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Oscillations

TOPIC 1
Simple Harmonic Motion

0_1 A body is executing simple
harmonic motion with frequency n,
the frequency of its potential

energy is [NEET 2021]
(a)n (b)2n (c)3n (d)4n
Ans. (b)

In simple harmonic motion, both kinetic
energy and potential energy attains their
maximum value two times in one complete
oscillation. Hence, frequency of kinetic
energy and potential energy is 2 for one
complete oscillation. So, the frequency
of the potential energy of a body
executing SHM with frequency nis2n.

0_2 Identify the function which

represents a periodic motion.
[NEET (Oct.) 2020]

(b)log, (wt)

(c)sinwt +coswt  (d)e™®"

(a)e

Ans. (c)
sinwt and coswt, both are periodic

function of period 2—“

W
We know that, sum of two periodic
functions is also a periodic function,
hence, sinwt + cosux represents
periodic motion.

03 The phase difference between
displacement and acceleration of a
particle in a simple harmonic

motion is [NEET (Sep.) 2020]
(a)2" rad (0)Z rad
2 2
(c)zero (d)Ttrad
Ans. (d)

In SHM, equation of displacement of a
particle isy =a sinwt

and equation of acceleration of a
particle is

A=auf sinat =aw’ sin(wt + 11
OPhase difference between
displacement and acceleration of a
particle is

=(wt + T - ui= T rad
Hence, correct option is(d).

0_4 The distance covered by a particle

undergoing SHM in one time period
is (amplitude = A)
[NEET (Odisha) 2019]

(a) zero (b)A
(c)2A (d) 4A
Ans. (d)

In a simple harmonic motion (SHM) the
particle oscillates about its mean
position on a straight line.

The particle moves from its mean
position (0)to an extreme position (P)
and then return to its mean position
covering same distance of A.

Then by the conservative force, it is
moved in opposite direction to a point 0
by distance Aand then back to mean
position covering a distance of A. This
comprises of one time period as shown
below

0}
P
Q
A A=
extreme mean extreme
position position position

k—— In one time period——

Hence, in one time period it covers a
distance of

x=0P+ PO+ 00 +00
SA+A+A+A =hA

05 Average velocity of a particle

executing SHM in one complete

vibrationis  [NEET (National) 2019]
Aw’
(a)Aw (b) 5
Aw
d i
(c)zero (d) 5
Ans. (¢)

The average velocity of a particle
executing simple harmonic motion (SHM)
is

_ Totaldisplacement _ X, =X,
Time interval T

av

where, x, and x; are the initial and final
position of the particle executing SHM.
As, in vibrational motion, the particle
executes SHM about its mean position.
So, after one complete vibration of the
particle, it will reaches its initial position,
ie.

Displacement, x, = x, =0

O V:Q
T

av

Hence, the average velocity is zero.

06 The displacement of a particle

executing simple harmonic motion
is given by

y=A, +Asinwt +Bcosux
Then the amplitude of its
oscillation is given by

[NEET (National) 2019]
(a)VA” +B? (b) A2 +(A+B)*
(c)A+B

(d)A, +/A? +B*
Ans. (a)

The displacement of given particle is
y=A; + Asinwt + B cosaxt (D)
The general equation of SHM can be
given as
X =asinwt +b coswxt ... (i)



So, from Egs. (i)and (ii), we can say that
A, be the value of mean position, at
whichy =0.

OAmplitude, R = /A% + B? +2AB cos8

As two function sine and cosine have
phase shift to 90°.

OR=,/A* + B? [-cos90°=0]

0_7 The radius of circle, the period of

revolution, initial position and
sense of revolution are indicated in
the below fig. [NEET (National) 2019]

y-projection of the radius vector
of rotating particle P is

(a)y(t) =43in§;—n@ where yin m
(b) y(t) = 3COS§37m§ where yinm
c)ylt)= 3003@2—“@ where yinm

(d) y(t) ==3cos2mt, where yinm

Ans. (¢)

Let Obe the centre of circle, then att =0,
the displacement y is maximum and have
value 3 m.

As, the general equation of displacement
of a particle will be in the form
y = Acoswt

Here, A=3m

Then, oo—zl[ 2[

[given,T =4s]
7 g

M\:ﬂ

gm, 0.
0 =3cos t%{ln metre
y BE )

08 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)ﬁ (b)ﬁ
] 2T
4TT 2T
(c)—= (d)==
RS 5
Ans. (¢)

Thinking Process Magnitude of velocity
of particle when it is at displacement x
from mean position

=w4A? = x?

Also, magnitude of acceleration of
particle in SHM

=w'x
Given, whenx =2cm
Ivi=lal O wyA? —x* =ufx
X 2
V5

0 Angular velocityw =—

O Time period of motion
_ 2T _4TT

o =""3s
w 5

E When two displacements

represented by y, =a sin(wt) and
y, =bcos(wt)are superimposed,
the motionis  [CBSE AIPMT 2015]
(@) not a simple harmonic

(b) simple harmonic with amplitude%

(c) simple harmonic with amplitude

Ja? +b?

(d) simple harmonic with amplitude
(a+b)

2

Ans. (c)
Given, y, =asinwt

-0 O
y, =bcoswt =b smEm +gE

The resultant displacement is given by
y=y, +y, =ya’ +b’ sinfwt + ¢

Hence, the motion of superimposed
wave is simple harmonic with amplitude

Ja? +b?.

