, then
the time period of B is__

Suppose the mass m is attached to a long uniform spring of length L and observed to oscillate at a frequency f .
Now the spring is cut into two pieces of lengths xL. and (1-x)L. Mass m is divided into two pieces in this same ratio
with m =xm and m2=(1—x)m. The larger mass is attached to the shorter spring and the smaller mass to the
larger spring. The frequency of oscillation for each of the two spring is _

If velocity of a particle moving along a straight line changes sinusoidally with time as shown in the given graph,its

average velocity over time interval t = 0 to t = 2(2n - 1) seconds, n being any +ve integer, will be

A block is kept on a platform which is oscillating simple harmonically along a horizontal line with angular

frequency . If the coefficient of friction between the block and the plate form is u then the maximum amplitude

of SHM of the platform for which the block remains in constant with the platform is

A particle performs SHM. If velocity at x, is v, and x, is v, then amplitude is __and angular frequency
is
Two particles perform SHM with the same amplitude and same frequency about the same mean position and

along the same line. If the maximum distance between them during the motion is A (A is the amplitude of either)

then the phase difference between their SHM is
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MATCH THE COLUMN

2
1. Iny=Asinwt+Asin(cot+j)

3
Column-I Column-II
(A) Motion (p) is periodic but not SHM
(B) Amplitude (q) is SHM
(C) Initial phase (r) A
(D) Maximum velocity (s) n/3
(t) oA/ 2
(

u) None

2. 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 at rest from x = 6 m. For the subsequent motion (All the values in the right column are in

their S.I. units.)
Column- 1 Column-II

(A) Equilibrium position is at x = (p) n/4

(B) Amplitude of S.H.M is (q) n/2

(C) Time taken to go directly from (r) 4
Xx=2mtox =4m

(D) Energy of S.H.M. is (s) 6

(E) Phase constant of S.H.M. assuming (t) 2
equation of the form Asin(ot + ¢)

3. A block is executing SHM on a rough horiozntal surface under the action of an external variable force.

The force is plotted against the position x of the particle from the mean position.

A

I

>
»

X

A
7

A
<

Column I Column 1I
(A) X positive, v positive (p) I
(B) X positive, v negative (q) II
(C) X negative, v positive (r) I
(D) X negative, v negative (s) v

ASSERTION & REASON

In each of the following questions, a statement of Assertion (A) is given followed by a corresponding statement

of Reason (R) just below it . Of the statements mark the correct answer as

1. Statement-1 : The motion of a simple pendulum is simple harmonic only for a << /.

and
Statement-2 : Motion of a simple pendulum is SHM for small angular displacement.
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Statement-1 is True, Statement-2 is True ; Statement-2 is a correct explanation for Statement-1
Statement-1 is True, Statement-2 is True ; Statement-2 is NOT a correct explanation for Statement-1
Statement-1 is True, Statement-2 is False.
Statement-1 is False, Statement-2 is True.

gom>

(A)
(B)
(®)
(D)

Statement-1 : Pendulum clocks go slow in summer and fast in winter.

and

Statement-2 : The length of the pendulum used in clock increases in summer.

(A) Statement-1 is True, Statement-2 is True ; Statement-2 is a correct explanation for Statement-1
(B) Statement-1 is True, Statement-2 is True ; Statement-2 is NOT a correct explanation for Statement-1
(C) Statement-1 is True, Statement-2 is False.

(D) Statement-1 is False, Statement-2 is True.

Statement-1 : SHM is not a periodic motion.

and

Statement-2 : Periodic motion does not repeat its position after certain interval of time.

(A) Statement-1 is True, Statement-2 is True ; Statement-2 is a correct explanation for Statement-1
(B) Statement-1 is True, Statement-2 is True ; Statement-2 is NOT a correct explanation for Statement-1
(C) Statement-1 is True, Statement-2 is False.

(D) Statement-1 is False, Statement-2 is True.

Statement-1 : In compound pendulum, if suspension point and centre of oscillation are mutually interchange,
then no change in time period is obtained.

and

Statement-2: Length of equivalent simple pendulum remains same in both the case.

(A) Statement-1 is True, Statement-2 is True ; Statement-2 is a correct explanation for Statement-1
(B) Statement-1 is True, Statement-2 is True ; Statement-2 is NOT a correct explanation for Statement-1
(C) Statement-1 is True, Statement-2 is False.

(D) Statement-1 is False, Statement-2 is True.

Statement-1 :Any oscillatory motion cannot be treated as simple harmonic.

and

Statement-2:Even under larger amplitude restoring force should be proportional to displacement for being
classified as SHM.

