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SIMPLE HARMONIC MOTION

PERIODIC MOTION

Any motion which repeats itself after regular interval of
time is called periodic motion or harmonic motion. The
constant interval of time after which the motion is repeated
is called time period.

Examples : (i) Motion of planets around the sun.

(i1) Motion of the pendulum of wall clock.

OSCILLATORY MOTION

The motion of body is said to be oscillatory or vibratory
motion if it moves back and forth (to and fro) about a fixed
point after regular interval of time.

The fixed point about which the body oscillates is called
mean position or equilibrium position.

Examples: (i) Vibration of the wire of “Sitar’.

(i1) Oscillation of the mass suspended from spring.

Note : Every oscillatory motion is periodic but every
periodic motion is not oscillatory.

SIMPLE HARMONIC MOTION (S.H.M.)

@

(i)

Simple harmonic motion is the simplest form of vibratory
or oscillatory motion.

S.H.M. are of two types :

Linear S.H.M. : When a particle moves to and fro about a
fixed point (called equilibrium position) along a straight
line then its motion is called linear simple harmonic motion.
Example : Motion of a mass connected to spring.
Angular S.H.M. : When a system oscillates angularly with
respect to a fixed axis then its motion is called angular
simple harmonic motion.

Example : Motion of a bob of simple pendulum.

Necessary Condition to execute S.H.M.
In linear S.H.M. : The restoring force (or acceleration)
acting on the particle should always be proportional to
the displacement of the particle and directed towards the
equilibrium position :

Focxoraoc—x
Negative sign shows that direction of force and
acceleration is towards equilibrium position and x is
displacement of particle from equilibrium position.
In angular S.H.M. : The restoring torque (or angular
acceleration) acting on the particle should always be
proportional to the angular displacement of the particle
and directed towards the equilibrium position

Tc—0 or aaoc—9

EQUATION OF SIMPLE HARMONICMOTION

In linear S.H.M.
Restoring force acting on the particle, F = ma =—kx

kx dv kx
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= x=Asin (ot + oc)
Att=0,x =0 and if velocity is in +x direction
X =Asin ot

If velocity is in -x direction, X =— A sin wt.

In angular SHM :

Restoring torque acting on the particle T=—C6 where C is
a constant which can be defined as torque per unit angular
displacement.

Mathematically, Ia.=—C6, where I is the moment of inertia
of the system about the axis of rotation.

2 2
= Id—§+C6:0:d—?+(g] 06=0
dt dt I

2
Since, ﬂJr 0%0=0= o= [gj
dt? I

—
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Comparison between linear and angular S.H.M.

S.No. Linear S.H.M. Angular S.H.m.
1. Foc—y Toc—0
F=-ky 1=-C0
where k is restoring force constant Where C is restoring torque constant.
2 __ K _ 0
. a=-—y o =-7
. -’y k . % ¢
3. Equation of Motion —- + — y=0 Equation of Motion —+—6=0
dt“ m de 1
4. a=—oly o =—m’0
5 2 E - E = 2_1'C =2 — \/§ =2nn= 2_11:
. o= =S 0= o= =2m ®= 7 T2m= g
SOME BASIC TERMS *  In the equation x = A sin (ot + ¢), (ot + ¢ ) is the phase of

Mean Position : The point at which the restoring force on
the particle is zero and potential energy is minimum.

Restoring Force :

The force acting on the particle which tends to bring the
particle towards its mean position, is known as restoring
force. It always acts in a direction opposite to that of
displacement. Displacement is measured from the mean
position. It is given by formula, F =—k x

Amplitude: The maximum (positive or negative) value of
displacement of particle from mean position is define as
amplitude.

Time period (T) : The minimum time after which the particle
keeps on repeating 'its motion is known as time period.
The smallest time taken to complete one oscillation or
vibration is also define as time period.

2n 1
Itis given by T = o = 0 where o is angular frequency

and n is frequency.

Oscillation or Vibration : When a particle goes on one
side from mean position and returns back and then it goes
to other side and again returns back to mean position,
then this process is known as one oscillation.

Frequency (norf):
The number of oscillations per second is define as
frequency.

i< iven b 1 o
It is given by n T e
SIunit: Hertz (Hz), 1 hertz= 1 cycle per second (cycle is a
number not a dimensional quantity).
Dimensions: MOLOT1,
Phase: Phase of a vibrating particle at any instant is the
state of the vibrating particle regarding its displacement
and direction of vibration at that particular instant.

the particle.

*  The phase angle at time t = 0 is known as initial phase or
epoch.

*  The difference of total phase angles of two particles
executing S.H.M. with respect to the mean position is
known as phase difference.

*  Two vibrating particles are said to be in same phase if the
phase difference between them is an even multiple of
m,1.e., A =2nm, wheren=0, 1, 2, 3,....

*  Two vibrating particle are said to be in opposite phase if
the phase difference between them is an odd multiple of
m,i.e.,, Ad=(2n+ 1) T, wheren=0, 1,2, 3,....

*  Angular frequency (o) :The rate of change of phase angle
of a particle with respect to time is define as its angular

k
frequency. SI unit: radian/second, ® = \/g

DISPLACEMENT IN S.H.M.

(1) The displacement of a particle executing linear S.H.M. at
any instant is defined as the distance of the particle from
the mean position at that instant.

(i) It can be given by relation

x=Asinot or x=Acos ot.
The first relation is valid when the time is measured from
the mean position and the second relation is valid when
the time is measured from the extreme position of the
particle executing S.H.M. along a straight line path.

VELOCITY INS.H.M.
(1) Itis define as the time rate of change of the displacement
of the particle at the given instant.
(i) Velocity in S.H.M. is given by
_dx

d . .
- v Eza(Asm(ot) = v=Awm cos ot

2
v =+AoV1-sin’ ot)=>v= iAm"l—X—z
A
:imﬂl(AZ_xz) [+ x=Asin ot ]

—
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(iii)

()

(i)

Squaring both the sides

2
v

V2 =? (A2—x2):>—:A2—x2
0)2

V2 X2 X2 V2
F F A’e? )
This is equation of ellipse. So,

curve between displacement and
velocity of particle executing SH.M. Vv
is ellipse.

The graph between velocity

and displacement is shown in

figure. If particle oscillates v
with unit angular frequency
(0=1)

then curve between v and x will
be circular.

Note:

1

The direction of velocity of a particle A

in S.H.M. is either towards or away
from the position.

At mean position (x = 0), velocity is maximum (=A) and at
extreme position (x =+ A), the velocity of particle executing
S.H.M. is zero

(0>1)

ACCELERATIONIN S.H.M.

()

(i)

(iii)

()
(i)

It is define as the time rate of change of the velocity of the
particle at given instant.

. .o v d
Accelerationin S.H.M.is givenby a =—= a(Am cos mt)

a=-02Asinot a,

2
— a=-0°x oA
The graph between
acceleration and displacement

as shown in figure.

-A

02 A

Note:
The acceleration of a particle executing S.H.M. is always
directed towards the mean position.

The acceleration of the particle executing S.H.M. is
maximum at extreme position (= ®*A) and minimum at mean
position (= zero)

GEOMETRICAL MEANING OF S.H.M.

If a particle is moving with. uniform speed along the
circumference of a circle then the straight line motion of
the foot of perpendicular drawn from the particle on the
diameter of the circle is called SHM.

Description of SHM based on Circular motion :

Draw a circle of radius A equal to the amplitude of the
particle performing SHM. Suppose particle is moving with
constant angular velocity o along the circle. Perpendicular
from particle position on vertical and horizontal diameter
shows SHM. After time t radius vector turns by wt.

Y’

“0=ot ..x=Acosot, y=Asinot

ENERGY OFPARTICLE IN S.H.M.

@

(i)

Potential Energy (U or P.E.)
In terms of displacement
The potential energy is related to force by the relation

F=—i—S:JdU=—IFdx

for S.H.M. F=—kx so

[dU == (-kx) dx = [ kx dx = U=%kx2+C

1
Atx=0,U=Uy= C=U;so U= E1<x2+UO

where the potential energy at equilibrium position = U,

|-
When U, =0 then U = Ekx

In terms of time

1 .
Since X = Asin (ot + ¢), U= EkA2 sin’ (ot+d)

If initial phase (¢) is zero then
1 1
U= EkA2 sin” ot = Emo)zA2 sin” ot

Note:

In S.H.M. the potential energy is a parabolic function of
displacement, the potential energy is minimum at the mean
position (x = 0) and maximum at extreme position (x =% A)
The potential energy is the periodic function of time.

3
It is minimum at t=0, E,T,T, ------ and maximum at
T 3T ST
T

—
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(i)

@

(i)

Kinetic Energy (K) :

If mass of the particle executing
S.H.M. is m and its velocity is v then kinetic energy at any-
instant.

K = L my? =lmm2(A2 —@2)=lk (A2 —x?)
2 2 2

In terms of time
v=Awmcos (ot+ ¢)
1
K= EmcozA2 cos’ (ot+¢)
(i1)
o . o200 2
If initial phase ¢ is zero, K= Emm A” cos” ot

Note:
In S.H.M. the kinetic energy is a inverted parabolic function

2
of displacement. The kinetic energy is maximum (EkA ]

at mean position (x = 0) and minimum (zero) at extreme
position (x==*A)

The kinetic energy is the periodic function of time. It is
maximumatt=0, T, 2T, 3T ...and minimum at

Total energy (E) : Total energy in S.H.M. is given by;
E = potential energy + kinetic energy = U + K
(1) w.r.t. position

1 1 1
= Ekx2 +Ek (A2 - xz) = EkAZ = constant
(ii) w.r.t. time %
E= %ma)zA2 sin” ot + lmo)zA2 cos? ot "

1 .
= —mow’A’ (sm2 ot + cos? ot)

\S)
*

1
mw’A? = EkA2 = constant

N | —

Note : Total energy depends upon mass, amplitude and
frequency of vibration of the particle executing S.H.M.

Average energy in S.H.M.
The time average of PE and KE over one cycle is

1
(a) <K>=< Em(x)zA2 cos® ot >

mwZA? < cos? wt > = lm(;)zA2 (l)
2 2
1
A? =—KA?
4

1
(b) <PE> =< Emo)zA2 cos? wt >

= lm(ozA2 <sin‘ot>= lm(DZA2 (l)
2 2 2

A2 = Llia2
4

1
(¢) <TE>=< EmcozA2 +Uj >

%mszz +Ug = %kAz +U,

The position average of P.E. and K.E. between x =— A to
x=A
2
I ~mo? (A" -x )dx
7A _ 2
(a) <K, >= X =3 kA
J dx
-A
A A
[eeydx | (U0+ kA ) |
2
—A —A -
(b) <PE>,= < = - —U0+6kA
j dx I dx
-A -A
A A
[ @meyax | [EkAZ +Uoj o
ZA A = kA2
(€) <TE >, = < = - 2kA +U,
.[ dx J. dx
-A -A

Note:

Both kinetic energy and potential energy varies periodically
but the variation is not simple harmonic.

The frequency of oscillation of potential energy and kinetic
energy is twice as that of displacement or velocity or
acceleration of a particle executing S.H.M.

Frequency of total energy is zero

GRAPHICALREPRESENTATION

Graphical study of displacement, velocity, acceleration and
force in S.H.M.

(i) Displacement-Time

A

BN
(i1) Velocity- Time

I N
N

[#




SOAL

ODM ADVANCED LEARNING

STUDY MATERIAL: PHYSICS

(iii) Acceleration- Time

(iv) Force- Time

3l

(v)Velocity- Displacement

VTMM

_ T T X T

(vi) Acceleration- Displacement

a’\b\
- t } } +A

(vii) Force- Displacement

F ﬂ\\ ' +A
“a —=

(viii) Potential energy - Displacement

)1

‘ t ; f FA

+A

Example1:
An object performs S.H.M. of amplitude Scm and time
period 4 s. If timing is started when the object is at the
centre of the oscillation i.e., x = 0 then calculate.
(i) Frequency of oscillation
(i1) The displacement at 0.5 s
(ii1) The maximum acceleration of the object.
(iv) The velocity at a displacement of 3 cm.

1 1
Sol. (i) Frequency f= T = i 0.25Hz

(i1) The displacement equation of object x = Asin mt

Att=0.5s,x = 5sin (21 % 0.25 x 0.5) = SSing S em

N

(1ii) Maximum acceleration
a_ =w*A=(0.5m)2 x 5=12.3 cm/s?

o Ymax ]
(iv) Velocity atx =3 cm is

v=+o VA? —x? = +0.51+/5? —3% =£6.28 cm/s

Example 2 :
Amplitude of a harmonic oscillator is A, when velocity of
particle is half of maximum velocity, then determine position
of particle.

Vmax _ A®
2 2
Aw

= 7=w\/A2—x2 = A2=4[A2-x2]

5 4A% - A? J3A
X '=—————— = x=—
4 2

Sol. v=¢ A2—x2 but v=

Example 3 :
Which of the following functions represent S.H.M. :
(I) sin? ot (ii) sin 2t
(iii) sin ot + 2cos ot (iv) sin ot + cos 2mt

Sol. A motion will be S.H.M. if acceleration oc —y
. 2 dy . .
@ y=sin“ot= i 2 (sin ®t) (o cos wt) = m sin2 ot,
d? d?
—Zy =20 cos 2ot :>—Z oy
dt dt

(Oscillatory but not S.H.M)

d
(i) Asy=sin2ot= v= d_}tl =2mcos2mt

=40 sin 2wt = —4w2y

. d’y
Acceleration = ey

So, y = sin 2ot represents S.H.M.
(iil) y = sin ot + 2 cos ot
dy

— = ®cos ot — 2 sin ot.
dt

= V=

2

. dv . 2
acceleration = di =—m" sinot—2m" cosmt
t

= —’ (sinot+2cosmt) = —(Dzy
The given function represents S.H.M.

d
(iv) y = sin ot + cos 2wt ; d_}t/ = ®cos ot — 2m sin 2wt

£
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d? : :
— = —0? sinot— 40 cosot = -2 (sinot + 4 cos 2mt)
dt
d? y
ay., . .
a2 Y (Oscillatory but S.H.M. not possible)
Example4 :

Sol.

Q.1

Q2

In case of simple harmonic motion

(a) What fraction of total energy is kinetic and what fraction
is potential when displacement is one half of the amplitude.
(b) At what displacement the kinetic and potential energies
are equal.

1
In S.H.M. : Kinetic Energy K = Ek (A2 -x%),

1 1
Potential Energy U = 3 kx? , Total Energy (TE)= 3 kA2

. . _K = A2 — X2
(a) Force of Kinetic Energy fy g. = 7= A?
. : = U = X2
Fraction of Potential Energy fp.E. ~TE. A2
A CAY-A%/4 3 . CA%T/4 1
At k=g Tpadlu=—a"=y

(b)K=U= %k(Az—xz):%kx2

A
22 —4 —
= 2x*=A‘=x B

TRY IT YOURSELF-1
The position function for an oscillating body is
x = 20 sin (0.6t — m/2). At t = 0, the magnitude of the
body's acceleration is:
(A) 20 m/s? (B) 12 m/s?
(C)7.2m/s? (D) None of the above
A particle with total mechanical energy E has position
x>0att=0

U(x)

N

iiVad

/ o X

(A) escapes to infinity in the — x-direction
(B) approximates simple harmonic motion
(C) oscillates around a

(D) periodically revisits a and b

Q3

Q4

Q5

Q.6

Q.7

QS8

Q.9

Q.10

A graph of the acceleration vs. velocity of a body
oscillating in simple harmonic motion looks like:

N
<

a

(A) (B)

©) v (D) v

(D

Newton's Second Law is applied to a system. After a free
body diagram is drawn and the forces summed, the
2=2a emerges, where x is the position and

a is the acceleration of the body at an arbitrary point in

time.