10 A particle is executing SHM along a

straight line. Its velocities at
distances x, and x, from the mean
positionarev, andv,, respectively.
[ts time period is [CBSE AIPMT 2015]

X +X x2 = x?
(b)om [X2 =X
vZ+ Ve Vi —vi

2 2
V1 2 ViV,

(c)2m
xf -x5
Ans. (b)

Let Abe the amplitude of oscillation,
then

v =’ (A7 =x7) ()

1
=W (A? =x?) ... (i)
Subtracting Eq. (ii) from Eq. (i), we get

v v =o' (X -x7)

2 2 2 2
vi—v o |vi-v
_ 1 2 _ 1 2
Hoes X2 =x? - T \xZ-x
2 1 2 1
2 2
X2 =x
—_ 2 1
O T=2m ——
Vi TV,

F A particle is executing a simple

harmonic motion. Its maximum
acceleration isa and maximum
velocity is 3. Then, its time period
of vibration will be
[CBSE AIPMT 2015]
28 % P (q)2T®
o B a a
Ans. (d)
For a particle executing SHM, we have
maximum acceleration,
a =Aw’ ()
where, Ais maximum amplitude and wis
angular velocity of a particle.

Maximum velocity, B =Aw . [if)
Dividing Eq. (i) by Eq. (ii), we get
2
I R |
B Aw B T
ie. T :LT[B
a

Thus, its time period of vibration,
_2mp
T=20P
a

12 The oscillation of a body on a

smooth horizontal surface is
represented by the equation,

X =Acos(wt)
where, X =displacement at time t
w =frequency of oscillation



Which one of the following graphs
shows
correctly the variation a with t?

.y= 5003%3%—30)@

IV. y =1+wt +w't’

Ans. (b)

As we know that, the condition fora
body executing SHM is F = —kx

[CBSE AIPMT 2014] (a) Only(IV)does not represent SHM So, 0:%:‘%X
T (b)(1)and (Il)
a . Dand (i) or a=-u'x
(@) 0 f T - (;)(O Wil Acceleration 3+ (displacement)
(d)Only (1) Ay
Ans. (b) ' ' A=— 0)2)/
Forasimple harmonic motion, Kk
T d?y A=—-—y
a a DWG_ m
©) 0 T t— Hence, equations y = sinwt — coswt and A=l
=5 cos FPTY — 3 ot Hare satisfying this ere: y=x+g
y=ocos B? ® H 00  Acceleration=-k(x +a)
T conditionand equationy =1+ wt + 3t* == . . .
a is not periodic and y = sin® wt is periodic 16 Two simple harmonic motions of
© o : T (- but not simple hormonic motion. angular frequency 100 rad s ' and
— 1000 rad s ™' have the same
14 The displacement of a particle displacement amplitude. The ratio
i along the x-axis is given by of their maximum accelerations is
a x =asin” wt. The motion of the [CBSE AIPMT 2008]
@ 5 A particle corresponds to (a)1:10 (b)1:107
[CBSE AIPMT 2010] (c)1:10° (d)1:10*
(a) simple harmonic motion of Ans. (b)

Here, a =acceleration at time t

T =Time period
Ans. (¢)
As, x = A coswt
ad v=dl=—Awsinw )
dt
2
and a =de =—Aw’ coswt i)

We can find the correct graph by putting
different values of t in Eq. (ii).

Att=0, a=-Aw’

Attzz, a=-Aw cos?[ ngﬂl
4 T &

T ) P _TQ

Att=—, a =-Aw cos% X —
2 T 25
= - Aw’ cos T=+A 4§

3r 2 2m _3rg
Att==—, a =-Aw" cos x=_=0
4 BT AH

Att=T, g = - Aw’ cosg XT@Z - Aw’

This condition is represented by graphin
option(c).

F Out of the following functions

representing motion of a particle

which represents SHM?
[CBSE AIPMT 2011]

[.y =sinwt —cos wt
.y =sin® wt

frequency w/ Tt
(b) simple harmonic motion of
frequency 3w/2 Tt
(c) non-simple harmonic motion
(d) simple harmonic motion of
frequency w/2 Tt
Ans. (¢)
For a particle executing SHM
Acceleration(a) - w ? displacement
(x) ..(0)
Given x =asin’ wt (i)
Differentiating the above equation w.r.t,
we get Z—X =2aw(sinux)(cos uf)
t

Again differentiating, we get
2
% =g =20¥ [cos’ wt — sin’ wt]

=20w* cos2wt

The given equation does not satisfy the
condition for SHM[Eq. (i)]. Therefore,
motion is not simple harmonic.

E Which one of the following

equations of motion represents
simple harmonic motion ?

[CBSE AIPMT 2009]
Acceleration = —k,x +k,x*
Acceleration ==k(x +a)
Acceleration =k(x +a)
Acceleration =kx
where, k. k., k, and a are all positive.)

(a)
(b)
(c)
(d)
(

Maximum acceleration of body
executing SHM is given by

a,. =wa
So, for two different cases,
amax wz .
— =1 (-ais same)
amax7 0‘)2
_ (oo _ 1
(1000)* 107

F A point performs simple harmonic

oscillation of period T and the
equation of motion is given by

. ]
X=asin @ot +E§ After the elapse
of what fraction of the time period,

the velocity of the point will be
equal to half of its maximum

velocity ? [CBSE AIPMT 2008]
T T
— b)—
(a) n ( )B
T T
_ d)—
(C)3 (d) -
Ans. (d)

According to the question, equation of
motion of SHM s

X=a sin@ot+g§

velocity of body is given by



vzdlzowcosgm +E§
dt 6

@:awcosgm+ﬂg
2 6
l:COS@Ot+E@
2 6
m_ T 0 n_10
wt+ —=— cos—=—
6 3 H 3 28
g oot=E
6
Ht:ED t:L
T 12

18 The particle executing simple

harmonic motion has a kinetic
energy K, cos” wt. The maximum
values of the potential energy and

the total energy are respectively
[CBSE AIPMT 2007]

(a) 0 and 2K, (b)%andKO

(c)K, and 2K,

Ans. (d)

In simple harmonic motion, the total
energy of the particle is constant at all
instants which is totally kinetic when
particle is passing through the mean
position and is totally potential when
particle is passing through the extreme
position.