(A) Statement-1 is True, Statement-2 is True ; Statement-2 is a correct explanation for Statement-1
(B) Statement-1 is True, Statement-2 is True ; Statement-2 is NOT a correct explanation for Statement-1
(C) Statement-1 is True, Statement-2 is False.

(D) Statement-1 is False, Statement-2 is True.

Statement-1 : When a girl sitting on a swing stands up, the periodic time of the swing will increase.

and

Statement-2: In standing position of a girl, the length of the swing will decrease.

(A) Statement-1 is True, Statement-2 is True ; Statement-2 is a correct explanation for Statement-1
(B) Statement-1 is True, Statement-2 is True ; Statement-2 is NOT a correct explanation for Statement-1
(C) Statement-1 is True, Statement-2 is False.

(D) Statement-1 is False, Statement-2 is True.

Statement-1: Mechanical energy of a particle executing SHM is E. Maximum KE of particle may be greater
than E.

and

Statement-2 :Potential energy of a system may be negative.

(A) Statement-1 is True, Statement-2 is True ; Statement-2 is a correct explanation for Statement-1
(B) Statement-1 is True, Statement-2 is True ; Statement-2 is NOT a correct explanation for Statement-1
(C) Statement-1 is True, Statement-2 is False.

(D) Statement-1 is False, Statement-2 is True.
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COMPREHENSION BASED QUESTIONS
Comprehension # 1

/ k
Angular frequency in SHM is given by ® = ,/— . Maximum acceleration in SHM is ®?’A and maximum value of friction
m

between two bodies in contact is uN, where N is the normal reaction between the bodies.

1. In the figure shown, what can be the maximum amplitude of the system so that there is no slipping between
any of the blocks ?

2
(A) Zm (B) %m © gm (D) %m
2. Now the value of k, the force constant is increased then the maximum amplitude calculated in above question
will :-
(A) remain same (B) increase (C) decrease (D) data in insufficient

Comprehension # 2
In case of pure rolling a = Ra,, where a is the linear acceleration and a the angular acceleration. A disc of mass
m and radius R is attached with a spring of force constant k at its centre as shown in figure. At x = 0, spring
is unstretched. The disc is moved to x = A and then released. There is no slipping between disc and ground.
Let f be the force of friction on the disc from the ground.

iy

x=0 x=A

1. f versus t (time) graph will be as :

f

f
@) t (B) ‘ A © t (D) t

2. In the problem if k = 10 N/m, m =2 kg, R=1 m and A = 2 m. Find linear speed of the disc at mean position:

40 10 50
(A) 3 m/s (B) J20 m/s (@) 3 m/s (D) 3 m/s

Comprehension # 3
A 2 kg block moving with 10 m/s strikes a spring of constant 72 N/m attached to 2kg block at rest kept on a
smooth floor.

—» 10 my/s
2kg oy~ 2kg
[T T Ty
1. The time for which rear moving block remain in contact with spring will be
1 ) 1
A B) 7= D) —
A) Jf2s ()\/55 ©1s D) s
2. In the above question, the velocity of the rear 2 kg block after it separates from the spring will be
(A) 0 m/s (B) 5 m/s (C) 10 m/s (D) 7.5 m/s
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Comprehension #4

An object of mass m is moving in uniform circular motion in xy-plane. The circle has radius R and object
is moving clockwise around the circle with speed v. The motion is projected onto the x-axis where it appears
as simple harmonic motion according to x(t) = Rcos(wt + ¢). The motion starts from point of coordinates
(0, R).

In this projection ® is-
(A) v/R (B) m2/R (C) R/v (D) None of these

In this projection ¢ is-
(A) n/2 (B) = (C) 3n/2 (D) 0

Comprehension #5

Two particles A and B are performing SHM along x and y-axis respectively with equal amplitude and frequency
of 2 cm and 1 Hz respectively. Equilibrium positions of the particles A and B are at the coordinates (3
cm, 0) and (0, 4 cm) respectively. At t = 0, B is at its equilibrium position and moving towards the origin,
while A is nearest to the origin and moving away from the origin.