(A) This equation does not characterize an oscillatory
system.

(B) This equation does characterize an oscillatory system
and the motion is simple harmonic in nature.

(C) This equation does characterize an oscillatory system
and the motion's frequency is 4 radians per second.

(D) Both Response B and C

The position function for an oscillating body is

x =20 sin (0.6t — /2). The approximate frequency of the

motion is:

(A)20Hz (B)1.57Hz

(C)0.6Hz (D)0.1Hz

A particle of mass 0.8 kg is executing simple harmonic

motion with an amplitude of 1.0 metre and periodic time

11/7 sec. Calculate the velocity and the kinetic energy of

the particle at the moment when its displacement is 0.6 m

A person normally weighing 60 kg stands on a platform

which oscillates up and down harmonically at a frequency

2.0 sec”! and an amplitude 5.0 cm. If a machine on the

platform gives the person's weight against time, deduce

the maximum and minimum reading it will show,

take g = 10 m/sec2.

A point particle of mass 0.1 kg is executing S.H.M. of

amplitude of 0.1 m. When the particle passes through the

mean position, its kinetic energy is 8 x 103 Joule. Obtain

the equation of motion of this particle if this initial phase

of oscillation is 45°.

A particle executing SHM oscillates between two fixed

points separated by 20 cm. If its maximum velocity be

30cm/s, find its velocity when its displacement is 5 cm.

from its mean position.

The total energy of the body executing S.H.M. is E. Then

the kinetic energy, when the displacement is half of the

amplitude, is:

(A)E2

(C)3E/4

(B)E/4
(D) V3/4E

[4
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ANSWERS
@ © 2) (D) 3)©)
@ A 5) (D) (6)3.2m/s,4.17.

(7) Maximum reading =107.3 kg; Min. reading = 12.7 kg

(8) y=0.1sin(£4t+ n /4) metre. ) 15\/3 cm/s

10) (©)

SPRING SYSTEM

(i) When spring is given small displacement by stretching or
compressing it, then restoring elastic force is developed
in it because it obeys Hook’s law.

Fex—x =F=-kx Here k is spring constant

(i) Spring is assumed massless, so restoring elastic force in
spring is assumed same everywhere.

(iii) Spring constant (k) depends on length, radius and material
of wire used in spring.
for spring k¢ = constant

(iv) When spring is stretched or compressed then work done
on it is stored as elastic potential energy.

W:IFdX:Ikxdx and U=W=%kx2

When spring is stretched from /£, to /, then

1
Work done W = Ek (f% —f%)

SPRING PENDULUM
(1) When a small mass is suspended from a massless spring
then this arrangement is known as spring pendulum.

For small linear displacement the motion of spring
pendulum is simple harmonic.
(i) For a spring pendulum

’x  k dx )
—=——X v —=-0X=>0
dt m dt

This is standard equation of linear S.H.M.

- ,den_zn\/E‘F 1\/?
ime period T = © e requency n = 2\m

@ii)) Time period of a spring pendulum is independent of
acceleration due to gravity. This is why a clock based on
oscillation of spring pendulum will keep proper time
everywhere on a hill or moon or in a satellite or different
places of earth.

(iv) If a spring pendulum oscillates in a
vertical plane is made to oscillate on a
horizontal surface or on an inclined
plane then time period will remain
unchanged.

(v) By increasing the mass, time period of spring pendulum

increases (T oc+/m), but by increasing the force constant

|
of spring (k). Its time period decreases [T o E) whereas

frequency increases (n oc Jk )

(vi) If two masses m; and m, are connected by a spring and

made to oscillate then time period T = 271\/%

> |

mymyp
my + m,

Here, p= =reduced mass

(vii) If the stretch in a vertically loaded spring is y, then for

equilibrium of mass m.

SO W 1)
Yp=mg ie., P

Yo
So, time period T = 21:\/% =2n, /;

but remember time period of spring pendulum is
independent of acceleration due to gravity.

(viii) If two particles are attached with spring in which only one

is oscillating

mass of oscillating particle my

=2n

- ol 2 \/
e peno force constant k

VARIOUS SPRINGARRANGEMENTS

Series combination of springs
In series combination same restoring force exerts in all
springs but extension will be different.

m

Total displacement x = x; +x,
Force acting on both springs F=—k;x; =-k,x,

F F F F
X;=—— and Xy =—— X:_|:_+_i| ....... (1)
K k, ki ky

If equivalent force constant is kg then F =—k.x
so by eq. (i),
F F F 1 1 1 kik,

T T Y T r T > kg=—

s kok ke ke ke T 4k
Time period T=2r — =2n m(k; +ky)

ks Kk,

kS

1 |k
Frequency n= P ES ;  Angular frequency, o = .
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Parallel Combination of springs
In parallel combination displacement on each spring is
same but restoring force is different.

Frestoring < Ffriction = Mapy,,y Spmg

amaX_Sg:szSmg:wS ,/%g

kl
. m k
| |l_/\/\/\/\/_‘TI Example 8 :

Force acting on the system
F=F +F, => F=-kx-kx ... )
If equivalent force constant is k  then,
kpx so by equation (i)
fk x—fklx kzx:>k =k, +k,

Time period, T=2n |— =2=n —
V ) SIMPLE PENDULUM

1 |k
Frequency n= —,/—p ; Angular freq., @ = /@
2t \'m m

ExampleS5:
A body of mass m attached to a spring which is oscillating
with time period 4 seconds. If the mass of the body is
increased by 4 kg, its time period increases by 2 sec.
Determine value of initial mass m.

m m
Sol. In ISt case: T =2mn —34:275\/: ....... ()
k k
m+4
and 11" case : 6=2m s )
Divided (i) by (i), ~= | —2 =0 M 1 o320k
vided () by (D). =157 = 36 " mea &

Example 6 :
One body is suspended from a spring of length /, spring
constant k and has time period T. Now if spring is divided
in two equal parts which are joined in parallel and the same L
body is suspended from this arrangement then determine
new time period.

Sol. Spring constant in parallel combination k'=2k + 2k =4k

T \F 5 [m “\Fx 1 T T
= LT, [— = LT, |— = — —_——= —
- Kk k Va4 J4 2

Example 7 :
A block is on a horizontal slab which is moving horizontally
and executing S.H.M. The coefficient of static friction
between block and slab is p. If block is not separated from
slab then determine angular frequency of oscillation.

Sol. Ifblock is not separated from slab then restoring force due
to S.H.M. should be less than frictional force between slab
and block.

N\

A block of mass m is suspended from a spring of spring
constant k. Find the amplitude of S.H.M.

Sol. Letamplitude of S.H.M. be x,,.

then by work energy theorem W = A KE

1 2m,
mgxg —Ekx% =0= X =Tg

If a heavy point mass is suspended by a weightless,
inextensible and perfectly flexible string from a rigid
support, then this arrangement is called a simple pendulum.
Expression for time period :

Restoring force acting on pendulum 0

F=—mgsin6
For small angle ,

sinf = oA .

SA /¢
e..... o
y g mg sinf mg Mg cos
=-mgx==a=-=
ma g / ’ y

It proves that if displacement is small then simple pendulum
performs S.H.M.

la|= oy = m2:%:>m \/g
L, | [dlsplacement
acceleration

Note:

T=2r \/Z is valid when length of simple pendulum (/) is
g

negligible as compare to radius of earth (¢ <<R) but if / is
comparable to radius of earth then time period

The time period of oscillation of simple pendulum of infinite
length (¢ — )

R 1
T= 275\/%:84-6 minute = 15 hour (It is max. time

period)
If angular amplitude (6,)) is large (6> 15°) then time period

2
isgivenby T =2n \/? {1 +6_} here 0 is in radian.
g 16

¢
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3.

If a simple pendulum of density p is made to oscillate in a
liquid of density o then its time period will increase as
compare to that of air and is given by

Second’s pendulum : Ifthe time period of a simple pendulum
is 2 second then it is called second's pendulum. Second’s
pendulum take one second to go from one extreme position
to other extreme position.

l
For second’s pendulum, time period T = 2= 275\/g

At the surface of earth g = 9.8 m/s? ~ n2 m/s?,
Length of second pendulum at the surface of earth £~ 1 m.

Example9:

Sol.

A simple pendulum of length L and mass M is suspended
in a car. The car is moving on a circular track of radius R
with a uniform speed v. If the pendulum makes oscillation
in a radial direction about its equilibrium position, then
find its time period.

Centripetal acceleration a = v2/R

(v2)
Acceleration due to gravity = g. So, g 4= g2 + kKJ

L L
Time period, T = 27:\/ = 2n\/
2

V4
e

Beff

COMPOUND PENDULUM

Any rigid body which is free to oscillate in a vertical plane
about a horizontal axis passing through a point, is defined
as compound pendulum.
Expression for time period
Torque acting on a body t=-— mg/sin0
If angle is very small sin 6 = 0
then T =—mg/0 ~(andt=Io ..(ii)
Here m = mass of the body, ¢ = distance between point of
suspension and centre of mass
[, = moment of inertia about horizontal axis passes through
point of suspension from equation (i) and (ii)
[.o= mg/l6
2

I d_26 +mglB=0

dt

2
46 mel

0=0
e I

d%o
—+

2 .
e ®°0=0 .(iv)

mg/ o mg/

2
Compare eq. (iii) and (iv), @ =

T
Time period of compound pendulum T = o =2n

Applying parallel axis theorem
I =1y +m? = I =mK?+m/?

I 2 2
T=2xn S zan'T—Zn
mg/ mg/ > LT

2
L= e + ¢ = equivalent length

of simple pendulum

= distance between point of
suspension and point of oscillation
Here, S = point of suspension,

O = point of oscillation, K = radius of
gyration about centre of mass.

Time Period T =21

For maximum time period /=0
Maximum time period T, =0

- . . dT
For minimum time period m =0 thenK ="/,

Bar pendulum : A bar pendulum is a steel bar of 1 meter
length with holes at regular intervals for suspension. The
time period is measured for different values of ¢ (distance
between S and C). The graph between T and length from
one end / is as shown in figure. The time period is infinite
when ¢ = 0, i.e., when it is suspended from the centre of
gravity (centre of mass).

A
P Q T R S
T,
M M
P M' Qv (F R' N' ' =
[ o o © 0 o © o |
T
< { Centre [ —>»

[¢
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Sol. For Disc, [=MK?2=

At four points P, Q, R and S, the time period is the same T

2
4

The distance are such that

The time period is minimum when (=K

2K
The minimum period is To =27 ?

Condition for T minimum : TZ =

Q.1

dt [ 4n?) {_K_ZH} Q.2

diff. wr.to /: ZT@ = L?J

T =0, and with dT 0
* -V =Y
» and with ~ ;

K== /then Thin=To

Note:

There are maximum four points for which time period of
compound pendulum is same.

Minimum time period is obtained at two points

The point of suspension and point of oscillation are
mutually interchangeable.

Maximum time period will obtain at centre of gravity, which
is infinite means compound pendulum will not oscillate at
this point.

Compound pendulum executes angular S.H.M. about its
mean position. Here restoring torque is provided by
gravitational force.

Q3

Example 10 :

A disc is made to oscillate about a horizontal axis passing
through mid point of its radius. Determine time period.

MR?2

Q4

Example 11 :

A rod with rectangular cross section oscillates about a
horizontal axis passing through one of its ends and it
behaves like a second's pendulum. Determine its length.
. Because oscillating rod behaves as a second’s pendulum
so its time period will be 2 second.

Q.5

Q.6

Assume length of rod is L, because axis passes through

L 2
oneend So /=— and K* =—
2 12

Putting this values in equation we get

2
£-|-L—><—:1:>L:1.5m
2 12

TRY IT YOURSELF-2

Suppose the point-like object of a simple pendulum is
pulled out at by an angle 6 << 1 rad. Is the angular speed
of the point-like object equal to the angular frequency of
the pendulum?

(A) Yes

(C) Only at bottom of the swing.
A physical pendulum consists

of auniform rod of length d and
mass m pivoted at one end. A disk
of mass m; and radius a is fixed

to the other end. Suppose the
disk is now mounted to the rod

by a frictionless bearing so that

is perfectly free to spin. Does
the period of the pendulum

(A) increase  (B) stay the same  (C) decrease

A block of mass m is attached to a spring with spring
constant k is free to slide along a horizontal frictionless
surface. At t = 0 the block-spring system is stretched an
amount x> 0 from the equilibrium position and is released
from rest. What is the x -component of the velocity of the
block when it first comes back to the equilibrium?

(B)No
(D) Not sure.

Bv—xI
4 ()x_04

o
(C) Vx =~ ;XO (D)Vx_ EXO

Which of the following statements about a spring-block

oscillator in simple harmonic motion about its equilibrium

point is false?

(A) The displacement is directly related to the
acceleration.

(B) The acceleration and velocity vectors always point
in the same direction.

(C) The acceleration vector is always toward the
equilibrium point.

(D) The acceleration and displacement vectors always
point in opposite directions.

A spring oscillates with frequency 1 cycle per second.

What approximate length must a simple pendulum have

to oscillate with that same frequency?

(A)25cm (B)50 cm.

(C)67 cm. (D)90 cm.

A pendulum bob's mass is decreased by a factor of 4

while its length is increased by a factor of 4.

(A) Its frequency will stay the same as will its period.

(B) Its frequency will increase and its period will increase.

(C) TIts frequency will decrease and its period will increase.

(D) Its frequency will decrease and its period stays the
same.

T
(A) Vx ==Xo

=
I51
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Q.7 Figure (A) and (B) shows a
mass m connected to two K
identical springs as shown. K
The ratio of frequency of
vibration in case (A) & (B) is
(A)1:1 (B)1:2 ]
O 1:4 D) 3:1. (a) (b)
Q.8 Apendulum bob carries a +ve charge +q. A positive charge
+q is held at the point of support.
Then the time period of the bob is

(A) greater than 2x,/L/g (B) lessthan 2x,/L/g 3
(C) equalto 2n\/L/g (D) equalto 2m\/2L/g

Q.9 Aparticle of mass mis attached to three identical springs
A, B and C each of force constant k as shown in figure. If
the particle of mass m is pushed slightly against the
spring A and released, then time period of oscillation is :

KB CX
2m v
A) 2 ,/— B /ﬂ
(A) 2m K B) 2n T
/Zm /2

]

Q.10 A spring of stiffness constant k and natural length 7 is
cut into two parts of length 3//4 and //4 respectively,
and an arrangement is made as shown in the figure. If the
mass is slightly displaced, find the time period of

oscillation.
(3/4) ¢ 0/4
AMWWWWWA m
ANSWERS
» B ?2)© 3 ©
4 B S ©A) 6) (O
7 B 3 © 9 ©

T [3m
5

EXAMPLES OF SIMPLE HARMONIC MOTION

1. If a mass m is suspended from a wire of length L, cross 4.
section A and young’s modulus Y and is pulled along the
length of the wire then restoring force will be developed
by the elasticity of the wire.

stre'ss; Y=F/A=E:>F=—&£
strain (/L (A L
Restoring force is linear so motion is linear simple harmonic

ith f ¥ tk—&' n—L E_L\/&
with force constan L L& 2n\m 2n\VmL

2. Ifthe lower surface of a cube of side L and of modulus of
rigidity n fixed while fixing a particle of mass m on the
upper face, a force parallel to upper face is applied and
withdrawn; Here restoring force will be developed due to
elasticity of block.