Energy

(d)K, andK,

Total energy

The variation of PE and KE with time is
shown in figure, by dotted parabolic
curve and solid parabolic curve
respectively.

Figure indicates that maximum values of
total energy, KE and PE of SHM are equal.

Now, KE=K, cos’ wt
0 KE,., =K,
So, PE,, =K,
and (E)1y =K,

19 A particle executes simple

harmonic oscillation with an
amplitude a . The period of
oscillation isT. The minimum time
taken by the particle to travel half
of the amplitude from the
equilibrium position is

[CBSE AIPMT 2007]

Tl

(c)—
12 2

@ wl

4 8
Ans. (c)
Let displacement equation of particle
executing SHMis

X =asinwt
As particle travels half of the amplitude
from the equilibrium position, so
a

X==
2

Therefore, % =agsinwt

. N Y 1
or sinwt =— =sin—
2 6
or wt="ort= "t
6 6w

_ T _2m
or  t=—— %s,w—fg
6?@ T
T

or t:L
12
Hence, the particle travels half of the

amplitude from the equilibrium in%2 S.

E A particle executing simple

harmonic motion of amplitude
5 cm has maximum speed of
314 cm/s. The frequency of its

oscillation is [CBSE AIPMT 2005]
(a)3Hz (b) 2 Hz

(c)4Hz (d)THz

Ans. (d)

Maximum speed of a particle executing
SHM s given by,

v
Vi =0 W=0(2 M) 0O n=_max

2T

where, a=amplitude of oscillation

n=frequency of oscillation
Here, v, =3l4cm/s,a=5cm
Substituting, the given values, we have

34
n=————=1THz
2 x 314 x5

E Which one of the following

statements is true for the speed v
and the accelerationa of a particle
executing simple harmonic motion?
[CBSE AIPMT 2004]
(a) When vis maximum, a is maximum

(b) Value of o is zero, whatever may be the
value of v

(c) When vis zero, a is zero
(d) When vis maximum, o is zero

Ans. (d)
In simple harmonic motion, the
displacement equation is, x =a sinwt

where, a is the amplitude of the motion.

Velocity, v :%X =g wcos ut
t

v=aw+/1-sin* ax
V=w4la? —x? )

dv

Acceleration,a === =i(awcoswt)
dt dt

a = —-ow’ sinwt

a=-w'x . (ih)
When x=0,v=aw=v,_,

a=0=a,,
When x=a,v=0=v__
a=-wa=qa,,
Hence, itis clear that whenvis
maximum, thena is minimum (i.e. zero)
or vice-versa.

The potential energy of a simple
harmonic oscillator when the
particle is half way to its end point

is [CBSE AIPMT 2003]
1 1
—-E b)-E

(a)é ( )%
- E d)-E

(c) 3 ( )8

Ans.(a)

Potential energy of a simple harmonic
oscillator
U= mex?
2

Kinetic energy of a simple harmonic
oscillator

K =%mw2 (@ -x?%)

Here, x = Displacement from mean
position
a = Maximum displacement
(or amplitude) from mean position
Total energy is
E=U+K

= e + I med (@ -x%)
2 2

= meta?
2

When the particle is half way to its end

pointi.e. at half of its amplitude, then
x=2
2

Hence, potential energy



| 2

2

mw%

-L\\—‘

o u=

J-\\m N —

(where, Eis the total energy)

23 A particle of mass m oscillates with
simple harmonic motion between
points x, and x,, the equilibrium
position being 0. Its potential
energy is plotted. It will be as given

below in the graph
[CBSE AIPMT 2003]

(@

X4 0 Xo

(©)

X1 & 0 ® Xo
Ans. (¢)

Potential energy is given by U =% kx?

The corresponding graph is shown in
figure.

Up=2kd EUK U =3k
Kinetic \ 1
energy
curve

i Potential
L 1oenergy
curve

:
i

X = X4 x=0 X = Xp

At equilibrium position(x =0), potential
energy is minimum. At extreme positions
x,and x,, its potential energies are

U, =1 kot
2

1
and U, zikxzz

In the above graph, the dotted line
(curve) is shown for kinetic energy. This
graph shows that kinetic energy is
maximum at mean position and zero at
extreme positions x, and x,.

E The displacement of particle

between maximum potential energy
position and maximum kinetic
energy position in simple harmonic

motion is [CBSE AIPMT 2002]
a
(a)£= (b)ta
2
(c)t2a (d)£1
Ans. (b)
Expression of kinetic energy is
K =kio? -x?) )
2
Expression of potential energy is
U=k i)
2
where, k = ma’
We observe that at mean position(x =0),

2H and

kinetic energy is maximum % ka
potential energy is minimum (zero). Also
at extreme positions(x = £ a), kinetic
energy is zero and potential energy is

maximum % ka? Q.Thus, displacement

between positions of maximum potential
energy and maximum kinetic energy is£a.