1. Equation of motion of particle A can be written as-
(A) x = (2 cm) cos 27t (B) x = (3 cm) - (2 cm) cos 2nt
(C) x = (2 cm) sin 2mt (D) x = (3 cm) - (2 cm) sin 2nt
2. Equation of motion of particle B can be written as-
(A) y = (2 cm) cos 2mt (B) y = (4 cm) - (2 cm) cos 2nut
(C) vy = (2 cm) sin 2nt (D) y = (4 cm) - (2 cm) sin 2mt
3. Minimum and maximum distance between A and B during the motion is-
(A) /5 cm and ,[g] cm (B) 3 cm and 7 cm
(C) 1 cm and 5 cm (D) 9 cm and 16 cm
MISCELLANEOUS TYPE QUESTION ANSWER KEY EXERCISE -3
) True / False 1. F 2. F 3. F 4. T 5 T 6. T 7. T
Fill in the Blanks 1.0.06 2.18s 3 i 4 8
° ill in e anks . 0. . 1.8 s k1% 22n_1) m/s
5 ng P vixZ —vix? vi—vl 7 T om
T 0 Covi-v ke -x "33
° Match the Column 1. (A)-q, (B) -r, (C) -s, (D) -u 2. (A) -r, (B) -t (C)q, (D) -1, (E) -q
3. (A) -q, (B) -s, (C) -p, D) r
° Assertion - Reason 1. A 2. A 3.D 4. A 5. B 6. D 7. A
° Comprehension Based Questions

Comprehension #1 : 1. C 2. C
Comprehension #2 : 1. C 2. A
Comprehension #3: 1. C 2. A
Comprehension #4 : 1. A 2. C
Comprehension #5 : 1. B 2. D 3. B
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JEE-Physics

EXERCISE-04 [A] CONCEPTUAL SUBJECTIVE EXERCISE

1.

10.

11.

12.

13.

A particle executing simple harmonic motion completes 1200 oscillations per minute and passes through the
mean position with a velocity of 3.14ms™!. Determine the maximum displacement of the particle from its mean
position. Also obtain the displacement equation of the particle if its displacement be zero at the instant t = 0.

Find the resulting amplitude A' and the phase of the vibrations &
S = A cos(ot) + 5 cos ® +2 + 5 cos (cot+n) + g o8 ot + 5 )= A' cos (cot+6).

A particle is executing SHM given by x = A sin(nt + ¢). The initial displacement of particle is 1 cm and
its initial velocity is ® cm/sec. Find the amplitude of motion and initial phase of the particle.

The shortest distance travelled by a particle executing S.H.M. from mean position in 2 seconds is equal

[

7] times of its amplitude. Determine its time period.

Two particles A and B execute SHM along the same line with the same amplitude a and same frequency
about same equilibrium position O. If the phase difference between them is ¢ = 2 sin’! (0.9), then find

the maximum distance between the two.

A body executing S.H.M. has its velocity 10 cm/s and 7 cm/s when its displacement from the mean position
are 3 cm and 4 cm respectively. Calculate the length of the path.

The particle executing SHM in a straight line has velocities 8 m/s, 7 m/s, 4 m/s at three points distance
one metre from each other. What will be the maximum velocity of the particle?

A particle is oscillating in a straight line about a centre of force O , towards which when at a distance x the force

3
af from O the

is mn?x where m is the mass , n a constant . The amplitude is a = 15 cm . When at a distance

particle receives a blow in the direction of motion which generates a velocity na . If the velocity is away from O,
find the new amplitude.

The displacement of a particle varies with time as x = (12 sinwt - 16 sin3wt) cm. If its motion is SHM, find
its maximum acceleration.

A point particle of mass 0.1 Kg is executing SHM with amplitude of 0.1m. When the particle passes through
the mean position, its kinetic energy is 8 1072 J. Obtain the equation of motion of this particle if the initial
phase of oscillation is 45 .

A body of mass 1 kg suspended by an ideal spring oscillates up and down. The amplitude of oscillation is
1 metre and the periodic time is 1.57 second. Determine.

(i) Maximum speed of body. (i) Maximum Kkinetic energy.

(iii) Total energy. (iv) Force constant of the spring.

Potential Energy (U) of a body of unit mass moving in a one-dimension conservative force field is given by,

U = (x2 - 4x + 3). All units are in S.I.

(i) Find the equilibrium position of the body.

(ii) Show that oscillations of the body about this equilibrium position is simple harmonic motion & find it time
period.

(iii) Find the amplitude of oscillations if speed of the body at equilibrium posiiton is 2/6 m/s
A body of mass 1 kg is suspended from a weightless spring having force constant 600 N/m. Another body

of mass 0.5 kg moving vertically upwards hits the suspended body with a velocity of 3.0 m/s and get embedded
in it. Find the frequency of oscillations and amplitude of motion.
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14. In the figure shown, the block A collides with the block B and after collision they stick together. Calculate
the amplitude of resultant vibration.

u
K M M
B A

15. A block of mass 1kg hangs without vibrating at the end of a spring with a force constant 1 N/m attached to the
ceiling of an elevator. The elevator is rising with an upward acceleration of g/4. The acceleration of the
elevator suddenly ceases. What is the amplitude of the resulting oscillations?

16. A small ring of mass m, is connected by a string of length / toa small heavy bob of mass m, The
ring is free to move (slide) along a fixed smooth horizontal wire . The bob is given a small displacement
from its equilibrium position at right angles to string . Find period of small oscillations.