Y =

STUDY MATERIAL: PHYSICS
Modulus of rigidity of the block
_ shear stress —i:>F— é [,,9:1}
~ shear strain ’ n= AO -1 L Y L

Restoring force is linear so motion will be linear S.H.M.

A 2
Force constant (k) = N = ”f =nL [ A=17]

/rn /m
=2, |—=2n |—
So, T K nL

Motion of a liquid in a V-shape tube when it is slightly
depressed and released

Here cross-section of the tube is uniform and the liquid is
incompressible and non viscous. Initially the level of liquid
in the two limbs will be at the same height.

If the liquid is pressed by y in one limb, it will rise by y
along the length of the tube in the other limb so the
restoring force will developed by hydrostatic pressure
difference, i.e.,

F=-APxA =—(h, +h,) gdA
= F=-Agd(sin0, +sin0,)y
As the restoring force is linear, motion will be linear simple
harmonic.

Force constant (k) = Agd (sin 0, + sin 0,)

So, T=2m T
’ Agd (sin®; +sinB,) _ -

f z;;el ’

Note : If the tube is a U-tube and
liquid is filled to a height h,

0,=0,=90° h
and m=hAd x 2

. . h
So, time period, T = 2% g

When a partially submerged floating body is slightly
pressed and released :
If a body of mass m and cross section A is floating in a
liquid of density o with height h inside the liquid then
mg = Thrust=Ahcg, i.e. m=Ahc ... @)
Now from this equilibrium position if it is pressed by y,
restoring force will developed due to extra thrust i.e.
=—Aogy
As restoring force is linear, ‘
motion will be linear simple
harmonic with force constant
k=Aacg,

m m
=2 /_:2 /
SoT s L T Aog

=
I52
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From this expression it is clear that if density of liquid
decreases, time period will increase and vice-versa.

}h
And also as from eqn. (i) m=Aho, T= 2x, |—
g

where h is the height of the body inside the liquid.

Motion of a ball in a bowl : If a small steel ball of mass m s
placed at a small distance from O inside a smooth concave
surface of radius R and released, it will oscillate about O.
The restoring torque here will be due to the force of gravity
mg on the ball g
i.e.,r=—mg (R sin 0)
=-—mgRO (As 0 is small]
Now as restoring torque is
angular so motion will be
angular simple harmonic.

And as by definition. 0 mg mgcos @
) d2e 5 d20
= = I — o=—
t=Io=mR a2 [as =mR~ and i ]
d%0 d?
So, mR? == -mgRO e, — =-0’0
dt dt

2 ,R
= 032:E SO T:—n:Zn —
R ()] g

Motion of a ball in a tunnel through the earth :

Case I : If the tunnel is along a diameter and a ball is
released from the surface and if the ball at any time is at a
distance y from the centre of earth. Then the restoring
force will act on the ball due to gravitation between ball
and earth. But from theory of gravitation we know that
force that acts on a particle inside the earth at a distance y
from its centre is only due to mass M' of the earth that lies
within sphere of radius y. (the portion of the earth that lies
out side this sphere does not exert any net force on the
particle)

—-GmM’
soF= 2

— 0
y f
Butas M —ENR3P and M’ =—ny p "

3 —Gm y3 ~ GMm
ie., M'=M[l} , F=— XM{ 3= 3 Y
R y R R

Restoring force is linear so the motion is linear SHM with
force constant.

GMm /R3
k= 'S so T= 2n\/: 2n

GM
Further moreasg=—5 ; 1 =27 \/:
R g

which is same as that of a simple pendulum of infinite
length and is equal to 84.6 minutes.

Case II : If the tunnel is along a chord and ball is released
from the surface and if the ball at any time is at a distance
x from the centre of the tunnel then the restoring force will

M
be F' =Fsin0= {— G 3m y} {i} = —GNimx
R y R
which is again linear with
GMm

R3 Aﬁ\ m

so that motion is linear simple
harmonic with same time period

f / 3 [ (B)
m R R
L ” T GM T g 84.6 minutes

Note : In SHM, v“}f‘"
(1) InIcaseand II"c
will be different.

(i1) If ball is dropped from height h it will perform oscillatory

same force constant k =

case time period will be same but v

. 1
motion not SHM [F o« - and not Fec (-1)].
r

Conical Pendulum :

It is not example of S.H.M.
but example of periodic
motion.

h
T= 2“\/; where h=1L cos 6

h=+v12-12

g
Lcos6

Torsional oscillator : (Angular SHM)

I 4
T= 27T\/: where C= 2
C 20

1 = modulus of elasticity of the wire
r =radius of the wire, L = length of the wire ;
I = Moment of inertia of the disc

w=

Oscillation of piston in a gas chamber piston :

Vm
T=2n A2E where V=volume of cylinder

m = mass of piston, A = area of cylinder ball,

AP
-AV/V

For Isothermal process : E=P, so T =21 /vy /pAZ2

For Adiabatic process: E=vP, so T=27n,/Vm/ YPAZ

E = bulk modulus =

[¢
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@
(i)

(iii)

@)

®

(vi)

(vii)

@

(i)

(iii)

(i)

\

Damped oscillation :

The oscillation of a body whose amplitude goes on
decreasing with time are defined as damped oscillation
In these oscillation the amplitude of oscillation decreases
exponentially due to damping forces like frictional force,
viscous force, hystersis etc.

Due to decrease in amplitude the energy of the oscillator
also goes on decreasing exponentially

+a [~

—a

The force produces a resistance to the oscillation is called
damping force.

If the velocity of oscillator is v then

Dumping force F ; = -bv, b = damping constant
Resultant force on a damped oscillator is given by

2
md~x dx
F=F +F =-Kx-Kv =—— +b—+Kx=0
dt dt
Displacement of damped oscillator is given by
X = xme_bt/zm sin(w't + ¢)

where @' = angular frequency of the damped oscillator

=03 — (b/2m)?

The amplitude decreases continuously with time

accordingto x = Xme—(b/2m)t

For a damped oscillator if the damping is small then the
mechanical energy decreases exponentially with time as

E= %erzne_bt/m

Forced oscillation

The oscillation in which a body oscillates under the
influence of an external periodic force are known as forced
oscillation

The amplitude of oscillator decrease due to damping
forces but on account of the energy gained from the
external source it remains constant.

Resonance : When the frequency of external force is
equal to the natural frequency of the oscillator. Then this
state is known as the state of resonance. And this
frequency is known as resonant frequency.

While swinging in a swing if you apply a push periodically
by pressing your feet against the ground, you find that
not only the oscillations can now be maintained but the
amplitude can also be increased. Under this condition
the swing has forced or driven oscillation.

In forced oscillation, frequency of damped oscillator is
equal to the frequency of external force.

(vi)

(vii)

(viii)

Suppose an external driving force is represented by
F(t) = Fj cos oy t

The motion of a particle under combined action of

(a) Restoring force (-Kx)

(b) Damping force (—bv) and

(c) Driving force F(t) is given by

ma = —-Kx —bv+F)cosmit

2
2d X dx
— m°——+Kx+b—=F,cosw t
d? a0 d

The solution of this equation gives x = X sin(w4t + )
Fo/m

o’ - m% )+ (boo/m)2

with amplitude X¢ = \/
(

2 2 K
and tan0 =M, where ®g = \/: = Natural
bw/ m m

frequency of oscillator.
Amplitude resonance : The amplitude of forced oscillator
depends upon the frequency o, of external force.
When o = o, the amplitude is maximum but not infinite
because of presence of damping force. The corresponds
frequency is called resonant frequency ().

X0

Negligible damping
Low damping

Fo/K High damping

[0}

Energy resonance : At o =aw,, oscillator absorbs
maximum kinetic energy from the driving force system
this state is called energy resonance.

At resonance the velocity of a driven oscillator is in phase
with the driving term.

The sharpness of the resonance of a driven oscillator
depends on the damping.

In the driven oscillator, the power input of the driving
term in maximum at resonance.

ADDITIONAL EXAMPLES

Example1:

Sol.

If two S.H.M.’s are represented by equations

. T
y; = 10sin |:3Trt + ﬂ and y, =5[sin (37t) + 3 cos (3mt)]

then find the ratio of their amplitudes and phase difference
in between them.

As y, =5[sin 3nt) + V3 cos (3mt)]
So, if5=Acos ¢ and 53 =Asin ¢

Then, A =4/5%+(543)% =10

—_—
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Example4 :
and tan¢ = ﬂ =3 s0 ¢= r A particle executing S.H.M. having amplitude 0.01 m and
5 3 frequency 60 Hz. Determine maximum acceleration of particle.
The above equation (i) becomes Sol. Maximum acceleration
y, = A cos ¢ sin (3nt) + A sin ¢ cos (3nt) max = @A =4n?n?A =472 (60) x (0.01) = 144 7? m/s?
= y,=Asin 3nt+¢) Example5:
. A, 10 The potential energy of a particle oscillating on x-axis is
but y, =10 sin {37:'[ + (gﬂ DAL T 10=AA = U =20+ (x—2) Here Uis in joules and x in meters. Total
mechanical energy of the particle is 36J.

. . (a) State whether the motion of the particle is simple

b .
Phase difference = Z - g = _E harmonic or not.
(b) Find the mean position.

Example2: (c) Find the maximum kinetic energy of the particle.

Sol.

Example 3 :

Sol.

Periodic time of a simple pendulum is 2 second and it can
travel to and fro from equilibrium position upto maximum g, (a) F= Y =-2(x-2)
5cm. At start the pendulum is at maximum displacement on dx

right side of equilibrium position. Find displacement and By assuming x — 2 = X, we have F =-2X
time relation. Since, F oc — X
Displacement expression for S.H.M., x=Asin (ot + ¢) The motion of the particle is simple harmonic.
Time period of simple pendulum (b) The mean position of the particle is
o X=0= x—-2=0, which gives x =2m
T=—=2s . o=nmnradls (c) Maximum kinetic energy of the particle is,
@ . K =E-U,. =36-20=16]
Amplitude of pendulumA=5cm .. x=5sin(nt+ ¢) U, . is 20J at mean position or at x =2m.
Now, at t =0, displacement x =5 cm Example 6 :
S=5sin(nx0+¢)=sin¢=1=¢=m2 Periodic time of oscillation T is obtained when a mass is

suspended from a spring if another spring is used with
same mass then periodic time of oscillation is T,. Now if
this mass is suspended from series combination of above
springs then calculate the time period.

Therefore,x =5sin7 (t + %j

= Xx=15sin (RHEJ = x=5cosmnt
2

2
Sol. T, =2n kﬂ =T :4n2k22> k, = 4“2m
The velocity of a particle in S.H.M. at position x; and x, ! ! Ti
are vy and v, respectively. Determine value of time period )
and amplitude. T, =2n m T? = 4n? RN k, = i
ky ky TS
V=0 A2—X2:>V2=(,02(A2—X2) 2
At position x|, V12 = (92(A2 - xlz) ........ @) Now, T=2n [% , where % = ki+kL
1 X2
Atpositionx,,' v3 =0?(A2-x3) . (ii)
Subtracting (i) from (i) (47’m) [ 4n’m)
2 )\ )
2 22,2 2 vi-v3 NI LS T Ti T
Vi—Vi =0T (X3 -X() 5 o= 5 ki+k,  4n’m  4n’m
X5 —Xj T2 T2
1 2
2 2
X5 — X1 2
Time period, T =270 =T =21, |——— 47’m 4nm
Vi—V2 o TS 47°m
Dividing (i) by (ii) - - ) ) - le N T22
V_l - A;Xl 2.2 ) 2.2 2.2 Tl T2
v A2 _x3 T VAT VIXp =2 AT-vaX
= m
2y2 _v3x? T=2m,|—=2n
ViXa ~VaXg '
So, AZ(v =V =vixi —vixf = A= T 5o k
Vi—Va

=
I55
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Example 7 :

Infinite spring with force constants k, 2k, 4k, 8k,
respectively are connected in series. Find the effective

force constant of the spring.

11 1 11
=—+—F—+—
key k 2k 4k 8k

Sol.

a
(For infinite G.P. S,, = —— , where a =First term,

I-r
r'=common ratio)

11[111 }11
=—|l+=—+—+—+... =—|—1=

F=2T,ie, T=F2=(k/4)y.
So the restoring force on the mass m

T=%ky=k'y:>k’=lk

4
1 k, 1 k nA
Np == = [ = A sy
So, N 2n\m 2n\V4n 2

Example 9 :
A simple pendulum is suspended from the ceiling of a lift.
When the lift is at rest, its time period is T. With what
acceleration should lift be accelerated upwards in order to
reduce its time period to T/2.

ker kL 2 4 8 k
eff 1- > Sol. In stationary lift,
s0, kgp=k/2 7
T=2n,)— . @)
Example 8: &
Figure shows a system consisting of a massless pulley, a In accelerated lift,
spring of force constant k - 4000 N/m and a block of mass
m= 1 kg. If the block is slightly displaced vertically down T —T' =21 4 ..
from its equilibrium position and released find the 2 g+a T (i)
frequency of its vertical oscillation in given cases. Divide (i) by (i)
+a
2= ga =gta=4g =>a=3g
Example 10 :

Sol. Case (A) :
As the pulley is fixed and
string is inextensible, if mass
m is displaced by y the spring
will stretch by y. And as there
is no mass between string and
spring
(as pulley is massless)
F=T=kyi.e., restoring force is linear
and so motion of mass m will be linear
simple harmonic with frequency

~10Hz

1 |k 1
IlA :2— —_— =
T \m 4000
T

Case (B):

The pulley is movable and
string inextensible, so if mass
m moves down a distance y,
the pulley will move down
by(y/2). So the force in the
spring F =k (y/2).

Now as pully is massless

A liquid of mass m is set into oscillations in a U-tube of
cross section A. Its time period recorded is T, where

f 1
T=2rn g , here / is the length of liquid column. If the

liquid of same mass is set into oscillations in U-tube of
cross section A/16 then determine time period of
oscillation.

Sol. Mass is constant = volume x density = constant
= V,d=V,d

A
—| =0 |d=/ =16/
wna-[Ae]

! ’ '
T=2TC - .. T—:\/Z: ﬂ:4:}T':4T
\ 2¢ T Ve Vo

Example 11 :

A very light rod of length / pivoted at O is connected with
two springs of stiffness k; & k, at a distance of a & £ from
the pivot respectively. A block of mass m attached with
the spring k, is kept on a smooth horizontal surface. Find
the angular frequency of small oscillation of the block m.
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Sol. Let the block be pulled towards right (figure) through a Example12:

distance X, then X =Xg +Xcg e @)

F

S88B888

<«—>]
X

where, X = displacement of C (the block) relative to B

Torque acting on the rod about point O.

2

Two independent harmonic oscillators of equal mass are
oscillating about the origin with angular frequencies o,
and o, and have total energies E; and E,, respectively.
The variations of their momenta p with positions x are

a a
shown in figures. If b n? and R n, then the correct
equation(s) is (are) —

p

P

Energy = E; /‘\Energy =Ey
el | EE N .
=

a0 - © _ 2
1g=Fa-Fl = Iodt_ZZFa_FE (A) Ej0, =E,o, B o
Since the rod is very light its moment of inertia I, about O E, E,
is approximately equal to zero © o, = n? D) 0)_1 = 03_2
[ . .
_, F'=F [;j ....... (iv) Sol.  (BD). For first oscillator For Second oscillator
1
) b =mao, —=1
o N [ﬁ] mo,
Using (iii) & (iv), = XB K \a) ) a1 o o, -
, b mo, o Ans. B
F (Z] N F
P x=—| L x

USlng (1)5 (11) & (V)9 kl a kz El = —mwlzaz ; EZ = —l’n(J)%l{2
As force F is opposite to displacement x, then 5 5

K,k Kk D02 0,2
= F=-— 2 —x> mo’x = —— 2 —x E; 3 ®; O

4 L

k2 [g) +k2 k2 [Q\J +k1 El B o E1 ~ Ez
E, o, o o Ans D

kik,a’

. o= 1X28

m (kja? +k,0%)

[4
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l QUESTION BANK | CHAPTER 10 : SIMPLE HARMONIC MOTION

EXERCISE -1 [LEVEL-1]

Choose one correct response for each question.