NOTE

Kinetic energy is zero at extreme positions
but potential energy at mean position need
not be zero. It is minimum at mean
position.

E In SHM restoring force is F = — kx,

where k is force constant, x is
displacement and a is amplitude of
motion, then total energy depends

upon [CBSE AIPMT 2001]
(a)k,aand m (b) Kk, x, m

(c)k.a (d) k, x

Ans. (¢)

In SHM, the total energy

= potential energy + kinetic energy
or =U+K
= merx + 1 : "' med (@ =x?)

= meta? =L ka?
2 2

where, k = force constant = mew’
Thus, total energy depends on k and a.

26 Two simple harmonic motions

given by, x =a sin(wt +dand
. T
y=asin @ot +6+§% actona

particle simultaneously, then the
motion of particle will be

[CBSE AIPMT 2000]
(a) circular anti-clockwise
(b)circular clockwise
(c) elliptical anti-clockwise
(d) elliptical clockwise

Ans. (b)

Two simple harmonic motions can be
written as

x=a sin(wt + 9 ()
and y=asin @nt +0+— Q
or y =a cos(wt + 9 L)

Squaring and adding Egs. (i)and (ii), we
obtain
x> +y? =a? [sin’ (wt + & +cos’ (wt + J]
or x* +y® =a”(sin”8+cos’ B8=1)
This is the equation of a circle.
At(wt + 8 =0; x=0,y =a
At (wt + 6=§; x=a,y=0

At(wt+d=m x=0,y=-a
At(wt + 6:%—[;x:—a,y20

At(wt+d=2mx=0,y=a

Thus, it is obvious that motion of particle
is traversed in clockwise direction.

27 Two simple harmonic motions with

the same frequency act on a

particle at right angles i.e. along

X-axis and Y-axis. If the two

amplitudes are equal and the phase

difference is 112, the resultant

motion will be  [CBSE AIPMT 1997]

(a) acircle

(b) an ellipse with the major axis along
Y-axis

(c) an ellipse with the major axis along
X-axis

(d) astraight line inclined at 45° to the
X-axis



Ans. (a)

The two simple harmonic motions can be
written as

X =a sinwt i)
. i}
and =asin @,ot +—
Y 28
y =a coswt (i)

On squaring and adding Egs. (i) and

(ii), we obtain
x> +y? =a’ (sin? wt +cos’® i)

or x* +y* =ad’
Thisis the equation of a circular motion
with radius a.
NOTE
Simple harmonic motion is of two types.
1. Linear simple harmonic motion
2. Angular simple harmonic motion

28 A particle starts simple harmonic

motion from the mean position. Its
amplitude is a and time period isT.
What is its displacement when its
speed is half of its maximum

speed ? [CBSE AIPMT 1996]
(a)ﬁa (b)ﬁo
3 2
2 a
il d)—
(c)ﬁa ( )ﬁ
Ans. (b)

Velocity of the particle executing SHM at
any instant is defined as the time rate of
change of its displacement at that
instant.

Let the displacement of the particle at
aninstanttis given by

X =asinwt

0 Velogityy = & = dlasint)
gt dt

=awCcoswt = aw-/(1-sin” wt)
2
=aw H‘—X—ZEZ(.O (@* =x%)
0O o 0O

At mean position, x =0
g Ve = @0
aw

According to problem, v = Ymax =
2 2

But v=w,a’ —x*
0 %’ozmwlcﬁ—xz or ngo

29 In a simple harmonic motion, when

the displacement is one-half the
amplitude, what fraction of the

total energy is kinetic?
[CBSE AIPMT 1996]

(a)fero (b)é
Ans. (d)

Total energy of the particle executing
SHM at instanttis given by

Ezlmwza2 i)
2

and kinetic energy of the particle at
instanttis given by

EKzéme (@® =x%) (ii)
2
when x=2E, =1 e Eaz —G—E
2 2 a 40
:lm(_,o2 x§02
2 4
or E, =1 %3 mera? (i)
2 4
From Egs. (i)and (iii)
i:§ O EK:§E
E 4 4

5 A body executes SHM with an

amplitude a. At what displacement
from the mean position, the
potential energy of the body is

one-fourth of its total energy ?
[CBSE AIPMT 1995]

3a
(C)T

(d)Some other fraction of a

Ans. (b)

Potential energy of the body executing
SHMis given by

U=lmc.o2x2
2

where symbols have their usual
meaning.

Total energy of the body executing SHM
is

E -1 mw’a’
2

According to problem,

0 lm(;)zx2 =1 ><lrnooza2
2 4

or X" = or x=

3_1 Which one of the following is a

simple harmonic motion ?
[CBSE AIPMT 1994]

(a) Ball bouncing between two rigid
vertical walls

(b) Particle maving in a circle with
uniform speed

(c) Wave moving through a string fixed
at both ends

(d) Earth spinning about its own axis

Ans. (¢

Problem Solving Strategy To calculate
the time period of combined oscillation,
calculate the beat produced from the
given frequencies.

In transverse wave motion individual
particles of the medium execute simple
harmonic motion about their mean
positionin a direction perpendicular to
the direction of propagation of wave
motion. Wave moving through a string
fixed at both ends executes SHM.

32 A wave has SHM (simple harmonic

motion) whose period is 4s while
another wave which also
possesses SHM has its period 3 s. If
both are combined, then the
resultant wave will have the period

equal to [CBSE AIPMT 1993]
(a)4s (b)5s

(c)12s (d)3s

Ans. (c)

Problem Solving Strategy To calculate
the time period of combined oscillation,
calculate the beat produced from the
given frequencies.