= m E
S 1 E

1

m,
17. Calculate the time period of a uniform square plate of side 'a' if it is suspended through a corner.
18. Two identical rods each of mass m and length L, are rigidly joined and then suspended in a vertical plane

so as to oscillate freely about an axis normal to the plane of paper passing through 'S' (point of suspension).
Find the time period of such small oscillations.

Ly
S

19. A half ring of mass m , radius R is hanged at its one end in verticle plane and is free to oscillate in its plane.
Find oscillations frequency of the half ring.

CONCEPTUAL SUBJECTIVE EXERCISE ANSWER KEY EXERCISE-4(A)

1
1. 0.025 m, y =0.025 sin (40xt)m 2. %A, tan? [E) 3. 2 cm, %rad 4. 12 s
5.18 a 6. 9.52 cm 7. Je65 m/s 8. 1543 cm 9. 360?
i
10. y = 0.1 sin [4t+ﬂ 11. () 4 ms? (i) 8J (i) 8J (iv) 16 N/m
10 543 M
12. (i) 2m (i) fors (i) 2/3m  13. 7Hz, c 7 cm 14. ’/ﬁ u
/

16, 27 [— 17, 2m 220 C2m HE

(m, +m,)g 3g 18g
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EXERCISE-04 [B] BRAIN STORMING SUBJECTIVE EXERCISE

1. In the arrangement as shown in fig., pulleys are small and springs are ideal. k,, k,, k, and k, are force
constants of the springs. Calculate period of small vertical oscillations of block of mass m.

2. A mass M is in static equilibrium on a massless vertical spring as shown in the figure. A ball of mass m
dropped from certain height sticks to the mass M after colliding with it. The oscillations they perform reach
to height 'a' above the original level of scales & depth 'b' below it.

vy
N Aanl]

(i) find the constant of force of the spring

(ii) find the oscillation frequency.
(iii) what is the height above the initial level from which the mass m was dropped?

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

(i) Find the angle 0 that the radius to the interface makes with the vertical in equilibrium position.
(ii) If the whole liquid column is given a small displacement from its equilibrium position, show that the resulting
oscillations are simple harmonic. Find the time period of these oscillations.

4. A weightless rigid rod with a load 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 thread of length ¢, fixed at
its midpoint. The load receives a momentum in the direction perpendicular to the plane of the figure. Determine
the period T of small oscillations of the system.
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5. One rope of a swing is fixed above the other rope by b. The distance between the poles of the swing is
a. The lengths /, and /, of the ropes are such that /,* + /> = a* + b? (Fig.) Determine the period T of
small oscillations of the swing, neglecting the height of the swining person in comparison with the above
lengths.

TITTTTTTTTTTTTTTTTTTTT, TTTTTTTTTTTTTIT

6. A massless rod rigidly fixed at O . A string carrying a mass m at one end is attached to point A on the rod so
that OA = a . At another point B (OB = b) of the rod, a horizontal spring of force constant k is attached as
shown . Find the period of small vertical oscillations of mass m around its equilibrium position

7. A lift operator hung an exact pendulum clock on the lift wall in a lift in a building to know the end of the
working day. The lift moves with an upward & downward accelerations during the same time (according to a
stationary clock), the magnitudes of the acceleration remaining unchanged. Will the operator work for more or
less than required time .

8. In the figure shown, the spring are connected to the rod at one end and at the midpoint. The rod is hinged at
its lower end.

L
‘_
) E
AL
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(i) Find the minimum value of k for rotational SHM of the rod (Mass m, length L)
(ii) If k = mg/L then find the angular frequency of oscillations of
the rod.

Two identical balls A and B each of mass 0.1 kg are attached to two identical massless springs. The
spring mass system is constrained to move inside a rigid smooth pipe in the form of a circle as in fig. The
pipe is fixed in a horizontal plane. The centres of the ball can move in a circle of radius 0.06 m. Each
spring has a natural length 0.06 mm and force constant 0.1 N/m. Initially both the balls are displaced by
an angle of 6= m/6 radian with respect to diameter PQ of the circle and released from rest

(i) calculate the frequency of oscillation of the ball B. (ii) what is the total energy of the system

(iii) find the speed of the ball A when A and B are at the two ends of the diameter PQ.

A rod of mass M and length L is hinged at its one end and carries a block of mass m at its other end. A spring
of force constant k, is installed at distance a from the hinge and another of force constant k, at a distance b as
shown in the figure. If the whole arrangement rests on a smooth horizontal table top. Find the frequency of
vibration.