PART -1: PARAMETERS RELATED
TO SHM

Q.1 Insimple harmonic motion, the ratio of acceleration of the
particle to its displacement at any time is a measure of

(A) Spring constant (B) Angular frequency
(O) (Angular frequency)? (D) Restoring force

Q.2  What is the maximum acceleration of the particle doing

the SHM Y (in cm) = 2sin[%t + ¢}

2
T 2 T 2
—cm/ —
(A) 2cm s B) 2 cm/s
(©) Zem/s? D) ﬁcm/sz
4 4

Q.3 A body of mass 1 kg is executing simple harmonic
motion. Its displacement y (cm) at t seconds is given by

y = 6sin (100t + n/4) . Its maximum kinetic energy is
(A)6] B)18J
(©)241] (D)367J

Q.4 A particle is executing simple harmonic motion with

frequency f. The frequency at which its kinetic energy
changes into potential energy is —

(A2 B)f
©2f (D)4t

Q.5 There is a body having mass m and performing S.H.M.
with amplitude A. There is a restoring force F = —kx,
where x is the displacement. The total energy of body
depends upon —
(A)k,x (B)k, A
O kA, x D)k,A,v

Q.6  The amplitude of a particle executing SHM is made three-
fourth keeping its time period constant. Its total energy

will be -
(A)E2 B)(3/4)E
(©)(9/16)E (D) None of these

Q.7 A body is moving in a room with a velocity of 20 m/s
perpendicular to the two walls separated by 5 meters.
There is no friction and the collisions with the walls are
elastic. The motion of the body is —

(A) Not periodic
(B) Periodic but not simple harmonic
(C) Periodic and simple harmonic

(D) Periodic with variable time period

Q8

Q.9

Q.10

Q.11

Q.12

Q.13

Q.14

Q.15

A particle moves such that its acceleration a is given by
a=— bx, where x is the displacement from equilibrium
position and b is a constant. The period of oscillation is

(A) 2mb (B)%
o D)2*
© (D) 2+

The displacement x (in metre) of a particle in, simple
harmonic motion is related to time t (in seconds) as

x=0.01 cos(n t+ %j . The frequency of the motion will

be
(A)0.5Hz (B)1.0Hz
(O)(n/2)Hz (D)mHz

A simple harmonic wave having an amplitude A and time
period T 1is represented by the equation

y =5sinn(t+4)m. Then the value of amplitude (A) in
(m) and time period (T) in second are

(A)A=10,T=2 (B)A=5,T=1
(©O)A=10,T=1 (D)A=5,T=2

. b .
If x =asm[cot+gj and x'=acoswt , then what is

the phase difference between the two waves —

(A)m/3 B)n/6

©)n/2 D)r

Velocity at mean position of a particle executing S.H.M.
is v. Velocity of the particle at a distance equal to half of
the amplitude is —

(A)4v (B)2v

©) 3/2)v D) B/4v

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

(A) When v is maximum, a is maximum.

(B) Value of a is zero, whatever may be the value of v.
(C) When v is zero, a is zero.

(D) When v is maximum, a is zero.

The motion of a particle varies with time according to
the relation y = A (sinwt +coswt), then

(A) The motion is oscillatory but not S.H.M.

(B) The motion is S.H.M. with amplitude A.

(C) The motion is S.H.M. with amplitude A2 .

(D) The motion is S.H.M. with amplitude 2A.
For a simple pendulum, graph between velocity (v) &

displacement (x)
(A) Parabolic (B) Circular
(C) Elliptical (D) Straight line
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Q.16

Q.17

Q.18

Q.19

Q.20

Q.21

Q.22

Q.23

Q.24

Q.25

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

(A)T/2 (B)T/4

O)T/8 (D)T/12

A particle executing simple harmonic motion along
y-axis has its motion described by the equation

y = Asin(o t) + B . The amplitude of the SHM is

(A)A (B)B

(OA+B D) VA+B

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

position to half the amplitude is —
(A) 1 sec (B) 1/3 sec

(C)2/3 sec (D) /3/2 sec

A simple harmonic oscillator has a period of0.01 sec and
an amplitude of 0.2 m. The magnitude of the velocity in
msec ! at the centre of oscillation is

(A)20n (B)100

(C)40rn (D) 100mt

A particle executes S.H.M. with a period of 6 second and
amplitude of 3 cm. Its maximum speed in cm/sec is —
(A)ym/2 B)=x

(©)2=n (D)3n

A particle is executing S.H.M. If its amplitude is 2 m and
periodic time 2 seconds, then the maximum velocity of
the particle will be —

(A) mm/s (B) 2nm/s
(©)2nm/s (D) 4nm/s

A particle executing simple harmonic motion with
amplitude of 0.1 m. At a certain instant when its
displacement is 0.02 m, its acceleration is 0.5 m/s2. The
maximum velocity of the particle is (in m/s)

(A)0.01 (B)0.05

(©)0.5 (D)0.25

The amplitude of a particle executing SHM is 4 cm. At
the mean position the speed of the particle is 16 cm/sec.
The distance of the particle from the mean position at

which the speed of the particle becomes 8+/3cm /s, is

(A) 24/3cm (B) \Bem
(©)lcm (D)2 cm
The maximum velocity of a simple harmonic motion

represented by y =3sin [100 t+ %j is given by

(A)300 (B)3m/6

(©)100 (D)6

A body executing simple harmonic motion has a
maximum acceleration equal to 24 m/sec? and maximum
velocity equal to 16 m/sec. The amplitude of the SHM
(A)(32/3)m (B)(3/32)m
(©)(1024/9)m (D) (64/9)m

Q.26 For aparticle executing simple harmonic motion, which
of the following statements is not correct —
(A) The total energy of the particle always remains the
same.
(B) The restoring force of always directed towards a
fixed point.
(C) The restoring force is maximum at the extreme
positions.
(D) The acceleration of the particle is maximum at the
equilibrium position.
Q.27 A particle of mass 10 grams is executing simple harmonic
motion with an amplitude of 0.5 m and periodic time of
(n/5) seconds. The maximum value of the force acting on
the particle is —
(A)25N (B)SN
(©)2.5N (D)0.5N
Q.28 What is the maximum acceleration of the particle doing

the SHM y = 2sin {%t + ¢} where 2 is in cm —

2 2
(A)gcm/sz (B) %Cm/s2 ©) %cm/s2 D) %cm/sz

Q.29 A particle executes linear simple harmonic motion with
an amplitude of 2 cm. When the particle is at 1 cm from
the mean position the magnitude of its velocity is equal
to that of its acceleration. Then its time period in seconds

1 2n NG
Wk ®ah ©F O

Q.30 A particle executes simple harmonic motion along a
straight line with an amplitude A. The potential energy
is maximum when the displacement is
(A)xA (B) Zero

(C)£A/2 (D) +A /2

Q.31 For a particle executing simple harmonic motion, the
kinetic energy K is given by K=K, cos? ot . The

maximum value of potential energy is
(AK, (B) Zero
(O)Ky/2 (D) Not obtainable
PART -2 : SPRI MA YSTEM

Q.32 A spring has a certain mass suspended from it and its
period for vertical oscillation is T. The spring is now cut
into two equal halves and the same mass is suspended
from one of the halves. The period of vertical oscillation
is

(A)T/2 B) T/\2

(€) 2T (D)2T

Q.33 A mass m is vertically suspended from a spring of
negligible mass; the system oscillates with a frequency
n. What will be the frequency of the system if a mass 4 m
is suspended from the same spring —
(A)n/4 (B)4n
(©)n/2 (D)2n

T
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Q.34 Inarrangement given in figure, if the block of mass m is ) 5
displaced, the frequency is given by — (A) I (B) T~
2x 2K
2K 272
(Ohry D) —
© 3 (D)

Q.35

Q.36

Q.37

Q.38

Q.39

Q.40

N e I
)

L( m ) 1 [ m
O 2\l +1,) D) 537\l =k, )

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

(A) Maximum at extreme position

(B) Maximum at mean position

(C) Minimum at mean position

(D) Same at all position

Two masses m; and m, are suspended together by a
massless spring of constant k. When the masses are in
equilibrium, m, is removed without disturbing the
system. Then the angular frequency of oscillation of m,

[k k k
@\ ® s O\ m © o

A mass m performs
oscillations of period T
when hanged by spring of
force constant K. If spring
is cut in two parts and
arranged in parallel and
same mass is oscillated by
them, then the new time period will be
(A)2T B)T

T T
© 5 D)5
If a watch with a wound spring is taken on to the moon,
(A) Runs faster (B) Runs slower
(C) Does not work (D) Shows no change
What will be the force constant
of the spring system as shown

K, ERE
@5+ B Tk

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

Q.41

Q.42

Q.43

Q.44

Q.45

Q.46

Q.47

Q.48

Q.49

PART -3 : PENDULUM

The period of oscillation of a simple pendulum of
constant length at earth surface is T. Its period inside a
mine is

(A) Greater than T (B) Lessthan T

(©) Equalto T (D) None of these

If the length of second’s pendulum is decreased by 2%,
how many seconds it will lose per day —

(A)3927 sec (B)3727 sec

(C)3427 sec (D) 864 sec

The period of simple pendulum is measured as T in a
stationary lift. If the lift moves upwards with an
acceleration of 5 g, the period will be

(A) The same (B) Increased by 3/5

(C) Decreased by 2/3 times (D) None of the above
The length of a simple pendulum is increased by 1%. Its
time period will

(A) Increase by 1% (B) Increase by 0.5%

(C) Decrease by 0.5% (D) Increase by 2%

The periodic time of a simple pendulum of length 1 m
and amplitude 2 cm is 5 seconds. If the amplitude is
made 4 cm, its periodic time in seconds will be

(A)2.5 B)5
(€)10 (D) 532

The ratio of frequencies of two pendulums are 2 : 3, then
their length are in ratio —

(A) V2/3 (B) V3/2

(C)4/9 (D)9/4

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) 1/2 sec (B) 22 sec

(C)2sec (D) 172 sec

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

(A) Remains unchanged

(B) Increase =

(C) Decrease \ ‘ .}
(D) Become erratic s

Two pendulums begin to swing simultaneously. If the
ratio of the frequency of oscillations of the two is 7 : 8,
then the ratio of lengths of the two pendulums will be
(A)7:8 B)8:7

(C)49:64 (D) 64:49

—
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Q.50

Q.51

Q.52

Q.53

Q.54

Q.55

Q.56

In a simple pendulum, the period of oscillation T is related
to length of the pendulum / as

¢ 5
(A) — = constant (B) — =constant
T T

2

© iz = constant (D) r = constant

T T?
A simple pendulum of length ¢ has a brass bob attached
at its lower end. Its period is T. If a steel bob of same
size, having density x times that of brass, replaces the
brass bob and its length is changed so that period
becomes 2T, then new length is
(A)2¢ (B)4¢
©4rx (D)44/x
There is a simple pendulum hanging from the ceiling of
a lift. When the lift is stand still, the time period of the
pendulum is T. If the resultant acceleration becomes g/4
then the new time period of the pendulum is —
(A)0.8T B)0.25T
©2T (D)4T
The time period of a simple pendulum of length L as
measured in an elevator descending with acc. g/3

) 2n\/@ (3L)
g

B)n LEJ
(3L)

Q)2 D21IJE
()”LTgJ (D) 3g

PART -4 : EXAMPLES OF SHM

A tunnel has been dug through the centre of the earth

and a ball is released in it. It will reach the other end of

the tunnel after

(A) 84.6 minutes

(B) 42.3 minutes

(C) 1day

(D) Will not reach the other end

If a hole is bored along the diameter of the earth and a

stone is dropped into hole —

(A) The stone reaches the centre of the earth & stops there

(B) The stone reaches the other side of the earth & stops there

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

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

One wooden cylinder of uniform cross section is floating

in water vertically. When it is slightly pressed, it

oscillates. If I length of cylinder is drowned in water

then its time period.
B) T=2 ,f—
(B) i

(A)T—Zn\/%
K \/7
(O T=2n,|— (D)T=27 4|~
m g

Q.57

Q.58

Q.59

Q.60

Q.61

Q.62

Q.63

Q.64

PART -5 : FORCED AND DAMPED
OSCILLATION

Resonance is an example of

(A) forced oscillation (B) damped oscillation
(C) free oscillation (D) none ofthese

A particle with restoring force proportional to
displacement and resisting force proportional to velocity
is subjected to a force F sin ot. If the amplitude of the
particle is maximum for @ = o, and the energy of the
particle is maximum for ® = ,, then (where  natural
frequency of oscillation of particle)

(A) O] =0 and 0y # O (B) O] =0 &0)2:(00

(C) 0] 0 and Wy =0 (D) 0)1¢(,00&0)2 ?5(,00
In case of forced oscillations of a body

(A) driving force is constant throughout.

(B) driving force is to be applied only momentarily.
(C) driving force has to be periodic and continuous.

(D) driving force is not required.

C

Amplitude of i ted by A=
mplitude of a wave is represented by atb_c

Then resonance will occur when

(A)b=-/2 (B)b=0anda=-c¢
(C)b=-a/2 (D) None of these
PART -6 : MISCELLANE

A spring mass system performs S.H.M. If the mass is
doubled keeping amplitude same, then the total energy
of S.H.M. will become —

(A) double (B) half

(C) unchanged (D) 4 times

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

k 2k

m m

LITTT177777777777777777777777777777777777

3 3 3
*) 2p\/% ®) 2p\/% (© 2p\[7 D) 2p

A body is executing simple harmonic motion. At a dis-
placement x from mean position, its potential energy is
E,=2J and at a displacement y from mean position, its
potential energy is E, = 8J. The potential energy E at a
displacement (x + y) from mean position is —

(A)10J B)141

(©)181 D)4

A particle is executing simple harmonic motion of
amplitude A. At a distance x from the centre, particle
receives a blow in the direction of motion which
instantaneously doubles the velocity. Its new amplitude

will be -
(B) a2 _42

(A)A
(©) J2A% —3x? (D) Vaa? —3x?

3m

8k

—
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Q.65 Ablock of 4 kg produces an extension of 0.16 metre in a

Q.66

Q.67

Q.68

spring. The block is replaced by a body of mass 0.50 kg.
Ifthe spring is stretched and then released the time period
of motion will be-

(A)0.283 sec (B)0.0283 sec

(C)2.83 sec (D) 28.3 sec

Two linear simple harmonic motions of equal amplitudes
‘a’ and frequencies ® and 2w and are impressed on a
particle along x and y axis respectively. If the initial phase
difference between them is m/2, the resultant trajectory
equation of the particle is —

(A) a2y2 =x2 (aZ _ X2)

(B) a%y? =2x2 (a2 —x?)

(C) a%y? =4x2% (a2 —x?)