When both waves are combined, then
beats are produced. Frequency of beats
willbe=v, - v,
1T 1

1 2
Hence, time period=12s

33 A simple harmonic oscillator has an

amplitude a and time periodT. The
time required by it to travel from

a.
X=atox=—is

2 [CBSE AIPMT 1992]
T T
— b)—
(a)$ ( )?
Z d)—
(c)3 ( )2
Ans. (a)

Equation of SHM is

) ) T
X=asinwt or x=asin %Qr



when x =a, then

a=asin

or sin?@tﬂ
T

or singi@tzsinED tzz
T 2 4

when x = %,then

g—asingl[[ﬂ@
2 T
. ?‘[ _ T _T
or sin t@—smf or t=—
T 6 12

Hence, time taken to travel from
_ _a_T T _T
x=agtox=—=——-—=—

2 4 12 6

=75

Qt

3_4 A body is executing SHM. When the

displacements from the mean
positionis 4 cmand 5 cm, the
corresponding velocities of the body
is 10 cm/s and 8 cm/s. Then, the

time period of the body is
[CBSE AIPMT 1991]

(a)2Ttsec (b)gsec
(c)msec (d)%sec
Ans. (¢)

Velocity of the particle executing SHM at
any instant is defined as the time rate of
change of its displacement at that
instant. Itis given by

v=w,/a® - x?)

where, xis displacement of the particle.
is acceleration andwis angular
frequency.

Casel 10=w,/a’ -16 D)
Casell 8=w,a’ -25 i)

Dividing Eq. (i) by Eq. (i), we get

6_yo'-16  25_qa’-16

=N~ o
4 [q? =25 16 a’-25

or 16a” —-256=25a -625

, _ 369
or a? ===
9
Putting value ofa” in Eq. (i), we get
[B69 O
10=w -16
He O
or w=10x3 =2rad/s
15

d TimeperiodT=2—n=2—n=ﬂsec
w 2

35 The angular velocity and the

amplitude of a simple pendulum is
w anda respectively. Ata
displacement x from the mean
position, if its kinetic energy isT
and potential energy is U, then the
ratio of T toU is [CBSE AIPMT 1991]

(a)Ebz -x'w’ O (b) x*w’
X'’ E (@® - x*w’)
(e =x) (@)
X (@* =x*)
Ans.(c)

Consider a particle of mass m, executing
linear SHM with amplitude a and
constant angular frequencyw Supposet
second after starting from the mean
position, the displacement of the
particle is x, which is given by

X =asinwt

So, potential energy of particle is
1

U=-mw’x’ (i)
2
and kinetic energy of particle is
=1 mey (@® -=x*) i)
2
2 _ 2
From Egs. (i)and (ii) T_o -«
u x?

36 A particle moving along the X-axis

executes simple harmonic motion,
then the force acting on it is given
by [CBSE AIPMT 1988]
(a)= AKx (b) AcosKx

(c) Aexp(—=KXx) (d) AKx

where, Aand K are positive constants.
Ans. (a)

If a particle executing simple harmonic
motion, has a displacement x from its
equilibrium position, at an instant the
magnitude of the restoring force F acting
on the particle at that instant is given by

F=-kx
where, kis known as force constant.

Hence, in given options, option(a)is
correct. Here, k=AK

TOPIC 2

Some Systems
Exceuting SHM

3_7 A spring is stretched by 5 cm by a

force 10 N. The time period of the
oscillations when a mass of 2 kg is
suspended by it is [NEET 2021]

(a)0.0628 s (b)6.28s
(c)3.14s (d)0.628's
Ans. (d)

Given, the mass of suspended, m=2kg

The spring is stretched, x=5¢cm =0.05
m

The constant force applied on the

spring,F =10N

As we know that, spring force,
F=kx O 10N=k(0.05m)

O k=200 N/m

Now, time period of the oscillation,

T:ZH\E OT=2m|- %
P V200

Time period,T =0.628s

3_8 A mass falls from a height ‘h and its

time of fall t'is recorded in terms
of time period T of a simple
pendulum. On the surface of earth
itis found thatt =2T. The entire
set up is taken on the surface of
another planet whose mass is half
of earth and radius the same. Same
experiment is repeated and
corresponding times noted as t’

andT'. [NEET (Odisha) 2019]
(a) t=+2T (b)t'>2T

(c)t' <21 (d)t=2T1

Ans. (d)

The distance covered by the mass falling
from height'h" during its time of fall't'is
given by

T
s=h=ut+—gt
2
1 2h

As,u=00h=—gt’Ot=_|=— i)
2 g

The time period of simple pendulum is

TZZTI\P (i)
g

where, l'is the length of the pendulum.
From Eqg.(i)and(ii), since h and T"are
constant so, we can conclude that,

t0-L andTO_ O %:1

N Vo
Thus, the ratio of time of fall and time
period of pendulum is independent of
value of gravity(g) or any other
parameter like mass and radius of the
planet. Thus, the relation betweent'and
T'on another planet irrespective of its
mass or radius will remains same as it
was on earthi.e.

t'=2r



39 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 5 m from the mean position. The

time period of oscillation is
[NEET 2018]

(@)2s (b)) ms (c)2ms (d)1s
Ans. (b)
The acceleration of particle/body
executing SHM at any instant (at position
x)is given as

a=-wx
where, wis the angular frequency of the
body.
| lal=w'x i)
Here, x=5mla|=20ms™
Substituting the given values in Eq. (i),
we get