BRAIN STORMING SUBJECTIVE EXERCISE ANSWER KEY EXERCISE-4(B)

1

2 1 2 M b L(1
1. {1 1 1 1 }2. ) =2 ) o 25 (i) ( +m] [ = j 3. 0=tan 1(—), (i) 2x [LBO3R
4l =+t ) m 5
1 2 k
20
4. 2m|— 5 on 12 ¢ 2713\/5 7. A% |8 _ |8 8. (i) L (i) E\E
8 g bVk a|\g-a g+a 5L 2 \m

1
9. (i) ;HZ, (i) 472 x107°J (i) 2rx10?ms™!

b-a 27\ (b-2a)(M+m b—a

+—+
k, k, ki K,

where x is the total distance travelled
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EXERCISE-05(A) PREVIOUS YEAR QUESTIONS
1. If a spring has time period T, and is cut into n equal parts, then the time period of each part will be -[AIEEE-2002]
T
(1) Tin @) I (3) nT @T
n

2. In a simple harmonic oscillator, at the mean position- [AIEEE-2002]
(1) kinetic energy is minimum, potential energy is maximum
(2) both kinetic and potential energies are maximum
(3) kinetic energy is maximum, potential energy is minimum
(4) both kinetic and potential energies are minimum

3. A child swinging on a swing in sitting position, stands up, then the time period of the swing will-  [AIEEE-2002]
(1) increase (2) decrease (3) remain same
(4) increase if the child is long and decrease if the child is short

4. A mass M is suspended from a spring of negligible mass. The spring is pulled a little and then released so that
the mass executes SHM of time period T. If the mass is increased by m, the time period becomes 5T/3, then
the ratio of % is- [AIEEE-2003]
1) > (2) 25 3) 16 @) >

5 9 9 3

5.  The displacement of a particle varies according to the relation x = 4(cos nt + sinnt). The amplitude of the
particle is- [AIEEE-2003]
(1)-4 (2) 4 (3) 42 (4) 8

6. A body executes simple harmonic motion. The potential energy (PE), the kinetic energy (KE) and total energy
(TE) are measured as function of displacement x. Which of the following statements is true ? [AIEEE-2003]
(1) KE is maximum when x = 0 (2) TE is zero when x = 0
(3) KE is maximum when x is maximum (4) PE is maximum when x = 0

7. Two particles A and B of equal masses are suspended from two massless springs of spring constants k; and k,,
respectively. If the maximum velocities, during oscillations are equal, the ratio of amplitudes of A and B is-
(1) ky /kg 2) k,/k, 3) ko /ky (4) k,/k, [AIEEE-2003]

8. The bob of a simple pendulum executes simple harmonic motion in water with a period t, while the period of
oscillation of the bob is t;in air. Neglecting frictional force of water and given that the density of the bob is (4/
3) 1000 kg/m?®. What relationship between t and tis true? [AIEEE-2004]
D t=t, @2 t=t/2 ()t = 2t 4) t = 4t

9. A particle at the end of a spring executes simple harmonic motion with a period t;, while the corresponding
period for another spring is t,. If the period of oscillation with the two springs in series is T, then- [AIEEE-2004]

_ 2 _ 42 2 1 41 -1 2 _ 2 -2

MT=t +t, 2T o+t 3T t ot @ T (T

10. The total energy of a particle, executing simple harmonic motion is- [AIEEE-2004]
(1) ocx (2) oc x? (3) independent of x 4) oc x12

11. A particle of mass m is attached to a spring (of spring constant k) and has a natural angular frequency ®,. An

external force F(t) proportional to cosmt(w # ®,) is applied to the oscillator. The time displacement of the
oscillator will be proportional to- [AIEEE-2004]

1)
m(z) - o?
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13.

14.

15.

16.

17.

18.

19.

20.

21.

22.
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A particle of mass 0.3 kg is subjected to a force F = —kx with k = 15 N/m. What will be its initial acceleration,

if it is released from a point 20 cm away from the origin ? [AIEEE-2005]
(1) 3 m/s? (2) 15 m/s? (3) 5 m/s? (4) 10 m/s?
The function sin?(wt) represents- [AIEEE-2005]

(1) a periodic, but not simple harmonic, motion with a period 2m/®
(2) a periodic, but not simple harmonic, motion with a period ©/®
(3) a simple harmonic motion with a period 2n/®

(4) a simple harmonic motion with a period ©/®

T
Two simple harmonic motions are represented by the equations y, = 0.1 sin (1007“ + gj and y, = 0.1 cosnt.
The phase difference of the velocity of particle 1, with respect to the velocity of particle 2 is- [AIEEE-2005]
- o T - o E
SR @ 5 8 3 @ o
2x
If a simple harmonic motion is represented by — + ax = 0, its time period is [AIEEE-2005]
dt
27n 27
(1) o 2) N 3) 2na (@) 2na

The bob of a simple pendulum is a spherical hollow ball filled with water. A plugged hole near the bottom of the
oscillating bob gets suddenly unplugged. During observation, till water is coming out, the time period of oscillation
would- [AIEEE-2005]
(1) first increase and then decrease to the original value

(2) first decrease and then increase to the original value

(3) remain unchanged

(4) increase towards a saturation value

The maximum velocity of a particle, executing simple harmonic motion with an amplitude 7 mm,is 4.4 m/s.