(D) azy2 =8x? (a2 - xz)

A 1 kg body when suspended from the lower end of a
light spring produces a vertical extension 0of 9.8 cm in it.
The time period of the oscillations of the spring will be-

21
(B) — cycles/sec

(A)200% 00

2
©) % cycles/sec D)20n

An object of mass 0.8 kg is attached to one end of a
spring and the system is set into simple harmonic motion.
The displacement x of the object as a function of time t is
shown in the figure. With the aid of the data the
magnitude of the acceleration of object att=1.0is —

x(m)

0.080

3.0 4.0

2.0 t(sec)

—0.080

Q.69

Q.70

Q.71

Q.72

Q.73

Q.74

(A) zero (B) 1.57 m/s?

(C)0.197 m/s? (D) 0.157 m/s?

What will be the percentage change in the time period of
a simple pendulum if its length is increased by 6% -
(A)3% B)9%

(C)6% (D) 1/9%

The height of liquid column in a U tube is 0.3 meter. If the
liquid in one of the limbs is depressed and then released,
then the time period of liquid column will be-

(A) 1.1sec (B) 19 sec
(C)0.11 sec (D)2 sec

A 5 kg. weight is suspended from a spring. The spring
stretches by 2 cm/kg. If the spring is stretched and
released, its time period will be- (g = 10 m/s2)

(A)0.628 sec (B) 6.28 sec
(C) 62.8 sec (D) 0.0628 sec

A particle is executing simple harmonic motion along a
straight line 8 cm long. While passing through mean
position its velocity is 16 cm/s. Its time period will be-

(A)0.157 sec. (B) 1.57 sec
(C) 15.7 sec (D) 0.0157 sec.

The potential energy of a particle executing SHM
changes from maximum to minimum in 5s. Then the time
period of SHM is —

(A) 5s (B) 10s

(O)15s (D)20s

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

Ag (B)2g
©)3g (D)-3g

EXERCISE -2 [LEVEL-2]

Q.1

LY

NE OPTIONI RRECT
A particle performs S.H.M. on 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 :

T 4
(B) Py cos! 5

T 1
(D) Py sin”! 5

T
(A 5

T 1
©) Py cos! 5

Q.2

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

("]

2 2
47 4
(A) mg——T2 mA (B) mg+—T2 mA

2 2
T T
© mg—FmA D) mg+T—2mA

2
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Q3

Q4

Q5

Q.6

Q.7

Starting from the mean position body oscillates simple
harmonically with a period of 2s. After what time will its
kinetic energy be 75% of the total energy —

(A)(1/6) s B)(1/4)s

©)173)s D) (1/112)s

On a smooth inclined surface a body of mass M is
attached between two spring. The other ends of the
springs are fixed to firm supports. If each spring has
force constant k, the period of oscillation of the body is

k

k
0
(A) 21 (M/2k)!2 B) 2 (MLmej
2k
oM)"? Mg

A block is attached to an end of a
massless spring whose other end
is fixed to ceiling. The block is

released at rest when the spring is

in its relaxed state. The maximum
acceleration of the block during its
motion in the vertical plane is (g is
acceleration due to gravity).

Ag

(B)2g

©) g2
(D) can be determined only if the values of spring and
mass of the block are given.

A uniform cylinder of length L and mass M having cross-
sectional area A is suspended with its vertical length,
from a fixed point by a massless spring, such that it is
half-submerged in a liquid of density d at equilibrium
position. When the cylinder is given a small downward
push and released, it starts oscillating vertically with a
small amplitude. If the force constant of the spring is K,
the frequency of oscillation of the cylinder is :

1(K-Adg)"? 1 (K+dgL)"?
Wi o

2 M (B) 21 M
1 (K+Adg)" 1 (K-Adg)"
O™ D) 27 "adg )

A particle is moving on x -axis has potential energy

U =2 —20x + 5x2 Joules along x-axis. The particle is
released at x =—3. The maximum value of x will be —

[ x is in meters and U is in joules]

(A)5m (B)3m

©)7m (D)8m

QS8

Q.9

Q.10

Q.11

Q.12

A solid disk of radius R is suspended
from a spring of linear constant k and
torsional constant ¢, as shown in
figure. In terms of k and c, what value
of R will give the same period for the
vertical and torsional oscillations of

this system —
A\ B) |5

02 oL e
© 2, D) 7;

The friction coefficient between the two blocks of masses
1 kg and 4 kg shown in figure is p and the horizontal
plane surface is smooth. If the system is slight displaced
from the mean position and released, it will execute SHM.
The maximum amplitude for which the upper block does
not slip relative to the lower will be —

(K is spring constant)

Ko [ikgr
JEB0E0 4 kg S}“’O‘h

777,

K
!
wx

SHg ke
(A B)

3ug 2pg
© % (D)

K
The spring block system as shown
in figure is in equilibrium. The
spring connecting blocks A and B
is cut. The mass of all the three
blocks is m and spring constant of
both the spring is k. The amplitude
of resulting oscillation of block A
is —

mg 2mg

(A~ ® = )
3mg 4mg

© = (D)

A tunnel is dug along radius of earth that ends at centre.
A body is released from the surface along tunnel. The
ball will bounce after first collision at centre up to a
height of (radius of earth is R and coefficient of restitution
ise)

(AR (B)eR

(C)e?R D) e R

A loop consists of two cords of lengths ¢ and 2/, and
their masses per unit length are their masses per unit
length are p and 2p. It is placed in stable equilibrium
over a smooth peg as shown in the figure. When slightly
displaced, it executes SHM. The period of oscillation is

—
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Q.13

Q.14

Q.15

Peg

50 5¢

o [ o |
O B) 2
50 3/

o |- g
© 27 (D) 27

A large mass M hangs stationary at the end of a light
string that passes through a smooth fixed tube to a small
mass m that moves around in a horizontal circular path.
If ¢ is the length of the string from m to the top end of the

0 is angle between this part and vertical part of
the string as shown in the figure, then time taken by m to
complete one circle is equal to —

!

L]

2n 2n fm
(A) gsin® (B) M
m/
2 2 /—
O gcosB (D) =% gMsin6

A loaded vertical spring executes simple harmonic
oscillations with period of 4 s. The difference between
the kinetic energy and potential energy of this system
oscillates with a period of :

(A)8s B)1s

©)2s (D)4s

A very heavy box is kept on a frictionless inclined plane
inclined at an angle 6 from the horizontal. A pendulum of
length ¢ is hanging vertically from the roof of the top as
shown in the figure. If system is released from the rest,
maximum speed with respect to the box achieved by the
bob is —

(A) /2gl (1—cosB)

© \/2gf sin 0 (1—cos0)

B) \/2g€ cos0 (1—-cos0)

(D) \2g¢

Q.16

Q.17

Q.18

Q.19

Q.20

Two blocks each of mass m, connected by ideal massless
spring with force constant K, are placed on smooth
horizontal surface. A particle of mass m moving
horizontally with velocity v, collides one block and gets
stuck with it. The system starts oscillation with frequency

1 2K 1 | K
e ®E&;

oL [K DLP§
()ZTrm ()27: 2m

A mass m is suspended from a spring
of force constant k and just touches m

another identical spring fixed to the
floor as shown in the figure. The time % k

B 11\/E +m, / o
® k k/2

period of small oscillations is
D Tc\/E +m, fﬂ
3k/2 D) k 2k

m
(A) 271\/;
(Oku
A solid sphere of mass 1 kg and diameter 0.3 m is
suspended from a wire. If the twisting couple per unit
twist for the wire is 6 x 10~ N-m/radian, then the time
period of small oscillations will be-
(A) 0.7 sec (B) 7.7 sec
(C) 77 sec. (D) 777 sec.
Four massless springs whose force constants are 2k, 2k,
k and 2k respectively are attached to a mass M kept on
a frictionless plane (as shown in figure). If the mass M is
displaced in the horizontal direction, then the frequency
of the system.

k
2k 2k
M

NIRRT ARTRRRRRRRNNNN
NS L [H
( )2p 4aM ( )2p M
o L[k o L[k
()2p ™ ( )2p M

Two oscillating systems; a simple pendulum and a

vertical spring-mass-system have same time period of

motion on the surface of the Earth. If both are taken to

the moon, then—

(A) Time period of the simple pendulum will be more
than that of the spring-mass system.

(B) Time period of the simple pendulum will be equal is
that is of the spring-mass system.

(C) Time period of the simple pendulum will be less than
of the spring-mass system.

(D) Nothing can be said definitely without observation.

—
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Q.21

Q.22

A particle moves simple harmonically along a straight
line. It starts from origin without any initial velocity and
travels a distance ¢, in 1% second and /, in 2nd second
in same direction. The amplitude of oscillation is —

203 302
A3y 7, ®) 20 1,

203 303
© 3,7, D)3 0

m; and m, are connected with a light inextensible string
with m; lying on smooth table and m, hanging as shown
in figure. m; is also connected to a light spring which is
initially unstretched and the system is released from rest

........

m,

(A) system performs SHM with angular frequency given

k(m; +m,)
by m;m,

(B) system performs SHM with angular frequency given

k
by m; +m,

(C) tension in string will be 0 when the system is
released.

m
(D) maximum displacement of m; will be ng

Q.23

Q.24

Q.25

Two particles execute SHM on same straight line with
same mean position, same time period 6 second and same
amplitude Scm. Both the particles start SHM from their
mean position (in same direction) with a time gap of 1
second. Find the maximum separation between the two
particles during their motion.

(A)2cm.
(©)4cm.

(B)3 cm.
(D)5cm.

A simple pendulum with length L and mass M of the bob

is vibrating with amplitude a. Then the maximum tension

B) Mg{H[%}z}

2
a

in the string is :

(A) Mg

2
C a
( )Mg{lﬁtlj

A body of mass 0.1 kg is attached to two springs of
force constants 6 N/m and 4 N/m and supported by two
rigid supports. If the body is displaced along the length

of the springs, the frequency of vibrations will be-

(A) 5 vibrations/sec
(C) 5/m vibrations/sec

(B) 10 vibrations/sec
(D) n/5 vibrations/sec

[#
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EXERCISE -3 (NUMERICAL VALUE BASED QUESTIONS)

NOTE : The answer to each questionisa NUMERICALVALUE. Q.4

Q.1

Q2

Q3

Find the time period of vertical oscillations of the mass
shown in figure. (Take m = 64 kg, K = 6812 N/m), give
answer in seconds.

K K

0,
0,
QY
Q.5
A cyclist turns her bicycle upside down to tinker with it.
After she gets it upside down, he notices the front wheel
executing a show, small-amplitude, back-and-forth
rotational motion with a period of 12s. Considering the
wheel to be a thin ring of mass 600g and radius 30cm,
whose only irregularity is the presence of the small tire
valve stem, determine the mass of the valve stem (in
gm). Take 72 =g and appropriate approximation.
An insect of negligible mass is
sitting on a block of mass M, tied o
with a
spring of force constant k. The block
performs simple harmonic motion
with amplitude A infront of a plane
mirror placed as shown. The Q.6

maximum speed of insect relative
to

its image is A+/X /% . Find the value of X.

Two small circus clowns (each having a mass of 50 kg)
swing on two ropes (negligible mass, length 25m) shown
in the figure. At the peak of the swing, one grabs the
other, and the two swing back to one platform. The time
(in sec) for the forward and return motion is (Assume
that the angle 0 is small)

A smooth wedge of mass m and angle of inclination 60°
rests unattached between two springs of spring con-
stant k and 4k, on a smooth horizontal plane, both springs
in the unextended position. The time period of small

oscillations of the wedge is ©t (1 + L] \/E (Assum-
VIR

ing that the springs are constrained to get compressed
along their length). Find the value of X.

A mass m is hung on an ideal massless m
spring. Another equal mass is

connected to the other end of the l k
spring. The whole system is at rest. g
Att=0, mis released

and the system falls freely under gravity. m
Assume that natural length of the spring is L, its initial
stretched length is L and the acceleration due to gravity
is g. The distance between masses as function of time is

Xk
Lo+ (L—-Lg)cos, ’Ft . Find the value of X.

£
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EXERCISE -4 [PREVIOUS YEARS AIEEE / JEE MAIN QUESTIONS]

Q.1

Q.2

Q3

Q4

Q5

Q.6

Q.7

A spring when connected by mass m gives time period

'T'. If spring is cut in n equal parts and each part connected

in parallel with same mass. New time- period will be -
[AIEEE-2002]

(A)nT (B)T/n
© T/vn (D) +/nT

A child is sitting on a swing and swinging. If he stands
up. The time period of swing will [AIEEE-2002]

(A) increase
(B) decrease
(C) remain same

(D) increase if the child is long and decrease if the child
is short

In a simple harmonic oscillator, at the mean position —
[AIEEE-2002]

(A) Kinetic energy is minimum, potential energy is
maximum.

(B) Both kinetic energy and potential energies are
maximum.

(C) Kinetic energy is maximum, potential energy is
minimum.

(D) Both kinetic & potential energies are minimum

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 m/M is — [AIEEE-2003]
(A)25/9 (B)16/9
(©)5/3 (D)3/5

The length of a simple pendulum executing simple
harmonic motion is increased by 21%. The percentage
increase in the time period of the pendulum of increased

length is — [AIEEE-2003]
(A)21% (B)42%
(©)10% D) 11%

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
oscillation, are equal, the ratio of amplitudes of A and B
is [AIEEE-2003]

k2 k2 k1 kl
Wy B O Oy

The displacement of a particle varies according to the
relation X = 4 (cos 7t + sin ©t). The amplitude of the
particle is — [AIEEE-2003]

(A)4
©)8

(B)4\2
(D)-4

Q8

Q.9

Q.10

Q.11

Q.12

Q.13

Q.14

A body executes simple harmonic motion. The potential
energy (P.E.), the kinetic energy (K.E.) and total energy
(T.E.) are measured as a function of displacement x.
Which of'the following statement is true ?[AIEEE-2003]
(A) T.E. is zero when x =0

(B) K.E. is maximum when x is maximum

(C) PE. is maximum whenx =0

(D) K.E. is maximum when x =0

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) x 1000 kg/m3. What relationship between t and to

is true ? [AIEEE-2004]
(A)t:to (B)t:to/z
(C) t= 2t0 (D) t= 4t0

A particle at the end of a spring executes SHM 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]

A T=t +ty B)T?=t} +1t3

OT ="+t (D) T 2= ;2 +1t,°
The total energy of a particle, executing simple harmonic

motion is — [AIEEE-2004]
(A) c X (B) oc X2
(C) Independent of X (D) oc X172

where x is the displacement from the mean position.

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 cos o t (0 # @) is
applied to the oscillator. The time displacement of the
oscillator will be proportional to — [ATEEE-2004]

. m I S
B (@3 -0?) B m (f - o)

I S . m
© m (co(z) + 032) (D) (w(z) + 032)

In forced oscillation of a particle the amplitude is

maximum for a frequency ; of the force, while the energy

is maximum for a frequency ®, of the force ; then

(A) 0] =, [ATEEE-2004]

(B) o> o,

(C) o1 < m, when damping is small and ®; > @, when

damping is large.

(D) o) <y

The function sinz(o)t) represents [AIEEE-2005]

(A) a periodic, but not simple harmonic motion with a
period 2m/®m

(B) a periodic, but not simple harmonic motion with a
period /@

(C) a simple harmonic motion with a period 27/®

(D) a simple harmonic motion with a period 7w/

—
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Q.15

Q.16

Q.17

Q.18

Q.19

Q.20

Q.21

Q.22

If a simple harmonic motion is represented by

d*x

d—2+ax =0, its time period is [ATEEE-2005]
t

A = 02 2

(A) (B)\/a (C) 2ma (D) 2mVa

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]
(A) first increases and then decrease to the original value
(B) first decrease and then increase to the original value
(C) remain unchanged

(D) increase towards a saturation value

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

The period of oscillation is — [AIEEE 2006]
(A)O0.1s (B) 100s
(©)0.01s (D)10s

Starting from the origin a body oscilates simple
haromonically with a period of 2 s. After what time will
its kinetic energy be 75% of the total energy| AIEEE 2006]
(A)(1/3)s B)(1/12)s

(©)(1/6)s (D)(1/4)s

A coin is placed on a horizontal platform which under-
goes vertical simple harmonic motion of angular fre-
quency . The amplitude of oscillation is gradually in-
creased. The coin will leave contact with the platform
for the first time— [AIEEE 2006]
(A) for an amplitude of g2/w?