20=uf x5
] W =20 -
or w=2rads”

As, we know that

Time period, T _2n

w

(i)

OSubstituting the value of win Eq. (i), we
get
T=2T2 s
2

E 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'. If they are
connected in parallel and force
constantis k'', then 1k’ : k"' is
[NEET 2017]
(@1:6  (b)1:9 (c)1:11 (d)1:14

Ans. (¢)

When the spring is cut into pieces, they
will have the new force constant. The
springisdividedinto1: 2 : 3 ratio.
When the pieces are connected in

series, the resultant force constant
11 .1 1

=+ 4+
vk ok, kg
LI e
v'ox 2x  3x

V= 6x

1

1

In parallel, the net force constant
K"=x+2x+ 3x=6x =1K

The required ratio

KK” =621”=1:11

H A body of mass mis 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 mis
increased by 1kg, the time period
of oscillations becomes 5 s. The
value of min kg is [NEET 2016]
@ o ©f @2
4 3 9 16
Ans. (d)
As we know that

Time period, T =21‘r\/E
K k

Casel

T, :ZH\/% i

Case Il When the mass mis
increased by
1kg, then=m+1

m

From Egs. (ii)and (i), we get

T, [me]
T, m
O E: m+ 1 O @:m_'—]
3 m 9 m
O §2‘|+i O i:E
9 m m 9
9
0 m==k
16 g

42 The period of oscillation of a mass M

suspended from a spring of
negligible mass isT. If along with it
another mass M is also suspended,

the period of oscillation will now be
[CBSE AIPMT 2010]

(a)T (DTA2 (c)2T  (d)42T
Ans. (d)
Time period of spring pendulum,

TZZH\/E.
k

If mass is doubled then time period

T'=2m /%zﬁT

43 A simple pendulum performs

simple harmonic motion about x =0
with an amplitude a and time
period T. The speed of the

pendulum at x:% will be
[CBSE AIPMT 2009]

(a)rrax/g ()@ (C)3Trzo (d)rrax/g
2T T T T

Ans. (d)

Concept Use the equation of motion of
a body executing SHM.

i.e. X =a sinwt

As we know, the velocity of body
executing SHMis given by

V:Zl:mcosui:am
t

a
Here, x==

2
O V=W az—iz ﬁ
| 4\ 4

_2mavs _ moy3
T 2 T

E A mass of 2.0 kg is put on a flat pan

attached to a vertical spring fixed
on the ground as shown in the
figure. The mass of the spring and
the pan is negligible. When pressed
slightly and released the mass
executes a simple harmonic
motion. The spring constant is
200N/m. What should be the
minimum amplitude of the motion,
so that the mass gets detached
from the pan? (Take g =10m/s?)
[CBSE AIPMT 2007]

(a)8.0cm

(b)10.0cm

(c)Any value less than 12.0 cm
(d)4.0cm

Ans. (b)

Let the minimum amplitude of SHM bea.
Restoring force on spring

F =ka



Restoring force is balanced by weight
mg of block. For mass to execute simple
harmonic motion of amplitudea.

O ka=mg or a =mg

Here, m=2kg, k =200 N/m,

g=10m/s’
O g:2x10:£m
200 100
10

=— x100cm=10cm
100
Hence, minimum amplitude of the
motion should be 10 cm, so that the
mass gets detached from the pan.

45 A rectangular block of mass m and

area of cross-section A floats in a
liguid of density p. If it is given a
small vertical displacement from
equilibrium, it undergoes oscillation
with a time period T. Then

[CBSE AIPMT 2006]

1
(a)TOg¢ (b)TDﬁ

1 1
(c)T DB (d)T Dﬁ
Ans. (b)

Let block be displaced through xm, then

weight of displaced water or upthrust,

(upwards)is given by Archimedes principle
F, =-Axpg

where, Ais the a

rea of cross-section of the block andpis

its density. This must be equal to force

(=ma) applied, where, mis the mass of

the block and a is the acceleration.

0 ma=-Axpg ora = AP9, - _2x
m

This is the equation of simple harmonic
motion. Time period of oscillation,

7=2T=on| ™ g 1oL
0 Apg VA

46 Two springs of spring constants k,

and k, are joined in series. The
effective spring constant of the

combination is given by
[CBSE AIPMT 2004]

(a) K, () otk
K
12
(el +k vk
Ans. (d)

Let us consider two springs of spring
constants k, and k, joined in series as
shownin figure.

UnderaforceF, they will stretch by y,
andy,.

K4 Ko
I
Mg
So, y=y +y,
or E:5+F72
k Kk Kk

1 2

But as springs are massless, so force on
them must be samei.e.F, =F, =F.
1 1 ki k,

=—+_— or k=
k +k,

So,f1
k Kk k

2

47 A mass is suspended separately by

two springs of spring constants k
and k, in successive order. The
time periods of oscillations in the
two cases areT, andT,
respectively. If the same mass be
suspended by connecting the two
springs in parallel, (as shown in
figure) then the time period of
oscillations is T. The correct

relation is [CBSE AIPMT 2002]
|

(a)T? =T7 +T;

(b)T? =T, +T7,7

()T =T +T,

(d)T =T, +T,

Ans. (b)

Problem Solving Strategy Calculate the
effective force constant of parallel
spring, then by putting the values of time

periodT =2T[\/KE , we get the new time

period of spring.
We can write time period for a vertical
spring-block system as

r:zn\ﬁ
g

Here, | is extension in the spring when
the mass mis suspended from the
spring.