The period of oscillation is- [AIEEE-2006]
(1) 0.01 s (2) 10s (3) 0.1 s (4) 100 s

Starting from the origin a body oscillates simple harmonically with a period of 2s. After what time will its kinetic
energy be 75% of the total energy ? [AIEEE-2006]
1 1 2 L 3 1 4 L

(1) 5's ()45 B 3s ()12s

The displacement of an object attached to a spring and executing simple harmonic motion is given by x = 2
102 cos mt metre. The time at which the maximum speed first occurs is- [AIEEE-2007]
(1) 0.5 s (2) 0.75 s (3) 0.125 s (4) 0.25 s

A point mass oscillates along the x-axis according to the law x = x_ cos(wt — n/4) If the acceleration of the
particle is written as- a = A cos (ot + 9), then- [AIEEE-2007]
HA=x,06=-n/4 (2) A =x0*, 0 =mn/4 () A =x,?, & =-m/4 @) A = x,, &= 3n/4

A 2 kg block slides on a horizontal floor with a speed of 4 m/s. It strikes a uncompressed spring and compress
it till the block is motionless. The kinetic friction force is 15 N and spring constant is 10,000 N/m. The spring
compresses by- [AIEEE-2007]
(1) 5.5 cm (2) 2.5 cm (3) 11.0 cm (4) 85 cm

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

[AIEEE-2007]
Ky S ko
—w— 7w
(1) £/2 2) /4 (3) 4f (4) 2f
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23.

24.

25.

26.

27.

28.

29.

30.

A particle of mass m executes simple harmonic motion with amplitude a and frequency v. The average kinetic

energy during its motion from the position of equilibrium to the end is- [AIEEE-2007]
1

(1) m®ma?v? (2) Zmazv2 (3) 4n’ma?v? (4) 2n’ma®v?

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 ? [AIEEE-2009]

T T
a_ (3) a’T? + 4g2y? (4) a_
\Y% X

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

(1) aT + 2mv (2)

A
The ratio of [A—l] is :- [AIEEE-2011]
2

M e M+m 1z M M+m
(1) M+m (2)( j (3) M+m () M

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

1 - )

g T o "
Z ® 5 @ 5

oA

A wooden cube (density of wood 'd') of side '¢' floats in a liquid of density 'p' with its upper and lower surfaces
horizontal. If the cube is pushed slightly down and released, it performs simple harmonic motion of period 'T'.
Then, 'T' is equal to :- [AIEEE-2011]

p ¢d p d
1) 2 2) 2m |~ 3) 2m, |-~ 4) 2
(1) 2n —dg (2) 2n o (3) dg @ 2n o _de

If a spring of stiffness 'k' is cut into two parts 'A' and 'B' of length ¢, : 3 = 2 : 3, then the stiffness of spring
'A' is given by - [AIEEE-2011]
5 3k 2k

2k 22 =
1) 35 @ % (3 = (4) k

If a simple pendulum has significant amplitude (up to a factor of 1/e of original) only in the period between
t =0 s tot = 1s, then T may be called the average life of the pendulum. When the spherical bob of the pendulum
suffers a retardation (due to viscous drag) proportional to its velocity, with 'b' as the constant of proportionality,
the average life time of the pendulum is (assuming damping is small) in seconds :- [AIEEE-2012]
1 2 9 0.693 N b 4 1

( )b (2) 5 (3) 4) b
An ideal gas enclosed in a vertical cylindrical container supports a freely moving piston of mass M. The piston
and the cylinder have equal cross sectional area A. When the piston is in equilibrium, the volume of the gas
is V,, and its pressure is P;. The piston is slightly displaced from the equilibrium position and released. Assuming
that the system is completely isolated from its surrounding, the piston executes a simple harmonic motion with
frequency. [AIEEE-2013]

1 AP, 1 V,MP, 1 [A%*yP, 1 MV,

1) 27 v,M @ on A%y ® 27\ My, @) 27\ AP,
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EXERCISE—05(B) PREVIOUS YEAR QUESTIONS