(B) at the highest position of the platform

(C) at the mean position of the platform

(D) for an amplitude of g/w?

The displacement of an object attached to a spring and
executing simple harmonic motion is given by

x=2 x 1072 cos nit metres. The time at which the maximum

speed first occurs is - [AIEEE 2007]
(A)0.5s (B)0.75s
(©)0.125s (D)0.25s

A point mass oscillates along the x-axis according to the
law x = x, cos (ot — /4). If the acceleration of the particle
is written as a = A cos (ot + 9), then [AIEEE 2007]
(A)A=xy,0=—m/4 (B)A:xoo)z’é‘):n/4
(C)A=x,0>8=-n/4 (D)A=x, 0> 8=3n/4

A block of mass ‘m’ is connected to another block of
mass ‘M’ by a spring (mass less) of spring constant ‘k’.
The blocks are kept on a smooth horizontal plane. Initially
the blocks are at rest and the spring is stretched. Then a
constant force ‘F’ starts acting on the block of mass ‘M’
to pull it. Find the force on the block of mass ‘m’

[AIEEE 2007]
o L (Mam)F
A (B) S
MF
© ™) D) (m+ M)

Q.23

Q.24

Q.25

Q.26

Q.27

Q.28

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

[AIEEE 2007]
k, m k,
i
(A) £2 (B) f/4
(C)4f (D)2f

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

(A) ?m a? v2 B) 4 ma? v2

(C) 4n’m a2 v2 (D) 2n?m a2 v2

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]

(A)aT/x (B)aT +2mnv
(C)aTiv (D) a2T2 + 4n2v?
Two particles are executing simple harmonic motion of

the same amplitude Aand 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 —
(A)ym/2 B)w3 [AIEEE-2011]
©)w4a (D)6

A mass M, attached to a horizontal spring, executes SHM
with a 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,. The
ratio of (A/A,) is — [AIEEE-2011]

A B M+ m
( )M+m (B) M

[ M jl/Z [M+m]l/2
© M+m (D) M

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

(B)b

(D)2/b

=
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Q.29

Q.30

Q.31

Q.32

The amplitude of a damped oscillator decreases to 0.9
times its original magnitude is 5s. In another 10s it will
decrease to o times its original magnitude, where o equals
[JEE MAIN 2013]
(A)0.7 (B)0.81
(C)0.729 (D)0.6
An ideal gas enclosed in a vertical cylindrical container
supports a freely moving piston of mass M. The piston
and the cylinder have equal cross sectional area A.
When the piston is in equilibrium, the volume of the gas
is V|, and its pressure is P,. The piston is slightly
displaced from the equilibrium position and released.
Assuming that the system is completely isolated from
its surrounding, the piston executes a simple harmonic

motion with frequency [JEE MAIN 2013]
1 A"{P 0 L V()MPO
(A) 21 VOM (B) 2 AZY

1 [A%yP, 1MV,
© 22\ My, D) 27\ Ayp,

A particle moves with simple harmonic motion in a
straight line. In first t s, after starting from rest it travels
a distance a, and in next t s it travels 2a, in same direction,
then — [JEE MAIN 2014]
(A) amplitude of motion is 4a

(B) time period of oscillations is 61

(C) amplitude of motion is 3a

(D) time period of oscillations is 8t

For a simple pendulum, a graph is plotted between its
kinetic energy (KE) and potential energy (PE) against its
displacement d. Which one of the following represents
these correctly? (Graphs are schematic and not drawn
to scale) [JEE MAIN 2015]

(A) B

©) (D)

Q.33

Q.34

Q.35

Q.36

Q.37

A particle performs simple harmonic motion with
amplitude A. Its speed is trebled at the instant that it is
at a distance 2A/3 from equilibrium position. The new

amplitude of the motion is — [JEE MAIN 2016]
(A)3A (B) A3

A
(C)7A3 (D) ?«/ﬂ

A particle is executing simple harmonic motion with a
time period T. At time t = 0, it is at its position of
equilibrium. The kinetic energy —time graph of the particle

will look like: [JEE MAIN 2017]
. A
(A) o T — (B) 0 T 7 o

2
"IN “l N
> (D) 0 T T T o

(C) 0 T T T t
4 2

A silver atom in a solid oscillates in simple harmonic
motion in some direction with a frequency of 10!2/sec.
What is the force constant of the bonds connecting one
atom with the other? (Mole wt. of silver = 108 and
Avagadro number = 6.02 x 1023 gm mole™!)

2

[JEE MAIN 2018]
(A)2.2N/m (B)5.5N/m
(C)6.4N/m (D)7.1N/m

A rod of mass 'M' and length "2L' is suspended at its
middle by a wire. It exhibits torsional oscillations; If two
masses each of 'm' are attached at distance 'L/2' from its
centre on both sides, it reduces the oscillation frequency
by 20%. The value of ratio m/M is close to :

[JEE MAIN 2019 (JAN)]
(A)0.17 (B)0.37
(©)0.57 (D)0.77

A damped harmonic oscillator has a frequency of 5
oscillations per second. The amplitude drops to half its
value for every 10 oscillations. The time it will take to
drop to 1 /1000 of the original amplitude is close to :

[JEE MAIN 2019 (APRIL))
(A)100s (B)20s
(©)10s (D)50s

B
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EXERCISE -5 (PREVIOUS YEARS AIPMT/NEET EXAM QUESTIONS)

Choose one correct response for each question.

Q.1

Q2

Q3

Q4

Q5

The displacement of a particle along the x axis is given
by x = asinwt. The motion of the particle corresponds
to— [AIPMT (PRE)2010]

(A) simple harmonic motion of frequency w/n

(B) simple harmonic motion of frequency 3w/2w

(C) non simple harmonic motion

(D) simple harmonic motion of frequency /2w

The period of oscillation of amass m suspended from a
spring of negligible mass is T. If along with it another
mass M is also suspended the period of oscillation will

now be [AIPMT (PRE) 2010]
(AT ®B) T/\2
(C)2T (D) V2T

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

function of time? o [AIPMT (PRE) 2011]
\J/ ®)
10 X0
(A) B N\ /N
(¢} t (0] t

X (t) NO)

© D) [N N\

Out of the following functions representing motion of a
particle which represents SHM? [AIPMT (PRE) 2011]
(i) y = sin ot — cosmt (i) y = sinwt

3n
(iii) ¥ = Scos (T - Swt] (iv)y=1+ ot + o?t?

(A) Only (i) and (ii)

(B) Only (i)

(C) Only (iv) does not represent SHM

(D) Only (i) and (iii)

Two particle are oscillating along two close parallel
straight lines side by side, with the same frequency and
amplitudes. They pass each other, moving in opposite
directions when their displacement is half of the
amplitude. The mean positions of the two particles lie
on a straight line perpendicular to the paths of the two
particles. The phase difference is :

[AIPMT (MAINS) 2011]
(A)0 (B)2m/3
©O)n (D) /6

Q.6

Q.7

Q8

Q.9

The damping force on an oscillator is directly
proportional to the velocity. The units of the constant of

proportionality are : [AIPMT (PRE) 2012]
(A) kgms™! (B) kgms 2
(C) kegs™! (D) kgs

The equation of a simple harmonic wave is given by

n
y=3sin 5 (50t—x), where x and y are in meters and t is

in seconds. The ratio of maximum particle velocity to the

wave velocity is — [AIPMT (MAINS) 2012]
(A)2n B)(32)n
©)3n D)@23)n

The oscillation of a body on a smooth horizontal surface
is represented by the equation, x = Acos (t), where

x = displacement at time t, ® = frequency of oscillation.
Which one of the following graphs shows correctly the

variation a with t? | AIPMT 2014]
hod
a a
(A) o‘ —A— ®o =
t )
a a
O
Ti—> (D) T

©) O‘

When two displacement represented by y, = a sin (wt)
and y, = b cos (ot) are superimposed the motion is

[AIPMT 2015]
(A) simple harmonic with amplitude (a/b).

(B) simple harmonic with amplitude /a2 + b2,

+b
(C) simple harmonic with amplitude aT .

(D) not a simple harmonic

Q.10 A particle is executing SHM along a straight line. Its

velocities at distances x; and x, from the mean position
are V| and V, respectively. Its time period is

[AIPMT 2015]
(A) 21 X3 =x
VP -V}
1 2
2 12
(C) 2n V‘2 Vj
X] —X2

2 2
Vi +V.
(B) 2w, [ L—2

X] +X3

2 2
® 2|
Vi-V;

e
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Q.11

Q.12

Q.13

Q.14

Q.15

A particle is executing a simple harmonic motion. Its
o and maximum velocity is 3.
Then, its time period of vibration will be [ATIPMT 2015]
(A) 2nB/ot (B) B%/a?
© /B (D) B/or
A body of mass m is attached to the lower end of a
spring whose upper end is fixed. The spring has
negligible mass. When the mass m is slightly pulled down
and released, it oscillates with a time period of 3 s. When
the mass m is increased by 1 kg, the time period of
oscillations becomes 5 s. Value of m in kg is

[NEET 2016 PHASE 2]
(A) 3/4 (B) 4/3
(€) 16/9 (D) 9/16

A spring of force constant k is cut into lengths of ratio

1 :2:3. They are connected in series and the new force
constant is k'. Then they are connected in parallel and

force constant is k" . Then k' : k" is — INEET 2017]
(A)1:9 B)1:11
©)1:14 (D)1:16

A particle executes linear simple harmonic motion with
an amplitude of 3 cm. When the particle is at 2 cm from
the mean position, the magnitude of its velocity is equal
to that of'its acceleration. Then its time period in seconds

is [NEET 2017]
(A) 5 /2n B) 41//5
© 21/3 D) J5/xn

A pendulum is hung from the roof of a sufficiently high
building and is moving freely to and fro like a simple
harmonic oscillator. The acceleration of the bob of the
pendulum is 20 m/s? at a distance of 5m from the mean
position. The time period of oscillationis [NEET 2018]

(A)2s B)ms
(©)2ns (D) 1s

Q.16

Q.17

Q.18

The displacement of a particle executing simple harmonic
motion is given by y = A+ A sin ot + B cos ot

Then the amplitude of its oscillation is given by :

[NEET 2019]
(A) Ayg+VA? +B? (B) VA? +B?

(D)A+B

(C) JA2+(A+B)?

Average velocity of a particle executing SHM in one

complete vibration is : [NEET 2019]
(A)Aw/2 (B)Ao
(C)Aw?/2 (D) Zero

The radius of circle, the period of revolution, initial
position and sense of revolution are indicated in the
figure. y-projection of the radius vector of rotating
particle Pis: y [NEET 2019]

(A)y (t)=-3 cos2nt, where y in m.
(B)y (t)=4sin (nt/2),where y in m.
(C)y(t)=3cos (3nt/2), whereyinm.
(D) y (t)=3 cos (nt/2),where y in m.

[+
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(C). The acceleration function is a = —w?Asin (ot + §).
a=—(0.6)%(20)sin [(0.6 (0)-n/2) =—7.2 m/s?.
The magnitude is 7.2 m/s2.

(D). The range of motion for the particle is limited to the
regions in which the kinetic energy is either zero or
positive, so the particle is confined to the regions where
the potential energy is less than the energy. Hence the
particle periodically revisits a and b.

(O). If you will remember, the position function for this kind
of motion is characterized by a sine wave whereas the
velocity function is a cosine and the acceleration
function is a negative sine. Put a little differently, the
velocity and acceleration are out of phase with one
another by a quarter of a cycle. What does this mean?

on this side of on this side of

equilibium: equilibium:
— & <3
—> —>

—\W/

(4 L

equiliBrium

Consider the sketch. If the body's velocity at the point
shown is, say, +2 m/s (note that the body is picking up
speed because the acceleration is in the direction of
motion), there will be a point on the other side of x =0
where the body's velocity will again be +2 m/s (in that
case, the body will be slowing down because the
acceleration will be opposite the direction of motion).
That means there are two accelerations to be assigned
to +2 m/s. How does one graph such a function? With
a circle! In short, graph C does the trick.

(A). If this equation had been —32x = 2a, we would have
had the characteristic equation for an ideal spring (i.e.,
—kx = ma). If that had been the case, a positive
displacement x would yield a negative force and a
negative displacement x would have yielded a positive
force. That is, the force would always have been
oriented back toward the equilibrium position. With
the expression —32x2 = 2a, the —x? term guarantees
that, no matter what the sign of x,, the net force will
always be negative. In short, this force function is not
a restoring force and, as a consequence, will not
produce oscillatory motion of any type.

(D). As the angular frequency is 0.6 radians per second,
the frequency is (0.6 rad/sec)/(2m), or approximately
0.1 cycles/second.

©)

Y

@®

&)

We know that, v = 0,/(A% - y?)

Further 0=
urther 0=~

21 2x3.14
Coy=22 2 oy 2 2 2
-V T (A"=y7) 11/7) [(1.0)" = (0.6)"]
=3.2 m/sec.
Kinetic energy at this displacement is given by

1 1 .
K=7 mv? = 5 0.8 x (3.2)2 =4.1 joule.
Acceleration of the platform a = @?y
Maximum acceleration, a_. = 2 A

a_=(2mn)?A (n=frequency)

max

=4(3.14)2 (2)? x 0.05="7.88 m/sec?

(A=Amplitude)

m(g+a
Maximum reading = M

~ 60(10+7.88)

=107.3k
10 g
M(g-a
Minimum reading = %
60 (10— 7.88)
T 10 12.7kg.

The displacement of a particle in S.H.M. is given by :
y =Asin (ot + ¢)

d
velocity = d_i/ = A cos (ot + ¢)

The velocity is maximum when the particle passes through
the mean position i.e.

dy
E =mA

The kinetic energy at this instant is given by

1 dy ? 1
— — I 2 A2 -3 ;
ym [dt]max 5 Mo A“=8x107"joule

1
or —x (0.1) @*x (0.1)2=8 x 1073

Solving we get ©=+4
Substituting the values of a, ® and ¢ in the equation of
S.H.M., we get

y=0.1sin(+4t+ x /4) metre.

. - 20
Evidently, the maxi. displacement = 5= 10 cm

For a particle executing SHM the speed at a displacement x is
given by

V=0)\/A2—X2

e
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Dividing (2) by (1), we get Ymax ___ A
AV A2 _ X2

Ve _ 1010 _23
7 ov ipesr s 3
V= 320\733 :15«/5 cm/s
10 ©
TRYITYOURSELF-2

(1)  (B). The angular frequency is o, = 2n/T. For small angle
the pendulum approximates a simple harmonic

oscillator with = /g / ¢ where / is the length of the

pendulum. The angular speed is the magnitude of the
angular velocity o = d0/dt.

Note that sometimes the symbol ® may be used for
both quantities. This is a result of the fact that for
uniform circular motion, angular frequency and angular
speed are equal because the period T = 2nR/v and the
speed and angular speed are related by v =Ro.
Therefore T =2nR/Ro=21/w .

So = o, for this special case.