This can be seenas under :

kl =mg
(in equilibrium position)
O Q:L
k g

O Tzzn\ﬁ
K
o T=2m "
k'\

0 k=4l i)
TW
T, =2m [
kZ
o k=4 D ()
T2

Since, springs are in parallel, effective
force constant

k=k +k,
0 T=2m |
K+ k,
n K +k, =4TC Tﬁz (i)

Substituting values of k, and k, from
Egs.(i)and(ii)in Eq. (iii), we get
4t Mgt Mg 1
T, T, T
1 1 + 1

TVOTr T

or T7=T7+T17

E A pendulum is displaced to an

angle 6 from its equilibrium
position, then it will pass through
its mean position with a velocity v
equal to [CBSE AIPMT 2000]
(a)y2q (b)A2glsin®
(c)4/2glcosB® (d) /29l (1=cos )
Ans. (d)

Iflis the length of pendulum and@the
angular amplitude, then height




At paint P(maximum displacement
position i.e. extreme position), potential
energy is maximum and kinetic energy is
zero. At point B(mean or equilibrium
position) potential energy is minimum
and kinetic energy is maximum, so from
principle of conservation of energy.

(PE + KE)at P*(KE+ PE)atB

or mgh+0—2mv +0

or v =,/2gh (i)
Substituting the value of h from Eq. (i)
into Eq. (i), we get

v=,/2gl(1-cos6)

49 The time period of a simple
pendulumis 2 s. If its length is
increased by 4 times, then its
period becomes [CBSE AIPMT 1999]

(a)16s (b)12s
(c)8s (d)4s
Ans. (d)

Time period of simple pendulum

TZZH\/I
g

where, | =length of pendulum

g = acceleration due to gravity

ie. T OV
T. |

Hence, 2=|Z i)
TW '1

Given, [, =4,,T, =2s

Substituting the valuesin Eq. (i) we get

T, = L;L x2 =2 x2 =4g
1

50 A mass mis 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
4m is suspended from the same

spring ? [CBSE AIPMT 1998]
n
- b) 4
(a)4 (b)4n
n
— d)2
(C)2 (d)2n
Ans. (¢)

Time period of spring-mass system, is

given by
T=om Ed|splacementﬁ‘
Bacceleration
0 Frequency,n:izi acceleration
T 2m\ displacement

n=__ |9 )

21\ |
In case of vertical spring-mass system,
in equilibrium position
kl=mg 0O g :h
[ m
where, | = extension in the spring and
m = mass of the suspended body

k = spring constant or force constant of

spring.

O From Eq. (i), we have
—i h or nDLorl: &
2m\'m Jm oo, \m,

but m =m, m, =4m, n, =n(given)

O L: @:2 or nZ:E
n, \'m 2

Alternative

As we know that
m :
T =2H\E (for spring mass system)

_ 1 |k
n=— |—
21
So, for two different masses suspended

with same spring.

_ 1 |k
n =_ |
21\ 'm,
[kis same forboththe O
H:ases asspringis sameB
_ 1 |k
n,=— |—
21\ m,
so, M= |M
n m

here, m, =4m,

<0 no_ |am, _2
n, m, 1
n, =2n,
_n _n
n,=-l=—
2 2

5_1 Two simple pendulums of length

0.5 mand 2.0 m respectively are
given small linear displacement in
one direction at the same time.
They will again be in the same
phase when the pendulum of
shorter length has completed

oscillations [CBSE AIPMT 1998]
(a)b (b)1
(c)2 (d)3

Ans. (c)

For the pendulum to be againin the
same phase, there should be difference
of one complete oscillation.

If smaller pendulum completesn
oscillations the larger pendulum will
complete (n-1) oscillations, so
Time period of n oscillations of first
=Time period of (n-1) oscillations of
second

ie. nT, =(n=1)T.

or n2n\f=(n—12n\f
or n(—(n—]

2

or =
I,
or D=2 or n=2n-2
n-1
0 n=2

5_2 A hollow sphere is filled with water.

It is hung by a long thread. As the
water flows out of a hole at the
bottom, the period of oscillation
will [CBSE AIPMT 1997]
(a) first increase and then decrease

(b) first decrease and then increase

(c) increase continuously

(d) decrease continuously

Ans. (a)

Problem Solving Strategy Compare the
time period of two different oscillation.

Time period of simple pendulum

r=om |H-Hoi
OO

where, l'is effective length.

(i.e.distance between centre of
suspension and centre of gravity of bob)

Sphencal hollow Spherlcal hollow  Spherical
pall filled ball half hollow ball
withwater —filled with water
T=2p/L - _
Pl T172p% T272p/é
(@) (0) ©

Initially, centre of gravity is at the
centre of sphere[Fig.(a)]. When water
leaks the centre of gravity goes down
until it is half-filled [Fig. (b)], then it
begins to go up and finally it again



goes at the centre [Fig.(c)]. Thatis
effective length first increases and
then decreases. AsT O/, so time
period first increases and then
decreases.