MCQ's one correct answers
1. A particle of mass m is executing oscillation 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 :-
[IIT-JEE 1998]

(A) proportional to% (B) independent of a (C) proportional to\/; (D) proportional to a2
a
2. A spring of force constant k is cut into two pieces such that one piece is double the length of the other.
Then the long piece will have a force constant of :- [IIT-JEE 1999]
2 3
A) —k (B) —k (C) 3k (D) 6k
3 2
3. A particle free to move along the x-axis has potential energy given by : U(x) = k[1 - exp (-x?)] for -0 <
x < + o, where k is a positive constant of appropriate dimensions. Then :- [LIT-JEE 1999]

(A) at points away from the origin, the particle is in unstable equilibrium
(B) for any finite non-zero value of x, there is a force directed away from the origin

k
(C) if its total mechanical energy is 2 it has its minimum kinetic energy at the origin

(D) for small displacements from x = 0, the motion is simple harmonic.

4. The period of oscillation of simple pendulum of length L suspended from the roof of the vehicle which moves

without friction, down an inclined plane of inclination a, is given by :- [IIT-JEE 2000]
L L L L
(A) 2n (B) 2% . (C) 2m4— (D) 27
gcosa gsina g gtano
5. A particle executes simple harmonic motion between x = -A and x = +A. The time taken for it to go from
A A

O to 5 is T, and to go from 5 to A is T,, then :- [IIT-JEE 2001]
(A) T, <T, B) T, >T, QT =T, (D) T, = 2T,

6. For a particle executing SHM the displacement x given by x = Acosot. Identify the graph which represents
the variation of potential energy (PE) as a function of time t and displacement x :- [IIT-JEE 2003]
(A) I, 1M (B) II, IV (C) I, III (D) I, IV

7. A block P of mass m is placed on a frictionless horizontal surface. Another block Q of same mass is kept

on P and connected to the wall with the help of a spring of spring constant k as shown in the figure,
is the coefficient of friction between P and Q. The block move together performing SHM of amplutude A.

The maximum value of the friction force between P and Q is [IIT-JEE 2004]
I P
g P smooth
(NITVLVEVYATIVERVVVYAVAVEAVAVIMAVAVEAVAVAMARNMANNS
kA
(A) kKA (B) 7 (C) zero (D) p.mg
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8. A simple pendulum has time period T,. The point of suspension is now moved upward according to the
relation y = Kt?, (K = 1 m/s?) where y is the vertical displacement. The time period now becomes T,. The

T2

1
ratio of T is : (g = 10 m/s?) [LIT-JEE 2005]
2

4
©1 (D) 5

oo

Aé B
® 3 ®)

9. A block (B) is attached to two unstretched springs S, and S, with spring constants k and 4k, 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. [IIT-JEE 2008]
2 1
2 Ll 1
11
X

The block returns and moves a maximum distance y towards wall 2. displacements x and y are measured with

v
respect to the equilibrium position of the block B. The ratio — is
X

1

A) 4 (B) 2 © (D) 1

N | =

10. The x-t graph of a particle undergoing simple harmonic motion is shown below. The acceleration of the particle
att=4/3sis [LIT-JEE 2009]

2 2
A) 3£27[2cm/s2 (B) 37; cm/s” ©) ;C_Zcm/sz (D) _gnzcm/sz

11. The mass M shown in the figure oscillates in simple harmonic motion with amplitude A. The amplitude of
the point P is : [IIT-JEE 2009]

k A k,A k A k,A
&) B) O vk, Ky + k,
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A uniform rod of length L and mass M is pivoted at the centre. Its two ends are attached to two springs
of equal spring 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 0 in one direction

and released. The frequency of oscillation is :- [IIT-JEE 2009]
1 2k 1 [k 1 |6k 1 [24k

A) —[— B) —[— C) —|— D) —|—

()ZTEM ()ZTEM ()ZTEM ()27'EM

MCQ's one or more than one correct answers

1.

Three simple harmonic motions in the same direction having the same amplitude and same period are
superposed. If each differ in phase from the next by 45, then the :- [IT-JEE 1999]

(A) resultant amplitude is (1 + \/Z)a
(B) phase of the resultant motion relative to the first is 90
(C) energy associated with the resulting motion is (3 + 2V2) times the energy associated with any single motion

(D) resulting motion is not simple harmonic

Function : x = Asin?wt + Bcos?wt + C sinot coswt represents SHM :- [IIT-JEE 2006]
(A) for any value of A, B and C (except C = 0) (B) if A = -B, C = 2B, amplitude = |B\/2|
QifA=B;C=0 (D) if A = B; C = 2B, amplitude = |B|

A particle of mass m is attached to one end of a mass-less spring of force constant k, lying on a frictionless
horizontal plane. The other end of the spring is fixed. The particle starts moving horizontally from its equilibrium
position at time t = 0 with an initial velocity u,. When the speed of the particle is 0.5 u,, it collides elastically
with a rigid wall. After this collision :- [IIT-JEE 2013]

(A) the speed of the particle when it returns to its equilibrium position is u,
/m
(B) the time at which the particle passes through the equilibrium position for the first time is t=7 ?