(2) (O). When the disk is fixed to the rod, an internal torque
will cause the disk to rotate about its center of mass.
When the pendulum reaches the bottom of its swing,
the decrease in potential energy will be result in an
increase in the rotational kinetic energy of both the
rod and the disk and the center of mass translation
kinetic energy of the rod-disk system. When the disk
is mounted on the frictionless bearing there is no internal
torque that will make the disk start to rotate about its
center of mass when the pendulum is released.
Therefore when the pendulum reaches the bottom of
its swing, the same decrease in potential energy will
be transferred into a larger smaller in rotational kinetic
energy of just the rod since the disc is not rotating and
a greater increase in the center of mass translation
kinetic energy of the rod-disk system. So when the
disk bearings are frictionless, the center of mass of the
rod-disk system is traveling faster at the bottom of its
arc hence will take less time to complete one cycle and
so the period is shorter compared to the fixed disk.
You might be tempted to argue that the moment of
inertia about the pivot point is the same in both cases,
the torque is the same so the period should be the
same. But the disk with frictionless bearings is not a
rigid body which means that the disk has a different
angular acceleration than the rod and hence you must
treat each part of the system separately when applying

Tp = [pat.

1
3 (O). The particle starts with potential energy U, = Ekxé .

When it first returns to equilibrium it now has only

1
kinetic energy K, = Emvi . Since the energy of the

block-spring system is constant, K, =U, and so

I 5 1.9
—mvs =—kx
2 x T 0

We can solve for the x-component of the velocity

[k
vy =% Ex%

Since the object is moving in the negative x-direction
when it first returns to equilibrium so we must take the
negative square root,

[k
Ve =— —x(z)
m

“@ (B). A, C, and D are all true, but the acceleration and velocity
vectors sometimes point in the same direction, and
sometimes point in opposite directions.

Q) (A). A frequency of 1 cycles/second corresponds to an
angular frequency of 2n radians per second. The
angular frequency function for a pendulum is (g/L) 172,
where L is the pendulum length. Putting it all together,
we can write 2= (g/L)l/ 2, or L=g/47%, or approximately
0.25 meters.

(6) (C). The angular frequency of a pendulum is equal to
(g/L)!2. This means that changing the mass of the
bob does nothing to the angular frequency, the
frequency, or the period, but changing the length L
does change things. In fact, increasing L decreases
the angular frequency and, by extension, the
frequency. As the period is the inverse of the frequency,
decreasing the frequency increases the period.

7 ® ® (©) C)) ©

(10) The stiffness of a spring is inversely proportional to its

length. Therefore the stiffness of each part is

4
k, =§k and k, =4k
Time period, T =27 m
k, +k,
ki=(4/3)k k,=4k
AMWWWWWA m

or oo |3 _% [3m
16k 2V k

—_—
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@

(€)

Q)

®)

(©6)
Y

®

(C)

(10

11)

CHAPTER-10:
SIMPLE HARMONIC MOTION
EXERCISE-1

2

©). a=-0°x = |4 =0

X

(B). Comparing given equation with standard equation,

y = Asin (ot + ¢), we get, A=2cm, ® =g

2 2
2 T b
Apax = O A:[Ej x2 - cm/s2 .

(B). A =6cm, ® =100rad/sec
1

max — o
2

(O). In S.H.M,, frequency of K.E. and P.E.
=2 x (Frequency of oscillating particle)

K mmzAz:%XIX(IOO)ZX(6><10_2)2:18]

(B). Total energy U = %KAZ

2
2
. 2 E — 4— E! _ 9 E
(O). E oc (amplitude)* = E A2 T E= It
(B). Body collides elastically with walls of room. So, there
will be no loss in its energy and it will remain colliding
with walls of room, so it’s motion will be periodic.
There is no change in energy of the body, hence
there is no acceleration, so it’s motion is not SHM.

. Displacement 1
. In the given case, —————=—
(B) ¢ gtven case, Acceleration b

Ti iod T =21 /Displacement _2_n
1Mmepetto Acceleration /b

(A). Comparing given equation with standard equation,
x = Acos(ot+¢) we get, A=0.01
andow=n = 2mm=n=>n=05Hz

(D). y=S5sin (nt+4m),
Comparing it with standard equation

2
y = Asin (o)t+¢):Asin(%t+¢]
27t
A =5mand T=Ttt:>T:2 sec.
A). x= Asin[cot+%j

x‘=Acoscot=Asin[cot+g]

(o o) 3

12)

13)

14

15)

(16)

a7

(18)

)

20

@n

22

(O). Velocity in mean position v=A o,
Velocity at a distance of half amplitude.

2
V’:w1,A2—y2 = AZ—A— =£A(D=£V

4 2 2

(D).InS.HM,, VZ\/A2 —y2 a= —(ozy wheny=A
——0’A

(O). y=A (cosot+sinwt)

= Vpin =0 and a

= Aﬁ{Lcosmt+Lsinmt}

2 V2
= A\/E[sin 45°cosmt+cos45°sinm t]
= AV2sin(o t +45°)

= Amplitude = A\2

(©).v=0 A2 _2

2 2

X Vv
22 2 (A2 x2) s A —— =
ve=o ( X)=>A2 (Aw)’

Equation represents elliptical curve.
Asin2n

1

(D). y=Asinot = t

= é:AsinE = t=l

2 T 12°
(A). The amplitude is a maximum displacement from the
mean position.

(C). Equation of motion y = a cos ot

a 1 T
— —=acosout=cosot=—=ot=—
2 2 3
T
2nt w §XT 4 2
—=—=t= = =—sec
T 3 2n 3x2 3
O). At cent a0 aZn 02x27 40
. VvV = =a.— = = TC
©) centre Vmax T 0.01

B). v —aw—az—n—3><2—n—ncm/s
( )‘ max T 6

2n
(©O). Vmax =ma=TXa
2 2
= Viax ST onm/s

A 0.5
(C). Acceleration A = cozy >0=,[—= ,/— =5
y 0.02

Maximum velocity v, =am =0.1x5=0.5

[4
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23

249
25

(26)

@n

2%

29

30

@31

(32

(33)

(D). At mean position velocity is maximum
Vmax _16 _,
a 4

- V:(m/az—y2 :>8\/§:4\l42—y2

=192=16(16—y?) =12=16—y> = y=2cm..

(A). Vyax = a0 =3x100=300
(A). Maximum velocity =amn= 16
Maximum acceleration = w?a = 24

Le., Vpax =0a > 0 =

_ @)’ _16x16 _32
®2a 24 3
(D). Acceleration o« — displacement, and direction of

acceleration is always directed towards the equilibrium
position.

= a

4’
(D). Maximum force = m(awz) =ma LF)

( ax? )
:O.SL 2“ Jx0.0le.SN
n° /25

(B). Comparing given equation with standard equation,

T
y = asin(ot+ ¢), we get,a=2cm, ® = 5

2 2

T T
. 25 =| = — 2
S Apax =O°A [J x2 = 5 cm/s”.

(C). Velocity v = oA2 —x2 and acceleration = ®>x
Now given, o’x = oVAZ —x2 = 0°.1=0V2% -1?

= 0=y3 . T=2—n:2—1t

© 3

1
(A).PE.= Emoazx2

Itis clear P.E. will be maximum when x will be maximumi.e.,
atx==+A

(A). Since maximum value of cosZwt is 1.

S K pax =Ko cos® ot = K,

Also K.x =PEx =K,

1
m . I
®B). T= 275,/? . Also spring constant (k) o Length (0)°

When the spring is half in length, then k becomes
m T 1 T
ice =21 |—=>—=— =T =——
wice D=k T T 42 N2

(C),HZL\/E:MLSH_I: [my
2m \'m Jm " ny my

(34

35

(36)

37
(3%

(39

(40)

(1)

(42)

(43)

(44)
(45)

n 4m n
=>—=,—>=n=—
n, m 2

(B). With respect to the block the springs are connected
in parallel combination.

. . 1 [k +k,
Combined stiffnessk =k +k, and n=——,/——
21 m

(D). In simple harmonic motion, energy changes from
kinetic to potential and potential to kinetic but the sum of
two always remains constant.

k
(B). © =,|—
m

T K T

D) Toe = 2= otk _Lp 2

K T VK, Va2 2

(D). The time period of oscillation of a spring does not
depend on gravity.
(B). In series combination

1
B). U= EKXZ but T=Kx

1 (Kx)*
So energy stored = 1(Kx)7 =——
2 K 2 K

(A). Inside the mine g decreases

Hence from T =21t \/Z ; T increase
g

AT 1Al 0.02
: St 001

@). Tl = =2 ==

= AT=0.01T
Loss of time per day = 0.01 x 24 x 60 x 60 =864 sec

' T
). - | & _ |8 =\/I:>T'=—
T Y\g+a \g+5z \6 J6

AT 1A 1
. —=——==x1%=0.5%
B). Toc I = =5, =5 1%=05%
(B). As periodic time is independent of amplitude.

=
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(46)

7

CL))

49

(50)

(1)

(52)

(53)

(54

(35)

Also TOCL:EZ g—p:i:
\/g T, Ve p

L
Frequency n ocL = 4o |22

JZ ny Z

6, n3 3% 9

- d_-_2_- _Z

%) n12 22 4
GM Coarn M Rp g 2
B).g=—> = = -_Ctx 2:> 2e_Z
R Eplanet Mp R gp 1

\/I: Tp:2x/isec
2

(B). When a little mercury is drained off, the position of
c.g. of ball falls (w.r.t. fixed and) so that effective length of
pendulum increases hence T increase.

(D). Suppose at t = 0, pendulums begins to swing
simultaneously. Hence, they will again swing
simultaneously ifn;T; =n,T,

n T, lijl_lzfn_z\zz[ﬁjzzm

:;_T_l_ 11 12 n 7 E

(©). T=2n a4 = Lz = iz = constant
g T 4
B). Tx J¢  Time period depends only on effective

length. Density has no effect on time period.
If length made 4 times then time period becomes 2 times.

\I \l g/4
=T, _2T1

(C). The effective acceleration in a lift descending with

(©). Toc—

g 2g
g-3=3

. T=2n _2 —2 (3L
geff 2g/3 V Zg

(B). Ball execute S.H.M. inside the tunnel with time period

T= 211\/: 84.63 min
g

Hence time to reach the ball from one end to the other end

84.63
of the tunnel t = T =42.3 min

g
acceleration — iS Zefr =

(C). The stone execute S.H.M. about centre of earth with

time period T =2x \/E ; where R = Radius of earth.
g

(56)

(7
(38)

(9

(60)

(61)
(62)

(63)

64

(65)

f m
=27 APg ’ Where m is mass of cylinder, A is

cross-section area & p is density of water . To float, weight
of cylinder is equal to buyoancy force. =~ mg=A/pg
where / is length of drowned cylinder in water

g

(A). Resonance is an example of forced oscillation.
(C). Energy of particle is maximum at resonant frequency

i.e., ®, = o, . For amplitude resonance (amplitude
maximum) frequency of driver force

m:\/m(z)—bZZmz =0 £0

(C). In case of forced oscillations of a body driving force
has to be periodic and continuous.

B). A= . ; whenb =0, a=camplitude

a+b-—

A — o . This corresponds to resonance.

1
(C). Total energy = Ekx2

(C). Both the spring are in series
2K

Time period, M here M=— o2

ime period, T =2p K_ where m, +m,
m 3 /3m
22K 4K

L, > |
=—kx*, E, =—ky~,
2 2759

Here m—— ;

©. E

1
E:Ek(my)2 = E,+E,+2JEE, =2+8+216 =18]

12 1 5 1 >
—KAZ——mv? +-K
D)3 SR

and 2Kx +— m(2V) +2KA’2

A =v4A% —3x?

(A). According to question

_F_Mg _ 4x98
x 016

T= 215\/: =2x 14,/ 2 .
3. 245 =0.283 sec

——— =245N/m

=
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(66)

(67)

(68)

(69)

(70)

(71)

(72)
(73)

(74

Q)

(O). Letx=acos (wt)

T
= y=acos [2wt+5) = y=-asin (2wt)

= y=—"2a sin (ot) cos (wt)

, 2
= y=-2a l—x—2£:>a y© =4x (az—xz)
/009
O).T= 215\/7 =27

T
(O). Since x=0.08 sin Et

Thus acceleration of object at t = 1 sec.

d%x (2

2 ‘(OOS)L Jsm[n] =0.197 m/s?

A AT 100% LAl 100% ! 6=13%
— X =— — X =— X
(A7 Ty ) °

h 0.3
(A).T=2m . or T=2x3.14 /7% =11 sec

‘ [5x0.02
(A).T—27T\/; orT=2x3.14x o ~0-628sec.

o 2m o 2ma 2x3.14x4
(B). - Vm—o)a—?a, T= v, _T =1.57s

(D). P.E. is maximum at extreme position and minimum at
mean position.

Time to go from extreme position to mean position is,
t=T/4, where T is time period of SHM.

5S=IIJ T =20s
4

/
_2 /—.
©. T=27 >

or gta=4g ora=3g

g+a

/g +a
EXERCISE-2

(B). Particle is starting fromrest, i.e. from one of its extreme
position. As particle moves a distance A/5, we can
represent it on a circle as shown.

Y4
4A/57i

cos O = A s

0 =cos” () /@P > X
9 >
A

4 \
ot=cos! (Ej Q

()

€)

)

©)

1 (4 T (4
t=", s |5)= 5, o5 |3

Method : As starts from rest i.e. from extreme position
x=Asin(ot+ ¢)

At t=0;x=A = ¢=m1/2

LA % =Acos ot

4 . U | _1(i)
S*COSO) = o t=cos 5,*27[ COosS 5

(A). The spring is never compressed. Hence spring shall
exert least force on the block when the block is at top-
most position.

LLL

Natural length
of spring

................ Extreme position

[--- mean position

2

—kA = mg—mszzmg—4l

2

Fmax = kXO mA

—xz) :ExlmmzA2

1 5 02
. — A
(A). ymo( 100 2

3 A
Az_ 2—_A2 —
= X = X

360° — 2 sec.

30° > %wo_%sec \ ]

(A). Time period (T) =2n \/%
If we displace the block by a distance “x’ upward then the

restoring force will be

2kx
F =2kx = a——

restoring

T= 27:\/: 27, f M _ 4/
2kx

Alternate : F

restormg

kx /
M
T=2 f— =2 ,/—
= T coeff. of x " 2k
(A). It will perform SHM
e, ME
with amplitude A= K Tkx
Now a = w?
mg

—a
max m K

e
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(©)

™

®
(C)

(10

(C). Let the spring is further extended by y when the

cylinder is given small downward push. Then the restoring

forces on the spring are, z

(1) Ky due to elastic

properties of spring

(i1) upthrust = y Adg

= weight of liquid displaced

. Total restoring force
=(K+Adg)y
=Mxa=-(K+Adg)y

Comparing with a = — 0%y we get

K+Ad
mz:( g) oo [K+Adg
M M

fo@ 1 |K+Adg
2n 2% M
dU
©). U:2—20x+5x2;F=—d—X=20—10x

At equilibrium position, F =0
20-10x=0 = x=2
Since particle is released at x =— 3, therefore amplitude of

5 5

< < rd

particle is 5. I = I i

-3 0 2 7
It will oscillated about x =2 with an amplitude of 5.
", maximum value of x will be 7.