53 A linear harmonic oscillator of

force constant2 x10° N/m and
amplitude 0.01 m has a total
mechanical energy of 160 J. Its
[CBSE AIPMT 1996]
maximum potential energy is 160 J
maximum potential energy is 100 J
maximum potential energy is zero
minimum potential energy is 100 J

(a)
(b)
(c)
(d)
Ans. (a)
The potential energy of a particle
executing SHM is given by,
U= metsx

2

Uis maximum, when x =a =amplitude of
vibrationi.e. the particle is passing from
the extreme position and is minimum
when x =0, i.e. the particle is passing
from the mean position

ma:

Uy = mato? D)
2

Also, total energy of the particle at

instanttis given by
1

E=_mw'a’ i)
2

So, when E =160 J, then maximum
potential energy of particle will also be
160 J.
Alternative
(KE),,,, =(PE)

=Total Mechanical Energy

max

So, Total Mechanical Energy=160J

5_4 A particle is subjected to two

mutually perpendicular simple
harmonic motions such that its x
and y coordinates are given by

x=2sinwt,y =2sin é\t +;@

The path of the particle will be
[CBSE AIPMT 1994]

(b)acircle
(d)a parabola

(a)a straight line
(c)anellipse

Ans. (¢)
Here, the phase difference between

waves is?[$o, the resultant path of

particle will be ellipse.

55

56

If a simple harmonic oscillator has
got a displacement of 0.02 m and
acceleration equal to 2.0 m/s” at
any time, the angular frequency of

the oscillator is equal to
[CBSE AIPMT 1992]

(a)10rad/s (b)0.1rad/s
(c)100rad/s (d)1rad/s
Ans. (a)

Time period of body executing SHM is

given by
Tzzlzan )
w a

where, xis displacement of the particle
andais acceleration of the particle.
From Eq. (i)

a 2 a
W= [— or W =—
X X

Here, a=20m/s?
x=0.02m
0 W =20
0.02
or W =100
or w=10rad/s
A simple pendulum is suspended

from the roof of a trolley which
moves in a horizontal direction with
an accelerationa, then the time

period is given by T =27t EIFE :
O

where g is equal to
[CBSE AIPMT 1991]

(a)g (b)g-a
(c)g+a (d)y/(g” +a?)
Ans. (d)

Problem Solving Strategy Apply vector
formula to determine resultant
acceleration of the both.

mg

The bob is now under the combined
action of two accelerations, g vertically
downwards anda along the horizontal.

[0 Resultant acceleration
gr = QQ + GZ

57 The composition of two simple

harmonic motions of equal periods
at right angle to each other and
with a phase difference of mresults
in the displacement of the particle
along [CBSE AIPMT 1990]
(a)circle (b)figure of eight
(c)straightline (d)ellipse
Ans. (¢)
Letthe SHM's be
X =a sinwt 1)
and y =b sin(wt + 1
or y=-bsinwt . [iif)
From Egs. (i)and (ii)
X = sinwt and - =sinwt
a b
o X=-Y or y:—gx
a b a

Itis an equation of a straight line.

58 A mass mis suspended from the

two coupled springs connected in
series. The force constant for
springs are k, and k,. The time
period of the suspended mass will
be [CBSE AIPMT 1990]

(AT =27 ‘%%;hi

2
Ans. (d)
Problem Solving Strategy Derive an
expression from the given values which
must be simillar toa = —«f x. Then
calculate time period from the values in
place of w.



The situation is shown in figure.
Consider two springs of spring
constants k, and k, . Here, the body of
weight mg is suspended at the free end
of the two springs in series combination.
When the body is pulled downwards
through a little distance y, the two
springs suffer different extensions say y,
andy,. But the restoring force is same in
each spring.

g F=-ky,
and F:_kgyz
or vy =-F
1 k1
F
and =—-—
Y, K,
O Totalextension,y =y, +y,
-_F_F
k. k

1 2
Lj+k g
- 1Kwkzzg
O kk, O
or F=—%ﬁ‘+2kz§y

If kis the spring constant of series
combination of springs then

F=-ky
O kzik*kz
k +k,

If the body is left free after pulling down,
it will execute SHM of period

T:Zn\ﬁ
k

m(k, + k,)
Kk

172

=271

TOPIC 3

Forced, Damped
Oscillations and
Resonance

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

of proportionality are
[CBSE AIPMT 2012]

(a)kgms™ (b)kgms™
(c)kgs™ (d)kgs
Ans. (¢)

Given,

Damping force Ovelocity

F dv
F=kv O k=_
%
: _ -2
Unitofk:M:kgimf:kgs_1
unit ofv ms~

60 When a damped harmonic
oscillator completes 100
oscillations, its amplitude is

reduced to 3 of its initial value.

What will be its amplitude when it
completes 200 oscillations ?

[CBSE AIPMT 2002]

1 1

2 @l !
6 9

@l (b
5 3
Ans. (d)

In case of damped vibration, amplitude
at any instanttis given by

— - bt
a=a,e

where, a, =initial amplitude
b =damping constant

Casel t=100T and a:%D
0 G?u:% g-b(00T)
D e*WUO bT :l
3
Casell t=200T
a=a, ot =aq, b (2007)

=a, (e71000TY? =g, x %g _0y
9

Thus, after 200 oscillations, amplitude
will become%time&

61 A particle, with restoring force
proportional to displacement and
resisting force proportional to
velocity is subjected to a force
F sinwt. If the amplitude of the
particle is maximum for w =w,, and
the energy of the particle is
maximum for w =w,, then

[CBSE AIPMT 1989]
(a) W, =w, andw, oy,
(b) w, =w, andw, =w,
(c) w,Zuwy andw, = w,
(d) w #w, andw, Zw,
Ans. (¢)

In harmonic oscillator, the energy is
maximum atw, = w, and amplitude is
maximum at frequencyw, <, in the
presence of damping, sow, # w, and

W, = 0.