41t |m

(C) the time at which the maximum compression of the spring occurs is t=? N

51 |m

(D) the time at which the particle passes through the equilibrium position for the second time is t=? n
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Match the column

1.

Column [ describes some situations in which a small object moves. Column II describes some characteristics of

these motions. Match the situations in column I with the characteristics in column II. [IIT-JEE 2007]
Column 1 Column I
(A) The object moves on the x-axis under a conservative force (p) The object executes a simple
in such a way that its "speed"and "positive" satisfy harmonic motion.
v = ¢ 4Jc, —x*, where c, and c, are positive constants.
(B)  The object moves on the x-axis in such a way that its velocity ~ (q) The object does not change its
and its displacement from the origin satisfy v = —kx, direction.
where k is a positive constant.
(C) The object is attached to one end of a mass-less spring of a (r)  The kinetic energy of the object
given spring constant. The other end of the spring is keeps on decreasing
attached to the ceiling of an elevator. Initially everything is
at rest. The elevator starts going upwards with a constant
acceleration 'a'. The motion of the object is observed from
the elevator during the period it maintains this acceleration.
(D) The object is projected from the earth's surface vertically (s)  The object can change its direction

GM
upwards with a speed 21fR76, where M is the mass of

the earth and R_ is the radius of the earth. Neglect forces
from objects other than the earth.

only once.

Column I gives a list of possible set of parameters measured in some experiments. The variations of the parameters
in the form of graphs are shown in Column II. Match the set of parameters given Column I with the graphs given in
Column II. Indicate your answer by darkening the appropriate bubbles of the 4 4 matrix given in the ORS.

Column 1

Potential energy of a simple pendulum (y axis) as a
function of displacement (x axis)

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

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

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

[IIT-JEE 2008]
Column I

Y

SN
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Paragraph

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 the
axle are in a horizontal plane. The unstrethced 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

\70 = Voi~. The coefficient of friction is . [LIT-JEE 2008]

» X
1. The net external force acting on the disk when its centre of mass is at displacement x with respect to its equilibrium
position is
2kx 4kx
(A) - kx (B) - 2kx C) ——— (D) ———
3 3
2. The centre of mass of the disk undergoes simple harmonic motion with angular frequency ® equal to
(A) . (B) 2k ©) 4 2k D) o
M M 3M 3M
3. The maximum value of V, for which the disk will roll without slipping is

A M B M c 3M D 5M
()Ug? ()HQE ()UQ@/T ()ngfg

Subjective Questions

1. Two masses m and m, connected by a light spring of natural length 7 is compressed completely and tied
by a string. This system while moving with a veloicty v, along +ve x-axis pass through the origin at t=0.

At this position the string snaps. Position of mass m, at time t is given by the equation

x,(t) = v t-A(1l-cosmt). Calculate:(i) position of the particle m, as a functionof time. (ii) ¢, in terms of A.
[IIT-JEE 2003]

2. A solid sphere of radius R is floating in a liquid of density p with half of its volume submerged. If the sphere
is slightly pushed and released, it starts performing simple harmonic motion. Find the frequency of these

oscillations. [IIT-JEE 2004]
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3.

A mass m is undergoing SHM in the vertical direction about the mean position y; with amplitude A and
angular frequency ®. At a distance y from the mean position, the mass detaches from the spring. Assume
that the spring contracts and does not obstruct the motion of m. Find the distance y. (measured from the
mean position) such that the height h attained by the block is maximum (A®? > g). [IT-JEE 2005]
y_. .....
m
PREVIOUS YEARS QUESTIONS ANSWER KEY EXERCISE -5
MCQ's with one correct answer 1. A 2. B 3D 4 A 5 A
6.A 7. B 8 A 9. C
10. D 11. D 12. C
MCQ's one or more than one correct 1. AC 2. A,B,D 3. AD
Match the column 1. (A) -p, B) -q,r (C) -p D) -q,r 2. (A)-p,(B)-q,r,s(C)-s,(D)-q
Comprehension Based questions 1. D 2.D 3. C
m, m, 1 |3g mg g
. . . . —_ .. _+1 A il =1 s _ 2
Subjective Questions 1. (i) vt + Am2 (1 —cosmt) (i) [mz ] 2. ZTCJZR 3. ko <a
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