2 k[
W 7= R= T

(A).Forlkg: ug=a

For4kg:kA—pg=4a <uig
= kA-pg=4ug
K g
(ra=ug) ne
z K 4 ke
A—2H8 77777777
k An extreme position
/
natural length
-
(B). 3mg| *-X = mean position
— —

Kl
X...}.--}---- extreme position

Just after cutting the string extension in spring
3mg
-

The extension in the spring when block is in mean position
=mg/k

3mg mg _2mg

. S A=
Amplitude of oscillation K K ”

an

12)

13)

14

15)

(B).As 2= __Gl\f X = —®°x

R
Velocity at centre before collision

_ _/G_MX _ |GM
V)= 0A = 0 R R

Velocity after collision (V')

= e,/G—MzmA’ = A’:V—:eR
R Q)

(C). Ifthe string is displaced slightly downward by x, we
can write, the net (restoring)force

=(nx—2px) 2g=-2pxg
(5p0)- % = —2uxg
o, (Spl)-X=-2uxg

(B). For M to be stationary
T=Mg ... (1)

Also for mass m,
TcosO=mg ..... 2)

Tsin6 = my

...... 3
£sin O @)
Dividing (3) by (2)
2 Mg
tan0 = V_ =>v= gl .sin O
glsin @ cos0
21R 27/l si
Time period = o SR 0
v
.sin @
cos

m {m
From(l) and (2) cosO = M ; then time period =27 g_M

2,2

1
(©). KE =5mo’a 252

2 1 )
cos” ot ; PE. =5 mo’a” sin ot

1 )
K.E.-PE. = Emwzaz[cosz ot —sin” ot]

2,2

1
= Emm a“.cos2mt

Angular frequency = 2®

d4 ,d_27t_7t_1t><T_2S
and time period = =~ Py
(B). As initially string is vertical, angular amplitude will

be O and g q=gcosb
" Vimax =+/28esr! (1-cos0) = /2g¢ cosO (1-cos0)

=
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(16)

)

(18)

19

20

@1

22

(D). Frequency of oscillation is independent of initial

locity b f,i E _2m><m_2m
velocity but = W M_2m+m_3

(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=r = tm

k 2k
®B). T= 215\/I ; T=2n 2MR®
) c 5C

2x1x(0.15)
or T=2x314,|———————> =77sec
5x6x10

(B). Springs on the left of the block are in series, hence
_ (2K)(ZK) _ K
2K +2K
Springs on the right of the block are in parallel, hence
their equivalent spring constant is K, =K + 2K = 3K

Now again both K| and K, are in parallel
S K=Ky +K,=K+3K=4K

Keg 1 /4K
2pV M 2p\VM

their equivalent spring constant is K;

. 1
Hence, frequencyis f=—

(A). For simple pendulum: T =2p \/Z
g

As g will decrease on moon, time period will increase

For spring mass system : T =2p \/E
K

It will not change and remains the same
(A). Let the equation of motion be
x=a(l —coswt) [a=amplitude]
£, =a(l~cos m)
0+ ty=a(1-cos 20)=2asin’ ©
203

2
(-0 o032+
a 2a 30,1,

(B). After the system is released, m, moves down
The extension in the spring becomes

m8
k
of the system.
For small ‘x’, restoring force on the system is F =kx
kx

b a=—
m; +m,

b Tzzp\/gzzp\/x(mﬁrmz) :2p\/m1+m2
a kx k

(myg = kx;) , which is the new equilibrium position

(For (m; + m, + spring) system)

23

249

b  Angular frequency = = p_ |k
T my+m, T

F.B.D. of m| and m, just after the
system is released :

m, >T

k(0)=0
Fromabove : T=m,g
Hence (C) is incorrect. 2

m
After X :ng, m; moves towards right till the total

kinetic energy acquired does not converted to potential
energy. Hence (D) is also incorrect. Hence (B) is the
answer

(D). Figure shows the mapping of the two SHMs with
circular motions having phase difference

2
¢=c0t=—n><1=£rad
6 3

The maximum separation between the two particle is

S

max

max

=2Asin£orS =2><5><l=5cm.
6 2

(B). Maximum tension in the string is at lowest position.

2
Therefore, T = Mg +

To find the velocity v at the lowest point of the path,
we apply law of conservation of energy i.e.

%MVZ = Mgh = MgL(1-cos0)
[ h=L-x,h=L-Lcos0]
or v =2gL(1-cos)

or v=,/2glL(l1-cos0)

T =Mg+2Mg(l-cos0)

. 0 2
T=Mg{l+2><2$1n2 (5)} or TzMgI:1+4[gj }

[~ sin(6/2)=06/2 for small amplitudes ]

T = Mg[l1+67]

=
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From figure 0= — - a)’
rom figure 0= T— Mg 1+(f)

(25) (C). On displacing the body from equilibrium position,  (6)
one spring gets extended and another one gets
contracted. Hence forces due to two springs act in the
same direction.

o F=F +F,
or K=K;+K,=6+4=10N/m

_L\/K_; o _s
"on Vm o 2x314 Vo g e

EXERCISE-
)
b _t, 1 64 [17
=—t—— g 2 T ™ e
(1) 1. Keq 4K 64K > ™eq 17 T 64K sec
: d%6
2 5. T=mgRsin0 =—-1—
(0] 2
2
ﬂ:_nge . T=2x % mg
> MR? \ mg Q)
Solving for m we get m = 5gm.
. . . . k (©))
A3 3. The maximum velocity of the insect is A M
Its component perpendicular to the mirror is
C))
A f% sin 60°.Thus maximum relative speed =
k
VA, |—
M
4 5. T=2n g210—11:210860. ;Tforward:IZSSeC.
V10 T 2
)
4k
k
& 3
60°
©)
...................... Ly
(4kx cos 30°) (4kx cos 30°) cos 30° (7)
F= 4kx cos? 30°
®

T,
T:%\/ﬁ = 4 =-t=—=M

3k 3k

= tzz%:“ [% ; Time period =t; +t,

2. In CM frame both the masses execute SHM with

\/E [2k
W= _——= —_—
i m

Initially particles are at extreme distance

=L,+(L-L Jét
=L+ (L—-L)cos o

EXERCISE-4

/m
B). T = —
B). T=2n m

If spring is cut in n parts then spring constant of each
spring = nk.
and equivalent spring constant due to parallel combination
=n(nk) = nZk.
So time period = 2w % = T

nk n
(B). As the child stands up, distance of c.m. from point of
suspension decreases, so.
Time period will decreased.
(C). Kinetic energy is maximum, potential energy is
minimum.

M 5T M+m
,T:2n4/—, in —=2mn
(B) K Again 3 K
s5( M) M+ m
So. = ZnJ— =27
’3L KJ K

25 m 16
?M=M+m ;25M=9M +9m; —

¢ 1.21¢
©). T= ZR\g Finally T'=2n
g

’

;T=1.1T

% increment = x100% =10%

ap _oy |k,
(B). Viax = 205 310 = 8350 ; a, = o = K,

(B). x=4 cos mt + 4 sin 7t

Amplitude a = fa? 123 =\42 + 4% = 42

1
(D). Kinetic energy = Emw2 (a2 —x? )

e
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L _ T
) In air tO = Zﬁ\/g . Inwater t=2g |—— 21 (D). X =X COS ((Dt —Zj ....... (1)

a=Acos(ot+6) ... 2)

. T
From equation (1), V= —Xo®sin (mt - Z]

i 2 T
a= —X00)2 cos [(Dt_Z) =Xy~ cos [(,Ot—z-i‘ T[]

3
So a:xomzcos(mt+37n) : S:Tn and A = x,0’

mF
In series combination T — 2 ,m{ki +ki} (22) (C). The force on the block of mass m is —(M )
1 2

1 /k1+k2 1 /4k1+4k2
[2 2 =] f'=— | ——= =2f
T: t]+t2 (23) (D) 2TE m D) 21_[ m
+k

(11) (C).Independent of x

(10)

(24) (A).AverageKE. k, , = Kinax *Kin
(12)  (B). Time displacement oc ————— 2
m(oj—o”) -
—mon-a“ +0
(13)  (A) 0 =0 -2 - —m(2nv)’a? _ 2mv2a2
o _ 1—cos2nt 2 4
(14) (B).x=sin"at; X=—" 25) (A).x=Asin(ot+0);v=Aocos (ot +d)

a=—Aw? sin (ot + ¢) ; aT =—Aw? T sin (ot + ¢)

T
Frequency f = 20 -2 ; Time period = —

2n
2 m ® =—A®? — sin (ot + ¢) =—2nAosin (ot + §)
But acceleration is not directly proportional to ©
displacement. aT
— =-27n®= constant
d’x X
as) (B). dt_2+ ox =0 ; Acceleration=—a.x. So, ® = Jo (26) (B).x;=Asin(ot+¢,); X, =Asin (ot +¢,)
(16) (A).C.M. comes down and then reaches to its initial value. X[ =X, =A {2 sin [(ot i ¢ “;4)2] sin [d)l ;4’2)]
2ma
17) (C). Maximum velocityv=am; T = ~
18) (C).K.E.=0.75(TE. -
18) (©) (TE) A=2Asm[¢12¢2]
1 371
Em(x)za2 cos® ot = Z[Emmzazj ; cosmt = N3
2 ¢1—¢2:£_¢1:£
o T 2.1 2 60 3
T 6° 12 12 6 S 27) (D).COLM, MV =m+M)V .,V =Aw
(19) (D). Atthe highest position particle will contact the surface _ MV
g new — (m+ M) 3 View = Ar®y
mg=mw’a ; 3= 5
®
20) (A).x=2x 102 cosnt MA K, K
Max. speed will occur when particle reaches to mean (m+M) VM (m+M)

T 1/2
position. Time taken= — = 0.5s A, = A, M_ A - [m+ M]
4 (Mm+M) > A, M

]
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d*x dx d’x | dx
.m—=-kx-b—: m—+b—+kx=0
@8 (). m 3 Wzt
here b is demping coefficient. This has solution of type
M substituting this mA2 + bA + k=0
o ~bEb? —dmk
2m
_b,
On solving for x, we get X =€ 2™ acos (o;t—a)
2 2 h On = E A= +E
©; = 0§ —A° , where ®g = m T
So, average life =2/b
_bt
(29) (©). A=Ape 2m
_be
After 5 second, 0.9A,=Age 2m .. Q)
b(15)
After 10 more second Ay =Age 2m ... )
From (i) & (i), A=0.729 A,
Mg
30) (O). — =P
GO (©. =P I
Mg=PyA ........... €)) X0
Pyx}
PyAx, = PA (xo—x)! ; P=—2"
(xg—x)"
Let piston is displaced by x
( P.x) )
— OXO = .
Mg L(XO ~ X)YJ A= Frestormg
( X )
POALI - (xo - X)YJ A= Frestoring [XO —X= XO]
Fo— YPyAx fo 1 [yPpA 1 yP0A2
X  2n\xeM 21\ MV,
(B1) B).A(l-cosor)=a

A (1 -cos2mt)=3a

COS(J)‘E:(l—i) . cos2mt:[1—3—aj
A A

. . a 1
Solving the equation, Ao =A=2a

cosmt=1/2;T=61

1 1

(32) (A).KE= Em@z(A2 ~d?). PE = Emcozcl2
Atd==A, ; PE =maximum while KE=0

(33) (O.V=0(A2-x?)!2

1/2
At 3 s V1 A 9 9

oA
Vi ZT\E i View =3V =0AYS5
Now, View =© [Arzlew - Xz ]1/2 = (DA\/E
A2 -x>=5A2

4A? TA
A2 =5A2+T s Ay =—

(34) (O).K is maximum at mean position and minimum at
extreme position and extreme position is reached at

T/4.
(35 ). 10" T
T 2=n
0’ =—=k=mo’
m
= [LB] %1073 x 2n x10'2)? = 7.1
6.023x10
(36) (B).Frequency of torsonal oscillations is given by
f= L 5 f] = k 5 f2 = k
I \/M (2L)>2 M (2L)2 (L]z
—= +2m| =
12 12 2
£,=0.8f; m/M=0.375
(B7) (B).A=A,c™

A=A, /2 after 10 oscillations
Ag ) 2y
After 2 seconds, > = Ape ; 2=¢e

In2
In2=2y ; y=—F1

A
5 : A:Aoe_yt; lnXO=Yt

e
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In2 3In10 6In10
In1000 =—t : 2[7): ; =t _ Vp 75t 3m
2 7 In2 In2 Vp max—751'c then —‘\‘/‘a" :EZT
t=19.931sec; t~20sec
1
®  (© o AN
EXERCISE- V o/
N @A in? a(l_cosmj 20=1-2sin0 d
1)  (A).x=asin“wt= 5 (cos 20 =1—2sin“0) = Acos @t ;v:d—)t(z—Aoasinwt

Velocity. dx 2masin2nt ©asin 2ot )

elocity, U=—=—"—""—-=

Y dt 2 a= d—; =—Aw’ cosot
dt

Accelerati a—d—u—2m2acos2o)t

cceleration, &t b poy TR
a oc—x is satisfied. Hence, the motion of the particle is 9
SHM. ©  ®

a
. . Tation ic T2 M .
(2) (D). Time period of oscillationis T =2n ? Yeq= Y1 Ty, =asinot+ b cos ot

=asin ot + b sin (ot + 7/2)

When a another mass M is also suspended with it.
(10) (A).V2=0?(A2-x?)

T =21 M;M=2Tc ZTM:«/ET V22:0)2(A2—X22)
(3)  (B). Motion given here is SHM starting from rest. V_12+X2 B _22 2 Vi-vi o, .,
P TR Ty TR = =Xy X
® ® 2
d2y o)
4)  (D).ForSHM, —5 = -y
dt 2 2 2 2
Vi—V; X3 — Xf
= 0= 5 = T=2n N
1 R X3 =X Vi =V;
©) @) . (11)  (A). For S.HM.
2[
x=0 X7A2 Maximum acceleration = m?A = a.
Maximum velocity = @A =3
o = by = n Sn
1=, s =nt="="
6 6 oty 2B
B o o
. 4t 2n
Phase difference =—=—
e 12 T32n\FTszm+1
. =3= — =5=21
6) (O).Fcv=F=kV 12 ®. 4 k> 2 k
F [kgms™] 3 [m 9 m
k=—=[k]=2 J_kgs Siding. o = 2
v [ms ] Dividing, 5=777 5 25 "1

Im+9=25m; 16m=9; m=9/16
LW . T
(7 (B). y:3s1n5(50t—x) . y=3sin 25nt—5x /
"2

[SSHICN

4
(13) (B). Length of the spring segments = 5

257w

=—— =50 m/sec.

L v=
Wave velocity, /2

=

1
As we know KOCZ

Vp = @ =75mcos (25nt—£xj
ot 2

Spring constants for spring segments will be

[£
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K,=6K,K,=3K,K;=2K
So in parallel combination
(16)
K"=K;+K, +K;=11K

In series combination K'=K (As it will become original
spring).
SoK':K"=1:11

(B). Amplitude A=3 cm

When particle isat x =2 cm,

(14)

its | velocity | =| acceleration |

ie, oVA?-x? =0’ x> 0=

a7
A% —x?

X

21 2 47

T="222n —=|=—

® n[\/g] J5 (18)
B).|a|=w?y; 20=w?(5)

w=2rad/s

15

B \/m
(B).
A
y=Ay+Asin ot + B sin ot
Equate SHM y'=y—A,=Asin ot + B cos ot

Resultant amplitude

R =vAZ2+B2+2ABcos90° —=/A2 + B2
(D). In one complete vibration, displacement is zero.
So, average velocity in one complete vibration

_ Displacement  ¥f —¥j

= = =0
Time interval T

(D). Att=0, y displacement is maximum, so equation will
be cosine function. T=4s

2
=—n=2—n=£rad/s
T 4 2

y=acosot ; y=3cos(m/2)t

[4
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